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Chapter 1

How Is  Fo od P olitical? 
Market,  State,  and 

Knowled ge

Ronald J .  Herring

Food, Politics, and Society? The Hubris 
of a Title

Even in unlimited pages, coverage of the scope of this Handbook would be implausi-
ble. We focus on intersections of food, politics, and society: the dimensions of food that 
express both overt political action and deeper structural elements of political economy, 
in societies of different scale, from villages to an imagined global community. That con-
ceptual narrowing is helpful in exploring intersecting analytical puzzles: Why should 
food be political? Why is food knowledge contested?

Michael Pollen tells us that society invariably has the right answers to food questions 
through a mechanism called “culture,” which operationally reduces to “mom.”

“Culture, when it comes to food, is of course a fancy word for your mom.”
Mom knows what one needs to know about food in Pollan’s world, whatever the 

machinations of the scientific-industrial complex built up around official nutritional 
recommendations from the state.1 If your mom couldn’t pronounce the ingredients, or 
if you can’t pronounce the ingredients, whatever claims are made for some food prod-
uct, it has strayed too far from society’s evolutionary judgment of what constitutes “real 
food.” Mom represents condensation of knowledge and norms of tradition.

Pollan’s mom is a metaphor for evolutionary wisdom; ideas that persist and become 
embedded in cultures are selected in the same sense that natural selection works on 
species: fitness to conditions encountered over time. There is congealed wisdom in cul-
ture. The obvious inconvenience is that moms vary, but human physiology is fairly con-
stant. Ethical and normative issues are also important to moms, and they have no easy 
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consensus. Jewish and Muslim moms may agree about eating pigs, but Chinese moms 
will not. Politics matters as well: there is an activist Moms Against GMOs (http://mom-
sagainstgmos.weebly.com). Modern claims from nutritional science may question all 
moms’ wisdom on animal fat, or what it means to eat enough once all micronutrients 
are taken into account and the consequences of obesity are understood. Not all moms 
knew of global malnutrition that might or might not make a case for bio-fortification of 
cereals poor people can afford when pork is not an option. The FAO’s publication Edible 
Insects (2013) advocated increased consumption of insects for food and feed security, 
reviving a tradition of some societies but quite discordant in others. Few moms pre-
dicted the challenges of global warming. Where mom’s farmers had relied on cultural 
wisdom to tell them what to plant and when, extreme weather events and unpredict-
able variation make new demands on knowledge, innovation, and political response. As 
the knowledge base of food politics changes continually, new fissures deny the unitary 
notion of “society,” exposing divergent interests, ethics, and knowledge claims (IAASTD 
2009).

The metaphor of Mom as a stand-in for cultural wisdom does, however, define a 
critical element in food politics. The persistence of traditional values and valued ways 
of doing things has strong effects on production and consumption, and thus politics, 
but it is incomplete. Consider the persistent undernutrition of something like a bil-
lion humans on the planet. A global industry has grown up around research and policy 
analysis aimed at finding the means to right what most—but not all—would consider a 
self-evident ethical wrong. Those who work to feed the rest of us often cannot feed their 
own families adequately. That hunger of some people in some distant places constitutes 
a matter of altruistic concern and global policy is not, however, universally accepted, nor 
does it automatically evoke support for foreign assistance, agricultural research, or cam-
paigns in global civil society. Nor is it clear which—if any—of these would make matters 
better. Obligations rest on a contested terrain of normative theory—notions of justice 
and right action; how to act depends as critically on systems of empirical knowledge—
credible information about what is possible, about what will work. These two dimen-
sions of knowledge—normative and empirical—define much of the political action and 
political contention around food locally and globally.

At the most elemental level, food has for most of our species-history been a game 
against nature; politics followed from divergent material interests facing scarcity: who 
gets to eat what, how often, through what means of acquisition or entitlement? The 
scale of polity has shifted over time, from very local divisions of the village grain pile 
in India’s archetypal jajmani system to an imagined international community in the 
Millennium Development Goals of the United Nations. In the UN’s aspirational and 
global vision, Goal 1 is elimination of poverty and hunger; Target 3 of Goal 1 is to halve 
by 2015 the proportion of people on the planet who suffer from hunger. That elusive 
target hovers around one billion people, though estimates of the extent and variet-
ies of malnutrition vary widely.2 In these grand developmental visions, conceptual-
izations of both the pile of grain and the array of legitimate claimants have shifted 
fundamentally.

http://momsagainstgmos.weebly.com
http://momsagainstgmos.weebly.com
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Simultaneously, the numbers and causes of people asserting political interests in food 
and agriculture beyond their own grain pile have likewise shifted out and up. Europeans 
have used a variety of policy and social-movement tactics to influence what Africans 
can grow and eat (Paarlberg 2008, chap. 4). American diplomats apply pressure to alter 
European political choices about what not to grow and eat. An international organiza-
tion of People for the Ethical Treatment of Animals (http://www.peta.org) challenges 
traditional practices confining and slaughtering animals—and thus livestock as liveli-
hood and meat as market. Trade conflicts over whether or not phyto-safety regulations 
constitute another form of agricultural protectionism or an expression of democratic 
sovereignty cross powerful currents of science and culture: if Americans and Chinese 
can eat transgenic virus-resistant papayas, how can Japanese legally regulate them out 
of their markets? In theory, the Codex Alimentarius represents species-wide knowledge 
of standards for food safety,3 which should allow deliberation within the World Trade 
Organization to set lines between agricultural protectionism and justifiable precaution 
in regulating novel foods. In practice, there are trade conflicts, ineffectual rulings, and 
intermittent rejection of WTO rulings. Bans on whale slaughter pit Japan against inter-
national political coalitions. Bans on eating companion animals such as horses and dogs, 
or intelligent animals such as dolphins, raise persistent politics in some places but not 
others, with consequences for international trade (Goodyear 2013). Shark fin is a valued 
and traditional food in some cultures, but restaurants are routinely raided for surrepti-
tiously serving it in many jurisdictions. Demands for a ban on cow slaughter have raised 
intermittently powerful politics in India but not in Pakistan or Texas. Signs on bridges in 
Europe declare “GMOs Kill.” If true (Ho 2000), such a claim would justify, perhaps mor-
ally compel, political mobilization to ban GMOs, create GMO-free zones, attack biotech 
research facilities, and restrict international trade in genetically engineered foods.4

Food politics thus depends fundamentally—and increasingly—on ideas, not simply 
the material interests that have dominated political economy as an approach (Blyth 
2002). Conventional food politics was answerable in a context of classical political 
economy: the dynamic of interests within social systems. Major interests were fairly 
clear:  control of surplus from the land. The landless fought for land that produced 
food, the landed resisted. Tenants mobilized around securing their interests; landlords 
mobilized around defending theirs. The hungry demanded food as traditional obliga-
tion or political right. Farmers demanded better deals from traders and moneylend-
ers and state intervention to protect their livelihoods (Goodwyn 1991; Stinchcombe 
1961). These demands on the state for protection from the market continue today, and 
have become globalized with international allies with less direct material interests in 
outcomes. The new world of food politics thus adds distinctly different dimensions. 
Contention exists not only around the expertise of agricultural and nutritional sci-
ences, but also around what have been called, since the mid-20th century, alternative 
paths to “development.”5 Not only are distal populations recognizing a political imper-
ative to alleviate hunger in societies our moms probably knew little about, but justifica-
tions differ, as do contending development theories advocating proper roles for states 
and markets.6

http://www.peta.org
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Michael Pollan adds to his evocation of tradition and culture the less obvious conten-
tion that eating itself “is a political act.” Embedded in this claim is a link from individ-
ual behavior to food systems, in which there are good and bad preferences. Siddhartha 
Shome in his contribution to this volume uses that claim to motivate a critical look into 
the theory behind political acts promoted by the “alternative food movement” with 
which Pollan is associated. This movement is not just about food but about promoting a 
more sustainable, environmentally friendly, and just socioeconomic order—an alterna-
tive to current trajectories. Agreement on these valued outcomes should be easy, but a 
closer look uncovers deep political cleavages. Shome dissects the fault lines on both the 
social vision of end states and the means of obtaining them. Alan McHughen’s chapter 
extends the critique of agrarian romanticism to “Mother Nature” itself: The natural, far 
from being a consensual good, is a world our species has tried to overcome with tech-
nology, beginning with agriculture—in the absence of which life would be nasty, brut-
ish, and short. Yet there is perhaps no more powerful trope in the new food politics than 
“natural.”

In Pollan’s view of politicized eating, you not only are what you eat, but what you 
eat influences what others eat; choice has externalities. How this might happen con-
cerns several subsequent chapters of this volume. Eating to reinforce specific val-
ues—organic, local, vegan, fair-wage and equal exchange, child-labor-free food, for 
example—creates market demand that could change the system of food production. 
Joseé Johnston and Norah MacKendrick entitled their chapter “The Politics of Grocery 
Shopping: Eating, Voting, and (Possibly) Transforming the Food System.” The gen-
eral phenomenon is called “political consumerism.” This alternative politics is attrac-
tive when neither political parties nor social movements are available to make credible 
vehicles for change, but it depends heavily on knowledge. How are we to know that 
child labor applying pesticides is not promoted by our food choices? Or that our food 
is safe? In the case of safety, the common assumption is that the state is the appropriate 
mechanism for certification—though states vary greatly in what is relevant for safety 
standards and how to enforce them. In value-driven ethical consumerism, labels by 
non-state actors predominate. Emily Clough documents the considerable difficulty of 
knowing what reality labels reflect, or who actually benefits from normatively valued 
claims—it is often not the farmer. Moreover, there is a question of class and knowledge 
in political consumerism:

critics view ethical food labeling as an elitist system plagued by problems of transpar-
ency, accountability, scalability, and consumer misinformation—ultimately an inad-
equate substitute for stronger state regulation.

Thus, the dilemma is: states are difficult to move to ethically principled positions, partly 
because of interests in the status quo and partly because of disagreements about the 
right thing to do. Livestock farmers prefer that vegans not rule. Markets offer an alter-
native to the state, via political consumerism, but market power is by no means distrib-
uted by any egalitarian or ethical principle. The fundamental political fault line is found 
here between market and state: which decides what, in production, technology, and 
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distribution related to food? For market fundamentalists, bureaucrats and legislatures 
have no standing in food choices: the role of states is minimalist. Markets run on prefer-
ences, which decide outcomes.

But not all preferences are created equal. Some cross a threshold of intensity such that 
collective political mobilization to move issues from market and choice to the realm of 
state and law is successful. There are, for example, standards for “organic” food, stan-
dards for which are politically contested. There are laws about animal slaughter that are 
promoted by some social movements and rejected by others. Ideas that drive mobili-
zation depend on convincing others that some preferences define moral imperatives 
worthy of political action and state authority (Elster 1993). Such preferences produce 
politics once a threshold is crossed; success of food politics is constrained by what ideas 
resonate sufficiently to drive collective action, in conjunction with structural conditions 
for political intervention in markets. Successful food politics involves making certain 
preferences binding on society, via state authority; traditional values and ethical princi-
ples provide ideational resources for mobilization. It is here that social movements and, 
increasingly, transnational advocacy networks impinge on food politics.7

Roadmap for the Chapter and the Volume:

Questions raised in this brief introduction suggest dimensions of the politics around 
food. Among the most contentious issues involve answers to three inescapable ques-
tions faced by all societies: First, what is to be produced? Second, how is it to be pro-
duced? Third, how is it to be distributed? These are normative questions: what ought to 
be the case? Their resolution is, however, inescapably political.

In the sections that follow, we explore first why these questions are both inevitable 
and political. No natural order settles matters. Across the answers, dimension by dimen-
sion, we find proponents of tradition, market, and state. Resolution typically involves 
some admixture of mechanisms. For example, we will look to a diagnostic example of 
the role of the state in nutritional choice: Mexico’s attempts to rig consumer markets 
by state policy to promote national interests. The reason for the Mexican state to inter-
vene in consumer choice was a looming nutritional crisis: deleterious effects of excess 
consumption of sugared drinks and “junk” food. The example shows how factors com-
mon to many dimensions of food politics interact: framing of a public interest, interna-
tional and domestic mobilization of positions for action, a meditating role for technical 
expertise, and the centrality of knowledge in determining how actors understand their 
interests. Discouraging “junk” food in practice showed how market and state are com-
mingled in practice: The mechanism used by the Mexican state to achieve public ends 
was the market. A second brief example introduces the most intense controversy in food 
politics at this point in history: the “GMO.”

Opposition to biotechnology in agricultural production merged answers to the 
three questions to create a unique object of food politics: what is being produced, 
defined by how it is produced, with concerns for how distributive justice will be 
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affected by production. The object is novel, but the strands of contention demonstrate 
continuity with the new food politics—knowledge intensive and transnational. We 
mean for this second brief example to illustrate how ideas and knowledge not only 
can be autonomous sources of politics, as commonly understood, but also can be con-
ditioning factors of material interests: one’s interest in biotechnology as consumer is 
mediated by what science one believes, how one constructs risk, what networks one 
trusts. Concluding the chapter scales up to the global question of “development” and 
the North-South divide. Food politics does not disappear with success in the histori-
cal struggle with scarcity, but does acquire new dimensions. If anything, new conten-
tions have aroused more interest over time. Victor Magna (1991) began Communities 
of Grain:

It is ironic that the late twentieth century has seen a renaissance of rural history. 
The march of industrial society continues to change the institutional fabric of every 
region on the globe; yet, intellectual interest in rural life has perhaps never been 
more pronounced.

Much of the reason for this renaissance is food politics. Separated so far from rural 
roots, modern populations beyond the biological crisis of getting enough to eat seem 
to crave an understanding of the food that we no longer produce ourselves, as well as a 
knowledge of the people who do.

The Three Unavoidable Questions:

Introductory texts in economics explain to students that every society must answer 
certain basic economic questions. This is true because of the inexorable economic 
problematic: wants are unlimited, but means to satisfy wants are limited. There is 
scarcity; there will be trade-offs. The questions generated by structured scarcity are 
unavoidable in any settled social order. These questions are traditionally stated as fol-
lows: First, what is to be produced—including a subset of how much? Second, how is 
it to be produced? Third, how is it to be distributed? Understanding the deeply struc-
tural bases of food politics requires taking a step back to political economy: We can 
think of choices around the place of economic decisions in society as meta-political 
questions.

All societies, of whatever scale, confront these meta-political choices. Answers may 
be roughly classified as tradition, markets, or regulatory authority—that is, the state. 
Karl Polanyi provided an influential account based on a rough historical logic of pro-
gression across these mechanisms (1944). In Polanyi’s framework, the creation of 
markets for land, labor, and money disrupted traditional societal arrangements in 
destabilizing ways, producing outcomes that were socially unacceptable. Land and labor 
become mere commodities subject to market logic rather than traditional rights and 
restrictions.
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What we call land is an element of nature inextricably interwoven with man’s institu-
tions. To isolate it and form a market out of it was perhaps the weirdest of all under-
takings of our ancestors. (1944, 178)

This dis-embedding of both land and the labor of people who worked the land from 
social institutions was the first half of Polanyi’s “double movement”—the movement to 
encompass more and more social interactions in markets. He analyzed the second half 
of the “double movement” as a natural response of societies under stress as a defensive 
reaction against market dislocations.

The protection of man, nature, and productive organization amounted to an interfer-
ence with markets for labor and land as well as for the medium of exchange . . . [the] 
intervention was to rehabilitate the lives of men and their environment, to give them 
some security of status. (1944, 216)

“Society” defends itself, Polanyi argued, from unacceptable market determinations of 
life chances by re-embedding outcomes in proper social moorings, hemming in mar-
ket dynamics according to a logic of preexisting societal values. There can then be a 
just price for food or for rent on farm land or for work in factories regardless of con-
ditions of supply and demand. Societal responses put limits around market authority. 
Tradition then does not disappear as a means of determining outcomes; both reasons 
for and forms of public authority depend, in part, on tradition and their political mobi-
lization. The modern welfare state is built on guarantees of security, brakes on extreme 
inequality, and de-commodification of that which should not be commoditized—con-
trary to determinations of unfettered markets.8 Modern movements for agrarian reform 
and food security likewise begin with the premise that such market-driven outcomes as 
hunger and landlessness are unacceptable.9 One sees a similar tension in diagnosis of 
the extreme state of hunger: famine. Michael Watts in this volume uses the lens of revis-
iting the Nigerian famine (1967–1970) to question and critique a common technocratic 
neo-Malthusian diagnosis:

famine is a function of imperfect markets which are weak, unintegrated and possibly 
driven by speculative or hoarding behavior. Collectively these market pathologies 
drive up food prices beyond the capacity (of some) to buy. The International Food 
and Policy Research Institute’s (IFPRI) synthetic work on African famines is a case 
in point. . . . Famine is largely seen in technocratic terms—a function of institutional, 
organizational and policy failures—which is to say famine is a poverty problem 
rooted in poor economic performance and failed or weak states.

This market failure diagnosis is contrasted by Watts with an alternative diagnosis rooted 
in Polanyi’s view of traditional mechanisms of the “moral economy”10:

At the same time, local protection systems rooted in the moral economy of the com-
munity were rapidly eroding, exposing peasants to the vicissitudes of the market.

These diagnoses of famine come from different knowledge traditions and produce 
divergent policy logics of what to do. This contingency of ethical reasoning on empirical 
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analysis underlies much contention in food politics: No one advocates for unsustainable 
agriculture or the ruination of farmers, but prescriptions from that agreement diverge 
markedly.

If Polanyi is right, movements toward increased market determination of outcomes 
will produce counter-pressures to reinstate limits on markets; there is a dialectic. In the 
current era, politics are often framed around opposition to neoliberalism as zeitgeist—
the retreat of state authority in favor of market hegemony. Demands for “food sover-
eignty,” for example, challenge the power of markets and corporations and privilege 
instead civil society and “culturally appropriate” norms. This framing of countermar-
ket objectives is promoted by Via Campesina, a transnational advocacy network that 
aspires—and often claims—to represent a global peasantry.11 Because of boundary poli-
tics over time, all economies represent, and have long represented, some mix of mecha-
nisms for answering economic questions. Markets are never fully hegemonic, cultural 
influences never fully disappear, and politics intermediates disputed terrain. Dogs will 
not be marketed as meat in the United States, whatever the market says; the question of 
beef in India is not so straightforward, but it is still charged politically in a way not true 
in Argentina. Regulating a market for “organic” produce is a political act rooted in a 
specific understanding of what constitutes good food and good farming—what makes 
agriculture sustainable and consumers healthy. Though consumer choices in markets 
determine success or failure of preference politics, states matter fundamentally. First, 
standards vary for the making and regulating of markets for “organic.” Second, states 
may be convinced to support initiatives for organic farming materially, both domes-
tically and through foreign aid projects. The global movement for organic agriculture 
reflects successful cultural mobilization, transnational advocacy, and responsive state 
authority to reset and regulate markets.12

Current food politics is everywhere entangled in prior framings of answers to these 
fundamental choices: is food treated as simply another commodity to be buffeted by 
market dynamics?13 Or as an entitlement guaranteed as a basic right of citizenship?14 Or 
as a cultural marker outside the provenance of the state but important to local identities 
and strategies?15 Efforts to depoliticize food in favor of technical expertise founder on 
these societal divisions. So, for example, advocates of suppressing a market for beef in 
India evoke a cultural tradition of nonviolence, vegetarianism, and special respect for 
cows; the mechanism is to be a state-enforced ban on cow slaughter, decommodifying 
cow flesh and removing it from the market. Market forces have moved in the opposite 
direction. Ironically, India is close to being, or is already, the largest exporter of beef in 
the world.16

What is to be produced?

The physical surface of the planet is to some extent fungible, though transitions have 
costs. In the war between the trees and the grasses, humans have intervened deci-
sively on the side of the grasses. Grasses, much modified by centuries of selection and 
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breeding, are winning; the trees are losing out. In recent decades, societies have rec-
ognized that there are trade-offs in this choice. Recognition came late on the species 
learning curve: roughly the 1970s. The discovery of ecology—the interrelationship of 
all biophysical processes—as a science undermined the notion that either tradition or 
markets could be sole determinants of land and water use. Nature had a claim; in assess-
ing that claim, both culture and science had political standing (Herring 2007d). A few 
decades after the global cognitive investment in ecology as science and sustainability 
as goal, climate change unsettled much of the technical and political wisdom around 
agriculture and its environment. Emissions of paddy fields and livestock turned out 
to matter, along with the burning of forests to enhance fertility, tractor fuel consump-
tion, and long-distance transport of foodstuffs.17 Not only are ecological services criti-
cal for robust agriculture, but also nature itself provides great variety and quantities of 
“wild foods,” as Pretty and Bharucha document in this volume. Destruction of natu-
ral systems to grow more food destroys opportunities to gather existing food. Societies 
simultaneously recognized that it mattered in ways previously unrecognized whether 
answers to these questions were left to the market, to tradition, or to authority (Blaikie 
and Brookfield 1987; Shapiro 2001). Maximization of commercial production per unit 
of land yields one outcome, preservationist values written into law another, and tradi-
tional swidden cultivation another. Yet interdependencies are still not fully understood. 
Derrill Watson illustrates in his chapter of this volume the theoretical possibilities of 
“win-win” strategies of agricultural intensification without environmental damage, but 
future ecological challenges are difficult to anticipate.

Land-extensive, water-absorptive, energy-intensive technologies are increasingly 
challenged as unsustainable in the light of new understandings of species-interests, as 
mediated by science (The Royal Society 2009). Achieving sustainable balances in pro-
duction and conservation raises the stakes in choosing mechanisms. It is clear that mar-
kets rarely accord sufficient value to either conservation or preservation; eco-system 
services are posited but difficult to measure or pay for. Use of the state as alternative 
mechanism to protect ecological services of natural systems foundered on the absence 
of a global Leviathan, on the one hand, and divergent interests of nation states, on the 
other (Herring 2002). Moreover, political coordination presupposed consensual knowl-
edge, but political divisions within and between nations have often rendered ecological 
science impotent. Even if public goods in ecologies were politically obtainable, disagree-
ments emerged on what they are and how to get there (Lomborg 2001; Specter 2009).

Though markets and states have demonstrated obvious limitations, tradition may 
be an unreliable mechanism as well, however popular a simpler agriculture remains in 
modern yearnings. Livestock provide a poignant example. The raising of animals has 
long been an integral part of agriculture and a prominent source of food, currently 
contributing about 40 percent of the global value of agricultural output. Livestock sup-
port the livelihoods and food security of almost a billion people, especially in poorer 
countries.18 Yet a contemporary global debate now challenges these traditional patterns 
on multiple dimensions: the extravagant inefficiency of feeding grain to animals when 
people are malnourished; the ethical implications of confining animals fed only for 
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slaughter; over-and undernutrition aggravated by rising meat consumption; contribu-
tions to greenhouse gases and thus global warming; opportunity costs in land that could 
be used for other purposes; externalities of animal wastes; environmental damage; 
and zoonotic diseases originating in farmed animals. Much of this critique emanates 
from richer countries, where subsistence problems have been solved and populations 
have moved up the Maslovian hierarchy of needs. Ethical preferences of relatively rich 
people—those of animal rights activists, for example—have implications for relatively 
poor people, both in markets and in politics. But more than ethical preferences are at 
stake: Material interests of the species depend on the science of global warming. If the 
livestock effect is as large as some critics claim, the material interests—whatever their 
ethical preferences—of both rich and poor human beings are affected by livestock 
choices driven both by food markets and cultural traditions.

What is to be produced entails an answer to how much is to be produced. Conversion 
of lands to the plow must at some point reach limits. Where are the limits? Paul Roberts 
wrote The End of Food in 2008 as an exploration of vulnerabilities around these lim-
its at the level of a global food system; his conclusions sketch elements of doomsday 
scenarios. Will there be enough food to go around? Any answer immediately raises 
questions of distribution. This is the resilient Reverend Malthus: The race between pro-
duction and production per capita as population increases exponentially.19 Conclusions 
vary by ideology. Biotechnology firms argue that genetic engineering is necessary to 
“feed the world.” Opponents counter on grounds of distribution: There is enough to go 
around, but it is unfairly distributed. The linkage is logically tight: How much needs to 
be produced surely depends on how it is distributed. Debates around distributive jus-
tice and technology then interact with political feasibility. Turning diets of the global 
rich from meat to grain and implementing redistribution across and within countries 
seem implausible; mechanisms are hard to conjure. “How is it to be produced” then ener-
gizes debates around choices of technology. Among the possible paths forward, which 
ones might be sustainable and more productive with fewest externalities? What path 
offers the best prospects? One path is “more of the same”: could productivity increases 
in low-income country agricultures to levels equal to those of the Netherlands or Japan 
succeed with conventional technology? Or is the unsustainability of conventional 
approaches sufficient cause to concentrate research and incentives on agroecology?20 
Are agroecological approaches incompatible with, or complementary to, those of 
genetic engineering?21 Given ecological imperatives, and the underlying crisis of exten-
sive and crippling malnutrition, how do societies—of whatever scale—answer ques-
tions of how food is to be produced?

How is it to be produced?

How food is produced extends beyond narrow questions of technology. Contention 
around production techniques engages both political economy (who gets what and 
how? whose ox is gored?) and cultural framings of food—its symbolic place in society, 
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what it represents, the value of meaningful landscapes of agriculture (McKibben 2008). 
Deep disputes exist as well over implications for the most vulnerable rural people 
engaged in agriculture: how do technologies affect income distribution and security?

The so-called Green Revolution of the 1960s generated fault lines across technologies 
that reverberate with the politics of the Gene Revolution decades later. Plant breeding 
for nitrogen response—widely called the Green Revolution by critics and supporters 
alike—required complementary inputs and made great demands on fresh water; it was 
variously constructed as necessary to feed the world or as an assault on the world’s peas-
antry.22 The answer for “what is to be produced” was predominately and urgently “more”; 
the mechanism was plant breeding for improved yields. International science and finan-
cial flows followed the path of plant breeding for increased global production, largely in 
international public-sector institutions. The political imperative for governments was 
clear: Regimes that cannot guarantee food supplies have historically proved ephemeral. 
One reading of new technologies for agriculture held that the Green Revolution would 
aggravate rural inequality; the fear that “the Green Revolution would turn red” was 
expressed by politicians and academics alike. The Green Revolution built on the best-
endowed areas and first appealed to the best-endowed farmers. Moreover, environmen-
tal externalities from synthetic-chemical intensive agriculture were potentially harmful 
to the rural poor—eutrophication of village ponds meant unsafe drinking water and 
fewer fish to eat, for example. More fundamentally, critics charged that the new technol-
ogy packages presaged the demise of peasant society, its cultural moorings and egali-
tarian ethos. These ideas, whether or not true, figured prominently in the building of 
political coalitions critical of new agricultural technology at local, national, and global 
sites. Alternatives varied in characterization, but largely they focused on agroecological 
approaches.23

In a fascinating replay of history, the Gene Revolution reproduces the cleavages and 
dynamics of the Green Revolution. Gordon Conway as president of the Rockefeller 
Foundation advocated a “doubly-green revolution” to avoid the environmental external-
ities of the Green Revolution while confronting new and urgent production imperatives 
(Conway 1998). This revolution would utilize biotechnology alongside improved agro-
ecological knowledge and green practices. Africa became the reference point; bypassed 
by the Green Revolution, widespread poverty and poor agricultural performance in 
the continent seemed locked in a self-reinforcing spiral of low production leading to 
low investment leading to low production. Conway’s vision suggested walking on two 
legs—agroecological practices and improvement of plant genetics. Opposition to bio-
technology on a global scale—most effective in Africa—posed these two options not as 
complementary but as oppositional: One had to choose the agroecological path or the 
transgenic.24 Transnational advocacy networks formed around a perception that “tech-
nological fixes” will not work; they will enrich only multinational firms and interna-
tional consultants, with significant risks to the environment and the poor. In response, a 
“biotechnology for the poor” literature and policy stance emerged, with a sense of crisis 
and urgency similar to that of advocates of the Green Revolution. Although this posi-
tion gained considerable acceptance in international organizations dealing with food, 
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agriculture, and development in the early 2000s, global critics considered the juxtaposi-
tion ludicrous: by its very nature, biotechnology could be neither pro-poor nor environ-
mentally friendly (Herring 2007a; Herring 2007c; Scoones 2002).

Genetic engineering thus teeters politically between framing as a powerful new 
instrument in the “toolkit” for responding to agricultural and nutritional challenges, on 
the one hand, to an eminent and unnecessary threat, on the other (McHughen 2000). 
The GMO was born. Mobilization of resistance to genetic engineering in agriculture 
turned state promotion of biotechnology in Europe into a moratorium on GMOs in the 
late 1990s (Tait 2001; Tiberghien 2007). Global mobilization produced the Cartagena 
Protocol on Biosafety under the framework Convention on Biological Diversity (CDB). 
This global soft law became important in the national regulation of “living modified 
organisms” in trade; in train, “bio-safety” regimes came to consume resources in both 
rich and poor nations, but they resolved few conflicts. Instead, new political conflicts 
arose over authoritative knowledge. Whose expertise counts? How is civil society repre-
sented in councils dominated by scientists? Are corporate-generated data trustworthy? 
How long is long enough to see if allergenicity results from novel proteins that North 
Americans consume readily but Europeans and Japanese shun? To borrow Donald 
Rumsfeld’s awkward phraseology, does the absence of evidence of hazard constitute evi-
dence of absence?

The United States and the European Union (EU) structured food markets after the 
Gene Revolution in different ways:  either transgenic plants produce foods that are 
backed by science demonstrating “substantial equivalence”—and thus absence of 
additional risk—or evidence of safety is insufficient under logics of the “precautionary 
principle” to allow planting or consumption of the same plants. From the EU politi-
cal position endorsing the precautionary principle, global segregation of food tradables 
followed logically, along with “traceability” requirements literally “from farm to fork,” 
accompanied by labeling and separate regulatory treatment.25 EU science is the same 
as American science, but the regulatory outcomes represent varying political organiza-
tion and intensity of preferences among mobilized groups. The implications for friction 
in food trade and the ability of farmers to deal with the paperwork are daunting, but a 
hard interpretation of the precautionary principle mandated a whole new world of sur-
veillance and control of farms, plants, and farmers based on how they produce food—
a global proto-state restructuring markets. Like many “high-modernist” projects, one 
would predict that the Panopticon would not do well seeing into rural society (Scott 
1998).

On the ground, in farming communities, diffusion of state regulation ironically con-
tributed to diffusion of the technology itself; material interests proved stronger than dis-
tal edicts. Tight regulation by states and high prices of seeds from multinational firms 
drove farmers to illicit acquisition of transgenics—much like the illicit spread of phar-
maceuticals, music, and software. Seeds followed a pattern indicated in the title of Moises 
Naim’s (2005) treatment of the underground international economy: Illicit. There are 
few seed police in the villages or at international borders; “seeing like a state” encoun-
ters familiar limitations and ellipses. A global phenomenon of underground diffusion 
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of “stealth seeds” reached unknown but clearly significant proportions (Herring 2007b). 
Seeds as genetic material resist surveillance and control, much as peasant history is 
one of resistance to the corvée, the tax collector, the record keeper. The spread of illicit 
seeds under the radar of firms and states offered new examples for James Scott’s (1985) 
Weapons of the Weak. Despite an international control regime, actual diffusion of agri-
cultural biotechnology departed radically from formal bio-safety regulations or patent 
regime dominance posited in international agreements and transnational advocacy. 
The reassuring political narrative of institutional bio-safety controls on an increasingly 
global food supply turned out to be more symbolic politics than meaningful regulation; 
as often, market logic and material interests competed with state preferences. A food 
Panopticon was conjured but proved astigmatic.

In both episodes of mobilizing against technological change in agriculture—the 
Green and the Gene Revolutions—much of the political heat came from transnational 
social movements, advocacy networks, and public intellectuals in urban areas. Food 
production technologies diffuse globally, along with techniques for processing, mar-
keting, and retailing; political positions on what constitutes acceptable ways of grow-
ing food are now global as well. International flows of information enable ideational 
cross-hatching of micro-level farm production questions with broad critiques of sci-
ence, risk, and corporate control of the world food system as integral to opposition to 
globalization.26

How is it to be distributed?

Politics of distribution within rural societies and between rural producers and the 
state have historically been contentious, sometimes cataclysmic. What Eric Wolf called 
“peasant wars” (1969) rocked the twentieth century far more than the anticipated prole-
tarian revolutions predicted by nineteenth-century Marxist thought. Property institu-
tions in agriculture have produced distinctive and often volatile politics, as classic works 
on variation across types of agrarian systems by Arthur Stinchcombe (1961) and Jeffrey 
Paige (1985) demonstrated. Residues of these conflicts fundamentally altered political 
economies: Barrington Moore Jr. subtitled his classic Social Origins of Dictatorship and 
Democracy “Lord and Peasant in the Making of the Modern World.” Michael Lipton’s 
theory of “urban bias” (1977) explained underdevelopment itself in terms of the superior 
power of urban political forces to skew taxes, prices, and public investments so as to 
milk the countryside of surplus for the benefit of cities.27 In the monumental transition 
of peasants to farmers, both the place of rural producers in society and their political 
levers have undergone a great transformation.28

Once a distinct cultural, economic, and political tier in many societies, the peasantry 
was to produce the surplus on which better-born elites could develop themselves, and 
with which states could wage wars, expand territory, pay off debts, and reward loyal 
officials. Rejection of these distributive systems was both subterranean and overt (Scott 
1985). Because nations have been intermittently convulsed by politics around food, 
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states are pressured to placate the productive underbelly of society. Regimes reacted 
to uprisings, insurrections, famines, and tax revolts with such varied responses as land 
reforms, selective patronage, repressive war, abolition of slavery, make-work schemes, 
and, in more modern terms, development.29 Some states, unable to respond, were swept 
away by rural revolutions.30 Reciprocally, urban rioters held food to be governed by an 
inviolable moral economy of the kind Polanyi saw at risk from market commoditiza-
tion: There is a “just price” for food. John Walton and David Seddon (1994) traced this 
tradition into modern times in Free Markets and Food Riots; the Brandt Commission 
called these uprisings “IMF riots” for the role of orthodox stabilization policies in rais-
ing prices in food-importing economies. Price rises of food globally in 2008 sparked 
riots in dozens of countries and renewed urgent debates on food security. Mobilization 
against the global “land grab” of recent years is a more global response to the exercise of 
power in land markets (Deininger 2011; Robertson and Pinstrup-Andersen 2010; Thaler, 
this volume).

Distributive contentions around food largely reject market logic, as Polanyi 
noted:  There are some things markets should not decide. Of special importance to 
this volume will be the connecting of the historical themes of distributive politics to 
the impact of new technologies on security and well-being. Both the Green and the 
Gene Revolutions introduced technologies that opponents attacked as having adverse 
effects on income distribution. Distribution of gains from higher yields from new tech-
nologies in both cases depend on access to cash resources, credit, political connec-
tions, and, most of all, secure land holding.31 The Gene Revolution raised new politics 
around both international distributive effects and intra-rural consequences: a rhetori-
cally North-South global rift. The Green Revolution was driven by public-sector invest-
ment in plant breeding internationally; the Gene Revolution has been concentrated in 
private-sector research and development. Will multinational firms from relatively few 
wealthy nations capture the lion’s share of benefits from technical change?32 Or will 
public-sector investments in transgenic technology allow autonomous advances in 
those agricultural nations with strong science and technology capacity, such as China, 
India, and Brazil (Cohen 2005) or humanitarian organizations (Lybbert 2003)? Are the 
new seeds scale-neutral, and thus little differentiated between large and small farmers, 
or are they subject to economies of scale?33 Intellectual property mediates the impact 
of technology on distribution. Ravi Srinivas notes in his contribution to this volume 
that global attempts to harmonize property in seeds have only notionally incorporated 
“farmers’ rights,” while buttressing claims of breeders and producers of seeds, though 
prospects for an open-access global commons for biotechnology knowledge continue to 
attract attention and some development.34

Intellectual-property disputes around seeds resonate with previous conflicts around 
distributive justice growing out of landed property, but they add significant new ana-
lytical and empirical puzzles.35 In a perfect storm of objections to genetic engineer-
ing, a new question of what should be produced emerged from a social construction 
based entirely on how it is produced, with implications for concern about how accept-
able distribution could be. We will return to these issues as a prelude to a discussion 
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how ideas matter in food politics: The GMO is the anchor of the ideational continuum. 
Nevertheless, ideas figure prominently in framing other spheres of food politics in simi-
lar ways, though with less controversy around the normative and empirical dimensions 
of contested knowledge. “Junk” food offers an illustration.

Junk Food: State, Market, and Choice

Politics centered on the question of what is to be produced? are mediated by new, and less 
contested, knowledge interpolated by states and civil-society organizations. One exam-
ple is helpful in illustrating the prominence of new knowledge and old interests is inter-
national convergence and disagreement around the proper roles of tradition, states, and 
markets.

Mexico in 2013 legislated new taxes on sugared beverages and “junk” food. The tax 
on sugar-sweetened beverages was set at 10 percent, with an additional 8 percent tax 
on “junk food” (defined as foods containing more than 275 calories per 100 grams). In 
response, Mark Bittman (2013) expressed in the New York Times an increasingly com-
mon consensus:

. . . with obesity-associated Type 2 diabetes at record levels, it’s widely agreed that we 
have to moderate this diet. Which means that, despite corporate intransigence, we 
have to slow the marketing of profitable, toxic and addictive products masquerading 
as food.

What do we learn from this episode about broader food politics? First, knowledge medi-
ation is critical. This view of threat and the framing—“addictive products masquerad-
ing as food”—are not a priori obvious or consensual; there is also conflict with at least 
some tradition. The triad of sugar-obesity-diabetes has not always been known, and is 
still not universally accepted; it is resisted, not surprisingly, by organized food-producer 
interests. Michael Pollan’s Mom imaginary is not helpful; many mothers consume sug-
ared beverages and “junk” food and reward kids with both. Tradition may not be so use-
ful a guide as knowledge advances. Might the market provide better answers? Bittman 
attributes to junk food—along with “toxic and addictive”—the designation “profitable.” 
Individual preferences drive markets to produce what consumers will buy—granted 
under the influence of propaganda from producers (Nestle 2002). Consumption is in a 
pure market world decided by market preferences of individuals: if one chooses badly, 
the harm is to the individual. Caveat emptor. Society—or its putative agent the state—
has no standing. Or does it? Market outcomes in food turn out to have externalities, 
much like the externalities that drive state regulation of production decisions on the 
land, such as effluents of nitrogen and pesticides. But a necessary condition for action 
on those collective interests is, first, conceptualization of a community, and second, 
knowledge of collective consequences of individual behavior, and finally some means of 
protecting a putatively public interest.
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What then gives the state an interest in how much sugar citizens eat? Legitimation 
for intervention depends on both framings of risk and institutional structures of 
governance. This is the classic boundary politics of markets and states:  where 
does society draw the line between individual preferences and public interest? 
Characteristically, powerful beverage and food producers—national and global—
argued for consumer choice over government interference in markets; they force-
fully opposed regulations that would reduce demand for their products. Civil 
society organizations, nationally and internationally, campaigned for state action in 
the public interest (Bittman 2013).

Taxing sugary foods allowed Mexico to achieve what its richer neighbor to the north 
had not, despite local attempts: New York City mayor Michael Bloomberg’s ban on big 
sugary drinks was ruled unconstitutional by an appeals court. The reasons for Mexico’s 
success were both structural and conjunctural. First, Mexico recently surpassed the 
United States as being the most obese country in the world. Special shame was attached 
to being more obese than Americans; both America and NAFTA had been blamed for 
growing obesity in Mexico. In comparative terms, assuming nutritional knowledge—a 
matter disputed by industry—a clear and present danger to public health would seem 
to exist. This is the classic rationale for the very existence of state authority. The case for 
intervention was reinforced by political economy: Mexico had enacted a single-payer 
system of health insurance the previous year. Diabetes is a threat to fiscal sustainabil-
ity of the program. Moreover, a constitutional addendum in 2011 guaranteed citizens 
“the right to nutritious, sufficient and quality food.” Globally, a right to food has become 
an increasingly important component of political movements for social justice.36 
Moreover, new taxes—like all revenues—were attractive to the state itself. There was also 
an argument from the developmental state. Mexico’s health minister, Mercedes Juan, 
stated publically that “obesity and diabetes are affecting school and work performances, 
and with it, the country’s economic competitiveness.” Mexico’s health authorities esti-
mated more than five million obese children and a 9.2 percent incidence of diabetes 
among children (BBC, October 31, 2013). The state, in loco parentis, moved where many 
moms would not go. President Enrique Peña Nieto also played an individual role, seek-
ing an international model attributable to his leadership. His initiative was backed by a 
Nutritional Health Alliance of twenty-two NGOs and networks representing about 650 
nonprofits and grass-roots organizations. Even members of opposition parties agreed.37

The argument for state over market in determining what Mexicans should be eating 
then has a structural base—a collective interest in a manageable health-care burden in 
which every citizen is implicated, fulfillment of a constitutional guarantee, and the state’s 
appetite for more revenues. The sweetener for consumers was a promise to target new 
revenues for public goods—for example, safe drinking water in schools. Though author-
ity to alter food practices is to come from the state, the mechanism is the market: assum-
ing some elasticity of demand for junk food allows the state to alter consumption by 
raising taxes. Of course, disagreement exists about what these elasticities are—another 
mediation of knowledge, in this case micro-economic theory of consumer choice. The 
final lesson is that, predictably, market forces are obdurate and persistent; opponents 
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quickly claimed that a black market was emerging in junk food, much like that in alco-
hol in areas of prohibition (Mallen 2014).

This sketch of a narrow food consumption issue illustrates elements of importance 
in understanding interactions among food, politics, and society that run through 
the Handbook. We noted that interests are mediated by both knowledge and institu-
tional structure. We saw how consumer behavior in markets prompted state inter-
vention; necessary conditions for intervention included settled nutritional knowledge 
and institutional commitment to a public interest. Yet the mechanism for alleviat-
ing a public bad turned out to be markets—raising prices of sugary things to damp 
consumption. The parallel to a carbon tax in the context of new knowledge about 
global warming is readily apparent. As with climate change, transnational advocacy 
networks increasingly impinge on national decisions of this kind; in Mexico, social 
movement interests coincided with the state’s logic of public welfare. Convergence of 
this kind anchors one end of the food politics spectrum. At the other end of the spec-
trum are spheres of food politics where knowledge and interests diverge to polarized 
positions.38 The perfect storm of global food politics illustrates with special clarity the 
importance of these factors merging the three fundamental questions into one con-
flict: GMOs.

The Perfect Storm: GMOs

The most intense controversies around food now center on genetic engineering. 
Conflicts extend beyond technology of plant breeding per se: i.e., the “how” of pro-
duction. Genetic engineering in applications other than food and agriculture raises 
no special mobilizations or contentious politics. In pharmaceuticals, medicine, and 
industrial applications, recombinant DNA technology has been widely accepted as 
providing useful tools; in agriculture, products using these same tools have been 
coded as producing “GMOs,” evoking almost universally an aura of unique risk and 
special regulation (Ho 2000; McHughen 2002). Agricultural biotechnology pivots on 
this framing to a degree matched by few other contentions. The most striking confir-
mation of this proposition is the fact that genetic engineering is controversial only 
in crop production and nowhere else (Herring 2008). Protagonists evoke alternative 
ideas of risk, uncertainty, and unsettled science. Richard Lewontin (2001) wrote in 
“Genes in the Food!”:

The introduction of methods of genetic engineering into agriculture has caused a 
public reaction in Europe and North America that is unequaled in the history of 
technology. Not even the disasters at Three Mile Island and Chernobyl were suffi-
cient to produce such heavy and effective political pressure to prohibit or further 
regulate a technology, despite the evident fact that uncontained radioactivity has 
caused the sickness and death of very large numbers of people, while the dangers of 
genetically engineered food remain hypothetical.
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Much of the food fight over biotechnology is indeed about technology: how is it pro-
duced? Who should decide what technologies are acceptable? The knowledge compo-
nent is critical—what authoritative knowledge could establish the safety claimed by 
government agencies and scientific establishments for genetically engineered plants? 
But much more was at stake, since uncertainty is characteristic of many modern tech-
nologies—the common mobile phone among them. How uncertainty is constructed is 
itself an ideational question—where does acceptable uncertainty become unacceptable 
risk? Science is evoked and attacked as providing evidence for safety in use of GMOs; 
rival global networks have their own epistemologies, media and reference works. This 
is a puzzling outcome: genetic engineering is widely accepted in other life-and-death 
fields, such as pharmaceuticals, where risk is measured against benefit. Biotechnology 
in food became a lightening rod because food politics is suffused with questions of eth-
ics, justice, and identity, with supporting visions of culturally validated livelihoods, 
landscapes, and techniques.39 In mobilization framings, heirloom varieties confront 
Franken-Foods; organic confronts industrial; the global periphery confronts the core.

What is to be produced? Unlike dioxin or plutonium, the GMO does not exist 
unless one knows how it was produced. Regulatory provisions, politics, and the object 
itself define a what that is completely dependent on how it is produced.40 Though it 
is difficult to find evidence of any consequential differences between plant breeding 
that is molecular and other ways of getting traits into plants, the GMO as an object 
of governmentality is widely subject to mobilization, special regulation, surveillance, 
and control.41 The how of production evokes antithetical evocation of the natural that 
is normatively sanctioned. Criteria for the line between “natural” and “unnatural” 
are neither obvious nor consensual. For some, molecular plant breeding involves an 
unnatural act. Prince Charles famously proclaimed: “This kind of genetic engineer-
ing takes mankind into realms that belong to God, and to God alone. . . .” Not only is 
biotechnology here framed as crossing that nebulous line between the natural and 
the unnatural, but Prince Charles went on to endorse Vandana Shiva’s claim that bio-
tech seeds were responsible for mass suicides of farmers in India—“genocidal” in her 
words.42

The “GMO” had to be invented as an idea. It was created by framing—lumping and 
splitting of recombinant DNA techniques across uses, segregating food from other 
applications, such as pharmaceuticals; there are no Franken-Pills on posters. This 
framing was the work of intellectual activists in networks building on concerns first 
expressed by molecular biologists.43 Material consequences of this ideational move 
were profound. Labels for organic products typically preclude molecular breeding of 
seeds, no matter what cultivation techniques are followed. There are spatial differen-
tiations with legal standing—GMO-free zones and GMO-free countries. Markets are 
affected by trade restrictions, trade disputes, and a market premium niche for GMO-free 
food. The Cartagena Protocol on Biosafety deals only with international surveillance 
of genetically engineered plants. Labeling campaigns premised on a special status for 
GMO-food proliferate even in the United States, long considered the most biotechnol-
ogy friendly of polities.
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Both sides in the global rift over biotechnology contest “the Science.” Though there 
are certainly controversies in science (Agin 2006; Waltz 2009), what has been politically 
potent is the concept of “risk.” Science makes no pretense to address risk preferences. 
Risk in a strict scientific sense means probability of exposure to some hazard, usually 
expressed as hazard X exposure = risk.44 Risk thus assumes a known probability dis-
tribution of some hazard—air travel and surgery are common examples of known risk 
distributions. This deceptively simple formulation is often irrelevant, however, because 
neither hazard nor probability is known, or cannot be measured. This condition is called 
“Knightian uncertainty.”45 This characterization obtains in regard to foods and plants 
produced with genetic engineering.

In a world of uncertainty, risk is of necessity a social construction. In everyday life, 
we think in terms of acceptable risk; some risks are taken even in the face of obvious 
hazard because the risk of doing nothing is higher—surgery, for example—or because of 
expected benefits—air travel, for example. Ideally, regulation of any technology would 
reach some threshold of acceptable risk—balanced with benefits—for a whole society. 
However, as Douglas and Wildavsky (1982) demonstrate in Risk and Culture, politics 
around risk are not influenced by the data alone, even when there are data. Given the 
plurality of values and knowledge in societies, consensus on how to weight caution, risk, 
and benefits will be difficult to attain. Resultant politics will prove contentious if much 
is at stake; different framings of the GMO debate refract different weightings of what 
is at stake. Consensual democratic procedures for weighting preferences prove elusive, 
and intensity of preference looms large. In assessing GMOs, globally, the “precaution-
ary principle” is often evoked to justify opposition, but it is clearly difficult to know how 
much precaution is cautious enough (DeFrancesco 2013).

How is it to be distributed? Distributive questions are folded into biotechnology itself 
by arguments that the industry poses special threats to small farmers and poor nations. 
In this view, small farmers will be crushed by multinational control of seed property 
rights: “bio-feudalism” or “bio-serfdom.”46 The hoax of a “terminator gene” in geneti-
cally engineered crops generated a global movement to “Ban the Terminator”; the idea 
of sterile seeds proved remarkably persistent in politics despite widespread under-
ground breeding of transgenic plants by farmers.47 Thus an argument that how geneti-
cally engineered crops are produced raised questions of social justice: How will fruits of 
production be distributed? This critique based on inevitable corporate dominance has 
been persistent and powerful, though there are other sources of research and develop-
ment (Cohen 2005). Public-sector crops such as Golden Rice or the ring-spot virus-
resistant papaya come without property claims attached to the technology when used 
by small farmers (Evanega and Lynas, this volume). Stealth seeds that move in under-
ground markets are likewise outside the orbit of exactions of property claims of firms 
(Herring and Kandlikar 2009). The difficult empirical questions are seldom significant 
in the heated political debates over income distribution: in which countries are there 
patents on plants? If there are patents, are they enforced? If enforced, is the marginal 
return on the technology fee larger than the marginal cost? How large a percentage of 
variable costs of production are seeds? The rapid diffusion of genetically engineered 
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crops among farmers globally suggests that the net effects on income are on the whole 
positive, not negative—unless we assume farmers are incapable of choosing technolo-
gies that work for them.48

The North-South framing of biotechnology has proved politically important, but in 
fact the fault lines are not structured by geography or national income. After the United 
States, the leading producers include Argentina, India, Brazil, China, and Canada. 
Farmers growing biotech crops in the United States and Canada often operate large 
holdings as commercial businesses; biotech farmers in India and China operate hold-
ings tiny by world standards. Though associated with wealthy economies historically, 
genetically engineered crops grown in “developing countries” exceeded total hectares 
grown in the so-called developed countries for the first time in 2012 (James, Annual).

The framing of GMO controversies illustrates the power of ideas to drive politics.49 
There is less and less a question of “do ideas matter,” and more a question of “how ideas 
matter.” In food politics, the ideational component is weighty in identifiable ways.

How Ideas Are Central to  
Food Politics

Ideas matter in all spheres of politics; John Maynard Keynes famously said that “the 
world is ruled by little else.” Though political economy usefully centers interests, and 
thus structures from which interests are derived, Mark Blyth reminds us that “structures 
do not come with an instruction sheet” (2003). The relationship between one’s position 
in a structure and political behavior is mediated in complicated ways. In some politics, 
even recognizing an interest requires cognitive processing: No one recognized inter-
ests in global warming prior to the science that connected future outcomes to present 
human behaviors. Ideas about other environmental risks define interests in controver-
sies over legislation and practice (Lomborg 2001; Specter 2009). The financial crisis after 
2007 induced consequential clashes over what policies would serve common and par-
ticular interests, opposing variants of Keynesian to neoliberal ideas (Blyth 2002, 2013). 
Likewise, many disagreements in food politics are rooted in different ideas about how 
best to answer the inescapable questions of political economy: whether through tradi-
tion, state, or market.

Some effects of ideas in food politics are apparent: Ethics drive politics around food 
entitlements, treatment of animals as livestock, and claims of future generations for 
sustainability, for example. To be sure, ethical agreement is only the beginning of food 
politics on any issue, as doing the right thing may or may not be politically possible—
but it is a necessary condition (see Korthals, this volume). Ethical arguments are largely 
about end states—the way things ought to be. The ethicist observes that with sufficient 
food in the global production system, malnutrition afflicting something like a billion 
people should not exist. Agreement on first principles is much easier, however, than 
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agreement on the means of attaining desired end states. It is thus important to distin-
guish between ideas we think of as normative—what ought to be the case—and ideas we 
think of as empirical—how things actually work. Normative ideas are often expressed as 
ethics or obligation; empirical ideas are expressed as claims about how the world works. 
Ideas about the empirical world—how things work—become necessary components of 
guides to policy and behavior in accord with normative preferences (Dryzek 2005).

How ideas matter in the chapters that follow fall into identifiable processes:

 a) Cognitive screening: Ideas matter first because interests are not the stable stuff of 
neoclassical economics, nor are they unambiguously recognizable. Political econ-
omy begins with investigation of interests, then looks to their interaction. But 
knowing an interest depends not only on normative or ethical reasoning, but on 
information as well: The brute facts of the world do not come coded with impli-
cations for one’s interests or means of attaining them. Cognitive screens are con-
structed of both science and culture.50 The inchoate nature of interests, especially 
in distal spheres such as agriculture or new technology, creates a cognitive oppor-
tunity structure for framing by political entrepreneurs and social movements. 
Foundational components of these screens include such dichotomies as natural/
unnatural and risky/safe and credible/biased. An individual’s interests may or may 
not be served by organic or bio-fortified food, for example—deciding which it is 
requires information on outcomes.51

 b) Expertise and epistemic brokerage: Interests are especially dependent on media-
tion by ideas and information in matters evoking risk, uncertainty, and the future 
(Elster 1993, chap. 4). Are there foods that cause or prevent cancer? High infor-
mation costs and cognitive complexity necessitate epistemic brokerage—a trusted 
authority to sort the true from the false. Michael Pollan, for example, is a leading 
epistemic broker on matters of food: what we should believe, what is true, what 
are corporate talking points as opposed to facts on the ground. Epistemic broker-
age will vary in importance with information costs and cognitive distance: We are 
almost all, for example, dependent on epistemic brokerage in atmospheric science 
on which the future of the species depends. Few of us read peer-reviewed atmo-
spheric science. For climate change, global society has established internationally 
trusted sources. Global assessments for defining authoritative knowledge in food 
and agriculture, however, have proved controversial and inconclusive (IAASTD, 
2009; Scoones, this volume). Information costs in food and agriculture for indi-
viduals are high for that large percentage of the world’s population that has not 
ever grown crops for a livelihood. The information one gets is dependent on the 
networks one belongs to—and their associated media connections—and thus the 
epistemic brokerage dominant in that network (Herring 2010).

 c) Strategies and tactics:  Once interests are established, issues of collective action 
arise.52 To act presupposes at least some sense that the action will be meaningful, 
and thus supported by others. Networks are critical intermediaries in this process 
of establishing a basis for collective action. If collective action is to be effective, 
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ideas about strategies and tactics become important. Schurman and Munro (2010) 
demonstrated that the success of anti-GMO movements in Europe, for example, 
resulted from focusing on food distributors, not producers: Monsanto failed to 
recognize that a focus on science and producer benefits was politically ineffec-
tual and consequently lost the early contests in Europe. Ideas of labeling laws, 
global campaigns such as “Ban the Terminator,” targets for mobilization such as 
GMO-free zones, and such creative framings as that presupposed by the “I AM 
NOT A LAB RAT” movement proved effective on the ground. The high degree 
of modularity in social movements builds on this imperative (Tarrow 2011). 
Likewise, the tactic of unsettling science by demonstrating lack of complete con-
sensus has created anxiety and thus uncertainty that reinforces the narrative of 
special risk in agricultural biotechnology.53 Industry has tried, but largely failed, 
to find comparably effective tactical ideas.

 d) Institutionalization: Successful ideas create institutional niches. Institutionalized 
ideas also generate and define new interests, creating a path dependency for 
ideas. The existence of an official designation of “organic” agriculture and foods 
has proved internationally powerful. Certifications for other normatively driven 
labels have similar effects. Emily Clough in this volume analyzes how labels may 
function to safeguard environmental, labor, and health standards in food produc-
tion that are unprotected by the state. The labels institutionalize an idea, such as 
“fair exchange,” thereby enabling political consumerism, and potentially influenc-
ing production through market behavior of concerned individuals (Johnston and 
MacKendrick, this volume). Both voluntary, market-based regulation through 
networks and state-regulated labels have important effects on prices and oppor-
tunities for consumers and producers alike. Ideas about proper food handling 
and safety have strong effects when institutionalized. Thomas Reardon and 
Peter Timmer consider in their chapter the effect of legal standards on small and 
medium enterprises in the rapidly globalizing agrifood sector in the developing 
world:

. . . application of food safety and hygiene regulations to food businesses have 
been important examples imposing special burdens on small firms who lacked the 
investment surplus and access to bank loans to shift location, register their firm, 
and adopt all the measures (such as hygiene facilities and cement floors) needed to 
conform to new laws.

In this case, state regulation accelerates market forces—especially foreign direct 
investment—that have reshaped traditional organization of food processing and 
retailing in the “supermarket revolution” that began in the 1990s and accelerated 
thereafter:

The accelerated penetration of retail clashes both with broadly shared 
self-perceptions in developing countries, as well as the pre-1990 retail literature 
(where often one heard that somehow the “traditional food culture,” dense cities, low 
opportunity cost of labor, and “habit of frequent shopping” militated against modern 
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retail). Why did it occur so quickly? Several factors explain it . . . especially where cre-
dence goods like food safety are involved.

The most power of institutionalized ideas of safety at the frontier of production tech-
nology comes from the Cartagena Protocol on Biosafety for regulating movement of 
biotechnology crops across national boundaries. By framing agricultural biotechnology 
as a matter of biosafety under an environmental treaty (Convention on Biodiversity), 
different political forces were empowered at the national level. Only by this institution-
alized framing could ministers of environment have a stronger role than ministers of 
agriculture or health on matters of crop technology and food safety. That authoritative 
framing resulted from mobilization around an idea of special risk of some forms of plant 
breeding over others—a risk so far unconfirmed in scientific studies but pervasive in 
law, trade, and politics.54

Ethical reasoning, as suggested in the introduction to this section, is the most famil-
iar and often powerful overt source of food politics, whether or not institutionalized. 
The ethics confronting social injustice, for example, may drive intervention in market 
distribution of food, for example in effective political demands for food subsidies for 
the poor—more powerful in some countries than others (Kotwal and Ramaswami, 
this volume). Ethical intent does not, however, invariably lead to ethical outcomes—a 
veil of knowledge intervenes. Interventions in food trade driven by ethically defensible 
political preferences, for example, often prove to be both “inefficient and inequitable,” as 
explained by Kym Anderson’s contribution to this volume. Subsidies to biofuel produc-
tion show the same skew: Representation of farmers in the United States as worthy of 
public assistance reinforces the case for state spending that is neither equitable nor envi-
ronmentally sound, as David Pimentel and Michael Burgess develop in their contribu-
tion to this volume. David Sahn’s chapter in this volume questions whether the ethically 
plausible impulse to concentrate on food per se for combating malnutrition is the wisest 
policy for aiding infants and children in poor places.

Ethical preferences often fail to change state policy, but may remain consequential 
in individual efforts to effect change through markets (Johnston and MacKendrick, 
this volume). Ethical political consumerism, however, is fundamentally dependent 
on knowledge. Labels available to consumers are predominately provided by nonstate 
actors about whom little is verifiably known. Emily Clough points out in her chapter 
that there is considerable difficulty in knowing what reality labels reflect, or who actu-
ally benefits from normatively valued claims:

There is also substantial debate about whether retailers capture too large a portion 
of the premium charged to consumers. Some point out that when retailers mark up 
ethically labeled food products, they often keep a large percentage of that margin for 
themselves, and the consumers are none the wiser. In one case, a retailer was criti-
cized when it was found that 90% of the premium they charged for a cup of Fair 
Trade coffee went to the retailer, while only 10% was passed along to farmers.

Whether ethical preferences drive only individual behavior or institutionalize pref-
erences through state regulation, ethical reasoning depends fundamentally on settled 
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knowledge: The choice of what should be done depends on what will happen if we do 
one thing as opposed to another. If one begins with the normative premise that peasant 
farmers are to be protected and supported globally, and agricultural biotechnology is 
“suicidal, homicidal, and genocidal,” opposition to genetic engineering in agriculture 
is normatively imperative.55 If genetic engineering offers potential for drought-tolerant 
crops that could improve the prospects of poor farmers in ecologically stressed zones, 
the ethical case becomes inverted. One network’s suicide seed is another’s silver bul-
let. In both cases, political implications of the same ethical stance vary with divergent 
assessments of knowledge.56

The knowledge-intensive character of food politics then means that the effects of 
advocacy networks will be strong, whether in screening, framing, or institutionaliz-
ing ideas. Networks reinforce the already strong effect of “information cascades”—the 
“everyone knows . . .” phenomenon—even when what everyone knows is false (Heath 
and Heath 2007). Interaction in networks likewise strengthens ideological commit-
ments and “biased assimilation” in a process dependent on cognitive consonance.57 
Networks reduce information costs and can lead to social polarization around identities 
that reinforce biased assimilation, confirmation bias, and information cascades. These 
effects are magnified by the observable fact that interests produce knowledge claims to 
further their interests—cigarette manufacturers find that smoking has no relation to 
cancer whatsoever, just as coal companies find that particulate matter has no discernible 
effect on health. Uncertainty is reinforced by the modern skepticism about facticity itself 
and the absence of consensual institutions for knowledge vetting.58 Moreover, “infor-
mation” that produces strong emotions—disgust, anger, outrage—is more likely to be 
noticed and to be disseminated. In her presidential address to the American Association 
for the Advancement of Science (AAAS) Nina Fedoroff said she was “scared to death” 
by the “anti-science movement” that was “driving science into a dark era” (McKie 2012). 
Federoff emphasized climate science, as well as attacks on the science of agricultural 
biotechnology, but the point is more general. Food politics lacks not only the honest 
broker that could provide a factual check on ethical reasoning, but also even agreement 
on methods for getting there. A major reason for this cognitive, and therefore political, 
divide in food politics involves pervasive cascade effects, biased assimilation, and group 
polarization enabled by modern networking capabilities with deep interests in generat-
ing authoritative narratives.

Development North-South?

Questions of food production and sufficiency in modern times have typically been 
relegated to studies of “development” as an intellectual enterprise and policy domain. 
Development was conceptualized as a problem for “underdeveloped” countries. 
Claims of authoritative knowledge concerning agricultural practices and policies in 
poor nations have long been the provenance of people in rich nations. Restriction of 
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developmental problematics to relatively poor societies now seems quaint given current 
knowledge about malnutrition, food-related illnesses, and hunger in rich and rapidly 
growing nations. In truth, politics around appropriate technology, adequate nutrition, 
food safety, ecological impact of agriculture, and challenges of climate change know 
no income threshold. Nor are countries the obvious unit of analysis; rich individuals 
whether in India or the United States face risks of overconsumption, just as the poor 
in both countries face worse nutritional options than the rich. Nevertheless, “develop-
ment” thinking still drives much food policy and politics.

The World Development Report 2008 of the World Bank, Agriculture for Development, 
specifically recommended greater investment in agriculture in “developing countries.” 
The report warned that agriculture must be placed at the center of the development 
agenda “if the goals of halving extreme poverty and hunger by 2015 are to be realized.” 
Food is a central element of recommended poverty reduction strategies; malnutrition is 
a first consequence of poverty. Globally, though roughly 75 percent of the world’s poor 
live in rural areas in poor nations, only 4 percent of official development assistance is 
even targeted for agriculture; much less reaches food producers and hungry people. The 
report acknowledged the power of Michael Lipton’s analysis of “urban bias.”59 Income 
growth originating in agriculture is “about four times more effective in raising incomes 
of extremely poor people than GDP growth originating outside the sector.” In terms of 
regional poverty, sub-Saharan Africa illustrated the World Bank’s point: “public spend-
ing for farming is also only 4 percent of total government spending and the sector is 
still taxed at relatively high levels.” Subsequent chapters address where we are lacking 
knowledge, what we know about politics driving bad policies, and where knowledge at 
the frontier offers great hope for moving forward ethically.

For the richer countries, the production game against nature has declined in politi-
cal significance—food is obtainable with money—and politics takes on issues charac-
terized by luxury of choice: up the Maslovian hierarchy of needs toward treating food 
as a matter of identity and self-actualization.60 Choosing between a local product that 
is not organic and an organic product that is not local would seem a frivolous anxiety 
for the majority of the world’s food consumers. Nevertheless, genuine developmental 
dilemmas do not magically disappear at some level of per-capita income. As of early 
2014, about 47 million Americans received benefits from the Supplemental Nutrition 
Assistance Program (SNAP)—the new name for “food stamps”—for those unable to 
afford an adequate diet.61 Even in a society that has solved the aggregate food problem 
and claims high standards for science-based regulation, public trust in food wavers over 
time; anger at inadequate, politicized, or inept regulation erupts episodically. Americans 
have become accustomed to press reports of sporadic outbreaks of salmonella and E coli, 
often difficult to trace—some domestic, some with import histories. The Centers for 
Disease Control estimate that each year roughly 1 in 6 Americans (or 48 million people) 
become ill; 128,000 are hospitalized, and 3,000 die of foodborne illnesses (http://www.
cdc.gov/foodborneburden/). Nor is the United States necessarily a laissez-faire outlier; 
the “mad-cow” crisis significantly affected European faith in government and science in 
regulating food. Insecurities of food supply in rich countries have largely been replaced 
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by a new politics of food: controversies around safety, nutrition, ethics, regulation, sub-
sidies, and trade.

What makes food political then has changed in recent decades. Issues of a classical 
political economy of interests have not disappeared—struggles for agrarian reform such 
that food producers can afford to eat, control of agricultural land to assure food secu-
rity, state subsidies for those whose market power is insufficient for adequate nutrition. 
Mobilization around these issues is, however, more global and more complex, as the new 
food politics layers fresh issues onto the old. Biotechnology is supported and attacked by 
global networks, each claiming concern for the poor and for food security: suicide seeds 
and silver bullets.

The chapters that follow examine overt food politics of increasing importance: social 
movements, protests, subsidies, regulatory restrictions and certifications, ethical con-
sumerism. We observe that these tensions frequently derive from deeper elements of the 
political economy: what kinds of questions ought be answered by state evocation of tra-
dition or new knowledge or by markets responding to ethical or traditional preferences? 
Two aspects of the new food politics stand out: fundamental dependence on knowl-
edge—both normative and empirical—and transnational advocacy bringing more and 
different voices to local grain piles. On the knowledge front, dispute abounds: Michael 
Pollan’s Mom is fragmented, quarrelsome, and irresolute. Yet these knowledge claims 
operate both as political objectives in themselves—“sustainability”— and as mediation 
of interests—global warming and livestock, organic and conventional. Where the mar-
ket-state boundaries in food are set reflects the interplay of both ideational interests, 
e.g., “GMO-free,” and material interests mediated by knowledge, e.g., “free trade.” The 
fundamental meta-choice continues to confront all societies: through what mechanisms 
will answers to the inescapable questions of production, distribution, and exchange of 
food be decided?

We have seen how these questions could be, and have been, answered by three mech-
anisms: tradition—established routines legitimated by long use—or market, or state—
authoritative institutions at some level. No free-floating technical expertise exists to 
answer these questions; they are irreducibly political. Karl Polanyi’s historical sequenc-
ing of dominant mechanisms provides a conceptual guide to resulting boundary politics 
between states and markets: The great transformation made food itself a commodity 
like any other object of production and exchange and, therefore, a sphere of insecurity 
for those at the bottom of national and international pyramids. That transformation is 
politically contested, across various arenas, along multiple dimensions. But we have also 
seen that “society,” like “tradition,” is more a political claim than coherent entity. Polanyi 
reified society as Pollan reified culture.

Food then generates distinct politics for interrelated reasons. First, the urgency of 
food provisioning, micro and macro, is biological, not merely preferential. Deep mate-
rial interests in survival drive overt food politics contesting land and its products. 
Distributive questions in turn energize a politics of rights, security, and social justice, 
and thereby potential for collective action and contentious politics. Ethical concerns 
for justice over an imagined international community globalize these politics. Second, 
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food engages deeply held cultural norms—“tradition”—that resist interest politics 
characteristic of less culturally embedded commodities. Lines are drawn thereby 
between the natural and the unnatural, the acceptable and the unacceptable. Finally, 
food is increasingly embedded in technical discourses that make outcomes dependent 
on knowledge and science; both are contested as components of larger ideational sys-
tems. A political economy of food outcomes is then especially dependent on politics of 
ideas, in which information costs, social networks, epistemic brokerage, and collective 
action loom large.

Agreement on how to settle disputed claims of knowledge, safety, and ethics has kept 
up with neither the pace of technological change nor the organization of contentious 
politics. Of special importance is the thread running through a number of chapters: the 
empirical contingency of normative claims. Coming together on desired end states 
is easier than reaching agreement on the empirically complex issue of means to ends, 
whether in sustainability or poverty alleviation. Given the increasingly transnational 
nature of contention, the knowledge dependence of food politics, and the asymmet-
ric power relations in international networks, we return to Michael Lipton’s critique of 
“urban bias”: much of the international debate over food is driven more by consumers in 
cities than producers on farms.62 Claimants for a legitimate voice in deciding how grain 
piles should be produced and how food should be distributed have multiplied, ever 
more distant from the grain pile itself. The class composition of claimants has changed 
as well; the skills that matter are not necessarily those honed on the farm. In evaluat-
ing the claims and counterclaims of global food knowledge politics, then, it is useful 
to recapture the humility of a president of the United States, Dwight Eisenhower, in a 
simpler time: 

You know, farming looks mighty easy when your plow is a pencil, and you’re a thou-
sand miles from the corn field.63

Notes

 1. Originally from Pollan 2008, the phrase has become pervasive in American food culture 
circles via numerous blogs, interviews, tweets, and postings. For example: www.omnivo-
racious.com/2008/02/table-talk-gues.html February 12, 2008; https://twitter.com/bucky-
box/status/194757709747326977 https://twitter.com/Zeppolis/status/357337877576826880 
July 16, 2013. Nestle 2002 offers systematic evidence on industry power in setting official 
nutrition standards.

 2. See Stein, this volume; Taubes 2001, 2007. David Sahn in this volume challenges the conven-
tional emphasis on food in combating malnutrition’s worst effects with a chapter entitled: “Is 
Food the Answer to Malnutrition?” Most estimates of hunger are snapshots in time; the 
more critical question is vulnerability over time—a family can be secure at one price level 
and acutely malnourished at another, or when unemployed, or following a crop failure, etc.

 3. On international papaya politics, see Evanega and Lynas, this volume. Despite its nomo-
thetic commitments to consensus, in practice science is disputed along ideological lines 
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congruent with other values; see chapters by McHughen, Newell-McGloughlin, and 
Chassy, this volume; Waltz (2009).

 4. For a comparative analysis of mobilization, see Assayag (2005); Boal (2001):  Herring 
(2006); Schurman and Munro (2008); Scoones (2008).

 5. For a view of the larger debate around the macro political economy of development, 
emphasizing alternative paths and mechanisms, see Houtzager and Moore (2003); on 
privatization of nature as part of this politics, see Goldman (1998). Though technical elites 
often construct the term as apolitical and unproblematic, political realities diverge; see 
Ferguson (1994) and chapters by both Watts and Chappell, this volume.

 6. See Korthals, this volume, on ethical traditions and logic from first principles; on implica-
tions of pro-poor normative commitments, see Kotwal and Ramaswami in this volume 
on politics of food subsidies. On the connection of ethics to policy more generally, see 
Pinstrup-Andersen (2007); on ethical challenges around technology, see Nuffield Council 
(1999, 2004).

 7. On transnational advocacy politics generally, and social movement theory, see Tarrow 
(2005, 2011); Givan, Roberts, and Soule (2010); Smith and Johnston (2002).

 8. Gøsta Esping-Andersen in The Three Worlds of Welfare Capitalism (1990) demonstrates 
essential dimensions and extent of variation among Western capitalist democracies along 
lines of decommoditization, security, and inequality.

 9. See Borras, Edelman, and Kay (2008); Chappell, this volume. On possible outcomes and 
state logics of land reforms, see Herring (1983); Larsson (2012); Wolford (2010). For a 
grim contrary view of China, see Yang (2012); on markets in peasant revolt in China, see 
Thaxton (1983).

 10. On the “moral economy” tradition of peasant studies, in contrast to rationalist approaches 
of methodological individualism, see Little (1992); contrast Hechter (1981); on ideational 
elements in the latter, see Lichbach (1994).

 11. See Borras and Franco, this volume; Edelman (1999); Reitan (2007).
 12. As Tomas Larsson explains in his chapter of this volume; see also Emily Clough’s chapter 

on product differentiation that permits political consumerism via labeling. A critique of 
the cultural trope romanticizing traditional agriculture can be found in McHughen, this 
volume.

 13. Chapters by both Reardon and Timmer in this volume, and Anderson, indicate the perva-
sive nature of these dynamic and divergent perceptions of legitimacy.

 14. See the comparative treatment of this question in Kotwal and Ramaswami, this volume.
 15. See Ann Grodzins Gold’s treatment of farmer’s production logics in North India in her 

contribution to this volume: the tension between market rationality of getting more and 
cultural logics of getting and sharing good food—logics very much rooted in the cultural 
authority of tradition.

 16. Numbers vary but converge on dramatic growth of production and exports in India’s 
“Pink Revolution.” Pratiksha Ramkumar reported in the Times of India on April 1, 2013, 
that India became the world’s largest exporter in 2012 (“Beef exports up 44% in 4 years, 
India is top seller”). The United States Department of Agriculture Foreign Agricultural 
Service reported (November 2013) that India is not quite there, but increasing rapidly.

 17. On biofuels as a politically attractive, but dubious, use of agricultural land, see Pimental 
and Burgess, this volume; on the environmental Kuznets curve, see Watson, this volume.
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 18. See FAO 2006. Purvi Mehta-Bhatt and Pier Paolo Ficarelli explore the political controver-
sies around livestock in their chapter of this volume. Global political forces both support 
and attack continued livestock rearing as livelihood.

 19. On Malthus and the war against nature, see McHughen, this volume. On the notion of cat-
astrophic visions of the food future, see Watson’s essay on climate change and agriculture, 
appropriately subtitled “Countering Doomsday Scenarios,” in this volume.

 20. Uphoff (2002, 2012). In this volume, see chapters by Harriss and Stewart; Nelson and Coe; 
Uphoff. On the science, see Newell-McCloughlin, this volume, and National Research 
Council (2010a; 2010b) and The Royal Society (2009).

 21. On the potential contributions of biotechnology to sustainability, see National 
Research Council of the National Academy of Sciences (2010a; 2010b). On the more 
general question of environmental effects of transgenic plants, see National Research 
Council (2002).

 22. Vandana Shiva (e.g., 1997, 2000) is associated with the latter view, the international devel-
opment community with the former (Paarlberg 2009, chap.  6). See also Lipton with 
Longhurst (1989); Harriss and Stewart, this volume. On the normative values of move-
ments opposing globalization in agriculture, see Borras, Edelman, and Kay (2008); Reitan 
(2007).

 23. In Norman Uphoff ’s view, expressed in his chapter for this volume, the goal should be 
maximizing yields of existing plants rather than investing in genetic improvements of 
plants that may never achieve their potential for want of optimal agroecological practices 
and conditions. See Nelson and Coe, this volume, on agroecological intensification in 
smallholder agriculture.

 24. See the chapter by Robert Paarlberg in this volume on the special problems of African 
agriculture. His important 2008 book Starved for Science is subtitled “How Biotechnology 
Is Being Kept Out of Africa.”

 25. For national regulatory styles, Jasanoff (2007); on the conflict, Roberts (2008, 239–268); 
Herring (2008); on the science, National Research Council of the National Academy of 
Sciences (2004); on different cultural components of food safety generated by the GMO, 
see Kyoko Sato’s chapter in this volume.

 26. See Fukuda-Parr (2007) for national case studies; also Scoones (2008); Newell (2008); 
Herring (2009). On globalization and systems of food production and retailing, see 
Reardon and Timmer, this volume.

 27. For discussion of theory and empirics, including Lipton’s response, see the special issue 
of Journal of Development Studies 20:3 (1984) entitled Development and the Rural-Urban 
Divide. On Africa, see the influential work of Bates (1981).

 28. The transformation itself is interpreted in quite different ways:  see Brass (2000) and 
Shanin (1972). For an evocative case study emphasizing levers of power and development 
discourse, see Omvedt (2005).

 29. Herring (1983). Though distribution within households was a powerful determinant of 
what accident of birth implied about life chances in agricultural societies, questions of 
gender distribution largely fell out of the discourse on land reforms and development gen-
erally, until recently, as Bina Agarwal has documented extensively (1994; and this volume). 
On the importance of class divisions, Alavi (1965).

 30. For wide-ranging analytics and cases, see Lichbach (1994); Little (1992); Paige (1975); 
Popkin (1979); Skocpol (1979; 1982); Yang (2012).
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 31. See Borras and Franco, this volume; Herring (1983); Larsson (2012); Lipton and Longhurst 
(1989).

 32. See Charles (2001); Kloppenburg (2004); Kloppenburg and Kleinman (1987); Shiva 
(2000).

 33. See also Halewood, Norigea, and Louafi (2013); Herring (2007a, 2013); Lipton (2007); 
Nuffield Council (2004).

 34. The political question that immediately arises from intellectual property in seeds is 
whether or not the claims of firms can be made actionable on the ground; patents are 
national and underground diffusion of transgenic seeds has been considerable.

 35. On distributive questions and ideologies, see Transgenics and the Poor (Herring 2007c); 
Pinstrup-Andersen and Schioler (2000); Glover (2010).

 36. See Kotwal and Ramaswami, this volume. In India, the Right to Food Act is buttressed by 
Article 21 (the fundamental “right to life”) in the Constitution and Article 47 of the Directive 
Principles which privileges “raising of the level of nutrition and the standard of living of its 
people” as state obligations. The Supreme Court has issued several orders on enforcement of 
food entitlements. See Gaiha et al. in this volume on the nature and magnitude of the problem.

 37. This section is based on contemporary press reports in the Los Angeles Times, Huffington 
Post, Forbes, Bloomberg, Washington Post, Wall Street Journal, Guardian, and other 
English-language media sources.

 38. See Keck and Sikkink (1997); Reitan (2007); Tarrow (2005); on the knowledge question, 
Scoones in this volume.

 39. Assayag (2005); McKibben (2008). See also chapters by Shome, McHughen, and Sato 
in this volume. On the ethics of agricultural biotechnology, see Nuffield Council (1999, 
2004).

 40. The distinction is not without consequence:  global regulatory systems differ between 
whether a food product itself should be tested for safety or whether safety should depend 
on the process whereby the food was produced; see Chassy, this volume; National Research 
Council (2004). Trade disputes result from the distinction.

 41. The European Commission Directorate-General for Research (2010) concluded from 
analysis of research funded by the European Union: “The main conclusion to be drawn 
from the efforts of more than 130 research projects, covering a period of more than 25 
years of research, and involving more than 500 independent research groups, is that 
biotechnology, and in particular GMOs, are not per se more risky than e.g. conven-
tional plant breeding technologies (p. 16).” See also the meta-analysis of A. E. Ricroch, 
J. B. Bergé, and M. Kuntz (2011) of forty-four “–omic” studies, as well as the exten-
sive review by Italian scientists of the last decade of the global literature: Nicolia, 
Manzo, Veronesi, and Rosellini (2013). A sampling of national academies is provided 
by the Genetic Literacy Project: http://www.geneticliteracyproject.org/2013/08/27/
glp-infographic-international-science-organizations-on-crop-biotechnology-safety/#.
Uo_I4ihOS-J

 42. Herring (2009). The claim of suicide seeds has spawned critically acclaimed films and has 
been dramatically influential internationally; it has no basis in fact, as the peer-reviewed 
literature indicates (Herring and Rao 2012; Herring 2013), as the government of India 
repeatedly states. See Kloor (2014) on how the hoax spread. Farmers have voted with their 
plows for Bt cotton.

 43. Schurman and Kelso (2003); Schurman and Munro (2010, 1–13); on framing, see Benford 
and Snow (2000); on diffusion of social movements, Given, Roberts, and Soule (2008).

http://www.geneticliteracyproject.org/2013/08/27/glp-infographic-international-science-organizations-on-crop-biotechnology-safety/#.Uo_I4ihOS-J
http://www.geneticliteracyproject.org/2013/08/27/glp-infographic-international-science-organizations-on-crop-biotechnology-safety/#.Uo_I4ihOS-J
http://www.geneticliteracyproject.org/2013/08/27/glp-infographic-international-science-organizations-on-crop-biotechnology-safety/#.Uo_I4ihOS-J
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 44. On transgenics and environmental risk specifically, Thies and Devare 2007. See also 
National Research Council of the National Academy of Sciences (2002).

 45. After the work of the economist Frank Knight (1921). On the pervasiveness of risk in mod-
ern thought, and political consequences, see Giddens (1999).

 46. For centering property in biotechnology on the seed, and the connection to multinational 
capital, see Charles 2001; Kloppenburg 2004; Kloppenburg and Kleinman 1987; Shiva 
1997. For a contrary view on poverty effects, see Lipton 2007. Public-sector alternatives are 
discussed in Cohen (2005).

 47. On framing of the “terminator,” Gold (2003). The technology may not work and 
has not been deployed in any crop anywhere in the world, but it has succeeded as a 
social-movement target, generating a global campaign (Herring 2006).

 48. The authoritative source on these questions is Clive James (Annual), though diffusion 
of biotechnology is understated in the aggregate data since illegal distribution of seeds 
underground is not counted, indeed cannot be counted. The questions in the text have 
been prominent in disputes around Bt cotton in India, where suicides have been attributed 
transgenic seeds. Though not a food crop, the distributive issues in the text are the same. 
See Herring (2007a) and Herring (2013) for a summary of issues and empirics.

 49. For a moderating view, see Graff, Hochman, and Zilberman in this volume. They set out 
the political economy of regulation literature and explain why Europe has different inter-
ests in transgenics from those of the United States. On European regulatory contradic-
tions and politics, see Wesseler and Kalaitzandonakes (2011).

 50. John Dryzek (2005) deploys the concept of “environmental discourses” to explain the ele-
ments that cohere in different worldviews relevant to diagnosing and addressing prob-
lems. On the more general question of interplay of ideas and interests in political ecology, 
see Robbins (2004).

 51. On framing effects, Benford and Snow 2000. Koopmans and Olzak (2004) discuss discur-
sive opportunities that effect politics. On ethics as a source of interest that leads to action, 
see chapters by Clough, this volume, and Johnston and MacKendrick. On interests in bio-
fortification, see Stein, this volume. Though the line dividing “organic” and “genetically 
modified” is ideational, very real interests are engaged for farmers, given market structur-
ing effects of the organic premium. See the essay by Thies in this volume.

 52. Few issues are more discussed with less resolution. For two different demonstrations 
that the methodological individualism approach needs reformation, consider Robert 
Wade’s Village Republics, in which geophysical attributes of villages matter fundamen-
tally, and Elizabeth Wood’s Insurgent Collective Action, which makes a claim for moral 
outrage driving militant organization in peasant society, contrary to rational calculation 
of interests.

 53. Oreskes and Conway (2010) in their book Merchants of Doubt demonstrate how a handful 
of scientists instrumentally unsettled the established science on linkages of tobacco smoke 
to cancer and carbon fuel emissions to global warming at the behest of corporate clients 
who stood to lose if the mainstream science became the basis of law and regulation.

 54. Because science is widely contested by social networks opposed to genetic engineer-
ing as being American or corporate or both, and thus biased, it is useful to look to the 
meta-analysis of the European Union’s Directorate-General for Research (2010) of decades 
of EU-funded studies; their conclusions confirm the global consensus in the text. A more 
recent meta-analysis of the last decade of global literature by Italian scientists confirms the 
EU findings (Nicolia, Manzo, Veronesi, and Rosellini 2013).
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 55. See Assayag (2005); Shiva et al. (2000).
 56. Seeds of Contention lays out the structure of the argument (Pinstrup-Andersen and 

Schioler 2000). On the global assessment of knowledge on the question, see Scoones, this 
volume. Chapters by Shome and Chappell take contrasting positions on the incorporation 
of ethical objectives into social movements for sustainability and justice.

 57. This section relies heavily on Sunstein’s (2009) work on why false information spreads and 
becomes credible, as well as Specter’s (2009) work on why denial of facts takes hold and 
persists in networks, and Heath and Heath (2007) findings on persistence of inaccurate 
information appropriately packaged: ideas need not be right to “stick.”

 58. Latour (2010); Oreskes and Conway (2010). On partisan attacks on science, Mooney 
(2006); in relation to food politics, Paarlberg (2009).

 59. Lipton (1977); Professor Lipton has consistently raised the point, continuously confirmed, 
that investment in agricultural research yields very high returns but is underfunded. See 
World Bank (2007); Paarlberg (2008)

 60. Chapters by both Clough on labels and Johnston and MacKendrick on grocery shopping 
provide examples of this behavior in relatively privileged classes and countries.

 61. Numbers change with economic conditions and tweaking of eligibility requirements. See 
http://www.washingtonpost.com/blogs/wonkblog/wp/2013/09/23/why-are-47- million-  
americans-on-food-stamps-its-the-recession-mostly/; http://www.trivisonno.com/food-  
stamps-charts

 62. On the competitive “scramble” for exposure, funds and recognition, recruitment of exper-
tise and skills by transnational advocacy networks and NGOs, and their dependence on 
urban skill sets and media, see Cooley and Ron (2002), Heins (2008), Madsen (2001) and 
Bob (2005). For a less conventional version of the now-common critique of NGOs, see 
Petras (1999).

 63. Address at Bradley University, Peoria, Illinois, September 25, 1956. http://www.eisen-
hower.archives.gov/all_about_ike/quotes.html
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The tragedy of the Green Revolution lies precisely in its narrow technologi-
cal focus that ignored the far more important social and structural under-
pinnings of hunger. The technology strengthened the very structures that 
enforce hunger. A new “gene revolution” will only exacerbate the worst errors 
of the Green Revolution. 

(Open Letter to M.Jacques Diouf, D-G, FAO 16 June 2004)

The development of IR8 and its dissemination throughout Asia is . . . lit-
erally helping to fill hundreds of millions of rice bowls once only half full.

(Lester Brown 1970)

Introduction

There have been two major developments in agricultural technology in the last half 
century, each of which continues to be the object of heated controversy. The first was 
the introduction of higher-yielding, or “modern” varieties (HYVs/MVs) of the major 
cereals. This process began in the 1940s, but it took off only in the 1960s (when the rice 
variety IR8, referred to by Lester Brown in our first epigraph, was introduced). This gave 
rise to what came to be known as the “Green Revolution” (GR). The second develop-
ment involves the application of genetic engineering in agriculture, beginning in the 
1980s. As a result of this innovation, what have been popularly labeled as “GMOs”—
genetically modified organisms—began to be introduced into cultivation in the 1990s. 
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If there are good grounds for arguing that the introduction of MVs did bring about a 
“revolution,” through their impacts on the modes of agricultural production, and on 
food supplies—and through these effects ultimately on economies and societies in Asia 
and Latin America—there is equally no doubt that, so far, there has been no comparable 
“gene revolution” in agriculture.

While there are reasons for believing that genetic engineering has the potential for 
bringing about even more dramatic changes in agriculture, rural livelihoods, and food 
supplies than those associated with the GR, its impacts have been felt, thus far, largely in 
North American agriculture, which accounts for the largest share of the current global 
acreage under genetically engineered varieties. While this is changing rapidly—develop-
ing countries are expected to exceed rich-country biotech agricultural production before 
2015 (James 2010), and Brazil, Argentina, and India are already the principal followers 
of the United States—it is genetically modified cotton, grown by millions of small farm-
ers in China and India, that has had the most significant effect upon the poor (though 
these effects are controversial; see Glover 2010 and Stone 2012 for an analysis of the dif-
ficulties that arise in resolving this problem). A “gene revolution” to compare with the 
“Green Revolution” hasn’t yet come about because of the well-organized opposition to 
genetically engineered staple food crops, both in rich countries and in the major emerg-
ing economies—including, significantly, both democratic India and authoritarian China. 
Part of the reason for this, in some cases, is that popular opposition in rich countries 
makes governments in emerging economies nervous about their exports. The technol-
ogy has been successfully framed in a negative way by critics, and this has caused politi-
cians in many countries—often against what their farmers evidently want—to restrict its 
development. This negative framing has drawn in part on the earlier, though politically 
much less successful, critique of the Green Revolution. This chapter is about the ways in 
which these important agricultural technologies have been framed, and it offers an evalu-
ation of evidence and arguments on both sides of the controversies surrounding them.

The Grounds for Critique: Concerns 
about “Nature” and about Capitalist 

“Imperialism”

In large measure, the critical opposition that the Green Revolution (GR) attracted—
unsuccessful though it was in stopping that transformation of agriculture in many parts 
of the “developing” world—has spilled over directly into a much more successful cam-
paign of resistance to the gene revolution, outside North America and some countries 
in South America (Herring 2010). Criticism of the GR brought together unlikely allies, 
including environmental populists who are critics of conventional science, and some 
from the political Left who have often been staunch advocates of the application of sci-
ence and technology to social problems. The former attacked the technology on which 
the GR was based, because they saw it as depending on the “conquest of nature” rather 
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than working both “with nature” and with the indigenous knowledge of farming peo-
ple—and as imposing centralized capitalist control upon peasant farmers. The technol-
ogy made peasants dependent upon externally manufactured inputs; it threatened the 
loss of genetic diversity and environmental devastation; and it would bring poverty and 
be the cause of violence in societies. A classic source for these views—which depend sig-
nificantly on an idealized view of the “peasant” (see Shome, this volume)—is the Indian 
scientist Vandana Shiva’s book The Violence of the Green Revolution (1991). For Shiva 
(who holds a PhD in the philosophy of science) and others, the people who would most 
benefit, in the end, from the technology would be the mainly American chemical and 
engineering companies that were seen as being the principal suppliers of the inputs that 
the GR required, and as having been able to prise open developing country markets as a 
result of the imposition of US power. It was this argument, having to do with the extent 
to which the GR could be seen as an imperialist, capitalist project, that would ultimately 
impoverish peasants of the former colonies (an important source for these arguments 
was an article by Harry Cleaver, published in 1972), that brought together the Left and 
the environmentalists.

How much more does the potential gene revolution open itself up to exactly the same 
criticisms, seeming as it does to involve even more profound “tinkering with nature,” 
and depending as it has done to a great extent on the activities of a small number of 
mainly American corporations—and especially on one of them, Monsanto, which had 
already earned a terrible reputation for some of its products (Robin 2010; Monsanto 
Song). “Food sovereignty”—a term that the Left has used to express its resistance to cor-
porate control of agriculture—is now believed to be imperiled, and “GMOs” are seen as 
playing a large role in such corporate control, in what McMichael (2005) calls the “cor-
porate food regime” (see also Pechlaner and Otero 2008). The transnational farmers’ 
organization La Vía Campesina brought the term “food sovereignty” to prominence at 
the World Food Summit in 1996, posing it as an alternative to neoliberal policies. Food 
sovereignty is taken to mean peoples’ rights to define their own food and agriculture 
policy, and to protect and regulate domestic agricultural production and trade, outside 
the control of big capital and without fear of the dumping of cheap food by third coun-
tries (Patel 2009). The gene revolution, however, according to anti-GMO scholars and 
activists, means “enclosing of the commons”—in this case the private corporate own-
ership of genes that include the outcomes of millennia of collective human activity in 
cultivation, plant breeding, and selection. The legacy of the GR has disposed the Left to 
fight the “biopiracy” of GM technology—when corporations in rich countries with lim-
ited biodiversity go prospecting for genetic material in poor countries—and the threat 
that it poses to livelihoods and food sovereignty. For the 816 signatories in the open let-
ter to M.Diouf cited in our second epigraph, the GR has already caused devastation, and 
the gene revolution threatens to wreak even more havoc with nature and societies.

Other scholars, however, strongly believe that the GR has had positive consequences for 
humanity as a whole, and that genetic engineering can realize similar, positive results for 
agriculture as those it has brought (without causing much controversy at all) in medicine. 
Some argue that it is morally wrong for small numbers of vociferous activists to attempt 
to deny societies, and especially poor people in poor countries, the possible—indeed, 
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likely—benefits from the cultivation of genetically engineered food crops (see Nuffield 
Council on Bioethics 1999). Of course, we cannot be certain, they argue, that there will 
be no harmful effects in the future from the cultivation and the consumption of GMOs, 
even if the record so far—from the experience of the United States, where it is thought 
that 70 percent of all foods sold commercially have GMO content (Paarlberg 2010, 166)—
seems positive. No amount of science can finally prove that there can never be harmful 
effects, for the environment or for the health of humans and of animals. This is to set the 
precautionary bar too high—at a height that would have prevented the development of air 
travel, for instance, or of cell phone technology. Therefore, the protagonists say, we must 
weigh this definite uncertainty against the known and measurable risks—to the environ-
ment, to health, and to the sustainability of livelihoods—of continuing cultivation on 
existing lines, and the definable benefits from genetically engineered cultivars.

We do not set out in this chapter to resolve the controversies over the GR and the gene 
revolution. That would be to invite hubris. But we do aim to explain the arguments on 
both sides, and the prior assumptions, value positions, and politics that frame them. 
We begin with an account of the characteristics of the technologies, before going on to 
explain the controversies over the Green Revolution and then over “GM.” Though much 
of the criticism of the Green Revolution from the 1970s and 1980s has been fairly com-
prehensively refuted, elements of it remain influential, as they are amongst advocates 
of food sovereignty, who want to resist what they see as the strengthening of corporate 
control of agriculture. There are significant continuities with criticism of GM—shown 
in the open letter addressed to M. Diouf. As we have pointed out there is no “gene revo-
lution,” as yet, to compare with the Green Revolution, and we can trace its politics only 
tentatively. We do this through an examination of recent controversies over GM food 
crops in the two most important “emerging economies”—India and China.

The Technologies

The modern varieties (MVs), especially of wheat and rice, on which the GR was based, 
were the products of conventional plant breeding, the science—involving seed selection 
and selective breeding—that is essentially a refinement of the practical experimentation 
of farmers over millennia, and on which all agriculture has depended from its origins. 
The MVs were capable of much higher yields, if grown with adequate supplies of water 
and fertilizer. They were bred to be fertilizer-responsive, and the breeders succeeded in 
introducing a “dwarfing gene” that gave the plants much shorter and stiffer stalks (they 
were sometimes called “dwarf varieties”), so that more energy was put into producing 
grain. Some MVs reached maturity more quickly, making for increased cropping inten-
sity. In practice some varieties, such as the IR20 variety of rice (“IR” refers to the fact that 
it had been bred at the International Rice Research Institute [IRRI] in the Philippines, 
which had been founded with Rockefeller support in 1962), turned out to be rela-
tively tolerant of drought, and to produce comparatively good yields even in relatively 
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unfavorable conditions. Varieties like this then came to be cultivated very extensively 
over large areas, giving rise, reasonably enough, to fears of the implications of mono-
cropping, particularly because of the possibility of large scale pest and disease infesta-
tion. Indeed, cultivators of MVs very often found themselves on a “pesticide treadmill,” 
having to invest more and more in plant-protection chemicals that proved to be less and 
less effective. At the same time, the moisture demands of MVs, particularly when they 
brought more intensive cultivation, could mean excessive use of water, and especially 
of groundwater. The varieties encouraged mechanized pumping of groundwater, and 
sometimes (though not invariably) this depended on government policiesthe mechani-
zation of land preparation, harvesting, and threshing, whether or not this brought agro-
nomic advantages (see, for example, Binswanger 1978).

MVs are actually GMOs, given that they involve genetic modification (such as the 
incorporation of the dwarfing genes), but they have not been genetically “engineered.” In 
genetic engineering, desirable genes (and their inherent characteristics) are transferred, in 
a laboratory, between organisms (and usually across species) so as to create desirable traits 
that it would otherwise be impossible to bring about through conventional breeding. It 
may sound, to those who aren’t scientists, to be a difficult process, but in fact such genetic 
engineering is regularly carried on by ordinary college students of biology. It is not, after 
all, so very “hi-tech”—and this is why, contrary to the arguments of anti-GMO campaign-
ers, it has been possible for a veritable cottage industry to arise in parts of India, China, and 
Brazil, for the production of transgenics, often incorporating genetic material “pirated” 
from big corporations (very much like “pirated” film and music CDs, see Herring 2007b).

An important example of genetic engineering is that of the insertion of the gene 
Cry1Ac from the soil bacterium Bacillus thuringiensis (Bt) into plants to provide them 
with insecticidal qualities—the resulting Bt protein, when ingested by certain pests, 
causes the insects to die. This particular process has been widely approved with cotton 
and maize (used for fiber and feed respectively—though Bt enters the food chain from 
both sources), but it has, so far, been highly contested for use in food staples such as rice 
(as we discuss later, with particular reference to China). The labeling “GMOs,” or just 
of “GM” in regard to the technology, which has acquired a powerful negative valence 
(Herring 2010), is used to refer to the products of genetic engineering—though this pro-
cess is more accurately referred to as recombinant DNA (rDNA) technology, and the 
cultivars produced by it are better described as “transgenics” (Herring 2007a). These 
cultivars include both hybrids and open pollinated varieties. The distinction is impor-
tant (see Swaminathan 2011). Hybrid plants, whether conventional ones or transgenics, 
typically yield 10-20 percent more than their parent plants, but they do not breed true if 
they are grown again. New seeds (the product of cross-pollination by hand—for the case 
of cotton, see Ramamurthy 2010) have to be purchased every season. In the case of open 
pollinated varieties—even if they are transgenics—seeds can be kept by farmers.

The transgenics (as we will now usually describe them) that have been widely cultivated 
hitherto—developed mainly, it is true, by a small number of US-based corporations, which 
have of course been interested primarily in profits and not in the welfare of poor people—
have been engineered to incorporate two traits in particular, those of herbicide tolerance 
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(the leading trait thus far), and of pest resistance (achieved through the insertion of Bt). 
Herbicide tolerance (HT) means that a weed-killing chemical, such as the broad spec-
trum glysophate of Monsanto’s well-known RoundUp (though this has been off-patent for 
some time and is now available in India and elsewhere as a generic) can be applied without 
fear of killing the crop; Bt, as we have explained, is a natural pesticide. Thus far, four crops 
account for almost all the transgenics that have entered into production, though experi-
mental work has gone on with many more: HT soy accounts for about 50 percent of the 
total area across the world under transgenics; HT and Bt maize for 31 percent of this area; 
Bt cotton for 14 percent; and HT canola for 5 percent (James 2010). It is striking that these 
are crops used for fiber (cotton), processed oils and starches (soy and canola), and animal 
feeds (yellow maize), rather than being staple food crops (though note our earlier qualifi-
cation that Bt, certainly, has entered the food chain, while soy is contained in much that is 
eaten by people, especially in North America). The only transgenic staple to have received 
official state approval for commercialization and to be widely cultivated is white maize, 
grown in South Africa; a fact that reflects the considerable anxiety that surrounds the idea 
of “GM food” and the extent of popular resistance to it, in Europe in particular. But it is 
also important to note the rise in use of pirated or “stealth” seeds for producing transgenic 
staples—such as Bt rice in China and Vietnam—that small farmers find desirable despite 
the legal and economic risks associated with the contraband germplasm.

The most important trait that has been engineered—herbicide tolerance—is of value 
to large-scale commercial producers, who have been the main beneficiaries of the very 
limited portfolio of transgenic seed crop traits. HT may not be of value to small farm-
ers in poor countries where labor is cheap (though, increasingly, not always available 
to farmers). Pest resistance, however, is certainly of value to such farmers, as the rapid 
spread of Bt cotton among small producers in China, India, and Pakistan has demon-
strated. Protagonists of genetic engineering in agriculture point, however, to the poten-
tial of the technology for developing other traits that will be of considerable benefit to 
small farmers in poor countries, and ultimately to consumers as well—for whom they 
will mean lower food prices (see Lipton 2007, Pray and Naseem 2007). The most impor-
tant trait that might be engineered is that of higher yield, not yet certainly realized in 
food staples, but clearly important in a context in which, for the first time since the 
Green Revolution, crop yields globally are growing more slowly than population, for 
even though population growth has slowed to around 1.4 percent per annum the yields 
of both wheat and rice are now almost flat (“The 9 Billion-People Question” 2011). Then 
there is a potential for enhancing nutrition and health—as has been claimed in regard 
to “Golden Rice,” a transgenic variety of rice that can enhance intakes of vitamin A and 
protect children against blindness (Bouis 2007; Stein, this volume). Other important 
traits that might be developed include drought tolerance, making for water saving—a 
trait which is of great importance in the context of increasing water scarcity in much of 
the world—and resistance to salinity, which would have the effect of permitting cultiva-
tion again in the large areas of formerly cultivated land that have been subject to salini-
zation.1 Genetic engineering has the virtues—it is argued—by comparison with other 
types of plant breeding, both of speeding up development and of being more controlled 
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(Batista et al. 2008). Gressel (2008) has argued that the conventional plant breeding 
on which the GR was based has reached a yield and improvement plateau—a kind of 
a “glass ceiling,” he calls it—because of the very limited set of traits with which it has 
worked. He argues indeed that genetic engineering has the potential actually to recover 
diversity in agricultural ecosystems.

Critics, on the other hand, including those who signed the letter to the Director-General 
of the Food and Agriculture Organization (FAO) from which we quoted in our second 
epigraph, fear that the cultivation of transgenics will enhance the damage that they see as 
having been brought about by the GR—through pauperization of people (because of what 
are believed to be the very high costs of the technology), loss of genetic diversity, envi-
ronmental destruction, and by making nations dependent for their food security upon 
Western corporations. They fear it will bring new dangers as well, especially to human 
health. Thies and Devare (2007) list the major ecological concerns associated with trans-
genics as (1) the potential for “gene flow” from them to wild plant populations; (2) harmful 
effects on nontargeted organisms (including humans); (3) transgenic residue persisting in 
the environment with long-term negative effects; and (4) pests developing resistance to 
insecticidal crops. Gene flow to wild relatives has been demonstrated in field studies—as 
we shall see, this is an issue for GM rice—but as of yet it is claimed that “there are no known 
substantiated harmful effects of bioengineered crops on human health or the environ-
ment” (Gregory et al. 2008, 290). Thies and Devare (2007) suggested, however, that the 
development of resistance to insecticidal crops is “possible and eventually likely,” and it 
seemed that they were proven prophetic when Monsanto claimed to have found resistance 
to its Bt cotton in India in late 2009 (Monsanto 2010). It should be noted, however, that the 
company has a financial interest in these claims, and Indian scientists working with cotton 
have not found resistance to the major bollworm species.

The Green Revolution Controversy

The new varieties of wheat, at first, and then of rice, began to be disseminated widely in the 
1960s, at a time when there were widespread Malthusian fears about the consequences of 
the “population explosion,” and the outstripping of agricultural growth by that of popula-
tions (e.g., Ehrlich 1968). Between 1960 and 1990, however, total cereal production and 
yields in developing countries doubled, outpacing population growth and bringing about 
an average increase of around 25 percent in the availability of calories (Davies 2003; and 
see Pingali 2012). Almost as important, from an environmental point of view, was that 
the increase in food production was achieved from about the same cultivated area. The 
GR saved the ploughing up of a great deal more land: it is estimated, for example, that for 
India to have produced the same quantities of grain by 2000 without MVs would have 
required at least a doubling of the cultivated area (Paarlberg 2010, 63). The aggregate pic-
ture seems a positive one. The weight of evidence from a range of studies across Asia also 
shows that the GR achieved the trick of increasing both farmers’ and agricultural laborers’ 
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incomes, and of keeping down food prices for the poor—who are generally dependent 
upon purchased food, and whose expenditure on staples usually accounts for two-thirds 
or more of their incomes (Lipton with Longhurst 1989; Lipton 2007). Africa, however, was 
left out, at least until the 1980s. The varieties that were successful elsewhere in the world 
proved generally to be unsuited to African conditions, and the major food crops over most 
of Africa remained outside the GR until “improved varieties of sorghum, millet and cas-
sava . . . started to emerge around the middle to late 1980s” (Pingali 2012, 12305).

Given the evidence of success, how can the GR be described—as in our second epi-
graph—as a “tragedy?” Remarkably, perhaps, it began to be described as such almost 
from the outset. The leading critics mostly identified themselves as being on the Left (for 
example, Frankel 1971; Cleaver 1972; Griffin 1972, 1979). They saw the new agricultural 
technology as supplying a technical “fix” for the social and political problems of poor 
countries, which have to do especially with inequalities in access to land and water, and 
which remained unaddressed, especially because of the failures of redistributive land 
reform (outside China, Taiwan, and South Korea). It was believed, with reason, that “the 
establishment of IRRI in 1962 was designed to prove that hunger could be solved by tech-
nology rather than by revolution” (Orr 2012); and the new technology was expected, by its 
advocates, to create a “Green Revolution” that would supplant the threat of “red revolu-
tion.” The term “Green Revolution” seems to have been used for the first time by the chief 
administrator of USAID in 1968 with exactly this idea in mind. Rather than fixing these 
social problems, however, it was thought by critics that the introduction of the new tech-
nology would exacerbate them (as the letter addressed to M. Diouf argued). This, it was 
thought, was because although the new technology might be technically “scale neutral” 
(the necessary inputs being divisible into smaller packages for smaller farms), it was not 
“resource neutral.” In other words, those farmers with more land, better access to water, 
and greater financial resources would be able to make more effective use of the technology. 
Smaller cultivators would make themselves dependent on purchased inputs and be driven 
into debt. The land holdings of some of them would be bought up by richer farmers. Not 
only would inequality be increased because of these changes, but poverty would increase 
as well. Environmental damage would be caused because of the excessive use of agro-
chemicals, both fertilizers and plant-protection chemicals, and by excessive use of water.

All of these things did happen, in some places at least, and in some periods—though 
whether they can be held to have been brought about by the new technology in itself 
remains a matter for debate. In India, for example, excessive use of inputs was encour-
aged by government subsidies (Harriss-White and Janakarajan 2004). Still, case studies 
with negative evidence lent credence to the way in which critics of the GR generalized an 
understanding of processes of agrarian social and economic change informed by a Marxist 
model which holds that there is a structurally determined process of polarization of rural 
classes in commercializing rural economies. It is pretty much inevitable, according to this 
model, that inequality will increase and that very many rural people will be pauperized. 
The influence of the model was reflected in the ways in which scholars viewed the facts 
(Harriss 1989; Orr 2012); while “the facts” themselves were derived initially especially from 
studies of particular villages. This was the method used, notably, in an influential research 
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project conducted by the United Nations Research Institute on Social Development 
(Griffin 1972; Pearse 1980). The results of village studies were generalized, however, in a 
way that is unjustifiable. In Bangladesh, for instance, two-thirds of the 127 village studies 
included in one listing of them were conducted in just five of the (then) nineteen districts of 
the country—and their findings were shown to have been locally specific once large-scale 
nationally representative surveys were undertaken (Orr 2012; see also Harriss 1977 on bias 
in the perception of agrarian change in India). Return visits to villages and regions from 
which evidence had been obtained that supported the critique of the GR also showed that 
the early fears were sometimes unjustified, and that, for example, small farmers were able 
successfully to adopt MVs and to benefit from them—leading some of the critics to recant 
(Orr 2012). Different underlying concerns (reflecting different beliefs) influenced the 
design of research and the interpretation of empirical findings (Harriss-White and Harriss 
2007; Orr 2012). All these problems of knowledge—the methodological problems that 
have to do with determining what “the facts” are, those that relate to the judgment of these 
facts (and their deployment as “evidence”) in the light of preferred hypotheses or models, 
and the ways in which science is influenced by beliefs and values—are all also extremely 
important in the controversy over transgenics.

Reaching general conclusions about the economic, social, and environmental implica-
tions of the introduction of the GR technology is, then, fraught with difficulty. All “gen-
eral” conclusions are liable to reflect fallacies of aggregation, and there is a sense in which 
only findings that are specific to place and time can possibly be valid. Yet much of the 
evidence calls the generalization of the “polarization model” into question, and it dem-
onstrates that very many people, including very large numbers of very poor people in a 
country such as India, have benefited. Econometric studies generally “find high poverty 
reduction elasticities for agricultural productivity growth” (Pingali 2012, 12303; and see 
Lipton 2007), though nutritional gains have been uneven (Pingali 2012, 12304). It is dif-
ficult, however, as we have pointed out, to tease out the effects of changes in agricultural 
technology from those of other factors that have been in play at the same time (Harriss 
1992). This affects assessments of both positive and negative outcomes. As Pingali writes,

The GR also spurred its share of unintended negative consequences, often not 
because of the technology itself, but rather because of the policies that were used 
to promote rapid intensification of agricultural systems and increase food supplies. 
Some areas were left behind, and even where it successfully increased agricultural 
productivity, the GR was not always the panacea for solving the myriad of poverty, 
food security and nutrition problems facing poor societies.

(Pingali 2012, 12304)

The fact that the GR can be described as a “tragedy,” when there is strong evidence of its 
having had many positive outcomes, is due in large part to the pervasiveness of the early 
critiques in public consciousness, and these were given a new lease of life by the surge of 
environmentalism in the 1980s and into the 1990s. Environmentalism, internationally, 
gathered force in the 1970s and 1980s (for a history see Guha 2000), and it was in this 
context that concerns about the impact of the GR on genetic diversity; about the effects 



52   John Harriss and Drew Stewart

of intensive use of agrochemicals on water quality, on soils, and on the health of human 
beings and of animals; and over the mining of water resources were married to the old 
charge that the GR technology was the instrument of Western corporate capital (some-
what strangely, perhaps, given that the seeds were developed especially in the interna-
tional public sector) and represented a threat to national food security or “sovereigny” 
(though, of course, ironically, India at least achieved “food sovereignty” through the GR). 
The whole was also tied, with especial force and effectiveness by Vandana Shiva (1991), 
to ideas about the value of “indigenous” farming knowledge, the merits of “traditional” 
agriculture (involving mixtures and rotations of crops, which were held often to be more 
productive than GR monocultures) and the virtues of a peasant way of life. There is sub-
stance to all these arguments (except perhaps, the last, which is a value judgment), but the 
presentation of them by writers like Shiva was stronger in terms of rhetoric than of fact, 
and dependent upon generalization from a few specific cases or sets of data in a way that 
was quite as ambitious as that of the early critics of the GR. The power of environmental-
ism has been such, however, that it trumped concerns about agricultural development 
and food supplies, especially in regard to Africa. Robert Paarlberg (2008,  chapter 3), for 
example, thinks that populist environmentalism—through its influence on large num-
bers of western NGOs—has been a key factor in stalling efforts to bring a GR to Africa.

The controversies over the GR reflect different “framings” that have influenced the col-
lection of evidence and the ways in which facts are viewed. The power of different fram-
ings is more cultural and political than it is dependent upon scientific understanding, as 
both Herring (2010) and Glover (2010) argue—though the former believes that trans-
genic varieties have been subject to particularly effective negative framing, whereas the 
latter claims they have received unduly positive constructions. Both refer to the effective-
ness of particular individuals whose authority is accepted, who serve as “epistemic bro-
kers” (Vandana Shiva has been one), successfully popularizing their particular readings 
of complex and contested scientific evidence. Different framings reflect differing values 
and worldviews that are not subject to empirical refutation (for a general discussion, see 
Thompson et al. 1990). But this is not a reason for refusing to test the propositions that 
follow from them as rigorously as possible—as has happened, for example, in the case 
of the “polarization thesis” in the context of the GR. The framing of evidence in regard 
to social questions– which is comparable with the “spin” that is now commonly put on 
events and problems by politicians and their speechwriters—is inevitable. So much the 
more important, therefore, that all “framings” be subjected to critical scrutiny.

The “GM” Controversy

Schurman and Munro (2010) argue that three factors underpin the “GM” contro-
versy. First, there was the emergence of the “knowledge economy.” In the 1950s, pub-
licly funded research led most agricultural advances (notably the GR), but by the 1970s, 
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and the first splicing of genes from one organism into another by American scientists 
in 1973, venture capital began to move into biotechnology. In America, the US Supreme 
Court decided in the case of Diamond v. Chakrabarty (1980) that “GMOs” were legally 
patentable, meaning that they are the subject of intellectual property rights and, thus, 
that profits from them can be protected (at least in the US—patents are national). By 
1983, the Food and Drug Administration (FDA) of the United States had approved the 
first genetically engineered product for commercialization, human insulin; in the same 
year, Monsanto created the first genetically modified plant.

Second, Schurman and Munro (2010) show that this new domination of pri-
vate players in scientific research didn’t “just happen.” The American government 
actively facilitated it through private research tax credits and regulatory cutbacks. 
In the international arena, foreign policy pushed developing countries to liberal-
ize their agricultural markets. Finally, the new “knowledge economy” demanded 
internationally recognized international property rights (IPRs) in order that 
R&D investments in a global economy be protected. The 1994 Agreement on 
Trade-Related Aspects of Intellectual Property Rights (TRIPS) protected all tech-
nological products or processes that are new, involve an inventive step, and have an 
industrial application. These steps led to concentration of the seed industry globally 
into the hands of a few multinational corporations, with one prevailing leader: “If 
there was one company whose name became virtually synonymous around the 
world with the term GMO, that firm was unquestionably Monsanto” (Schurman 
and Munro 2010,18).

Third, in this same period, new transnational social movements sprang up in reac-
tion to the new proficiencies of humanity to destroy itself—through nuclear power 
and weapons, chemical weapons, toxic waste, deforestation, and climate change. Two 
leading international environmental NGOs—Greenpeace and Friends of the Earth 
(FoE)—born in the mid-1970s, later became major anti-GMO forces. Chemical com-
panies, including Monsanto, felt the backlash of the burgeoning environmental move-
ment. Costs increased due to heightened regulation and new lawsuits. In this context 
the decision to make a transition from chemical production to agri-biotechnology was 
seen—ironically it seems, with hindsight—as exceptionally “green” (and see Shome, this 
volume). Scientists saw gene transfer as inherently “safe” when compared to conven-
tional breeding methods:

The act of splicing to generate a transgenic organism is a modest step when com-
pared to the genomic changes induced by all the “crosses” and breeding events used 
in agriculture and husbandry. The molecular biology tools simply add a new preci-
sion, speed and reach to this indispensable process of species domestication.

(European Commission 2010, 20)

As the European Commission went on to argue, however, in spite of these views on 
the part of many scientists, “public opinion did not ‘buy into’ this line of thought. . . . The 
fact that humans can “engineer” a gene from a species of one kingdom to produce a 
species of another has fuelled imaginations and frightened the public” (European 
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Commission 2010, 20). The archetypal image is that of “Frankenfoods.” Thanks to the 
preceding decades of environmental activism, many people and organizations were 
predisposed to criticism of transgenics—labeled as “GMOs,” and in this way very suc-
cessfully separated in the public mind from other genetically engineered products, such 
as insulin, that have been widely accepted (Herring 2010). Multilateral organizations 
responded to these real or imagined fears at an early stage. The 1992 UN Conference 
on Environment and Development (popularly called the Earth Summit) launched the 
Cartagena Protocol on Biosafety, which, after its adoption in January 2000 (though it 
came into force only in 2003), created the beginnings of an international regime for reg-
ulating transnational trade in GMOs. Most significantly, the protocol followed a precau-
tionary approach that gave developing countries the option of rejecting GMO imports in 
order to protect the environment or human health if it was felt that there was insufficient 
scientific evidence to prove a product safe. The critics of this precautionary approach—
such as the Nuffield Council on Bioethics (1999)—argued, as we pointed out earlier, that 
it is impossible for science to predict or account for all the possible dangers of any new 
product, including transgenics. There will always be insufficient scientific evidence to 
prove the absolute safety of any product (GM or not), but disallowing its use negates any 
and all benefits that might be gained if the product is approved.

Anti-GMO activists’ greatest success was Europe’s turning away from transgen-
ics, beginning in 1999, with a moratorium on approving more transgenic products for 
commercialization. Greenpeace blockaded Monsanto’s first introduction of unlabeled 
GM crops into Europe, gaining instant press coverage. In the next three years, public 
opinion shifted dramatically in Europe. The European Parliament became increasingly 
anti-GMO, and the European public dismissed the potential benefits from cultivation 
of transgenics (while simultaneously reaping the benefits of pharmaceuticals produced 
by comparable genetic engineering). Europe’s anti-GMO stance had ramifications for 
agriculturally dependent poor countries, which feared the economic effects of having 
their crops rejected or arable land “tainted” by transgenics. Many developing countries 
moved to stop GM seeds from passing their borders. And international development 
institutions, depending in part on European budgetary allocations, have not been big 
supporters of transgenics (Paarlberg and Pray 2007).

The Left has largely couched its resistance to corporately controlled agriculture—and 
the role of transgenics in that control through seed ownership—under the banner of 
“food sovereignty,” as we noted earlier. The food price spikes of 2008, when staple prices 
increased by as much as 500 percent in many poor countries, lent force to the idea of 
limiting the “commodification” of food, by treating it as an exceptional product that 
shouldn’t be allowed to be controlled by WTO rules. Such concerns about food sover-
eignty and about the destruction of the lifeways of rural people at the hands of a small 
number of capitalist corporations are enhanced by the history of aggressive tactics on the 
part of the corporations, and by knowledge of the intimate connections of these compa-
nies with state agencies that are responsible for food safety in the United States (see, e.g., 
Weis 2007,  chapter 4). What are seen as aggressive tactics includes the development of 
the “terminator gene,” which would create sterile seeds, and thus clearly be of enormous 
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commercial advantage to seed companies, because it would mean that farmers would 
always have to buy new seeds. The patent for this, now owned by jointly by Monsanto and 
the US Department of Agriculture, does exist (though no one has ever actually applied 
for a license to use it, and, contrary to the claims of anti-GMO campaigners, the gene has 
not actually been incorporated into any seeds that have been put on the market).

These reasonable concerns are then married to fears about the possibly harmful eco-
logical effects of the introduction of transgenics (see Thies and Devare 2007), and to fears 
about their implications for human health (e.g., Sahai 2011)—all in a context in which it is 
held that the regulatory capacities of states in regard to biosafety are woefully inadequate—
and to claims about the impoverishment of rural people. The widely reported suicides of 
farmers in some parts of India that are held to have been because of indebtedness brought 
about by GM cultivation have provided a potent narrative in support of these claims. The 
whole has made for an extraordinarily powerful negative framing: “rDNA plants have 
been successfully constructed as uniquely risky plants” (Herring 2011a, emphasis added). 
One of the effects of this has been that in India and elsewhere, transgenics are being sub-
jected to far more extensive testing than other products of agricultural biotechnology 
(such as those that have been developed through mutagenesis involving irradiation), even 
while the standards of biosafety that are required of them may be set impossibly high. The 
consequence has been that there is still no “gene revolution” in food crops.

But how justified are all these concerns? They cannot be finally disproved. That 
is certain. But just as certainly, there is contrary evidence. There is no doubt that 
Mahyco-Monsanto Biotech (MMB), a 50:50 joint venture between Mahyco and 
Monsanto, which markets Bollgard and Bollgard II Bt cotton technologies, has 
made massive profits from the Bt cotton hybrids that it was responsible for introduc-
ing into India (Damodaran 2010). Equally, there is no doubt at all that Indian cot-
ton farmers have sought to cultivate Bt cotton hybrids on such a massive scale that 
they now account for 92 percent of the total cotton acreage of the country (Kranthi 
2011). They have “voted with their ploughs” against the activists who sought to ban 
Bt cotton cultivation. Nor is there any doubt about the extensive pirating of genetic 
material from Mahyco-Monsanto, and of the development of a cottage industry that 
supplies pirated, “stealth seeds,” the products of the back-crossing of MMB-derived 
plant material with local cultivars, and that are available much more cheaply and may 
be saved by farmers, even if their insecticidal properties are weaker than those of 
MMB hybrids (Herring 2007b). The evidence in support of the claim that it has been 
because of the cultivation of GMOs that large numbers of Indian farmers have been 
committing suicide is thin to say the least (see Nagaraj 2008 for a measured state-
ment). With regard to the ecological and health hazards associated with transgenics, 
it is very striking, given the extent of hostility to them in Europe, that the European 
Commission Directorate-General for Research, in a publication titled A Decade of 
EU-funded GMO Research (2001-2010), should draw the following conclusion:

The main conclusion to be drawn from the efforts of more than 130 research projects, 
covering a period of more than 25 years of research, and involving more than 500 
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independent research groups, is that biotechnology, and in particular GMOs, are not 
per se more risky than conventional plant-breeding technologies.

(p.16; cited in Herring 2011a)

Herring (2011a) continues: “Bt proteins may present some hazard, but no biosafety 
testing anywhere has been able to find evidence,” and the method employed in the 
research on which one negative claim was made “was dismissed by the GMO Panel 
of the European Food Safety Authority.” There is evidence that mutagenic plants may 
well be more hazardous than transgenics, yet they have not generally been subjected 
to anything like as much stringent testing—because they have not been framed in the 
same way.

There are, of course, very strong reasons for exercising caution with regard to trans-
genics and biosafety (as Thies and Devare, among many other scientists, make very 
clear; see Thies and Devare 2007), and there is no doubt about the importance of 
strengthening mechanisms for ensuring biosafety (see Fukuda-Parr 2007b for vari-
ous country studies; and see Andow 2011; Kranthi 2011; and Swaminathan 2011 in spe-
cific regard to India). Yet there is still reason, as we suggested above, for questioning 
whether the standards that are being set are not unreasonable. These standards reflect 
the fear that has so successfully been generated by the way the evidence is framed by the 
anti-GMO campaigners. Regulation of the cultivation of transgenics can also work in 
such a way as to favor larger, wealthier producers, who are able to comply with biosafety 
requirements when smaller, poorer producers are not. Getting the balance right is dif-
ficult (Fukuda-Parr 2007b).

Two case studies that enable us to elaborate upon this discussion are those of the sto-
ries of Bt brinjal (what is called “eggplant,” or aubergine, in Britain and North America) 
in India, and of Bt rice in China—two food crops, neither of which has been officially 
released for cultivation in the countries in which they have been developed.

Bt Brinjal

Brinjal (aubergine) is a significant food crop in India, widely consumed by poor people 
and grown extensively by small farmers (who, unlike cotton farmers—producers of a 
highly important commercial crop, and who successfully won the battle to cultivate Bt 
cotton against stiff opposition from anti-GMO activists and from the Government of 
India—have little political clout).2 It is highly susceptible to attack from the fruit and 
stem borer (FSB), which reduces the value of much of the crop, and against which pes-
ticides are relatively ineffective—but which encourages their excessive use, to the detri-
ment of the health both of farmers and of consumers. Bt brinjal, developed as a result of a 
USAID-funded project led by Cornell University (Agricultural Biotechnology Support 
Project [ABSP] II: see Gregory et al. 2008), has the potential, according to extensive tri-
als, carried out over nearly a decade, greatly to reduce pesticide use, increase farmers’ 
incomes, and improve the health of farmers and consumers. Under ABSP II, Cornell 
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University was successful in persuading the company Mahyco, partly owned—as men-
tioned above—by Monsanto, to sublicense its gene technology to three Indian public 
sector institutions—two universities and a government research institute—free of 
royalties. The idea was that these public sector institutions would then develop open-
pollinated varieties (OPVs), on a cost-recovery basis, making them available easily and 
cheaply to farmers (one of the universities planned to distribute them through rural 
post offices), while Mahyco would be left with exclusive rights for supplying the market 
with its transgenic hybrid seeds (reckoned to account for about 30 percent of the total 
market). And this is indeed what happened. The universities did succeed in developing 
OPVs, and after very extensive trials the Government of India’s Genetic Engineering 
Approval Committee approved Bt brinjal and recommended its cultivation, in October 
2009. The Expert Committee that it set up reported “Bt brinjal is effective in controlling 
target pests, non-toxic as determined by toxicity and animal feeding tests, non-aller-
genic and has the potential to benefit the farmer.”

The minister responsible, however, Jairam Ramesh, then the minister of environment 
and forests—in the light, no doubt, of earlier expressions of opposition to the Bt brinjal 
from anti-GMO campaigners—rejected this advice and embarked on extensive public 
consultation, through town-hall style meetings in seven cities. He has said, “I listened 
to everybody” (Ramesh 2011). Finally, in February 2010, he placed a moratorium on the 
release for cultivation of Bt brinjal. In reaching this decision, he was influenced signifi-
cantly by India’s most distinguished biological scientist, M. S. Swaminathan, a founder 
and original board member of the pro-GM think tank International Service for the 
Acquisition of Agri-biotech Applications (ISAAA), and whose own research foundation 
has a substantial biotechnology component, but who was concerned about the lack of 
independent evaluation of Bt brinjal. As he has said, “our official mechanisms are inad-
equate since they do not have their own testing facilities” (Swaminathan 2011) and rely 
too heavily on the work of those who have also been responsible for the development of 
transgenic cultivars. He was concerned, too, about what he perceived as a threat to brin-
jal biodiversity in the area of what is believed to be its origins. In this he apparently failed 
to recognize that the Bt brinjal varieties developed by the public sector institutions are 
open-pollinated, and not hybrids—which, in general, attract his criticism as threats to 
biodiversity. Indeed, he said, in the interview referred to above, “we should concen-
trate on the development of transgenic varieties rather than hybrids,” and that “What 
is important . . . is to step up public-good research in the field of biotechnology.” This is 
actually what was being done in ABSP II. The minister, too, seems not to have recog-
nized this, for he spoke in an interview about there being issues of seed control in regard 
to Bt brinjal, “if 90 percent of the GM seed is going to be controlled by one company”—
which is what ABSP II was designed precisely to avoid. But if there was some misunder-
standing of the science involved in the Bt brinjal program, some scientists did the cause 
of science no good at all when they contributed to a subsequent report about Bt brinjal 
asked for by Minister Ramesh from six leading scientific establishments. It was discov-
ered that the report had “lifted” at least six paragraphs from a December 2009 article in 
a pro-GM newsletter, Biotech News (published by the Department of Biotechnology), 
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and that data from a report by the Monsanto-funded ISAAA went without references or 
citations (Bagla 2010; Sharma 2010). Despite the academies’ apologies, Ramesh rejected 
the report, saying that it did not “appear to be the product of rigorous scientific evalua-
tion” (Raj 2010), and he vowed not to lift the moratorium “anytime soon” (Bagla 2010).

The case shows the power of the framing of transgenics by anti-GMO campaign-
ers—especially when one considers, as discussed above, that transgenic brinjal has 
been subjected to relatively more stringent testing than other products of agricultural 
biotechnology. It also points to the limitations of the idea that genetic engineering will 
be found more acceptable if it is carried on in public sector institutions, removed from 
corporate control. This didn’t happen in this case, which also shows the possible misun-
derstandings (and misuse) of science, as well as its limits. It cannot be proved that there 
are no hazards associated with Bt brinjal. But the careful weighing of scientific evidence 
(and of the definable risks associated with the cultivation of conventional brinjal plants, 
and the measurable benefits of growing Bt) against the definite uncertainty associated 
with cultivation of the transgenic plant has been effectively prevented in this case by the 
way in which it has been politicized.3

Bt Rice

A variety of rice incorporating the Bt protein, with resistance to three major insect pests 
that attack the world’s most important food crop, yield levels of which have been stagnat-
ing, was unveiled in China in 1997—but it has still not been released commercially for cul-
tivation (though biosafety certificates for two strains were issued in 2009; see Jia 2010). 
China has invested substantially in agricultural biotechnology, both in public sector insti-
tutions and through funding private sector research for which the companies concerned 
have also received tax breaks (Stone 2008). At the same time, the state has proceeded 
cautiously in regard to food crops, being concerned, it seems, about the possible loss of 
export markets (Herring 2009). Thus far, in China as in India, transgenic cotton seeds are 
those that have spread most widely. By 2008, 68 percent of the cotton acreage of the world’s 
biggest producer was believed to incorporate Bt (James 2009). But whereas in India it 
is hybrid Bt cotton that has spread widely, in China it has been GM varieties developed 
through back-crossing, most of them technically illegal. Though these varieties are not as 
productive as hybrids, they have often proven beneficial for poor cotton farmers—when 
their pesticide use has decreased and their incomes been increased (Huang et al. 2007).

The inability of the state to regulate the cultivation of Bt cotton fuels fears about Bt 
rice. Among mainstream scientists there is little concern about health implications, 
because of the fact that the Bt protein has been consumed so extensively with no evi-
dence of ill effects (though see Qiu 2008). But there is concern both about gene flow and 
the possibility that Bt rice could pass on its pest-resistant properties to both weedy and 
wild relatives (Lu et al. 2003; Shivrain et al. 2007), and about the possibility that the pests 
will develop resistance to Bt. This is especially so given the likelihood—after the experi-
ence with Bt cotton—of the spread of pirated Bt varieties among large numbers of small 
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farmers (Herring 2009). Such varieties are likely to be less potent against insect pests, 
and to give them a greater chance to build up resistance.

Greenpeace4 has already very successfully built up fears about loss of food sover-
eignty, as well as about the rejection of Bt rice in export markets, and it has highlighted 
the possibility that scientists with financial interests in the spread of the technology are 
manipulating evidence. Even though Bt rice was developed in public sector institutions, 
it is still possible that scientists can have financial interests as shareholders in public 
companies that stand to profit from selling Bt rice (Greenpeace 2008; Pray et al. 2007). 
A  Chinese organization called “Utopia” that styles itself as “New Left” but espouses 
nationalist sentiments, and which has been leading the criticism of genetically engi-
neered rice, accuses the government of being beholden to big agribusiness (Stone et al. 
2011). The Chinese government, still strongly committed to agricultural biotechnology, 
has been responding to this public criticism by putting considerable resources into sci-
ence education and public communication about biotechnology (Jiao 2010; Jie 2010).

The story of Bt rice in China reflects problems that are very much like those that show 
up in the case of Bt brinjal in India, including the tension between expert scientific 
advice and public opinion as it can be mobilized by civil society organizations (even if 
the numbers of people involved are actually small), drawing upon the powers of modern 
social media and of consumer resistance (growing in countries like China and India, 
with their expanding middle classes), in a context in which governments, whether in a 
formally democratic regime or an authoritarian one, have to be concerned about their 
legitimacy. Both cases, too, demonstrate the limitations of science. It is one of the great 
ironies of the condition of modernity, as the sociologist Anthony Giddens has argued, 
that those living in modern societies look to science for truth when science actually 
advances through systematic doubt and the questioning of existing knowledge:

Even philosophers who most staunchly defend the claims of science to certitude, 
such as Karl Popper, acknowledge that, as he expresses it, “all science rests upon 
shifting sand.” In science nothing is certain, and nothing can be proved, even if scien-
tific endeavour provides us with the most dependable information about the world 
to which we can aspire.

(Giddens 1990, 39)

These fundamental limitations apply, of course, as much to public sector science as to 
corporate science, though Giddens’s point also hints at the need always to be aware of 
the straightforward biases that can affect scientific research.

Conclusion

The foregoing discussion leads to the conclusion, unsatisfactory though it may seem, 
that there remains—and there will remain—uncertainty about the impacts of both the 
Green Revolution and of transgenics. In large part this is because of the complexity of 
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agriculture as an economic activity, in which outcomes are dependent upon so many 
variables, all of them difficult to control for. It is extremely difficult, for example, to sepa-
rate out the effects of technology from the social context in which it is introduced—and 
this can be used both in defense of technology (“It’s not MVs but government subsi-
dies that have caused these negative outcomes”) and to critique it (as when it is argued 
that biotechnology is inherently supportive of the corporate control of agriculture). 
The methodologies employed in empirical research are subject to severe limitations (as 
Stone 2012 and Orr 2012 show), and much depends, in the case of social and economic 
research, upon the factors of time and space—when and where research has been car-
ried out. These circumstances give great scope for epistemic brokers and the framings 
they offer of the “evidence.” They also mean that is vital both for research results to be 
subjected to rigorous methodological scrutiny (not necessarily accomplished through 
the regular process of scientific peer reviewing; see Stone 2012), and for the ways in 
which evidence has been framed to be recognized. As Giddens says, even if “nothing is 
certain,” science is still the source of “the most dependable information to which we can 
aspire.”

At the same time, it must be recognized that although public policy should be 
informed by scientific “evidence,” it cannot be dictated by “evidence.” Policymakers have 
to exercise judgment. In doing so they should take account above all of what will con-
tribute to human well-being. Would it have been right for policymakers in the 1960s 
to have opposed the introduction of MVs? While improved agricultural productiv-
ity and the well-being of masses of rural people in Asia and Latin America might well 
have been realized more effectively had there been thoroughgoing redistributive land 
reform—had the social and political problems that were sought to be “fixed” by technol-
ogy been addressed, in other words—this was not practical politics at the time. It was 
surely right, in the circumstances they confronted, for policymakers to have encour-
aged the introduction of the new varieties—though they would have done well to have 
paid more attention than was usually the case to the negative implications of modern 
agriculture. They would have done well to have recognized that the MVs did not rep-
resent the (sole) answer to the problems they were addressing. In regard to transgenics, 
we have suggested that policymakers have to weigh the irreducible uncertainty about 
their possible impacts on human health and the environment against the definable risks 
associated with alternatives, or with the status quo (as in the case of brinjal cultivation in 
India). As they do so, they should recognize that transgenics have been very successfully 
framed as being uniquely risky plants (pace Glover’s view that Bt cotton has been subject 
to unduly positive framing—2010), when the evidence for this is limited, as the GMO 
Panel of the European Food Safety Authority—not a protagonist of the technology—
found. It should be recognized, too, as many of the critics of this technology have not, 
that there is an important difference between transgenic hybrids and open-pollinated 
varieties. Transgenics are, inherently, just like the Green Revolution, neither “good” nor 
“bad.” But at present the way in which they have so effectively been subjected to negative 
framing by anti-GMO campaigners makes careful, critical judgment more difficult—
and more than ever necessary.
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Notes

 1. We emphasize that the characteristics referred to here are still only possibilities, contrary 
to what has sometimes been claimed. See Glover 2010.

 2. The following draws largely on Herring 2011b.
 3. We have highlighted “risk” and “uncertainty” here in order to emphasize the fundamental 

difference between future hazards to which probabilities can be assigned (risk) and those 
to which they cannot (conditions of uncertainty).

 4. The first public anti-GMO pressure on Chinese officials came from a paper jointly pub-
lished by the Nanjing Institute of Environmental Studies (NIES), one of three research 
institutes under the auspices of the State Environmental Protection Authority (SEPA), and 
Greenpeace. Greenpeace International has had offices in Hong Kong since 1997, and more 
recently in Beijing and Guangzhou. Greenpeace collaborates on various issues with SEPA 
and is therefore allowed to operate in China (Pray and Huang 2007).
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Chapter 3

Genetically Improved 
Crops

Martina Newell-McGloughlin

Over the coming decades, food and agricultural production systems must be signifi-
cantly enhanced to respond to a number of transformative changes: global warming; 
growing world population; increasing international competition; globalization; shifts to 
increased meat consumption in low-income countries; and rising consumer demands 
for improved food quality, safety, nutritional enhancement, and convenience. New and 
innovative techniques will be required to ensure an ample supply of healthy food. To 
confound this challenge, the inequity between the affluent and developing countries 
will continue to grow, and only a handful of technologies is sufficiently scale neutral 
to help with redressing this imbalance. Of even greater concern is the very immediate 
need of global food security. In 2012 the United Nations issued an unprecedented warn-
ing about the state of global food supplies: global food reserves had reached their low-
est level in almost forty years, and failing harvests in the United States, Ukraine, and 
other countries had eroded reserves to their lowest level since 1974, a period when the 
global population was much lower. The deputy secretary-general’s remarks in New York 
warned of world grain reserves so dangerously low that another year of severe weather 
in the United States or other food-exporting countries could trigger a major hunger cri-
sis. Unprecedented needs require effective solutions (Eliasson 2012).

Worldwide, plant-based products comprise the vast majority of human food intake, 
irrespective of location or financial status (Mathers 2006). In some cultures, either by 
design or default, plant-based nutrition makes up almost 100% of the diet. The world 
food crisis of 2006–2008 demonstrated that the vulnerability created by this depen-
dence varied by country, with the poorest being most affected (FAO 2011). While some 
large countries were able to deal with the worst of the crisis, people in many small 
import-dependent countries experienced large price increases that, even when only 
temporary, can have permanent effects on their future earnings capacity and ability to 
escape poverty.
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What could the nature of solutions to these complex dilemmas be? Over the millennia 
many technologies for plant breeding have been developed and used to enhance pro-
ductivity of the original coterie of cultivated crops and to bring more into the domes-
tic fold. Significant nutritional improvements have been achieved via modifications 
of staple crops (Stein, this volume). In the latter half of the twentieth century, major 
improvements in agricultural productivity were largely based on selective breeding 
programs for plants and animals, intensive use of chemical fertilizers, pesticides and 
herbicides, advanced equipment developments, and widespread irrigation programs. 
Though successful in raising productivity, these improvements have brought corre-
sponding problems: a narrower genetic base of crop plants and domestic animals; pests 
that are resistant to chemical pesticides; adverse impacts on environmental quality; 
and capital-intensive production. From the food deserts of inner cities to actual barren 
wastelands of many world regions, access to a sufficient, healthy diet is a challenge.

Innovations in the future will necessarily involve new, science-based products and 
processes. This chapter focuses on the frontiers of plant breeding to meet these chal-
lenges, particularly through genetic engineering approaches. First, in the coming gen-
erations of crop plants the biotic-stress tolerance of the present generation is being 
supplemented by continuing improvement of agronomic traits such as yield and abiotic 
stress resistance. Sustainability is the critical issue for these traits; the environmental 
challenges of climate change are addressed in the subsequent section on green biotech-
nology. Green biotechnology’s three major contributions toward mitigating the impact 
of climate change are greenhouse gas reduction, crop adaptation and protection, and 
yield increase in less desirable and marginal soils. Second, the future will see expan-
sion of traits such as improved nutrition and food functionality. Functional food com-
ponents are of increasing interest in the prevention and treatment of a number of the 
leading causes of death, including cancer, diabetes, cardiovascular disease, and hyper-
tension. From a health perspective, dietary plant components can be broadly divided 
into four main categories, which can be further broken down into positive and nega-
tive attributions for human nutrition: macronutrients (proteins, carbohydrates, lipids 
[oils], and fiber); micronutrients (vitamins, minerals, phytochemicals); antinutrients 
(substances such as phytate that limit bioavailability of nutrients); and allergens, intoler-
ances, and toxins. Modern molecular approaches can be employed to down-regulate or 
even eliminate the genes involved in the metabolic pathways for the production, accu-
mulation, or activation of toxins in plants with positive food and environmental conse-
quences. The conclusion returns to prospects for biotechnology in agriculture.

Developing and commercializing plants with these improved traits involves over-
coming a variety of technical, regulatory, and political challenges. Most of the inno-
vative technologies that have been applied to production agriculture historically 
have come into common usage without much controversy or even knowledge by the 
average consumer. Biotechnology has faced a different political and social response. 
Through social, cultural, and political processes, genetically engineered plants have 
been labeled as uniquely and uniformly risky in many parts of the world (Sato, 
this volume; Herring 2010). To separate the hype from the panic, it is necessary to 
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disaggregate modern biotechnology and examine both potential on the horizon and 
obstacles to progress.

Agronomic Traits and Sustainability

The vast majority of biotech products approved to date involve agronomic traits that 
protect against biotic stress such as pests. The principal focus in the immediate future 
will remain on agronomic traits, especially the area of pest control, but with an increas-
ing interest in abiotic stress tolerance, which is gaining prominence as external pres-
sures from climate change to land use change.

The total area of biotech crops reached 170.3 million hectares or 420 million acres in 
2012, an increase of 10 million hectares (25 million acres) from 2011. Comparing this 
level with 1.7 million hectares in 1996 highlights that biotech crops are the most rapidly 
adopted crop technology in the history of modern agriculture (James 2012). Developing 
countries in 2012 passed the 50% mark in share of global biotech crops, exceeding for the 
first time industrial countries’ planted area. Of the twenty-eight countries planting bio-
tech crops in 2012, nineteen were less developed. Of the 17.3 million farmers who grew 
biotech crops, over 90%, or 15 million, were small resource-poor farmers in developing 
countries. Adoption of existing biotech crops has demonstrated improved sustainability 
of farming in both wealthier and poorer countries as well as increased incomes for farm-
ers (Elmegaard 2001; Trewavas 2001). No-till farming has reduced energy use in fields, 
for example. Bacillus thuringiensis (Bt) technology has reduced pesticide spraying and 
mycotoxin fungal fumonisins, both of which are known health risks, including risk of 
liver cancer in humans and animals.

While North America remains the epicenter for leading-edge research on geneti-
cally modified (GM) foods, other regions, such as China, are emerging as contenders 
on the global stage. Agricultural science is now China’s fastest-growing research field 
with China’s share of global publications in agricultural science: from 1.5% in 1999 to 
5% in 2008 (James 2011). Indeed, China is emerging as a trendsetter in the adoption of 
novel traits with its approval of Bt rice and phytase maize on November 27, 2009. Rice is 
the principal staple for much of the world, and maize is the largest animal feed source. 
Bt rice has the potential to increase yields up to 8%, to decrease pesticide use by 80% 
(17 kg/ha), and to generate US$4 billion in benefits annually (James 2011). The phytase 
approval is a major step forward in approvals because it is the first transgenic since the 
FLAVR SAVR tomato focusing on a “quality” trait. However, it is far more than this both 
literally and figuratively since this single trait addresses issues from the nutritional to 
the environmental. Two additional quality traits are under consideration for deregula-
tion: the Arctic apple and the reduced acrylamide potato.

Okanagan, the company that created the Arctic apple, modified it to resist oxidation 
when it is cut and the injured cells are exposed to oxygen, thus activating the polyphe-
nol oxidase (PPO) gene. To achieve this effect, Okanagan co-expressed PPO genes and 

 



68   Martina Newell-McGloughlin

effectively achieved reduced oxidation by silencing the endogenous PPO gene (Carter 
2012). The second improved quality product was a potato submitted by JR Simplot. 
Their potato with three specific modifications for quality improvement, was submit-
ted for petition for determination of nonregulated status in 2013. It uses what it terms 
innate technology, basically utilizing RNA interference (RNAi) to silence genes related 
to black-spot bruising and to reduce asparagine and sugars in tubers.

One example of widespread success in the use of biotechnology to reduce the impact 
of biotic stress and enhance sustainability is India’s experience with Bt cotton. The 
Maharashtra Seed Company (Mahyco) developed transgenic hybrids in partnership 
with Monsanto, utilizing a Cry1Ac transgene to produce hybrids expressing a protein 
lethal to the major pest of cotton:  the bollworm. The number of approved cultivars 
expanded from three in 2002 to over a thousand by 2012. Farmer-bred illegal varieties 
have proliferated underground as well. Adoption has increased to over 90% of cotton 
acreage by 2012, with an increasing share of the market going to stacked gene technology 
(Herring and Rao 2012). Between 2002 and 2008, Bt cotton generated economic benefits 
for farmers valued at US$5.1 billion, halved insecticide requirements, contributed to the 
doubling of yield, and transformed India from a cotton importer to a major exporter 
(Choudhary and Gaur 2008, 2010). India has become the number one exporter of cot-
ton globally as well as the second largest cotton producer in the world. A number of 
multi-institutional projects have been launched in India, including the development of 
transgenics for resistance to geminiviruses in cotton, mungbean, and tomato; resistance 
to rice tungro disease; development of a nutritionally enhanced potato with a balanced 
amino acid composition; and development of molecular methods for heterosis breed-
ing. Other transgenic crops await approval for commercial cultivation, such as trans-
genic herbicide-tolerant mustard hybrids and nutritionally enhanced potato varieties. 
Despite the success of Bt cotton, further implementation of the Government of India’s 
strategy for biotechnology has been restricted, however, by factors considered in the 
final section of this chapter (Bricknel 2010).

Work on biotic stress tolerance is expanding to multitiered control systems. This in 
theory serves a double advantage, primarily expanding the effectiveness of the broad 
based resistance events but also allowing more effective management of the resistance 
trait since there is less selective pressure when genes are stacked. Focus on biotic stress, 
especially in pest control, will continue, but interest in abiotic stress tolerance is gaining 
prominence as external pressures from climate change become manifest.

Climate Change and 
Agriculture: Green Biotechnology

The meta-issue of climate change overlays many of the emergent individual plant breed-
ing efforts. It poses significant challenges in terms of available agricultural land and 
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freshwater use. The Stern Report (2006) underlines the decline of crop yields, ocean 
acidification, poor plant nutrition and abiotic stress, population displacement, and 
threatened ecosystems as effects of climate change. In addition, broader, more systemic 
consequences of abiotic stresses such as drought beyond food insecurity are decreased 
household income, the loss of assets due to slaughter of livestock, health threats due to 
the lack of water for hygiene and household uses, environmental degradation, and less 
sustainable land management (Watson, this volume). These effects must be considered 
in the light of growing population levels. To feed the overall population the world will 
have to double its rate of agricultural production over the next twenty-five years, despite 
having already quadrupled it in the last fifty. It is estimated that only 10% of world’s arable 
land may be categorized as free from stress. The rapid change in environmental condi-
tions is likely to override the adaptive potential of plants. Such abnormal environmental 
parameters include drought, salinity, cold and freezing, high temperatures, waterlog-
ging, high light intensity, ultraviolet radiation, nutrient imbalances, metal toxicities, 
nutrient deficiencies and are collectively termed abiotic stress. Severe drought accounts 
for half the world’s food emergencies annually. In this context, solutions must be devel-
oped to adapt crops to existing but also evolving conditions such as marginal soils.

The agriculture sector is both a contributor to and provider of potential solutions 
to increased abiotic stresses. It impacts two of the principal components of climate 
change: greenhouse gases and water. Agriculture is a major source of greenhouse gas 
emissions. Practices such as deforestation, cattle feedlots, and fertilizer use currently 
account for about 25% of greenhouse gas emissions. When broken down, this amounts 
to 14% of carbon dioxide emission, 48% of methane, and 52% of nitrous oxide emissions 
(Stern Report 2006). In addition, agriculture uses a significant amount of fresh water; 
approximately 70% of the water currently consumed by humans is used in agriculture, 
and this is likely to increase as temperatures rise. The distributional impact will surely be 
asymmetrical globally, with much greater impact on resource-poor farmers in poorer 
nations.

Given the potential impacts of climate change on the range and extent of agricultural 
productivity and the impact of agriculture practice itself on global warming, effective 
technology should play a substantial part in mitigating climate change. This is especially 
relevant in emerging countries where producers and consumers are more subject to 
the vagaries of climate fluctuations than in the West, where there is greater capability 
of responding to the effects and managing resources. Green biotechnology offers a set 
of tools that can help producers limit greenhouse gas emissions as well as adapt their 
agricultural techniques to shifting climates. Green biotechnology’s three major contri-
butions toward mitigating the impact of climate change are greenhouse gas reduction, 
crop adaptation and protection, and yield increase in less desirable and marginal soils.

The first of these issues is greenhouse gas reduction. In addition to carbon dioxide, 
agriculture contributes two of the other major greenhouse gases; one of these, nitrous 
oxide, has a global warming potential of about three hundred times that of carbon 
dioxide. In addition, nitrous oxides stay in the atmosphere for a considerable period. 
Nitrous oxide is produced through bacterial degradation of applied nitrogen fertilizer. 
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Nitrogen fertilizer, through intemperate application, can also contribute to eutrophica-
tion at ground level, making its reduction desirable on several levels. However, nitrogen 
is essential for crop production since it is quantitatively the most essential nutrient for 
plants and a major limiter of crop productivity (Stewart et al. 2005, Erisman et al. 2008).

One of the critical factors limiting the efficient use of nitrogen is plants’ ability to 
acquire it from applied fertilizer. Therefore, the development of crop plants that absorb 
and use nitrogen more efficiently can serve both the plant and the environment. Arcadia 
Biosciences of Davis, California, developed nitrogen-efficient crops by introducing a 
barley gene—AlaAT (alanine aminotransferase)—into both rice and canola. Arcadia’s 
nitrogen use efficiency (NUE) technology produces plants with yields that are equiva-
lent to conventional varieties but require significantly less nitrogen fertilizer because 
the AlaAT gene allows more efficient use. Compared with controls, transgenic plants 
also demonstrated significant changes in key metabolites and total nitrogen content, 
confirming increased nitrogen uptake efficiency. This technology has the potential to 
reduce the amount of nitrogen fertilizer lost by farmers annually due to leaching into the 
air, soil, and waterways. In addition to environmental pressures, nitrogen can represent 
a significant portion of a farmer’s input costs and can significantly impact profitability. 
Farmers spend $60 billion annually for 150 million tons of fertilizer (Svoboda 2008). 
The technology has been licensed to Dupont for maize and to Monsanto for application 
in canola.

One of the first commercialized products to have included a “yield gene” was 
Monsanto’s second-generation Roundup Ready 2 Yield Soybeans, which include both 
the glyphosate-tolerant trait and one that was developed using extensive gene map-
ping to identify specific DNA regions that segregated with yield increase (Monsanto 
2010). First-generation Roundup Ready varieties had demonstrated yield drag due to 
the unfortunate insertion close to a gene that influenced seed size and co-segregated 
with the transgene. This is a perfect example of the power of combining recombinant 
DNA technology with genomics tools. The company claims that four years of field trials 
across six US states showed 7 to 11% higher yields compared with the first-generation of 
Roundup Ready soybeans, although there have been some problems with fungal (white 
mold) susceptibility in certain regions. In August 2010, the National Technical Biosafety 
Committee (CTNBio) in Brazil approved the Bt-enhanced version of this product for 
planting in Brazil.

The second area where green technology can help in a changing climate is crop adap-
tation to environmental stress and changing niches. Under stress, plants will divert 
energy into survival instead of producing biomass and reproduction; addressing this 
impact should have a substantial effect on yields. In addition, improved stress tolerance 
allows an expanded growing season—especially earlier planting—and further reduces 
yield variability and financial risk to the farmer. The most critical of these stresses is 
water. The physiological responses of plants to water stress and their relative importance 
for crop productivity vary with species, soil type, nutrients, and climate. On a global 
basis, about one-third of potential arable land suffers from inadequate water supply, and 
the yields of much of the remainder are periodically reduced by drought. One of the 
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most effective methods of addressing water limitation problems—irrigation—unfortu-
nately is also one of the major causes of arable land degradation. It is estimated that 24.7 
million acres of farmland worldwide is lost each year due to salinity buildup resulting 
from over irrigation. In fact, salinity limits crops on 40% of the world’s irrigated land 
(25% in the United States). To address the extreme end of irrigation impact, Eduardo 
Blumwald at the University of Calfornia at Davis (UC Davis) used AtNHX1, the most 
abundant vacuolar Na+/H+ antiporter in Arabidopsis thaliana, which mediates the 
transport of Na+ and K+ into the vacuole. By overexpressing this vacuolar Na+/H+ 
anti-porter transgenic tomatoes were able to grow, flower, and produce fruit in the pres-
ence of 200 mM sodium chloride (Sottosanto et al. 2007). Arcadia Biosciences has now 
introduced this gene into economically important crops.

It is estimated that water stress is the most important variable in determining crop 
yield and can explain approximately 80% variance in yields (Shin et al. 2009). Even at a 
more moderate level of water stress, it is estimated that about seventy to eighty million 
acres in the United States suffer yield losses annually (Kramer 1980). The most criti-
cal time for water stress is near pollination and flowering, where yields with or without 
irrigation can vary by up to 100%. In dry land, production yields can be cut in half in 
the absence of irrigation. At this time about 15% of US maize acres are irrigated; an esti-
mated 20 million acres in the United States would benefit from a drought tolerance gene 
that gives a 10% yield increase. The trait would also allow shifting of high-value crops 
into production on more marginal land.

The physiological responses of plants to water stress and their relative importance for 
crop productivity vary with species, soil type, nutrients, and climate. On a global basis, 
about one-third of potential arable land suffers from inadequate water supply, and the 
yields of much of the remainder are periodically reduced by drought. Transcription fac-
tors are some of the most versatile tools being employed in developing stress-tolerant 
plants. One of the most versatile classes of transcription factors involved in environ-
mental response is the DREB (dehydration-responsive element binding protein), 
which is involved in the biotic stress-signaling pathway. These transcription factors can 
activate as many as twelve resistant functional genes relying on DRE members of cis 
regulation under adverse conditions. For instance, rd29, cor15, and rd17 cause proline 
content to rise to enable plants to improve in many resistances, such as drought, freez-
ing, and salt tolerance (Agarwal et al. 2006). It has been possible to engineer stress toler-
ance in transgenic plants by manipulating the expression of DREBs. One isolated from 
Arabidopsis has improved drought tolerance, increasing productivity by at least twofold 
during severe water stress. DroughtGard maize will be the first commercially available 
transgenic drought-tolerant crop. Hybrid seed sold under this trademark will combine a 
novel transgenic trait (based on the bacterial cspB gene, an RNA chaperone, which help 
to maintain normal physiological performance under stress by binding and unfolding 
RNA molecules so that they can function normally) with Monsanto’s optimized conven-
tional breeding program. In field trials using this approach, maize yields have increased 
under water stress by up to 30% (Castiglioni et al. 2008). The yield gain of this variety 
under drought appears to occur due to slowing of growth specifically under drought 
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stress such that existing soil moisture is saved for the critical period surrounding flower-
ing, resulting in less kernel abortion, higher harvest index, and greater yield (Castiglioni 
et al. 2008).

Other approaches include modification of individual genes involved in stress response 
and cell signaling. For example, drought-tolerant canola engineered to reduce the levels 
PARP [poly (ADP-ribose) polymerase], a key stress-related protein in many organisms, 
shows relative yield increases of up to 44% compared with control varieties. A subset of 
the transcription factors—homeodomain leucine zipper proteins (HDZip)—play a role 
in regulating adaptation responses including developmental adjustment to environ-
mental cues such as water stress in plants (Deng 2006). One of these effectors is absisic 
acid (ABA), an important plant regulator controlling many environmental responses 
including stomata movement—which is itself modulated by the DREB elements. Some 
work is being done on modifying HDZip directly. Other work involves indirect mecha-
nisms, for example, down-regulating farnesyltransferase, a signaling system in the pro-
duction of absisic acid and stomata control, which results in stomata closure and water 
retention.

Eduardo Blumwald is also working on modifying basic acid to enhance the tolerance 
of plants to water deficit by delaying the drought-induced leaf senescence and abscis-
sion during the stress episode. This approach is now being introduced into rice, among 
other crops. The work is being done in conjunction with Arcadia Biosciences. Bayer 
CropScience, Pioneer Hi-Bred, BASF, and Dow, among others, are conducting research 
on maize, cotton, canola, and rice to develop a new generation of stress-tolerant, 
high-performance crop varieties. Clearly, stress-tolerant traits are of paramount impor-
tance in low-income countries, especially in sub-Saharan Africa and Asia. Major efforts 
are already under way on this front. The partnership, known as Water Efficient Maize 
for Africa (WEMA), was formed in response to a growing call by African farmers, lead-
ers, and scientists to address the devastating effects of drought on small-scale farmers 
(Foundation 2007). Frequent drought leads to crop failure, hunger, and poverty. Climate 
change only aggravates this situation.

On the other end of the spectrum of climate change impact is flooding due to chang-
ing rain patterns and rising sea levels. This is already a major cause of rice crop loss. It is 
estimated that four million tons of rice are lost every year because of flooding; this loss is 
equal to the amount of rice sufficient to feed thirty million people. Rice is not grown in 
flooded fields through necessity but rather to control weeds. However, most rice variet-
ies die after more than three days of complete submergence. Researchers know of at least 
one rice variety—accession number FR13A—that can tolerate flooding for longer peri-
ods, but conventional breeding failed to create a cultivar that was acceptable to farm-
ers. The Ronald Laboratory at UC Davis cloned the submergence tolerance (Sub1) locus 
from this resistance variety using a map-based cloning approach (Jung 2010). The Sub1 
locus encodes three putative transcription regulators, one of which (Sub1A-1) increases 
dramatically in response to oxygen deprivation in Sub1 seedlings while Sub1C levels 
decrease. Transgenic lines overexpressing the Sub1A-1 gene have been introgressed into 
a submergence-intolerant line and display enhanced submergence tolerance.



Genetically Improved Crops   73

There is also some research in the final abiotic stress focus area: crops adaptable to less 
desirable and marginal soils and increased yields in those circumstances. For example, a gene 
that produces citric acid in roots can protect plants from soils contaminated with aluminum 
because it binds to the contaminant, preventing uptake by the root system (Lopez-Bucio 
et al. 2000). Genes such as these can allow crops to be cultivated in hostile soils and tempera-
tures, increasing geographic range while reducing potential impact on fragile ecosystems.

The frontier should not divert attention from existing implications of existing con-
tributions of biotechnologies in the context of climate change. Soil carbon sequestra-
tion will be an important part of any international strategy to mitigate the increase in 
atmospheric CO2 concentrations. By adopting more sustainable management prac-
tices, agriculture may play a large part in enhancing soil carbon sequestration across 
the globe. One way is by reducing the amount of conventional tillage after long-term 
tillage soil carbon stocks are depleted. Glyphosate-tolerant transgenic crops have aided 
in this practice. Through reduced till production, this technology allowed significant 
reduction in the release of CO2 emissions, which in 2010 was about 23.1 kg, equivalent 
to removing twelve million cars from the roads (Brookes and Barfoot 2012). In general, 
cultivation is not a sustainable practice. It is energy intensive and exposes soil to wind 
and water erosion. It allows rain to compact the soil and increases the oxygen content, 
thus allowing organic matter to oxidize away. In turn, lower organic matter in the soil 
allows more compaction and more nutrient loss. Additionally, in warmer and drier cli-
mates evaporative water loss may be reduced because residue remains on the soil sur-
face, creating a wetter and cooler soil microclimate.

Nutritional Improvement

Both the panoply of traditional plant breeding tools and modern biotechnology-based 
techniques will be required to produce plants with desirable quality traits. Table 3.1 pres-
ents examples of crops that have already been genetically modified with macro- and 
micronutrient traits that may provide nutritional benefits (see also Stein, this volume).

While the correlative link between food and health, beyond meeting basic nutrition 
requirements, has been unequivocally proven only in a small number of cases, a grow-
ing body of evidence indicates that food components can influence physiological pro-
cesses at all stages of life. Nutrition intervention from a functionality perspective has a 
personal dimension. Determining individual response is at least as complex a challenge 
as the task of increasing or decreasing the amount of a specific protein, fatty acid, or 
other component of the plant itself (Brigelius-Flohe and Joost 2006). Early food regimes 
can affect health in later life. For example, as some children who survived famine con-
ditions in certain regions of Africa grew into adults, they battled obesity and related 
problems, presumably because the selective advantage of the thrifty gene in their early 
food-stressed environment became a hazard during more abundant times, especially if 
their adult diets were calorie dense.

 

 



Table 3.1 Examples of Crops in Research and Development with Nutritionally 
Improved Traits Intended to Provide Health Benefits for Consumers and Animals1

Trait Crop (trait detail) Reference

Protein and amino acids
Protein quality and level Bahiagrass (protein↑) Luciani et al. 2005

Canola (amino acid composition) Roesler et al. 1997

Maize (amino acid composition; 
protein↑)

Cromwell 1967, 1969; Yang et al. 
2002; O’Quinn et al. 2000; Young 
et al. 2004

Potato (amino acid composition; 
protein↑)

Chakraborty et al. 2000; Li et al. 
2001; Yu and Ao 1997; Atanassov 
et al. 2004

Rice (protein↑; amino acid) Katsube et al. 1999

Soybean (amino acid balance) Rapp 2002; Dinkins et al. 2001

Sweet Potato (protein↑)

Wheat (protein↑)

Prakash et al. 2000

Uauy et al. 2006

Essential amino acids Canola (lysine↑) Falco et al. 1995

Lupin (methionine↑) White et al. 2001

Maize (lysine↑; methionine↑) CERA 2013; Lai and Messing 2002

Potato (methionine↑) Zeh et al. 2001

Sorghum (lysine↑) Zhao et al. 2003

Soybean (lysine↑; tryptophan↑) Falco et al. 1995; Galili et al. 2002

Oils and fatty acids

Canola (lauric acid↑; γ-linolenic 
acid↑; + ω-3 fatty acids; 8:0 and 
10:0 fatty acids↑; lauric + myristic 
acid↑; oleic acid↑)

Del Vecchio 1996; Froman and 
Ursin 2002; James et al. 2003; 
Ursin 2003, Dehesh et al. 1996; 
CERA 2013; Roesler et al. 1997

Cotton (oleic acid↑; oleic acid + 
stearic acid↑)

Chapman et al. 2001; Liu et al. 2002

Linseed (+ ω-3 and—6 fatty acids) Abbadi et al. 2004

Maize (oil↑) Young et al. 2004

Oil Palm (oleic acid↑ or stearic 
acid↑; oleic acid↑ + palmitic acid↓)

Parveez 2003; Jalani et al. 1997

Rice (α-linolenic acid↑) Anai et al. 2003

Soybean (oleic acid↑; γ-linolenic 
acid↑)

Kinney and Knowlton 1998; Reddy 
and Thomas 1996

Safflower (γ Linoleic Acid GLA↑) Arcadia, 2008

(Continued)



Trait Crop (trait detail) Reference

Carbohydrates

Fructans Chicory (fructan↑; fructan 
modification)

Smeekens 1997; Sprenger et al. 
1997 Sévenier et al (1998)

Maize (fructan↑) Caimi et al. 1996

Potato (fructan↑) Hellwege et al. 1997

Sugar beet (fructan↑) Smeekens 1997

frustose, raffinose, stachyose Soybean Hartwig et al 1997

inulin Potato (inulin↑) Hellwege et al. 2000

Starch Rice (amylase ↑) Chiang et al. 2005; Schwall, 2000

Micronutrients and functional Metabolites

vitamins and carotenoids Canola (vitamin E↑) Shintani and DellaPenna 1998

Maize (vitamin E↑; vitamin C↑; 
folate↑; lycopene)
Cassava (+β-carotene)

Rocheford et al. 2002; Cahoon 
et al. 2003; Chen et al. 2003; 
Bekaert, 2008; Naqvi et al 2009; 
Harjes, 2010

Welsch R. et al. 2010

Mustard (+β-carotene) Shewmaker et al. 1999

Potato (β-carotene and lutein↑) Ducreux et al. 2005; Diretto et al 
2010

Rice (+ β-carotene, folate↑) Ye et al. 2000; Storozhenko et al, 
2007

Strawberry (vitamin C↑) Agius et al. 2003

Tomato (folate↑; phytoene 
and β-carotene↑; lycopene↑; 
provitamin A↑)

Della Penna, 2007, Díaz de la Garza 
et al. 2004; Enfissi et al. 2005; 
Mehta et al. 2002; Fraser et al. 
2001; Rosati 2000; Sun et al. 2012; 
Klee et al. 2011

Functional 2ndrymetabolites Apple (+stilbenes) Szanowski et al. 2003

Alfalfa (+resveratrol) Hipskind and Paiva 2000

Kiwi (+resveratrol) Kobayashi et al. 2000

Maize (flavonoids↑) Yu et al. 2000

Potato (anthocyanin and alkaloid 
glycoside↓; solanin↓)

Lukaszewicz et al. 2004

Rice (flavonoids↑; +resveratrol) Shin et al. 2006; Stark-Lorenzen 
1997

Soybean (flavonoids↑) Yu et al. 2003

 Table 3.1 Continued

(Continued)
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Functional food components are of increasing interest in the prevention and treat-
ment of a number of the leading causes of death, including cancer, diabetes, cardiovas-
cular disease, and hypertension. Many food components are known to influence the 
expression of both structural genes and transcription factors in humans (Go et al. 2005, 
Mazzatti et al. 2008). Examples of these phytochemicals are listed in Table 3.2. The large 
diversity of phytochemicals suggests that the potential impact of phytochemicals and 
functional foods on human and animal health is worth examining as targets of biotech-
nology efforts. From a health perspective, plant components of dietary interest can be 
broadly divided into four main categories, which can be further broken down into posi-
tive and negative attributions for human nutrition: macronutrients (proteins, carbohy-
drates, lipids [oils], and fiber); micronutrients (vitamins, minerals, phytochemicals); 
anti-nutrients (substances such as phytate that limit bioavailability of nutrients); and 
allergens, intolerances, and toxins.

Technological Challenges

Of the 200,000 or so metabolites (phytochemicals) produced by plants, approximately 
25,000 of them have known effects in the human diet (Go et al. 2005). Analysis of these 
metabolites is a valuable tool in providing a better understanding of what has occurred 
during crop domestication, when traits are often lost or silenced, which can enable 
researchers to design new paradigms for more targeted crop improvement tailored 
to current needs (Hall et al. 2008). In addition, with modern techniques, we have the 
potential to seek out, analyze, and introgress traits of value that were limited in previous 

Trait Crop (trait detail) Reference

Tomato (+resveratrol; 
chlorogenic acid↑;flavonoids↑; 
stilbene↑anthocynanins↑)

Giovinazzo et al. 2005; Niggeweg 
et al. 2004; Muir et al. 2001; Rosati 
2000, Gonzali et al. 2009

Wheat (caffeic and ferulic acids↑; 
+resveratrol)

UPI 2002

Mineral availabilities Alfalfa (phytase↑) Austin-Phillips et al. 1999

Lettuce (iron↑) Goto et al. 2000

Rice (iron↑) Lucca et al. 2002

Maize (phytase↑, ferritin↑) Drakakaki 2005; Han 2009

Soybean (phytase↑) Denbow et al. 1998

Wheat (phytase↑) Brinch-Pedersen et al. 2000, 2006

1 Excludes protein/starch functionality, shelf life, taste/aesthetics, fiber quality and allergen/toxin 
reduction traits. Modified from ILSI, 2004, 2008.

   Table 3.1 Continued

 



Table 3.2 Examples of Plant Components with Suggested Functionality1

Class/Components Source2 Potential Health Benefit

Carotenoids
Alpha-carotene Carrots Neutralizes free radicals that may 

cause damage to cells

Beta-carotene Various fruits, vegetables Neutralizes free radicals

Lutein Green vegetables Contributes to maintenance of 
healthy vision

Lycopene Tomatoes and tomato products 
(ketchup, sauces)

May reduce risk of prostate 
cancer

Zeaxanthin Eggs, citrus, maize Contributes to maintenance of 
healthy vision

Dietary Fiber

Insoluble fiber Wheat bran May reduce risk of breast and/or 
colon cancer

Beta glucanc Oats May reduce risk of cardiovascular 
disease (CVD)

Soluble fiberc Psyllium May reduce risk of CVD

Whole Grainsc Cereal grains May reduce risk of CVD

Collagen Hydrolysate Gelatin May help improve some 
symptoms associated with 
osteoarthritis

Fatty Acids

Omega-3 fatty acids—DHA/EPA Tuna; fish and marine oils May reduce risk of CVD and 
improve mental, visual functions

Conjugated Linoleic acid (CLA) Cheese, meat products May improve body composition, 
may decrease risk of certain 
cancers

Gamma Linolenic Acid Borage, evening primrose May reduce inflammation risk of 
cancer, CVD disease, and improve 
body composition

Flavonoids

Anthocyanidins: cyanidin Berries Neutralize free radicals; may 
reduce risk of cancer

Hydroxycinnamates Wheat Antioxidant-like activities; may 
reduce risk of degenerative 
diseases

Flavanols: Catechins, Tannins Tea (green, catechins), (black, 
tannins)

Neutralize free radicals; may 
reduce risk of cancer

(Continued)



Class/Components Source2 Potential Health Benefit

Flavanones Citrus Neutralize free radicals; may 
reduce risk of cancer

Flavones: quercetin Fruits/vegetables Neutralize free radicals; may 
reduce risk of cancer

Glucosinolates, Indoles, Isothiocyanates

Sulphoraphane Cruciferous vegetables (broccoli, 
kale), horseradish

Neutralizes free radicals; may 
reduce risk of cancer

Phenolics

Stilbenes—Resveratrol, Grapes May reduce risk of degenerative 
diseases; heart disease; cancer. 
May have longevity effect

Caffeic acid, Ferulic acid Fruits, vegetables, citrus Antioxidant-like activities; may 
reduce risk of degenerative 
diseases; heart disease, eye disease

Epicatechin Cacao Antioxidant-like activities; may 
reduce risk of degenerative 
diseases; heart disease

Plant Stanols/Sterols

Stanol/Sterol esterc Maize, soy, wheat, wood oils May reduce risk of coronary heart 
disease (CHD) by lowering blood 
cholesterol levels

Prebiotic/Probiotics

Fructans, Inulins, 
Fructo-oligosaccharides (FOS)

Jerusalem artichokes, shallots, 
onion powder

May improve gastrointestinal 
health

Lactobacillus Yogurt, other dairy May improve gastrointestinal 
health

Saponins Soybeans, soy foods, soy 
protein-containing foods

May lower LDL cholesterol; 
contains anti-cancer enzymes

Soybean Protein Soybeans and soy-based foods 25 g/day may reduce risk of heat 
disease

Phytoestrogens

Isoflavones—Daidzein, Genistein Soybeans and soy-based foods May reduce menopause 
symptoms, such as hot flashes, 
reduce osteoporosis, CVD

Lignans Flax, rye, vegetables May protect against heart disease 
and some cancers; may lower LDL 
cholesterol, total cholesterol, and 
triglycerides

  Table 3.2 Continued

(Continued)
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breeding strategies. Research to improve the nutritional quality of plants has histori-
cally been limited by a lack of basic knowledge of plant metabolism and the challenge of 
resolving complex interactions of thousands of metabolic pathways. A complementar-
ity of techniques both traditional and novel is needed to metabolically engineer plants 
to produce desired quality traits. Metabolic engineering is generally defined as the redi-
rection of one or more reactions (enzymatic and otherwise) to improve the production 
of existing compounds, to produce new compounds, or to mediate the degradation of 
undesirable compounds. It involves the redirection of cellular activities by the modifica-
tion of the enzymatic, transport, or regulatory functions of the cell. Significant progress 
has been made in recent years in the molecular dissection of many plant pathways and 
in the use of cloned genes to engineer metabolism.

Although progress in dissecting metabolic pathways and our ability to manipulate gene 
expression in GM plants has progressed apace, attempts to use these tools to engineer plant 
metabolism have not quite kept pace. Since the success of this approach hinges on the abil-
ity to change host metabolism, its continued development will depend critically on a far 
more sophisticated knowledge of plant metabolism, especially the nuances of intercon-
nected cellular networks, than currently exists. This complex interconnectivity is regularly 
demonstrated. Relatively minor genomic changes (point mutations, single-gene inser-
tions) following metabolomic analysis are regularly observed to lead to significant changes 
in biochemical composition (Bino et al. 2005; Davidovich-Rikanati et al. 2007; Long et al. 
2006). Giliberto et al. (2005) used a genetic modification approach to study the mecha-
nism of light influence on antioxidant content (anthocyanin, lycopene) in the tomato cul-
tivar Moneymaker. However, other genetic changes, which on the surface appear to be 
more significant, unexpectedly yield little phenotypical effect (Schauer and Fernie 2006).

Class/Components Source2 Potential Health Benefit

Sulfides/Thiols

Diallyl sulfide Onions, garlic, olives, leeks, 
scallions

May lower LDL cholesterol; helps 
to maintain healthy immune 
system

Allyl methyl trisulfide, 
Dithiolthiones

Cruciferous vegetables May lower LDL cholesterol; helps 
to maintain healthy immune 
system

Tannins

Proanthocyanidins Cranberries, cranberry products, 
cocoa, chocolate, black tea May improve urinary tract health

May reduce risk of CVD and high 
blood pressure

1  Examples are not an all-inclusive list.
2   U.S. Food and Drug Administration approved health claim established for component.

Modified from ILSI, 2004.

  Table 3.2 Continued
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Likewise, unexpected outcomes are often observed; for example, significant modifica-
tions made to primary Calvin cycle enzymes (fructose-1, 6-bisphosphatase, and phos-
phoribulokinase) have little impact, whereas modifications to minor enzymes (e.g., 
aldase, which catalyzes a reversible reaction) seemingly irrelevant to pathway flux, have 
major effects (Hajirezaei et al. 1994; Paul et al. 1995). These observations demonstrate that 
caution must be exercised when extrapolating individual enzyme kinetics to the control 
of flux in complex metabolic pathways. With evolving “omics” tools, a better understand-
ing of global effects of metabolic engineering on metabolites, enzyme activities, and 
fluxes is beginning to be developed. Attempts to modify storage proteins or secondary 
metabolic pathways have also been more successful than have alterations of primary and 
intermediary metabolism (Della Penna 2006). While offering many opportunities, this 
plasticity in metabolism complicates potential routes to the design of new, improved crop 
varieties. Regulatory oversight of engineered products has been designed to detect such 
unexpected outcomes in biotech crops and, as demonstrated by Chassy et al. (ILSI 2004, 
2008), existing analytical and regulatory systems are adequate to address novel metabolic 
modifications in nutritionally improved crops (Chassy, this volume).

A number of new approaches are being developed to counter some of the complex 
problems in metabolic engineering of pathways. Such approaches include use of RNA 
interference to modulate endogenous gene expression or the manipulation of transcrip-
tion factors (Tfs) that control networks of metabolism (Bruce et al. 2000; Butelli et al. 
2008; Gonzali et al. 2009; Kinney 1998). Such expression experiments hold promise as 
an effective tool for the determination of transcriptional regulatory networks for impor-
tant biochemical pathways. Correctly choreographing the many variables is the factor 
that makes metabolic engineering in plants so challenging.

Several new technologies can overcome the limitation of single-gene transfers and facili-
tate the concomitant transfer of multiple components of metabolic pathways. One example is 
multiple-transgene direct DNA transfer, which simultaneously introduces all the components 
required for the expression of complex recombinant macromolecules into the plant genome. 
Nicholson et al. (2005) successfully demonstrated this by delivering four transgenes that rep-
resent the components of a secretory antibody into rice; Carlson et al. (2007) constructed a 
minichromosome vector that remains autonomous from the plant’s chromosomes and stably 
replicates when introduced into maize cells. This work makes it possible to design minichro-
mosomes that carry cassettes of genes, enhancing the ability to engineer plant processes such 
as the production of complex biochemicals. Naqvi et al. (2009) demonstrated that gene trans-
fer using minimal cassettes is an efficient and rapid method for the production of transgenic 
plants stably expressing several different transgenes. Since no vector backbones are required, 
this prevents the integration of potentially recombinogenic sequences, which ensures stability 
across generations. They used combinatorial direct DNA transformation to introduce multi-
complex metabolic pathways coding for beta carotene, vitamin C, and folate. They achieved 
this by transferring five constructs controlled by different endosperm-specific promoters into 
white maize. Different enzyme combinations show distinct metabolic phenotypes, resulting in 
169-fold beta carotene increase, six times the amount of vitamin C, and doubling folate produc-
tion, effectively creating a multivitamin maize cultivar (Naqvi et al. 2009). This system has an 
added advantage from a commercial perspective in that these methods circumvent problems 
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with traditional approaches, which not only limit the amount of sequences transferred but also 
may disrupt native genes or lead to poor expression of the transgene. The result is thus to reduce 
both the numbers of transgenic plants that must be screened and the subsequent breeding and 
introgression steps required to select a suitable commercial candidate.

As demonstrated, “omics”-based strategies for gene and metabolite discovery, coupled 
with high-throughput transformation processes and automated analytical and functional-
ity assays, have accelerated the identification of product candidates. Identifying rate-limiting 
steps in synthesis could provide targets for modifying pathways for novel or customized 
traits. Targeted expression will be used to channel metabolic flow into new pathways, while 
gene-silencing tools will reduce or eliminate undesirable compounds or traits or switch off 
genes to increase desirable products (Davies 2007; Herman 2003; Liu 2002). In addition, 
molecular marker-based breeding strategies have already been used to accelerate the process 
of introgressing trait genes into high-yielding germplasm for commercialization. Table 3.1 
summaries the work being undertaken to date on specific applications in the previously listed 
categories. The following sections briefly review some examples under those categories.

Macronutrients: Protein

The FAO estimates that 850 million people worldwide suffer from undernutrition, of 
which insufficient protein in the diet is a significant contributing factor (FAO 2004, 
2011). Protein-energy malnutrition (PEM) is the most lethal form of malnutrition 
and affects every fourth child worldwide according to the World Health Organization 
(2006). Most plants have a poor balance of essential amino acids relative to the needs 
of animals and humans. The cereals (e.g., maize, wheat, rice) tend to be low in lysine, 
whereas legumes (soybean, peas) are often deficient in the sulfur-rich amino acids 
methionine and cysteine. Successful examples of improving amino acid balance to date 
include high-lysine maize (Eggeling et al. 1998; O’Quinn et al. 2000), canola, and soy-
beans (Falco et al. 1995). Consumption of foods made from these crops potentially can 
help prevent malnutrition in developing countries, especially among children.

One method of modifying storage protein composition is to introduce heterologous 
or homologous genes that code for proteins containing elevated levels of the desired 
amino acid such as sulfur containing methionine and cysteine or lysine. An interesting 
solution is to create a completely artificial protein containing the optimum number of 
the essential amino acids methionine, threonine, lysine, and leucine in a stable, helical 
conformation designed to resist proteases to prevent degradation. A number of inves-
tigators achieved this using a sweet potato modified with an artificial storage protein 
(ASP-1) gene (Prakash et al. 2000). These transgenic plants exhibited a two- and fivefold 
increase in the total protein content in leaves and roots, respectively, over that of control 
plants. A significant increase in the level of essential amino acids such as methionine, 
threonine, tryptophan, isoleucine, and lysine was also observed (ILSI 2008; Prakash 
et al. 2000). A key issue is to ensure that total amount and composition of storage pro-
teins is not altered to the detriment of the development of the crop plant when attempt-
ing to improve amino acid ratios (Rapp et al. 2002).

 



82   Martina Newell-McGloughlin

Some novel indirect approaches have also been taken to improve protein content. 
Uauy et al. (2006) “rescued” an ancestral wheat allele that encodes a transcription factor 
(NAM-B1) to accelerate senescence and increase nutrient remobilization from leaves to 
developing grains (modern wheat varieties carry a nonfunctional allele). Reduction in 
RNA levels of the multiple NAM homologs by RNA interference delayed senescence by 
more than three weeks and reduced wheat grain protein, zinc, and iron content by more 
than 30%. Young et al. (2004) used yet another approach to indirectly increase protein 
and oil content. With a bacterial cytokinin-synthesizing isopentenyl transferase (IPT) 
enzyme, under the control of a self-limiting senescence-inducible promoter, they were 
able to block the loss of the lower floret resulting in the production of just one kernel 
composed of a fused endosperm with two viable embryos. The presence of two embryos 
in a normal-sized kernel leads to displacement of endosperm growth, resulting in ker-
nels with an increased ratio of embryo to endosperm content. The end result is maize 
with more protein and oil and less carbohydrate (ILSI 2008; Young et al. 2004).

Macronutrients: Fiber and Carbohydrates

Fiber is a group of substances chemically similar to carbohydrates that nonruminant 
animals including humans poorly metabolize for energy or other nutritional uses. Fiber 
provides bulk in the diet such that foods rich in fiber offer satiety without contribut-
ing significant calories. Current controversies aside, there is ample scientific evidence 
to show that prolonged intake of dietary fiber has various positive health benefits, espe-
cially the potential for reduced risk of colon and other types of cancer.

Recent microbiome twin studies by Jeff Gordon addressing the interrelationships 
between diet and gut microbial community structure/function indicated that differ-
ences in our gut microbial ecology affect our predisposition to obesity or malnutrition 
and that diet rather than applied probiotics was the single most important characteriza-
tion of gut health (Turnbaugh 2009). These studies involved characterization of the gut 
microbiota and microbiome of twins who were concordant or discordant for malnutri-
tion, were living in several developing countries, and were sampled just prior to, during, 
and after treatment with various dietry inputs.

When such colonic bacteria (especially Bifidobacteria) ferment dietary fiber or other 
unabsorbed carbohydrates, the products are short-chain saturated fatty acids. They may 
enhance absorption of minerals such as iron, calcium, and zinc; induce apoptosis, thus 
preventing colon cancer; and inhibit 3-hydroxy-3-methylglutaryl coenzyme-A reduc-
tase (HMG-CoAR), thus lowering low-density lipoprotein (LDL) production (German 
2005). Plants are effective at making both polymeric carbohydrates (e.g., starches and 
fructans) and individual sugars (e.g, sucrose and fructose). The biosynthesis of these 
compounds is sufficiently understood to allow the bioengineering of their properties 
and to engineer crops to produce polysaccharides not normally present. Polymeric car-
bohydrates such as fructans have been produced in sugar beet and inulins and amy-
lase (resistant starch) in potato (Hellwege et al. 2000) without adverse affects on growth 
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or phenotype. A similar approach is being used to derive soybean varieties contain-
ing some oligofructan components that selectively increase the population of benefi-
cial species of bacteria in the intestines of humans and certain animals and that inhibit 
growth of harmful ones (Bouhnik 1999).

Macronutrients: Novel Lipids

Genomics, specifically marker-assisted plant breeding, combined with recombinant 
DNA technology provide powerful means for modifying the composition of oilseeds 
to improve their nutritional value and provide the functional properties required for 
various food oil applications. Genetic modification of oilseed crops can provide an 
abundant, relatively inexpensive source of dietary fatty acids with wide-ranging health 
benefits. Production of such lipids in vegetable oil provides a convenient mechanism 
to deliver healthier products to consumers without requiring them to make signifi-
cant dietary changes. Major alterations in the proportions of individual fatty acids have 
been achieved in a range of oilseeds using conventional selection, induced mutation, 
and, more recently, post-transcriptional gene silencing. Examples of such modified 
oils include low- and zero-saturated fat soybean and canola oils, canola oil contain-
ing medium-chain fatty acids (MCFA) whose ergogenic potential may have appli-
cation in LDCs, high stearic acid canola oil (for trans fatty acid-free products), high 
oleic acid (PUFA), λ-linolenic (GLA; 18:3 n-6) stearidonic acids (SDA; C18:4 n-3), 
very-long-chain fatty acids (Zou, 1997), and omega-3 fatty acids (Yuan and Knauf 
1997). These modified oils are being marketed, and many countries have a regulatory 
system in place for the premarket safety review of novel foods produced through con-
ventional technology.

Edible oils rich in monounsaturated fatty acids provide improved oil stability, flavor, 
and nutrition for human and animal consumption. High-oleic soybean oil is naturally 
more resistant to degradation by heat and oxidation and thus requires little or no postre-
fining processing (hydrogenation), depending on the intended vegetable oil application. 
Oleic acid (18:1), a monounsaturate, can provide more stability than the polyunsaturates 
linoleic (18:2) and linolenic (18:3). Antisense inhibition of oleate desaturase expression 
in soybean resulted in oil that contained > 80% oleic acid (23% is normal) and had a sig-
nificant decrease in PUFA (Kinney and Knowlton, 1998). Dupont has introduced soy-
bean oil composed of at least 80% oleic acid and linolenic acid of about 3% and over 20% 
less saturated fatty acids than commodity soybean oil. Monsanto’s Vistive contains less 
than 3% linolenic acid, compared with 8% for traditional soybeans. This results in more 
stable soybean oil and less need for hydrogenation. The genetically modified version 
Vistive gold (MON 87705) is engineered to reduce linolenic acid content by suppressing 
FATB and FAD2, endogenous enzymes that play a role in the biosynthesis of fatty acids. 
This alteration more than triples oleic acid content, raising it from approximately 20% 
to 70% of all fatty acids, and reduces the levels of linoleic acid, stearic acid, and palmitic 
acid present in seeds (Vistive Gold Soybeans 2011).
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A key function of α-linolenic acid (ALA) is as a substrate for the synthesis of 
longer-chain ω-3 fatty acids found in fish, eicosapentaenoic acid (EPA; C20:5n-3) and 
docosahexaenoic acid (DHA; C22:6n-3) which play an important role in the regulation 
of inflammatory immune reactions and blood pressure, brain development in utero, 
and, in early postnatal life, the development of cognitive function. Stearidonic acid 
(SDA; C18:4n-3), EPA, and DHA also possess anti-cancer properties (Christensen et al. 
1999; Reiffel and McDonald 2006; Smuts 2003). Research indicates that the ratio of n-3 
to n-6 fatty acids may be as important to health and nutrition as the absolute amounts 
present in the diet or in body tissues. Current Western diets tend to be relatively high 
in n-6 fatty acids and relatively low in n-3 fatty acids. Production of a readily available 
source of long-chain-PUFA, specifically ω-3 fatty acids, delivered in widely consumed 
prepared foods could deliver much needed ω-3-fatty acids to large sectors of the popu-
lation with skewed n-6:n-3 ratios. In plants, the microsomal ω-6 desaturase-catalyzed 
pathway is the primary route of production of polyunsaturated lipids. Ursin et al. (2000, 
2003) has introduced the Δ-6 desaturase gene from a fungus (Mortierella) succeeding in 
producing ω-3 in canola. In subsequent work the same gene was added to soybean, and 
transgenic soybean oil was obtained containing greater than 23% SDA. It had an overall 
n-6:n-3 ratio of 0.5, which the body converts to heart-healthy EPA, one of three omega-3 
fatty acids used by the body. This product is now being developed for commercialization 
by Monsanto (SDA 2011).

However, not all omega-6 fatty acids are created equal. Gamma linolenic acid (GLA, 
C18:3n-6) is an omega-6 fatty acid with health benefits similar and complementary 
to the benefits of omega-3 fatty acids including anti-inflammatory effects, improved 
skin health, and weight loss maintenance (Schirmer et al. 2007). Arcadia has engi-
neered GLA safflower oil with up to 40% GLA, essentially quadrupling the levels 
obtained in source plants such as evening primrose and borage (Arcadia Biosciences, 
2008). Structural lipids also have positive health benefits. For example, in addition to 
their effect in lowering cholesterol, membrane lipid phytosterols have been found to 
inhibit the proliferation of cancer cells by inducing apoptosis and G1/S cell cycle arrest 
through the HMG-CoAR as noted already (Awad 2000). In addition, specialty oils 
may also be developed with further pharmaceutical and chemical feedstock applica-
tions in mind.

Micronutrients: Vitamins and Minerals

Even mild levels of micronutrient malnutrition may damage cognitive develop-
ment and lower disease resistance in children and increase incidences of childbirth 
mortality (UN SCN, 2004). The costs of these deficiencies, in terms of diminished 
quality of life and lives lost, are large (Pfeiffera and McClafferty 2007). Such defi-
ciencies prevent children from reaching their full potential as adults; malnutrition, 
especially during the one thousand days between conception and age two, can lead 
to irreversible physical stunting and cognitive impairment. But children who are well 

 



Genetically Improved Crops   85

nourished are able to grow, learn, and prosper. They achieve more in school, are bet-
ter able to survive illnesses, and tend to earn more as adults (Kraemer 2012). The 
clinical and epidemiological evidence is clear: select minerals (iron, calcium, sele-
nium, and iodine) and a limited number of vitamins (folate and vitamins E, B6, and 
A) play a significant role in maintenance of optimal health and are limiting in diets 
(Asensi-Fabado 2010).

As with macronutrients, one way to ensure an adequate dietary intake of nutri-
tionally beneficial phytochemicals is to adjust their levels in plant foods. Using vari-
ous approaches, including genomics, vitamin E levels are being increased in several 
crops, including soybean, maize, and canola. In addition, rice varieties are being 
developed with the enhanced vitamin A precursor β-carotene to address this vitamin 
deficiency that leads to macular degeneration and impacts development. Golden 
Rice II accumulates up to 37 μg β-carotene per gram of rice (23-fold more than the 
original). This β-carotene has been shown to be bioavailable in sufficient amounts 
that 100 to 200 g per day can provide adequate provitamin A to ameliorate against 
deficiency (Tang et al. 2009). A number of other staple crops on which many depend 
almost exclusively for calories have been produced enriched in β-carotene, including 
maize and cassava (Harjes et al. 2008; Welsch et al. 2010; Yan et al. 2010). The latter is 
being field tested in Nigeria.

Ameliorating another major deficiency common in LDCs—iron—has also been 
addressed. Iron is the most commonly deficient micronutrient in the human diet, and 
iron deficiency affects an estimated 1 to 2 billion people. Anemia, characterized by low 
hemoglobin, is the most widely recognized symptom of iron deficiency, but there are 
other serious problems such as impaired learning ability in children, increased suscep-
tibility to infection, and reduced work capacity. Drakakaki et al. (2005) demonstrated 
endosperm-specific co-expression of recombinant soybean ferritin and Aspergillus 
phytase in maize, which resulted in significant increases in the levels of bioavailable 
iron. A similar end was achieved with lettuce (Goto et al. 2000).

A rather interesting approach was taken by Connolly et al. (2008) to increase the lev-
els of calcium in crop plants by using a modified calcium/proton antiporter known as 
short cation exchanger 1 (sCAX1) to increase Ca transport into vacuoles. They also dem-
onstrated that consumption of such Ca-fortified carrots results in enhanced Ca absorp-
tion. This demonstrates the potential of increasing plant nutrient content through 
expression of a high-capacity transporter and illustrates the importance of demon-
strating that the fortified nutrient is bioavailable. Other targets include folate-enriched 
tomatoes and isoflavonoids (DellaPenna 2007; Yonekura-Sakakibara and Saito 2007).

Micronutrients: Phytochemicals

The primary evidence for the health-promoting roles of phytochemicals comes from 
epidemiological studies, and the exact chemical identity of many active compounds 
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has yet to be determined. However, for select groups of phytochemicals, such as 
non-provitamin A carotenoids, glucosinolates, and phytoestrogens, the active com-
pound or compounds have been identified and rigorously studied. Epidemiologic 
studies have suggested a potential benefit of the carotenoid lycopene in reducing the 
risk of prostate cancer, particularly the more lethal forms of this cancer. Five stud-
ies support a 30% to 40% reduction in risk associated with high tomato or lycopene 
consumption in the processed form in conjunction with lipid consumption, although 
other studies with raw tomatoes were not conclusive (Giovannucci 2002). Since carot-
enoids are lipid soluble and cooking breaks down carotenoid binding proteins, this 
is not an unexpected outcome. A study by Mehta et al. (2002) to modify polyamines 
to retard tomato ripening found an unanticipated enrichment in lycopene with lev-
els up by 2 to 3.5-fold compared with conventional tomatoes. This approach may 
work in other fruits and vegetables. Flavonoids meanwhile are soluble in water, and 
foods containing both water-soluble and fat-dissolved antioxidants are considered to 
offer the best protection against disease. Anthocyanins offer protection against cer-
tain cancers, cardiovascular disease, and age-related degenerative diseases. There 
is evidence that anthocyanins also have anti-inflammatory activity, promote visual 
acuity, and hinder obesity and diabetes. Both Gonzali et al. (2009) and Butelli et al. 
(2008) used snapdragon transcription factors to achieve high-level expression of the 
reactive oygen scavengers, anthocyanins, in tomatoes. In a pilot test, the life span of 
cancer-susceptible mice (p53 mutants) was significantly extended when their diet was 
supplemented with the purple tomatoes compared to supplementation with normal 
red tomatoes.

Other phytochemicals of interest include related polyphenolics such as resveratrol, 
which has been demonstrated to inhibit platelet aggregation and eicosanoid synthe-
sis in addition to protecting the sirtuins, genes implicated in DNA modification and 
life extension; flavonoids, such as tomatoes expressing chalcone isomerase that show 
increased contents of the flavanols rutin and kaempferol glycoside; glucosinolates 
and their related products such as indole-3 carbinol (I3C); catechin and catechol; iso-
flavones, such as genistein and daidzein; anthocyanins; and some phytoalexins. Table 
3.1 summarizes activities in improving nutritional characteristics of various crops 
worldwide. A comprehensive list of phytochemicals is provided Table 3.2. To reiterate, 
although there is a growing knowledge base indicating that elevated intakes of specific 
phytochemicals may reduce the risk of diseases, such as certain cancers, cardiovascular 
diseases, and chronic degenerative diseases associated with aging, further research and 
epidemiological studies are still required to prove definitive relationships.

Fighting Plants Fighting Back

Plants deploy many defense strategies to protect themselves from predators. Many, such 
as resveratrol and glucosinate, which are primarily pathogen-protective chemicals, also 
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have demonstrated beneficial effects for human and animal health. Many, however, 
have the opposite effect. For example, phytate, a plant phosphate storage compound, 
is considered an antinutrient as it strongly chelates iron, calcium, zinc, and other diva-
lent mineral ions, making them unavailable for uptake. Nonruminant animals generally 
lack the phytase enzyme needed for digestion of phytate. Poultry and swine produc-
ers add processed phosphate to their feed rations to counter this. Excess phosphate is 
excreted into the environment resulting in water pollution. When low-phytate soybean 
meal is utilized along with low-phytate maize for animal feeds, the phosphate excre-
tion in swine and poultry manure is halved. A number of groups have added heat- and 
acid-stable phytase from Aspergillus fumigatus inter alia to make the phosphate and lib-
erated ions bioavailable in several crops (Potrykus 1999). To promote the reabsorption 
of iron, a gene for a metallothionein-like protein has also been engineered. Low-phytate 
maize was commercialized in the United States in 1999 (Wehrspann 1998).

In November 2009, the Chinese company Origin Agritech announced the final 
approval of the world’s first genetically modified phytase-expressing maize (Han 2009). 
Research indicates that the protein in low-phytate soybeans is also slightly more digest-
ible than the protein in traditional soybeans. In a poultry feeding trial, better results 
were obtained using transgenic plant material than with the commercially produced 
phytase supplement (Keshavarz, 2003). Poultry grew well on the engineered alfalfa diet 
without any inorganic phosphorus supplement, which shows that plants can be tailored 
to increase the bioavailability of this essential mineral. A Danish group achieved a simi-
lar effect, where temperature-tolerant phytase resisted boiling (Brinch-Pedersen 2006).

As noted previously, JR Simplot has created one of the first output products to be sub-
mitted for non-regulated status, a potato with three specific modification for quality 
improvement.

The three modified traits are important from a commercial perspective as they greatly 
improve the quality of the potato, making it more appealing to both producers and 
consumers. The first of those traits, reduced black spot from bruising and browning, is 
achieved through RNAi suppression of polyphenol oxidase (PPO), effectively limiting 
oxidation by silencing the endogenous PPO gene. Not only is this more appealing for 
the consumer, but it will also help reduce waste for growers since fewer potatoes will be 
discarded.

The second trait is a reduction in reducing sugars through down-regulation of phos-
phorylase and starch associated genes, slowing the conversion to sucrose and fructose, 
which provides potatoes with a consistent golden color that results in improved taste 
and texture qualities. The third trait is suppression of asparagine through expression of 
asparagine synthetase-1, which reduces the potential for the formation of acrylamide by 
80%. The latter is created when potatoes are cooked at high temperatures. By reducing 
the levels of these sugars and asparagine in stored potatoes, they can significantly lower 
the levels of acrylamide in the food. Accordingly, this modification improves not just the 
quality but also the safety of the potato by reducing levels of this toxic chemical.

Other antinutrients that are being examined as possible targets for reduction are tryp-
sin inhibitors, lectins, and several heat-stable components found in soybeans and other 
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crops. Likewise, strategies are being employed to reduce or limit food allergens (e.g., 
albumins, globulins), malabsorption and food intolerances (gluten), and toxins (gly-
coalkaloids, cyanogenic glucosides, phytohemagglutinins) in crop plants and aesthet-
ics undesirables such as caffeine (Ogita 2003). Examples include changing the levels of 
expression of the thioredoxin gene to reduce the intolerance effects of wheat and other 
cereals (Buchanan 1997) and using RNAi to silence the major allergen in soybeans (P34 
a member of the papain superfamily of cysteine proteases) and rice (14-16 kDa aller-
genic proteins). Blood serum tests indicate that p34-specific IgE antibodies could not be 
detected after consumption of gene-silenced beans (Helm 2000; Herman 2003).

Modern biotech approaches can be employed to down-regulate or even eliminate the 
genes involved in the metabolic pathways for the production, accumulation, or activa-
tion of these toxins in plants. For example, the solanine content of potato has already 
been reduced substantially using an antisense approach, and efforts are under way to 
reduce the level of the other major potato glycoalkaloid, chaconine (McCue et al. 2003). 
Work has also been done to reduce cyanogenic glycosides in cassava through expres-
sion of the cassava enzyme hydroxynitrile lyase in the roots (Siritunga and Sayre 2003). 
When “disarming” plants natural defenses in this way one must be aware of potentially 
increased susceptibility to pests, diseases, and other stressors, so the recipient germ-
plasm should have input traits to counter this outcome.

Prospects for Crop Biotechnology

Improvement of crop nutritional quality is a technical challenge hampered by a lack of 
basic knowledge of plant metabolism and the need to resolve the complexity of inter-
secting networks of thousands of metabolic pathways. With the tools now available 
through the field of genomics, proteomics, lipomics, glycobiomics, metabolmics, and 
bioinformatics, we have the potential to study and manipulate genes and pathways 
at the metalevel and simultaneously to study the expression and interaction of trans-
genes on tens of thousands of endogenous genes. With these newly evolving tools we 
are beginning to dissect the global effects of metabolic engineering on metabolites, 
enzyme activities, and fluxes. For essential macro- and micronutrients that are limit-
ing in various regional diets, the strategies for improvement are clear, and the concerns 
such as pleiotropic effects and safe upper limits are easily addressed. However, for many 
putative health-promoting phytochemicals, clear links with health benefits are yet to be 
demonstrated. In addition, one must be careful when extrapolating attributes from an 
individual substance acting independently to that substance acting within a complex 
milieu. But if such links can be established, it will make it possible to identify the precise 
compound or compounds to target and which crops to modify to achieve the greatest 
nutritional impact and health benefit. With rapidly emerging technologies, the increase 
in our understanding of and ability to manipulate plant metabolism during the com-
ing decades should place plant researchers in the position of being able to modify the 
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nutritional content of major and minor crops to improve many aspects of human and 
animal health and well-being.

Barriers to Introduction

Commercialization of the first generation of products of recombinant DNA technol-
ogy was another facet in a long history of human intervention in nature for agricultural 
and food production purposes (see McHughen, this volume). There is almost universal 
agreement that innovation is essential for sustaining and enhancing agricultural quality 
and productivity. There also would be general concurrence that this involves on some 
level new, science-based products and processes that contribute reliable methods for 
improving quality, productivity, and environmental sustainability. Most of the inno-
vative technologies used in modern agriculture have created little controversy or even 
notice by consumers, with the partial exception of the Green Revolution in plant breed-
ing for nitrogen response (Harriss and Stewart, this volume). To most producers and 
academic and industrial researchers, biotechnology is seen as offering a new dimension 
to innovation, providing efficient and cost-effective means to produce a diverse array of 
value-added products and tools. To others it represents an unnecessary, and for some 
unnatural, risk at a broad level to our food system and environment and at a very fun-
damental level a risk to our way of life or code of beliefs (see Shome, Chappell, this vol-
ume). Because of the globalization and democratization of knowledge afforded by the 
Internet, the cult of the amateur noted by Trewavas (2008) often accords in both society 
and politics equal weight to uninformed opinions as to established science.

Given the current regulatory climate for agricultural biotechnology, it is difficult to 
imagine many of the previously described traits ever reaching the marketplace. Most 
of the crops approved to date demonstrate that the deregulation process is prohibitive 
for everyone except well-financed companies whose focus is primarily the large com-
modity crops, as discussed previously. Just one trait from a public institution has suc-
cessfully traversed the regulatory minefields and been translated into a commercially 
viable commodity: the viral coat protein protection system initially developed for the 
papaya ringspot virus pandemic in Hawaii. Papaya is a major tropical fruit crop in the 
Asian region. However, production in many countries is set back by the prevalence of 
the PRSV disease as well as postharvest losses. The PRSV-resistant papaya, based on 
RNAi suppression of the coat protein expression, literally saved the US$17  million 
papaya economy in Hawaii. Though the disease is of significant importance in Taiwan 
and other southeast Asian countries, the trait has yet to be approved (see Evanega and 
Lynas, this volume).

Rather interestingly it has been reported anecdotally that organic papaya growers 
now surround their plots with the transgenic rainbow variety as the PTGS system proves 
to be a most effective method to reduce the viral reservoir thus protecting susceptible 
varieties through a mechanism that is similar to herd immunity in mammalian systems. 
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The late blight resistant potatoes discussed above could feasibly provide the same coop-
erative resistance for organic potato farmers in Europe but, since BASF have pulled their 
production in the EU this cannot now be demonstrated. Research by Hutchison et al. 
(2010) interestingly demonstrates a variation of this halo effect for Bt maize. As noted, to 
mitigate against the evolution of resistance growers are required to maintain a 20% refu-
gia of non-Bt maize. Despite predictions that this single gene protection may select for 
the development of resistant in corn borer larvae on maize or bollworm in cotton it has 
proven to be remarkably resilient. While some resistance has arisen most specifically 
in the latter where a mutation in the cadherin receptor has led to localized resistance, 
it is much lower than might be expected given the extent of usage of the Bt phenotype. 
Actually while mutations providing small decreases in susceptibility to Bt proteins are 
relatively common, those conferring sufficient resistance to enable survival on some 
types of Bt corn are exceedingly rare. Hutchison (2010) has demonstrated that this has 
led to cumulative benefits over 14 years of between $3.2 and $3.6 billion with $1.9 to $2.4 
billion of this total accruing to non-Bt maize growers. They postulate that these results 
affirm theoretical predictions of pest population suppression and highlight economic 
incentives for growers to maintain non-Bt maize refugia for sustainable insect resis-
tance management. While initially these refugia were required to be in specified plots 
it has been put forward that mixing Bt and non-Bt maize grain during planting may 
be an equally effective management strategy. However this effect is disputed by some 
entomologists. Again enforcement of these requirements had been relatively easy in the 
developed world; to do so in some regions may prove more challenging.

The obdurate attitude of the EU has consequences beyond the obvious economic. 
A case in point is the BASF’s decision to pull the Fortuna potato as cited above. Now 
instead of adopting the GM Fortuna cultivar and the subsequent reduction of the use 
of harmful chemicals, European farmers must rely on the continued use of fungicides 
which are some of the least friendly biocontrol chemicals. Ironically, as noted, this 
choice obstructs further expansion of organically produced potatoes and tomatoes 
because adopting the GM Fortuna cultivar in “conventional” agriculture could have 
led to reduced disease pressures benefitting alternative farming systems (Dixelius et al. 
2012). In addition, as a major consumer of potatoes the EU will now become increas-
ingly dependent on import from other regions, as they inevitably lose the battle against 
P. infestans. Over time these imported potatoes are likely to be GM Fortuna so Europe is 
still left with the problem of tackling political resistance against it or any other GM crop.

While translation of biotech research into field crops is a challenge in the European 
Union (EU) and even the United States, it is more difficult in LDCs. A problem fac-
ing Africa in particular is the lack of a dynamic private sector to take technologies to 
the farmer. It has also been estimated that regulatory costs exceed the costs of research 
and experimentation needed to develop a given GM crop, which is a major problem 
in releasing such crops to farmers. A way to reduce the costs of generating food and 
environmental safety data is to develop regional “centers of excellence” with comple-
mentary facilities for biosecurity compliance. This can be done reliably and could help 
with reduction of regulatory costs. The economic gains from using genetically modified 
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crop technology in sub-Saharan Africa are potentially large according to the World 
Bank Group (Anderson 2005). The results suggest that the welfare gains are potentially 
very large, especially from golden rice (beta carotene–enhanced rice) and nutritionally 
enhanced GM wheat and that those benefits are diminished only slightly by the pres-
ence of the European Union’s current ban on imports of GM foods. Using the global 
economy-wide computable general equilibrium model known as the Global Trade 
Analysis Project, Anderson et al. (2005) specifically noted that if sub-Saharan African 
countries impose bans on GM crop imports in deference to EU market demand for 
non-GM products, the domestic consumer net loss from that protectionism would 
be more than the small gain derived from greater market access to the EU (see also 
Anderson, this volume).

In December 2012 FAO’s Director-General, José Graziano da Silva, noted that food 
insecurity in Africa’s Sahel region is closely linked to peace and stability, and he stressed 
that short-term humanitarian efforts in the Sahel needed to be replaced with longer-
term development (Da Silva, 2012). Apart from the suggested implication of food and 
agricultural markets as being one of the trigger factors in catalyzing the “Arab Spring”, 
the most recent global food crisis was in 2008 and as noted we may be facing an even 
greater one in 2013. During this crisis, which was erroneously laid disproportion-
ately on the shoulders of biofuel production, most especially grain ethanol, the Gates 
Foundation announced $306 million in grants to boost agricultural yields in the devel-
oping world, with nearly $165 million to replenish depleted soils in Africa. As noted by 
US News and World Report, these efforts are not without controversy as they charge that 
critics consider that western philanthropists are violating African “food sovereignty” 
and promoting America at the expense of peasant farmers knowledgeable about local 
practices (Lavelle et al. 2008). But local practices have yielded scarcity. A farmer in 
India grows three to four times as much food on the same amount of land as a farmer in 
Africa; a farmer in China, roughly seven times as much.

Florence Wambugu (1999, 16) of Kenya states that the great potential of biotechnol-
ogy to improve agriculture in Africa lies in its “packaged technology in the seed,” which 
ensures technology benefits without changing local cultural practices. Golden rice is a 
seminal example of this contention. Incorporation of beta carotene into rice cultivars 
and widespread distribution of this packaged technology in the seed could prevent 
one to two million deaths each year. Wambugu observes that in the past many foreign 
donors funded high-input projects, which have not been sustainable because they 
have failed to address social and economic issues such as changes in cultural practice. 
Ismail Serageldin, former chair of the Consultative Group on International Agricultural 
Research, likewise notes that, a priori, biotechnology could contribute to food secu-
rity by helping to promote sustainable agriculture centered on smallholder farmers 
in developing countries. Calestous Juma (2012) highlights that Africa’s precautionary 
approaches to biotechnology are not only misguided but also expose the continent to 
long-term political risks. Juma maintains that biotechnology is not simply a matter of 
rhetorical debate guided by short-term interests but is also central to how African coun-
tries define their place in the global knowledge ecology.
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Problems cited for the slow passage of GM crops from experimental to trial to com-
mercial stage include the lack of capacity to negotiate licenses to use genes and research 
techniques patented by others, especially for crops with export potential. In addition, 
there are difficulties in meeting regulatory requirements and a lack of effective public 
commercialization modalities and working extension networks. Biosafety regulations 
still have to be enforced in many countries for an effective and purportedly safe use of 
genetically engineered crops, especially if their production is meant for the export mar-
ket, whether or not there is evidence of hazard. Intellectual property rights continue to 
be a significant barrier in some regions and for some technologies. If the public sector is 
going to contribute in tangible ways to technological approaches for food security, the 
public research system needs to be optimized for translation in this arena.

Therefore, the actual commercialization of biotech products may have less to do with 
technical limitations and more to do with external constraints, primarily the process of 
regulatory approval. The flagship of improved nutritional varieties—namely, beta caro-
tene–enhanced rice, commonly referred to as golden rice—despite being under con-
sideration since the late 1990s and subject to a barrage of risk assessments will not be 
approved until 2014 at the earliest. Ingo Potrykus, the developer, claims that an unrea-
sonable amount of testing has been required without scientific justification. In a 2010 
Nature article he laid the blame solely at the door of the regulatory process: “I therefore 
hold the regulation of genetic engineering responsible for the death and blindness of 
thousands of children and young mothers.”

Future Directions

As agriculture must adapt to rapidly changing needs and growing conditions, we must 
become more effective at producing more on less with limited resources. Only the tools 
of biotechnology will allow us to bypass physiological and environmental limitations to 
produce sufficient food, feed, fuels, and fiber on ever diminishing arable land to meet ever 
increasing demand. Some challenges going forward are technical, as we strive to modify 
qualitative (as opposed to quantitative) traits and intricate metabolic pathways and net-
works (as opposed to single genes), and the scientific hurdles are not trivial. However, with 
the tools now coming online in the fields of genomics, proteomics, metabolomics, and bio-
informatics, there is genuinely new potential. For example, tools such as next-generation 
sequencing, RNAi, transcription factors, transcription activator-like effector nucle-
ases, mini-chromosomes, combinatorial transformation, epigenetic modification, net-
work engineering, and systems biology will allow us to apply both reductive and holistic 
approaches to identify, modify, introgress, and subsequently simultaneously study the 
expression and interaction of transgenes on tens of thousands of endogenous genes in elite 
germplasm backgrounds. With these newly evolving tools, we are beginning to dissect 
the global effects of metabolic engineering on metabolites, enzyme activities, and fluxes. 
With rapidly emerging technologies, the increase in our understanding of and ability to 
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manipulate plant metabolism during the coming decades should enable plant researchers 
to modify crop traits to respond to the diversity of needs, from minimizing environmental 
impact to optimizing productivity and quality output.

Yet this potential is subject to constraints discussed in the previous section. 
Nontechnical limitations include the following:  (1)  intellectual property restrictions, 
which may limit translation of public research if not managed judiciously; (2) liability 
concerns over use, abuse, or misuse of constructs; (3) prohibitive and asymmetric bio-
safety regimes; and (4) public acceptance. The latter two in many ways are the most dif-
ficult to overcome, as they have little basis in rational process and thus—like much of 
politics—are difficult to redress. The two are interrelated: biosafety is a function of how 
the public perceives risk, reflecting in part how positions are presented by the opposing 
political factions (see Chassy, this volume). Emotion and fear often trump reasoned and 
judicious scientific rationale for risk analysis. Indeed, the actual commercialization of 
biotech products may have little to do with technical limitations and more to do with 
these external constraints. As a noted case in point, the flagship of improved nutritional 
varieties, namely, beta carotene–enhanced golden rice, despite being under consider-
ation since the late 1990s still awaits appearance in the fields of farmers.

In the final analysis resources are finite, and true sustainability can come only from 
the development of resource-enhancing technologies. Yet many who profess sustain-
ability as a political objective are, on occasion, the very ones who oppose the develop-
ment and application of those tools that can help to ensure sustainability. The only sure 
way to confirm food security and protect the planet’s resources is to refuse to settle into 
the complacency of maintaining the status quo and to engage in continual, constructive 
change based on scientific know-how.
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Chapter 4

Agroecolo gical 
Intensification of 

Smallholder Farming

Rebecca Nelson and Richard Coe

Introduction

The food price crisis of 2007 focused the attention of scientists, policy bodies, activists, 
and corporations on the precarious state of global food production systems. Major jour-
nals have dedicated special issues to food security. Science magazine dedicated a spe-
cial issue to the subject of food security on February 12, 2010, and Nature’s special issue 
of July 28, 2010 asked “Can Science Feed the World?” The Economist recently featured 
cover stories on food security several times, and in 2011 Foreign Policy had a first-ever 
“food issue” titled “Inside the Geopolitics of a Hungry Planet.” The problems that 
threaten the productivity and stability of agriculture are hardly new, however; climate 
challenges, energy prices, and degrading agrobiological resources have long afflicted 
smallholder farmers.

Agricultural systems are required not only to produce food, but also to provide live-
lihoods for millions of resource-limited smallholder farmers. In most countries, the 
majority of people participate in agriculture (World Bank 2007). Most of the poorest 
billion people (70 percent) rely on agriculture for their livelihoods. Agriculture, as the 
major use of managed land globally, also has to contribute to the maintenance of ecosys-
tems and the provision of ecosystem services. Agricultural systems are failing on a grand 
scale, however, and ecosystem services are in critical decline (Millenium Ecosystems 
Assessment 2005). In addition, nearly a billion people are currently undernourished, 
and the global population is expected to increase from seven to nine billion by 2050 
(Bongaarts 2009).

While there is a general consensus that there is a need to increase food production 
and improve rural livelihoods without further undermining the earth’s productive 
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capacity, there is diversity of opinion on how this may be best achieved. Much of the 
increased productivity attained in Africa over recent decades has relied upon increasing 
the land area utilized, but there are few remaining opportunities to expand agricultural 
areas without conflict and excessive environmental damage (Young 1999; Balmford et al. 
2012). Thus it is generally agreed that some sort of intensification is essential (Pretty et al. 
2011). Increased production per unit area has historically been driven by technology 
change, much of it dependent on cheap fossil fuel inputs. The concept of intensification 
is often assumed to refer to the increased use of purchased inputs, such as improved 
seed, fertilizer, and irrigation to produce higher crop yields. It is, however, possible to 
intensify production based on an increased use of ecological knowledge and practices, 
or on a combination of ecological practices and purchased inputs. The outputs can be 
measured in terms of higher yields, but metrics can also include ecosystems services, 
nutrition, and livelihoods. Contemporary development discourse reflects these alterna-
tives. In this chapter we examine what this means for smallholder farmers in developing 
countries, and for the systems that support them.

Alternative Trajectories and 
Strategies for Achieving Them

From the most simplistic point of view, three types of trajectories can be described for 
agricultural systems:  those in which performance is being degraded (those follow-
ing degenerative pathways), those in which performance is stable, and those in which 
performance is sustainably improving (those on regenerative pathways). How “per-
formance” is defined is critical; that issue will be addressed below. The natural endow-
ments, history, pressures, and constraints differ across systems, so in reality an infinite 
number of trajectories could be described. Research and development efforts aim to 
identify practical opportunities to nudge trajectories in a way that improves the perfor-
mance of these systems.

Unfortunately, many of the world’s farming systems are on degenerative trajecto-
ries, in which the basic agro-resources of soil, water, and genetic resources are being 
eroded. The Millennium Ecosystem Assessment determined that 40 percent of farm-
land is being critically degraded (Millenium Ecosystem Assessment 2005). Even many 
of the best-endowed African agroecosystems are under sufficient population pressure 
that their productivity has been compromised or is likely to be negatively affected in 
the near future (MacIntyre et al. 2009). Degradation of agricultural resources can be 
the consequence of intensification: irrigation can lead to groundwater depletion and to 
salinization; reduction in fallows can lead to reduced soil fertility; the overuse of chemi-
cal inputs can lead to pollution and to pest outbreaks; and tillage can lead to soil erosion. 
Degradation can also result from neglect. When inputs are not provided and fallows are 
shortened or eliminated, for example, soil fertility can be exhausted. When agriculture 
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is extended to rainforests, hillsides, and other fragile environments, soil is typically 
eroded.

How can systems that are currently following degenerative trajectories be shifted to 
stable or regenerative ones? Reflecting on the need for transformative change to put 
the planet on the path to sustainability, Leach et al. (2012) point out the need for new 
technologies, new policies, and new modes of innovation. They define three dimen-
sions requiring consideration: direction (where are we going?), diversity (how can we 
acknowledge and address the multiplicity of contexts and issues with correspondingly 
diverse approaches and forms of innovation?) and distribution (who are the winners 
and losers of any given approach?). Considering the direction to be taken implies being 
clear about the goals and principles to be applied. The goal of improving agricultural 
productivity alone would lead to a different direction than the goal of equitably improv-
ing food security. If the goal of protecting species diversity were also considered, that 
would again call for a different direction to be taken.

A focus on the goal of improving agricultural productivity could lead to a focus on 
the industrialization of large-scale agriculture. While this could succeed in producing 
greater surpluses that could benefit urban populations through lower prices, it could also 
lead to the marginalization and elimination of smallholders and the expansion of urban 
slums, as well as increasing the pressure on many ecosystem services. Half of the world’s 
food insecure people are rural smallholder farmers (Cohen 2008); the goal of increasing 
their productivity might lead to a focus on improving input and output markets. While 
this would benefit those within reach of population centers, market-based approaches 
might increase ecological and market risks, and they would not inevitably improve food 
security. In sub-Saharan Africa, more than 30 percent of the rural population has poor 
access to markets (World Bank 2007). For this reason and others, substantial propor-
tions of smallholder farmers consume the majority of what they produce. In 2004, for 
example, 80 percent of Nigerian farmers were classified as subsistence-oriented farmers 
(Davis et al. 2007, as cited in World Bank 2007). Helping these farmers to integrate into 
markets is a laudable goal, but market-based approaches are more likely to squeeze out 
resource-poor smallholders than to include them (Hartman 2012).

A focus on food security would have to acknowledge that increasing productivity is 
necessary but not sufficient to improve the food security of resource-poor people. The 
widely accepted definition of food security (USAID 1992) includes dimensions of avail-
ability, access, and utilization; some definitions also include aspects of risk and sustain-
ability (FAO 2006). The access dimension implies financial as well as logistical access 
to food, and thus brings in elements of equity among and within households. The uti-
lization dimension brings in nutritional considerations, as do qualitative aspects of 
the availability dimension. Thus, improving food security of the rural poor must entail 
improving market access for smallholders and increasing their employment options, but 
it must also improve the livelihoods of those engaged in subsistence or semi-subsistence 
farming.

The goals and principles of agricultural development strategies can and must go 
beyond concerns for food production and food security. Agriculture’s multifunctionality 
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is increasingly appreciated in wealthy countries, and accordingly a greater diversity of 
products and services are being demanded of agriculture (Van Acker 2008; Renting 
et al. 2009). Similarly, it is recognized that smallholder farming must also serve many 
needs for producers as well as the larger landscapes and populations (Amekawa et al. 
2010). Agricultural policies will influence equity, dietary diversity, and environmental 
services such as water quantity and quality. Even a secondary focus on conservation of 
natural areas and biodiversity would require assessments at the landscape scale to assess 
impacts of agricultural strategies on forests and species (Leach et al. 2012).

Strategies for Improving the Performance of  
Smallholder Agriculture

Three main types of strategies are evident in debates about how to increase agricultural 
productivity. The first depends mostly on purchased inputs, the second on enhancing 
ecological processes, and the third on a combination of the two. The first envisages a 
market-driven pathway to prosperity that takes key lessons from agricultural suc-
cesses that have been achieved elsewhere based on a “Green Revolution” (GR) model. 
Modern agriculture, in this view, is based on production systems in which the mar-
ket supplies the inputs (e.g., fertilizers, pesticides, fuel for traction and transport) and 
receives the outputs; the main performance measures are yield and income. The Green 
Revolution took the input-based trajectory to Asia and Latin America, achieving wide-
spread increases in cereal yields through the use of improved varieties, fertilizers, and 
irrigation between 1960 and 2000 (Evenson and Gollin 2003). While it did not have a 
major impact in Africa during this period, there are current efforts to achieve a Green 
Revolution in Africa through improved access to inputs and markets (Toenniessen et al. 
2008).

In the first-world context, organic agriculture is often seen as the alternative to indus-
trial agriculture (Seufert et al. 2012; Pollan 2006; Bennett and Franzel 2009). The debate 
on the future of food and agriculture is polarized, and those with a stake in “real” (indus-
trialized) agriculture have seen “sustainable” or “organic” agriculture as an enemy camp. 
This unconstructive stand-off may be easing as concerns about the economic and envi-
ronmental costs of reliance on purchased inputs becomes more mainstream in both 
industrialized and developing country contexts. The term “sustainable intensification” 
is increasingly widely used (Pretty 2008; Pretty et al. 2011; Godfray et al. 2010; Tilman 
et al. 2011; http://www.feedthefuture.gov/). This term suggests the aims of reducing the 
environmental costs of agriculture in the industrialized world and increasing produc-
tion in poor countries with a minimum of damage to the environment (Balmford et al. 
2012). The term does not imply much about how these aims will be achieved or assessed, 
and perhaps this ambiguity is the basis of its popularity.

The term “agroecological intensification” (AEI) also implies a concern for sustain-
ability, but it suggests a further commitment to intensification strategies that emphasize 
the use of biological processes to achieve this. Other authors have used “eco-efficient 
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agriculture” (Keating et al., 2010) and “ecological intensification” (Doré et al. 2011) to 
refer to the same or a similar concept. The concept of AEI can be loosely and flexibly 
defined as producing more of what is wanted based on the efficient use of biological 
interactions. AEI entails the integration of diverse components to produce heteroge-
neous, multifunctional systems that are locally adapted. The principles of AEI include 
improving productivity under resource limitations; improving water and nutrient cap-
ture and cycling efficiency within the system; improvement of components to support 
systems functions; development of local, context-specific options; and adapting social 
institutions to support the use of biological interactions. The research frontiers of AEI 
include systems diversification; soil and water management; pest, weed, and disease 
management; and social innovation (including value chains) to support diversification.

In some systems, such as much of Asia’s irrigated ricelands, the major grain-producing 
areas of North America, and most intensive vegetable-production systems worldwide, 
productivity increases have been achieved through input intensification, with accompa-
nying environmental costs and with declining returns on investment. In these systems, 
AEI would mean reducing the reliance on external inputs and increasing ecological effi-
ciencies. Many other farming systems are on degenerative trajectories, with depletion 
and erosion of soil, water, and genetic resources. For these systems, AEI may require both 
ecological engineering and the selective use of purchased inputs. Ethiopia and Malawi, 
for example, have large rural poor populations that depend on agriculture. Agricultural 
productivity is constrained by degraded and unproductive soils. Government policy in 
both of these countries focuses on increasing fertilizer use, through subsidies and input 
supply. Detractors point out that the strategy is unsustainable, noting that alternative 
methods of maintaining soil fertility must be employed, such as the increased integra-
tion of leguminous crops. While the debate often seems polarized between voices advo-
cating for one approach or the other, a hybrid approach could be regarded as the most 
pragmatic. The use of fertilizers can be critical for reversing a degenerative pathway. 
When soil fertility is too low, plant growth may not be sufficient to develop biomass 
for improving soil organic matter; such systems may require mineral fertilizers to allow 
legumes to thrive. That is, legumes can enrich the carbon and nitrogen content of soils 
and contribute to diets, but only if adequate P is supplied. At some point, the system may 
be on a sufficiently regenerative pathway so that lower input levels are effective.

There is mounting evidence to support the view that a combination of agroecologi-
cal methods and judicious use of inputs is the most appropriate strategy for support-
ing the improved performance of smallholder agriculture. For instance, Snapp et al. 
(2010) found that the use of semi-perennial legumes together with modest quantities 
of mineral fertilizer was more effective and accessible for Malawian smallholders than 
the use of mineral fertilizers or legumes alone. Similarly, Vanek et al. (2010) found that 
phosphorous (P) fertilizer was required to support legume productivity in the Andes. 
Marenya and Barrett (2009) found that nitrogen fertilization was only cost-effective for 
Kenyan smallholders when soil carbon levels were adequate. When soil organic matter 
was too low, the increased maize yields associated with applied nitrogen fertilizer did 
not compensate for the cost of the fertilizer.
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These examples illustrate the need to supply nutrients for many smallholder farming 
contexts, and they underline the point that maintaining healthy and productive soils 
involves more than supplying inorganic fertilizer. Soil organic matter must be main-
tained in order to support the efficient use of applied nutrients, as well as to hold water. 
Legumes can fix nitrogen and increase P availability, but only if their symbiotic relation-
ships with microorganisms, as well as their pests and diseases, are effectively managed. 
In well-endowed farming contexts, organic agriculture often entails the massive import 
of nutrients into the system, typically in the form of high-quality manure, an asset not 
available to most resource-limited smallholder farmers. These issues are considered in 
greater detail below.

Examples and Evidence from  
AEI Frontiers

Managing Systems Diversity

Diversity has several potential functions within agroecosystems, including reducing risk 
(van Noordwijk et al. 1994), increasing productivity, and allowing for improved diets. 
In the context of well-endowed systems, these functions can be accomplished through 
the use of inputs and markets. Industrialized agricultural systems have favored mono-
cultures, partly because these are easier to manage in mechanized systems, and partly 
because market efficiencies encourage specialization. Although the majority of calories 
produced through agriculture now come from just a few species, there is tremendous 
potential to diversify systems with the vast number of species and within-species diver-
sity available. Crop and livestock diversity can be directly manipulated, with varying 
effects on systems productivity and stability. The diversity of farming systems includes 
the species intended by the farmer, as well as the associated diversity (life forms other 
than those planned by the farmer). Associated diversity can contribute to positive func-
tions such as pollination and decomposition, or it can be harmful, as discussed in the 
section on pests below. The extent of associated diversity tends to correlate with the 
diversity that farmers implement (Vandermeer et al. 1998). Diversity can be handled in a 
range of ways, both temporally (simultaneous planting, overlapping life cycles, in series) 
and spatially (patch size, arrangements, segregation and integration at different scales). 
Options include intraspecific mixtures and multilines, intercrops, relay cropping (one 
crop goes in while the other is maturing), rotations, agroforestry and crop-livestock 
integration. A recent review summarized the various benefits and drawbacks of annual 
intercrops (Lithourgidis et al. 2011).

In studies of crop mixtures and intercrops, the more diverse systems typically outper-
form the corresponding monoculture systems. A range of mechanisms can contribute 
to the superior performance of polycultures. One mechanism is reduced competition, 
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which leads to greater resource use efficiency, since interspecific or intervarietal com-
petition is often lower than intraspecific competition. For example, there may be less 
root competition in mixtures, or less competition for light. Different crops or varieties 
may have different resource requirements, such as needing water at different times. The 
differing requirements of systems components can also mean that multiple components 
provide resilience. A given stress or shock may not affect all constituents equally, and 
those that survive can often compensate for those lost.

In addition to mechanisms related to competition and resource use efficiency, 
there is a set of mechanisms pertaining to facilitation, in which one species provides 
services to another through improved nutrient availability, water access, or pest pro-
tection. An obvious example of facilitation is nitrogen fixation by legumes, which 
can benefit associated cereal crops (Peoples et al. 2009). In countrywide assessments 
in Malawi, maize-legume rotations outperformed monoculture maize; pigeonpea (a 
semi-perennial legume) did particularly well (Snapp et al. 2010). Polycultures can con-
tribute to improved nutrient use efficiency in other ways as well, for instance by contrib-
uting to increased P availability and to increased soil organic matter. More examples are 
noted below in the section on soil and water management. An additional set of mecha-
nisms involves reduced losses due to insects, weeds, and pathogens (collectively consid-
ered “pests”). More on this range of mechanisms will be mentioned below, in the section 
on pest management.

Perennials can contribute special roles in polycultures. As illustrated by many suc-
cessful examples of agroforestry systems, trees offer products and ecosystem services 
that other species cannot. Wood is obviously valued for fuel and construction material, 
and trees can provide fodder as well as protection from sun and wind. Trees and other 
perennials and semi-perennials have deeper roots that may be able to tap water and 
nutrients that are unavailable to other species (Cannell et al. 1996). This may smooth the 
impacts of weather variations, hence reducing risk. For example, enset (“false banana,” 
the starchy staple in risk-prone southwestern Ethiopia) can survive drought periods 
that would kill a cereal crop. Trees can reduce runoff, transpiration, and erosion (Ong 
et al. 2002). They can generate islands of beneficial soil biological activity (Pauli et al. 
2010). On the down side, trees may compete with crops for nutrients and water. Trees 
are long-lived and, as such, involve inflexibility. Investments in agroforestry can thus 
take a long time to pay off. Because of the superior rooting systems that can be attained 
by perennial crops, there is some effort being invested in developing perennial varieties 
of certain annual crops, including rice, wheat, and maize (Cox et al. 2002).

Diversity and functional diversity are different things. That is, the number of spe-
cies is not as important as the number of distinct functional traits, and not all combina-
tions are created equal. In one study, for instance, fava bean responded well to mixtures 
with maize, but not with wheat (Fan et al. 2006). Components may interact in positive 
ways, but also in negative or neutral ways. Some interactions can be predicted, but oth-
ers may result from idiosyncratic features, such as the way that a secondary metabo-
lite from one species influences another. Successful systems may be developed based on 
trial and error and/or the use of ecological and process understanding. Although a great 
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deal of theoretical and empirical effort has been dedicated to plant breeding, the formal 
research sector has invested a relatively paltry effort in optimizing functional diversity. 
Concepts, tools, and models of relevance to mixing species in cropping systems were 
recently reviewed (Malezieux et al. 2009); some of these points are mentioned below.

“Mimic hypotheses” suggest that benefits derive from system designs that resem-
ble the conditions of natural systems in a given region, or that maintain the levels of 
diversity found in natural systems (van Noordwijk and Ong 1999). A  recent review 
(Malezieux et al. 2009) noted the following principles for cropping systems design based 
on natural ecosystems mimicry: the use of complementary traits to ensure production 
and resilience; maintenance of soil fertility through soil cover; ensuring complementar-
ity and avoidance of competition; management of pests through multiple trophic levels, 
biopesticides, and botanical properties; and the emulation of ecological succession pro-
cesses after disturbance.

Because of the multiple functions of intercrops, some of which are only realized in 
the longer term, it can be difficult to assess and compare the merits of different systems 
empirically. Carberry et al. (1996) found that simulation using APSIM (the Agricultural 
Production Systems Simulator) was useful for exploring the performance of different 
farming systems over time and space. APSIM was also used to explore the effect of dif-
ferent cowpea growth habits (morphological traits) and row spacing in intercrops with 
maize in low-input production systems (Carberry et al. 2002). That said, the tools of sys-
tems agronomy are poorly developed with regard to multispecies systems (Malezieux 
et al. 2009), and this deficit includes the modeling tools.

Lack of dietary diversity is a major issue for too many smallholders. While the Green 
Revolution succeeded in increasing the availability of carbohydrate-based calories 
to millions of people in Asia and elsewhere, the production of legumes decreased as 
cereal production increased. In parts of the world where the Green Revolution had lit-
tle impact, including most of Africa, diets are typically based on starchy staples such as 
maize, sorghum, millets, banana, and cassava. Protein-energy malnutrition is an issue 
in many places, but micronutrient malnutrition is much more widespread.

A simple case of diversification that has the potential to increase nutrition is the 
diversification of maize-based system with legumes (e.g., adding beans or other legumes 
in intercrops, relay crops, or rotations). This approach has shown success in improving 
nutrition in Malawi when coupled with strategies to ensure that child feeding practices 
and gender relations support the use of the legumes for improving child care and feed-
ing (Bezner Kerr et al. 2008). This sort of strategy can be extended by including other 
crops or sets of crops that can contribute to ensuring the availability of diverse foods 
throughout the year (or crops that can be sold to allow the purchase of diverse foods, 
if markets and gender relations support this). Another approach is the use of small 
patches to produce diverse foods for household consumption; intensive kitchen gardens 
have been successful on a large scale for improving diets in Bangladesh and elsewhere 
(Bushamuka et al. 2005). This is feasible because input requirements (labor, imported 
nutrients, water) can be managed at the small scale needed to feed an individual family. 
Fruit trees are often a component of such home gardens.
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The ecological principles of diversification complementarity, facilitation, and selec-
tion are relevant to agricultural diversification (Malezieux et  al. 2009). Plant breed-
ing can enhance all three, in addition to directly affecting component productivity. To 
enhance complementarity, plant breeders can design and select polyculture components 
for distinct and noncompetitive niches. To enhance facilitation, breeders can select for 
traits such as nitrogen fixation and chemical traits that provide benefits to other systems 
components. In implementing participatory breeding strategies, formal-sector breeders 
can provide surplus diversity to farmers, who then select the most adapted germplasm 
for their local conditions (Ceccarelli et al. 2009).

Varietal performance of crops grown alone does not always predict performance in 
an intercrop. In many intercropping studies, significant genotype-by-cropping system 
interactions have been detected. This implies that varieties need to be evaluated in the 
system in which they will be used (Gebeyehu et al. 2006). This is not, however, com-
monly appreciated or practiced by plant breeders. For example, although 97 percent of 
teff fields were integrated with oilseed crops in a study in Ethiopia (Geleta et al. 2002), 
teff breeders do not test the performance of teff varieties in combination with other 
crops. In some cases, legumes have been bred for intercropping, for instance to avoid 
shading their companion crops (e.g., cowpea; Singh et al. 1997).

Breeding for AEI performance could mean not only breeding for compatibility 
with other crops in a system, but also better capacity for symbiotic relationships with 
microbes that fix nitrogen (Mpepereki et  al. 2000), help plants access phosphorus 
(mycorrhizae), or protect them from pathogens (endophytes or epiphytes). More con-
ventional traits that can be considered part of AEI breeding would include breeding for 
nutrient use efficiency and pest and disease resistance. These are broad fields that are 
largely outside the scope of this chapter. From a nutritional perspective, AEI breeding 
would entail selection for multiple production traits: leaf and grain, food and forage, 
grain and green manure quality (human, animal, and soil nutrition are among the eco-
system services to be considered). Increasing nutrient content and availability (“biofor-
tification”) is another active field of research.

Managing Pests and Diseases

Pests are major sources of systems inefficiencies in agriculture. Oerke (2005) estimated 
that ∼40 percent of crops are lost to insects, diseases, and weeds (collectively known as 
pests) on a global basis. In East and West Africa, where little pesticide is used in most 
smallholder production, losses were estimated at >50 percent. These losses would be 
considerably higher if crop protection actions were not taken.

In the chemical boom-years that followed World War II, pesticides were considered 
the answer to pest problems. Since then, a number of problems have emerged, includ-
ing health problems, environmental damage, and boom-and-bust cycles (Devine & 
Furlong 2007; Williamson et al. 2008). In spite of the well-known downsides of pesticide 
use, however, this remains the dominant method for pest management in agriculture. 
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Pesticide sales increased steadily between 1960 and 2004 (Oerke 2005). The concept of 
integrated pest management (IPM) arose in response to the widespread problems asso-
ciated with chemical pesticides. IPM components include host plant resistance, cultural 
practices, repellent plants, natural enemies (natural and introduced), biopesticides, and 
the judicious use of synthetic pesticides. In some contexts, intensive IPM strategies can 
be successfully implemented in systems that inherently favor pests, such as monocul-
tures of high-value horticultural crops or potato crops grown without rotation. In post–
Green Revolution contexts in the developing world, successful IPM efforts have focused 
on integrating local farmer and research knowledge, knowledge transfer and learning, 
and collective action, often through the use of farmer field schools (Bentley 2009).

A focused IPM approach makes sense for highly destructive pests of high-value crops 
and main staples. Examples of the latter include Banana Xanthomonas wilt in East 
Africa, millet head miner in West Africa (Payne et al. 2011), rice blast in Asia, and late 
blight in potato in many regions of the world (Nelson et al. 2001). In many smallholder 
contexts, however, it is not feasible for farmers to deploy such intensive methods to deal 
with the diverse pest problems that afflict their systems (Orr 2003). Nor does conven-
tional IPM make sense for various secondary pests of secondary crops. For such sys-
tems, it is more useful to implement diverse farming systems that are inherently more 
resilient with respect to pest population dynamics (Nelson 2010). For farmers with a 
range of crops and an assortment of constraints, it more often makes sense to focus on 
system health than on any particular problem.

Polycultures tend to have lower pest pressure than the corresponding pure stands. In 
a review of 209 studies involving crop mixtures, over half were found to have lower pest 
levels, while 15 percent had higher numbers of pests (Andow 1991). In a meta-analysis 
of plant diversification studies involving 552 experiments published in forty-five 
papers, diversity was found to reduce pests and damage overall, but also to incur a 
mean reduction in yield (Letourneau et al., 2011). Thus, while polycultures can outyield 
their corresponding monocultures, they do not inevitably do so, and some intercrops 
can actually increase pest pressure (B. Medvecky and J. Ojiem, personal communica-
tion). Polycultures can reduce pest pressures through a number of mechanisms, such as 
rotations, which can break pest cycles. For example, when Striga is a problem on cere-
als, rotations with nonhost legumes such as cowpea can cause “suicidal germination” 
(Oswald and Ransom 2001) of the parasitic weed, reducing the seed bank. In a mixture, 
there is a lower host density for a given pest. Nonhosts serve as barriers for pests look-
ing for their hosts. Chemical ecology can be manipulated to disfavor pests in a variety of 
ways, attractant and repellent plants can be used to reduce pest damage, and plants can 
produce compounds that attract natural enemies of pests. Intraspecific diversity can be 
effective for pest management; varietal mixtures and multilines have been used exten-
sively for management of crop diseases in particular (Wolfe 1985).

The push-pull system illustrates the potential of chemical ecology in pest man-
agement, as well as the potential of systems design to improve overall systems health 
and productivity. It also illustrates the vulnerability of a fixed-package approach. The 
stresses affecting maize yields in eastern and southern Africa include pests (principally 
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the parasitic weed Striga and stemborers) as well as water and nutrient deficiencies. An 
intercropped legume (Desmodium uncinatum, which is considered a dangerous inva-
sive weed in some countries) is dramatically antagonistic to Striga, while a border crop 
of Napier grass reduces the reproductive success of the stemborer. The economic viabil-
ity of the approach is linked to the importance of the cut-and-carry livestock indus-
try in the area, as well as to the importance of maize (De Groote et al. 2010; Khan et al. 
2008). The value of the Napier grass component is high when (a) fodder is needed and 
(b) stemborers are a problem (De Groote et al. 2010). The value of Desmodium is high 
when Striga is a threat to maize production. In addition, Desmodium can also supple-
ment Napier grass as a fodder. Local adaptation that maintains the key elements but var-
ies detail is needed; this is already happening with extension to other cereals in western 
Kenya. The push-pull system’s stability has been challenged by a disease of Napier grass 
that threatens not only the push-pull system, but also the viability of the crop-livestock 
system of the region. It might be anticipated that pests of Desmondium will become a 
problem if planting becomes more widespread. A greater diversity of fodder crops is 
clearly needed, and alternatives to provide the functions of Desmodium would be par-
ticularly useful.

According to Oerke (2005), weeds alone have the potential to cause 34 percent losses 
in major crops worldwide. IPM strategies for weeds include improving herbicide use 
efficiency (minimizing chemical use), developing biological and mechanical methods 
(alternative curatives), and developing cultural or ecological methods (Bastiaans et al. 
2008). Crop competitiveness can be increased by transplanting, seed priming, targeting 
fertilizers to crop rows, and breeding for traits like early vigor and allelopathy. Systems 
approaches have shifted the work of weed ecologists from a focus on the effects of weed 
competition on crop growth to a focus on influencing weed population dynamics and 
the longer-term development of weed populations (Kropff 2001). Approaches to reduc-
ing weed seed production include the use of weed-suppressive crop varieties, particu-
larly those that compete effectively for light through vigorous early growth or those with 
allelopathic properties (Belz 2007).

While much of the literature on polycultures considers plot-level issues, it is acknowl-
edged that higher scales are important as well. The concept of “ecoagriculture” involves 
the importance of managing agricultural landscapes in such a way as to conserve bio-
diversity, including wild species (Scherr & McNeely 2008). The diversity of nonculti-
vated crops can benefit farmers, including through the availability of harvestable foods. 
Noncultivated areas in agricultural landscapes can provide refugia for natural enemies 
of crop pests. Spatially explicit modeling revealed the importance of non-crop habitats 
surrounding agricultural plots and their spatial arrangements relative to crop fields 
(Bianchi et al. 2010), underlining the relevance of information about natural enemies’ 
behavioral traits (e.g., ability to disperse, tendency to aggregate). Although aggregation 
of crop plots usually favors pest populations, the opposite was found for the Andean 
potato weevil: clustering potato fields is both traditional and effective in controlling this 
key pest (Parsa et al. 2011). A meta-analysis showed that the effects of landscape com-
plexity on pest pressure were variable: in 45 percent of studies, landscape complexity 
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reduced pest pressure, but no effect was seen in 40 percent of studies, and complexity 
increased pest pressure in 15 percent of studies.

Host genetic diversity can influence pathogen population structure, which can in 
turn affect disease epidemics. In an experimental study of the effect of landscape hetero-
geneity on the spread of wheat stripe rust, host frequency and the size of the initial epi-
demic focus were found to have significant effects on disease spread (Mundt et al. 2011). 
In a study involving joint analysis of three large, country-scale data sets on the wheat leaf 
rust epidemics in France, it was found that the extent to which specific varieties were 
cultivated affected the frequencies of the corresponding pathogen races, which in turn 
influenced the performance of varietal resistance. The results of both of these studies 
imply that greater varietal diversity will reduce epidemic pressure on a given host geno-
type, as expected.

Models can contribute to an understanding of plant disease epidemics and the roles of 
host resistance and diversity, pathogen population characteristics, and the environment 
(including farmers’ management options as they affect any of these). Modeling can pro-
vide insights on trade-offs in pest management. For instance, simulation has been used 
to explore the utility of various innovations and how they interact with farm types. The 
costs and benefits were found to vary with the type of farm (Blazy et al. 2009). In the 
Collaborative Crop Research Program’s (CCRP) Andean region, Rebaudo et al. (2011) 
are using agent-based, cellular automaton models to understand how decision making 
influences pest dynamics over time and space.

Plant breeding can make use of resistance at the gene, genotype, and population lev-
els. Through the use of natural allelic diversity, conventional breeding can be effective 
at solving most pest and disease problems when well-resourced breeding programs 
apply well-designed strategies. Effective resistance breeding requires an understand-
ing of the diversity of types of resistance genes and phenotypes available in crop biodi-
versity. Although breeding for forms of resistance governed by single dominant genes 
is relatively straightforward, it has often led to boom-and-bust cycles because insects 
and pathogens can rapidly evolve to overcome the resistance. For pest-disease systems 
with high evolutionary potential (McDonald and Linde 2002), breeding programs thus 
aim to accumulate multiple genes of small effect, which can be achieved by recurrent 
selection.

For some pests and diseases for which natural allelic variation for resistance is lim-
ited, it may be worthwhile and possible to seek genetically engineered forms of resis-
tance. Many transgenic schemes have been designed for pest resistance, such as insect 
resistance through genes obtained from a bacterium (Bacillus thuringiensis, or Bt) and 
virus resistance (Marra et al. 2002). In sweetpotato, for example, weevils are a signifi-
cant problem, and solutions have been sought in vain though conventional breeding, 
integrated management, and even pesticides. Given that sweetpotato is vegetatively 
propagated on small plots, it would be possible, in principle, to manage the pest through 
transgenic resistance provided by Bt genes without pollen contamination (through the 
use of nonflowering varieties) or excessive selection pressure for resistance build-up 
on pest populations (since sweetpotato is not grown in uniform monocultures). 
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Sweetpotato and other vegetatively propagated crops are plagued by virus diseases that 
might also be effectively managed through transgenic resistance, allowing farmers to 
maintain high-quality planting material for longer periods (e.g., Kreuze et al. 2008). 
Thus, while transgenic crops are associated with limiting farmers’ seed-saving because 
of the notorious “terminator” technology, the technology can be utilized to support the 
opposite ends.

Many crops of importance in the developing world are not served by well-resourced 
breeding programs. Legumes have particular potential to improve soil fertility 
and human nutrition, but are they are particularly vulnerable to pests. Combining 
well-designed field-based breeding with participatory methods could go a long way to 
improving these programs. In addition, a strategic combination of molecular genetics 
and ecological genetics would enable more breeding programs to confront the specific 
pest challenges at hand (Salvaudon et al. 2008). Plants may be selected to attract pests’ 
natural enemies. Populations can be designed to incorporate functional diversity for 
pest resistance while maintaining the degree of agronomic uniformity desired for pro-
duction, harvest, and processing.

Managing Soil and Water

Integrated soil fertility management is an area that is well researched and documented. 
Successful cases have shown evidence of increased productivity, better resource use 
efficiency, and reduced risk, among other effects. There is a range of aspects that can 
be combined through a stepwise approach, including integration of improved crop 
germplasm.

The success and limitations of conservation agriculture provide an encouraging and 
illustrative example of a significant transformation in production technology that has 
been widely adopted (and sometimes oversold). Crop cultivation is traditionally con-
sidered to be synonymous with tilling of the soil (Hobbs et al. 2008). Since the 1930s, 
various practices have been developed to reduce or eliminate tillage, to cover the soil 
with a permanent or semipermanent layer of mulch, and to practice rotation. This set of 
practices has matured into a set of systems, collectively termed “conservation agricul-
ture” (CA), that employ broad principles (cover, reduce tillage, rotation) that contribute 
to maintenance of soil fertility in different ways in different contexts (Ekboir 2001). The 
application of the principles is endlessly variable, depending on the context.

CA has been transformative on vast areas, reducing costs and reducing soil erosion. 
As of 2009, over 100 million hectares were estimated to be grown under CA practices 
(Kassam et al. 2009). There has been little ideological divide on this—where it works, 
it is widely accepted. Its relevance is not universal, however, and the principles can fail 
in specific contexts (Giller et al. 2009). For example, when there is not enough avail-
able biomass to provide soil cover, or where there are better uses for available organic 
matter, it cannot be applied. Kassie et al. (2009) compared plot-level data on the use of 
reduced tillage and chemical fertilizer in two areas of Ethiopia. They found that reduced 
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tillage was superior in the low-rainfall area of Tigray, where it was associated with lower 
production costs, higher production, and environmental benefits. In the higher rain-
fall area in the Amhara region, however, chemical fertilizer was much more profitable. 
This variability has implications for the adoption of CA practices by farmers, which has 
been patchy. Synthesis studies have failed to find common factors that explain adoption, 
except the need for practices to be profitable (Knowler and Bradshaw 2007; de Graaff 
et al. 2008). Thus, efforts to adapt and promote uptake of CA practices must be location 
specific.

Many projects promote the composting of crop residues to maintain soil fertility. This 
may well be preferable to some alternatives, but in Africa, a continent of negative nutri-
ent balances (Cobo et al. 2010), it cannot be the complete answer. Some reported effects 
are very small, and many are extremely variable (Sileshi et al. 2010; Bastiaans 2008). 
This variability can be interpreted as unreliability, or as a risk for farmers and others. 
Legumes and other crops are known as “green manures” when they are grown and incor-
porated into the soil as nutrient sources for subsequent crops. A meta-analysis of green 
manures for maize, analyzing the results of fifty-two studies, showed a significant posi-
tive contribution to maize yields from woody and herbaceous green manures (Sileshi 
et al. 2010), though with huge variation in the results. This huge variation has important 
consequences for strategies to use the findings. While green manures improve soil fer-
tility, farmers prefer multifunctional legumes to straight green manures (Amede 2003; 
Kikafunda 2003).

Water is a limiting resource for agriculture in many environments. Water scarcity cre-
ates one set of problems, and the damage caused by rainfall creates another; in particu-
lar, soil erosion is an important threat to sustainability in many systems. An increase in 
the frequency of destructive rain events is predicted for some areas as a feature of cli-
mate change. AEI approaches must confront these challenges. At the plot level, options 
include the use of drought-tolerant species and varieties, building soil carbon levels to 
enhance water retention, and the construction of strips and terraces to increase water 
infiltration and reduce runoff. Many of the options for water management must occur at 
higher levels, such as the watershed level.

AEI and Markets

Most government and donor initiatives emphasize market-driven development, with 
little emphasis on system health, sustainability, or better meeting the nutritional needs 
of rural households. To meet their various objectives, smallholder farmers can generally 
benefit from improved market access and better performance of input and output mar-
kets. But insofar as initiatives neglect issues such as risks induced by pests and climate, 
they may subject households to potential ecological, nutritional, and financial hazards. 
Approaches that consider markets to the exclusion of self-provisioning, agroecology to 
the exclusion of inputs and markets, or markets without concern for stability and sus-
tainability will subject people to unnecessary risk. In keeping with the needs of farm 
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families, it is important to balance concerns for short-term profitability with long-term 
sustainability, and to balance support for market-oriented production with the fulfill-
ment of dietary diversity.

The example of the quinoa boom in the Andes illustrates the idea that markets need 
AEI. The international market for organic quinoa has provided Andean farmers with a 
lucrative market (Kimble-Evans 2003). Because the quinoa price is high, farmers have 
reduced or abandoned their traditional fallows to maximize their quinoa production, 
which has in turn led to soil degradation (Medrano Echalar and Torrico 2009; Jacobsen 
et al. 2011). Local quinoa consumption has declined, and it is likely that farmers sell it 
and purchase less nourishing foods such as rice and wheat noodles. The reduced follow-
ing has led to a loss of soil fertility and a build-up of pests attacking quinoa. In despera-
tion, some farmers have applied pesticides, the residues of which have been detected by 
buyers. This has threatened the viability of the organic markets. The failure to base the 
value chain on sound AEI production principles has thus threatened the system with 
nutritional, ecological, and economic collapse. It should be noted that this narrative is 
contested (Winkel et al. 2012) and that further analysis of Andean agroecology is needed 
to fully understand the ecological and market dynamics involved in quinoa production.

Examples illustrating the ways in which AEI needs markets would include seed systems, 
diversified markets that support of crop diversification, and biological control agents. As 
described above, one of the AEI research frontiers is crop improvement aimed at provid-
ing germplasm with traits such as greater resilience (e.g., drought and pest resistance, 
local adaptation) and improved performance in diversified cropping systems. Ensuring 
that farmers have access to seeds of the species and varieties that are likely to enhance the 
performance of their production systems is one area of innovation (e.g., Dorward 2007). 
Another AEI input market would be for biological control agents and biopesticides. For 
example, the millet head miner is a pest of pearl millet. A very effective biological con-
trol agent has been identified and implemented by a team of national researchers (Payne 
et al. 2011). For this effective and environmentally friendly pest management agent to be 
made widely and sustainably available to farmers, it will need to be commercialized. The 
challenge of reaching millions of resource-limited smallholders with eco-inputs such as 
biological control agents and other improved component technologies is a frontier of AEI. 
Building effective output markets that support crop diversification is another critical area 
needed to support AEI (Shiferaw et al. 2008; Lenné and Ward 2010).

Getting from Here to There:  
Making AEI Happen

Because contexts vary widely, AEI requires that strategies for local agricultural devel-
opment be tailored to local needs, objectives, capacities, and opportunities. In view of 
agroecological and cultural diversity, this is a demanding proposition that requires a 
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flexible approach to research and development. Although there is widespread agree-
ment on the needs for greater agricultural efficiency and sustainability, several oppor-
tunities and obstacles to the widespread implementation of AEI approaches should be 
noted.

The scientific basis of AEI, including both the theory and the evidence base, needs 
further development. This provides an enormous opportunity for the biophysical and 
social sciences to contribute to a process of agricultural transformation. Most recent 
agricultural research has focused on developing the theory and empirical basis for 
industrial agriculture, leaving substantial space for the development of the AEI research 
base. Doré et al. (2010) highlight a set of approaches that hold promise for enriching the 
scientific basis for AEI. These include taking advantage of advances in the plant sciences 
in breeding crops that are more resilient in terms of resource use efficiency and resis-
tance to biotic and abiotic stresses; using knowledge of natural ecosystems in the design 
of more efficient agricultural systems; using more sophisticated statistical analyses to 
understand how options interact with contexts, such as meta-analysis and comparative 
systems studies; and taking more effective advantage of farmers’ indigenous knowledge.

One set of constraints to AEI implementation has to do with the labor, time, and 
knowledge that may be required (Ruben 2001). The use of trees and legumes to build 
soil carbon, for instance, can take years. The input resource constraints may be absolute 
limitations, or they may be considered in relation to the risks entailed and the returns 
obtained (Ruben 2001). Measures aimed at reducing erosion can also be difficult and 
expensive to implement. Because such measures require investments of labor, time, and 
other resources, poverty and insecure land tenure can be obstacles to investments (Place 
2009), such as those implied in AEI implementation.

A major challenge to the theory and practice of AEI is the inherent one of ecologi-
cal diversity. African farming systems are, for example, notably diverse. Successful AEI 
will entail finding local “best fit” solutions to local problems and needs in a large num-
ber of environments. “Environment” here means not only the biophysical agricultural 
environment, but also the social, institutional, and economic context. For example, 
the viability of many options is known to depend on farmer resource endowment (e.g., 
Tittonell et al. 2010) and led to the development of the concept of socio-ecological niche 
for agricultural practices (Ojiem et al. 2006). Approaches based on the average perfor-
mance across diverse environments and farmer resource endowments are not likely to 
perform particularly well in any given environment.

An important institutional constraint to identifying best-fit solutions to local produc-
tion challenges and opportunities is that the policies and practices of national research 
systems that serve smallholder agricultural systems are oriented towards the produc-
tion of sweeping prescriptions, such as blanket fertilizer recommendations made on a 
national scale. Farmers and researchers alike are aware of the enormous heterogeneity of 
soil conditions and the consequent absurdity of blanket recommendations. Even within 
a given farm, nutrient levels vary strongly among fields (Vanlauwe et al. 2006). An AEI 
approach would entail a change of strategy for national researchers, from a quest for “the 
mean” to an attempt to understand variability across environments and farmer types.
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Although we stress the need for flexible strategies that respond to local conditions, 
most visible success stories related to AEI are more often presented as packages than 
as principles. There is a tendency for research and extension organizations to package, 
brand, and promote their technologies. Technology packages that utilize AEI prin-
ciples include the push-pull (Khan et al. 2008) and conservation agriculture (Hobbs 
et al. 2008) systems mentioned above and the system of rice intensification discussed in 
“Alternative Paths to Food Security” by Norman Uphoff. While the these technologies 
are often seen and promoted as packages, they are also subject to centralized and local 
adaptation to respond to varying conditions and demands (e.g., integrating edible beans 
into the push-pull system, as described in Khan et al. 2009; tailoring of conservation 
agriculture to local contexts, as described in Ekboir 2001). It is important to develop 
strategies for technology promotion that support rather than suppress local innovation 
and adaptation.

Farm technology options must be suited to local conditions and adaptable to farmers’ 
varying circumstances, and farm systems must have the resilience needed to cope with 
the variability that occurs from season to season and from year to year. It is unlikely that 
a centralized approach could deliver these results, particularly when national research 
and extension systems are strapped for resources. These requirements and conditions 
imply the need for a local innovation capacity. There is a need for approaches that build 
the social structures needed for group problem-solving and resource mobilization. 
Examples of such approaches include farmer field schools that allow farmer groups to 
learn about and experiment with agroecological methods (Pretty 2003). “Innovation 
platforms” bring together producers with other players along value chains to enhance 
smallholder market access and improve the efficiencies of input and output markets. 
Nontraditional market approaches can support diversification, local value addition 
and responsible input use. An example of such an approach is the “community bas-
ket” movement in Ecuador, which brings together Andean smallholder farmers and 
low-income urban markets for mutual benefits of fair pricing and valuing of culturally 
significant crops.

Research should be focused on understanding principles and processes underpin-
ning agroecology and developing suites of component technologies, as well as concepts 
and models for their local integration (e.g., Whitbread et al. 2010). The underlying the-
ory and principles of AEI should be the subject of aggressive international research, but 
the specifics of their implementation need to be worked out locally. Traditional research 
and extension approaches that are oriented to developing general prescriptions have 
little relevance in view of the diversity of farmers’ conditions and requirements. There is 
a need to support local innovation processes through which communities and families 
can access, adapt, and integrate diverse options according to their particular objectives, 
problems, and opportunities.

We conclude with an endorsement of the call by Leach et al. (2012) for new technolo-
gies, new policies, and new modes of innovation. Smallholder farmers around the world 
need more ecologically efficient options that work under their resource constraints 
in their diverse social and biophysical contexts. We need policies and incentives that 
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support researchers to work in new ways to support social and technical innovation at 
the local level.
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Chapter 5

The Hardest Case
What Blocks Improvements in Agriculture in Africa?

Robert L .  Paarlberg

Progress in ending hunger has been slower in Africa than in any other world region. 
Food consumption deficits in sub-Saharan Africa are large, and it is expected they will 
continue to grow. In 2010 the Economic Research Service (ERS) at the US Department 
of Agriculture (USDA) constructed estimates and projections of the numbers of 
food-insecure people in seventy different developing countries, with food insecurity 
defined as consumption of less than 2,100 calories per day per person (Shapouri et al. 
2010). The ERS estimated that in 2010, approximately 390 million Africans, or nearly 
half the people in the region, were consuming less than this nutritional target. Under 
a baseline projection, without any significant increase in investment or any changes in 
historical trends for major indicators, this total number of food-insecure Africans was 
expected to increase to reach 513 million by 2020, which would be more than half of the 
region’s projected population of 1 billion.

Under this baseline scenario, the region’s food security position will also deterio-
rate relative to the other regions. In 2020, according to ERS projections, the region will 
account for only 27 percent of the population of the seventy countries, but it will hold 
59 percent of all the food-insecure people in these countries. Africa, then, is the one part 
of the world where solutions to hunger have been most elusive. For those who study the 
politics of food and farming in search of attainable remedies to hunger, Africa remains 
the hardest case to solve.

What is the source of Africa’s severe and still-worsening food crisis? A number of 
compounding factors must be considered, including difficult demographics, a disad-
vantageous geography for many countries on the continent, multiple damages done 
under colonial rule, and a continuing postcolonial indifference toward agricultural 
development in Africa from the international donor community. Still, the largest part 
of the problem today reflects a failure of governance within Africa itself. Too often since 
their independence, national governments in Africa have failed to provide public goods 
at the national level that are essential to agricultural development, including internal 
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peace, rule of law, and adequate public investments in rural infrastructure and agri-
culture research. These goods are all critical to farm productivity growth, and in their 
absence incomes in the countryside have remained low, ensuring that food security will 
remain low as well. The problem expands numerically as the rural population continues 
to expand.

Tracing Africa’s Hunger Problems to 
Low Farm Productivity

In sub-Saharan Africa, food production has struggled to keep pace with popula-
tion growth in part because the productivity of farming in Africa has been grow-
ing so slowly. When economists measure the growth of “total factor productivity” 
in African agriculture (a ratio of the value of all outputs to all land, labor, and capital 
inputs) they find that between 1970 and 1990 it increased—from a low level—at an 
average annual rate of only .31 percent. Between 1991 and 2006 this rate of growth 
was a bit higher, at .86 percent, but this was still far behind the productivity growth 
rate for Latin American farming (2.44 percent) and for Asian farming (2.62 percent) 
(Fuglie 2008).

With farm productivity growth lagging, food production in Africa has actually been 
falling behind population growth for most of the past forty years. Between 1970 and 
2000, food production per capita in Africa declined by 9 percent, even as it was increas-
ing in the developing world as a whole by 51 percent (FAO 2001). Maize is Africa’s most 
important food crop, yet between 1980 and 2006, per capita production of maize in 
sub-Saharan Africa declined by 14 percent (FAO 2006).

Because most Africans are still farmers, these lags in crop production per capita 
translate into little or no rural income growth, and hence into little or no increase in the 
capacity to purchase food. Decades of lagging farm productivity have resulted in a dou-
bling of the number of Africans in deep poverty (those living on less than $1 per day), up 
from 150 million in 1980 to approximately 300 million in 2013. Low-productivity farm-
ers fill the ranks of Africa’s food insecure. A majority of Africa’s farmers are women, and 
it is among pregnant and nursing women and their preschool children that calorie and 
micronutrient deficits are most acute.

Some analysts have tried to deny lagging food production is the source of Africa’s 
persistent poverty and hunger, arguing instead that Africa’s poverty problems stem 
from social inequality (Rosset 2000). This can be a powerful explanation for hunger in 
South Asia, and especially in Latin America, but not in Africa, where most rural dwellers 
have adequate access to land where social stratification is not so prominent. In Africa, 
where roughly 60 percent of all citizens are still farmers, poverty and hunger problems 
trace directly to the low productivity of labor in the growing of crops and the herding of 
livestock.
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If you pay a visit to a rural community of smallholder farmers in sub-Saharan 
Africa, most of the farmers you meet will be women. In fact, three-quarters of all 
labor in African farming is performed by women. The men, after completing some 
heavy seasonal tasks such as plowing or repairing terraces, will often leave in search 
of work in urban areas, because labor on the farm pays such little reward. Most adult 
women in rural Africa are unable to read or write in any language. They are always 
busy, since the time they spend laboring to grow crops such as yams, maize, beans, 
sorghum, millet, or cassava must be fit in between numerous other tasks, such as 
preparing meals, caring for children, fetching water, and gathering fuel wood for the 
cooking fire. Typically, these farmers will have no improved seeds, no irrigation, no 
electrical power, and no access to chemical fertilizers or a veterinarian for the animals. 
These farmers are hardworking and highly resourceful, yet the returns on their labor 
are minimal given what little they have to work with. They are working within what 
economists call a “poverty trap.” In the memorable phrase of T. W. Schultz, they are 
“efficient but poor” (Schultz 1964).

Innovations in agricultural science in the form of high-yielding “Green Revolution” 
seed varieties helped bring hundreds of millions of destitute farmers out of compa-
rable poverty in Asia in the 1970s and 1980s, but these technologies had only limited 
application in Africa, because they required a substantial use of chemical fertilizers 
and irrigation, assets either not available or not affordable for most African small-
holders. So as Asian farming surged forward near the end of the last century, African 
farming remained stuck behind. Today, more than four-fifths of all land in develop-
ing Asia is planted with scientifically improved crop varieties, compared to less than 
one third for Africa. Only 4 percent of cultivated land in sub-Saharan Africa is cur-
rently protected with irrigation, compared to roughly 40 percent in South and East 
Asia. In India, average fertilizer use is roughly 100 kilograms per hectare, compared 
to less than 10 kilograms per hectare in Africa (Paarlberg 2008). These deficits explain 
why cereal yields in Africa are less than one-third as high as in developing Asia, and 
why income from farming is so low. In Kenya, where farming is doing better than in 
most other countries on the continent, the average yearly income of a small farming 
household is just $553. In Zambia, it is just $122. In Mozambique, it is only $59 (Jayne, 
Mather, and Mghenyi 2005).

The inability of African farmers to access more productive technology has led them to 
use less sustainable methods to boost production in pace with population growth. One 
example is the shortening of fallow time, a practice that mines soil nutrients and can 
eventually lead to an actual decline in crop yield per hectare. The shortening of fallows 
is now removing nitrogen from the soil at an average annual rate of 22–26 kilograms per 
hectare in Africa, too much to be offset by current rates of fertilizer application, which 
average only 9 kilograms per hectare. The result of this “soil mining” is a deficit in soil 
nutrients that causes annual crop losses estimated at between $1 billion and $3 billion. 
And this is not the end of the problem. As cultivated soils become exhausted, farm-
ers extend cropping onto new lands, cutting more trees and destroying more wildlife 
habitat.
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Why Don’t African Governments Act 
to Boost Farm Productivity?

Governments in Africa have opportunities to address these problems of agricultural 
stagnation. They could follow the lead of governments in Asia and invest more in rural 
public goods, such as roads, power, irrigation, schools, clinics, and agricultural research. 
This would gradually transform Africa’s countryside from a poverty trap into a produc-
tivity and income center, yet governments in Africa have been slow to take this approach. 
Nearly all public investments needed for increased agricultural productivity have been 
underprovided in Africa. Rural road systems in Africa are primitive, with 70 percent of 
all rural citizens living more than a 30-minute walk from the nearest all-weather road 
(Sebastian 2007). There is virtually no rural electrical power, rural health clinics are 
sparse and poorly equipped, and rural education is rudimentary (a majority of farmers 
in Africa, who tend to be women, cannot read or write in any language). In addition, 
public investments in agricultural research are miniscule. Two-thirds or more of all citi-
zens in Africa depend on farming for income and employment, yet governments con-
tinue to devote an average of just 5 or 6 percent of their annual budget spending on any 
kind of agricultural development. In many cases, this percentage has actually declined. 
Whereas the government of Uganda devoted 10 percent of its budget to agriculture in 
1980, since 1991 agriculture has not received more than 3 percent of the budget in any 
year, and in some years the share has been below 2 percent (Oxford Policy Management 
2007). The Government of India, during the early years of the Green Revolution, was 
devoting more than 20 percent of its budget to agricultural development (Hazell 2009).

Good governance in the area of agricultural development often comes down to an 
adequate allocation of budget resources for that purpose, and African political lead-
ers know they are spending too little. In 2003, at an African Union meeting in Maputo, 
Africa’s heads of government pledged to increase their share of the national public bud-
get that went to the agricultural sector up to at least 10 percent by 2008. But a subsequent 
survey of forty-five countries in the region by the International Food Policy Research 
Institute (IFPRI) found that only eight of those countries had met the pledge (Fan, 
Omilola, and Lambert 2009).

Many governments in the developing world have a history of “urban bias” in the pol-
icy choices they make, for reasons originally pointed out by Michael Lipton in his clas-
sic study, Why Poor People Stay Poor (Lipton 1977). Rural populations in all developing 
countries find it harder to make effective political demands on the state because they 
are more difficult to organize for political action, being more isolated from each other, 
more distant from the capital city, less well educated, and typically unarmed. By con-
trast, urban populations are often already organized—into unions, a civil service work-
force, and armed military or police units. Urban dwellers are also far better educated 
and politically informed. They may be fewer in number than rural dwellers, but they are 
physically proximate to the institutions of the state and to each other. They can threaten 
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to block the streets, shut down commerce, or even take control of government minis-
tries, radio stations, and airports, so the state must give priority to their concerns.

Yet the urban bias of government policy in Africa is so extreme as to require more 
than just these generic explanations, prompting a vigorous scholarly debate over why 
so many governments in Africa invest so little in the improvement of agriculture. The 
debate has not been resolved because so many of the alternative explanations are actu-
ally compatible with each other, suggesting that they all probably contribute to the 
adverse political outcome. In the sections that follow we shall consider three categories 
of such alternative but mutually reinforcing factors: demography and geography: eth-
nic diversity, conflict, and corruption; and colonial legacies plus various postcolonial 
effects.

Demography and Geography

One school of thinking attributes the unique neglect of agricultural investments by 
African governments to the unfortunate demographic and geographic destiny of the 
continent. Africa has a rural population that is growing rapidly and demanding new 
investments in farming, yet this population is not yet spatially dense enough to make the 
needed investments cost-effective.In addition, Africa’s geography—its limited coastline, 
climate, topography, and soils—is often described as uniquely unpromising for produc-
tive farming, which further discourages government investment.

Population growth rates in Africa remain high (a dozen African countries still have 
overall growth rates of 3 percent or higher), yet population densities in most countries 
on the continent are quite low (less than half the global average) so relatively thin rural 
populations often remain dispersed over wide areas. The expense of providing adequate 
farming infrastructure—roads, power, and irrigation, and storage—to this highly dis-
persed rural population is more than most African governments can afford. One esti-
mate from the Commission for Africa calculated that meeting Africa’s infrastructure 
needs would require roughly a doubling of annual external assistance to the region, up 
to a level of $14 billion (World Bank 2006). Because donors have not provided these 
funds, and because the costs are so overwhelming, African governments have an excuse 
to not even try.

The fact that some past efforts to build rural infrastructure in Africa were not 
cost-effective provides another excuse. The large irrigation schemes constructed in the 
1970s in the Volta Basin in West Africa cost an unaffordable $45,000 per hectare (Van 
de Giesen et al. 2005). In 2010 the International Food Policy Research Institute esti-
mated the average internal rate of economic return in Africa on large-dam irrigation 
projects was only 7 percent. Because projected economic rates of return are so low, the 
average rate of expansion of irrigated area over the past thirty years in Africa was just 
2.3 percent, actually slowing to just 1.1 percent per year during 2000–2003 period (You 
et al. 2010).
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The same is true for rural roads. The high cost of rural transport due to poor rural road 
systems is one of the greatest constraints to agricultural productivity in Africa. Farmers 
have less incentive to intensify production because fertilizer is too expensive to bring to 
the farm, and because any surplus they might produce takes too much time and labor to 
bring to market. Population growth is making it impossible to replenish soil nutrients 
using the traditional system of shifting cultivation, since fallow times get shorter and 
shorter as population increases, yet populations are not yet dense enough to justify the 
cost of building (and maintaining) an adequate network of rural farm-to-market roads, 
and during rainy seasons all household transport must be on foot. Governments in 
Africa are also discouraged from investing in agriculture, some argue, because so many 
are in countries that are geographically landlocked, and thus unable to imagine building 
their farm sectors into a source of lucrative export revenues (Sachs 2001).

Arguments are also made that African governments invest little in agriculture 
because they know that topography, soils, and climate in the region are poorly suited 
to productive crop farming. Much of Africa is indeed burdened by the extremes of heat 
and drought, heavily weathered soils, and a tropical disease environment that reduces 
the productivity of both human and animal labor. Africa’s high diversity of local eco-
systems makes more difficult the region-wide uptake of simple mono-crop farming 
systems similar to the irrigated high-yield “Green Revolution” systems that worked for 
wheat and rice in Asia. Soils in Africa tend to be poor even by the standards of tropical 
countries, because they are highly weathered, acidic, and generally low in fertility. At the 
same time, rainfall tends to be either scarce and unreliable, or excessive. An estimated 
two-thirds of the continent is subject to high risk of drought, and some 46 percent has 
less than seventy-five days of rain a year, too little to grow even millet. Tree planting, 
normally an option for soil conservation, is problematic in the large parts of Africa that 
receive less than 1,000 millimeters of rainfall each year. Compared with other tropical 
regions, a much smaller part of Africa’s land mass is moderated by proximity to oceans. 
Most of Africa lacks the monsoon effects that provide more abundant rainfall in much 
of Asia (Bloom and Sachs 1998). Local topography also tends to be highly irregular, 
complicating the engineering of irrigation systems while boosting road construction 
and other rural infrastructure costs. Irrigation costs in Africa are roughly double those 
of other continents.

The many pests and diseases in Africa that attack crops, livestock, and farmers are 
another natural impediment to higher productivity. As one example, stem borers are a 
major pest problem for Kenyan maize farmers, causing estimated losses of 15–45 percent 
of each maize crop, reducing Kenya’s annual farm earnings by an average of 70 million 
dollars. In West Africa, cowpeas grown by women farmers on small plots are a major 
source of protein and cash income for 200 million people. Yet insect damage from pod 
borers and weevils can affect up to 95 percent of the crop, depending on the location 
and year (Murdock 1999). Farm size tends to be small in Africa partly because of the dif-
ficulty of keeping fields free from the invasive weeds that grow rampant. Parasitic weeds 
such as Striga attack cereals and food legumes in the arid savanna zones, while perennial 
grasses force farmers to abandon prime lands in the moist savanna (Akobundu 1991). 
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As much as a third of tropical Africa remains underexploited because of the presence of 
trypanosomiasis, a parasitic disease that affects both people and livestock.

All these difficult natural conditions might seem to give African governments ample 
excuse for not investing more public resources in agricultural development. Yet the con-
straints mentioned here do not have to block agricultural improvements in Africa. As 
global wealth has grown and the frontier of science has moved outward, the ability of 
human institutions to engineer an escape from natural constraint has expanded as well, 
so that geography and climate no longer have to be destiny. For example, many of the 
most productive lands in tropical Brazil today were considered unusable for crop farm-
ing two decades ago, before they were limed to correct soil acidity. Africa could be doing 
much better in working against natural constraints if governments in the region were 
willing to invest more in essential public goods such agricultural research and rural 
infrastructure. Public research and development expenditures can raise productivity in 
almost any environment (Masters and Wiebe 2000). Economic returns to agricultural 
research tend to be high, and even in Africa rates of return above 50 percent are not 
unusual. Yet most governments in the region have long skimped on public spending for 
agricultural science (Alston, Pardey, and Roseboom 1998). Investments in rural infra-
structure can also increase farm productivity. Spending on rural roads in Uganda has 
better than a 9 to 1 ratio of benefits (in terms of agricultural growth and rural poverty 
reduction), yet once again Africa’s governments have tended to put priorities elsewhere 
(World Bank 2007). Investments in agricultural biotechnology could bring to Africa 
crops more capable of withstanding abiotic stress, such as nitrogen deficits or drought.

Ethnic Diversity, Corruption,  
and Conflict

A second explanation for the tendency of African governments to invest so little in agri-
cultural development is borrowed from critiques of the African state that go far beyond 
the farming sector. In every economic sector, it can be argued, African governments do 
a poor job of providing public goods. Public resources are used not for investment but 
for patronage to favored clans and ethnic groups, or to buy elections, or to equip and 
ensure the loyalty of armed forces, or simply to enrich the head of government, his party, 
and his extended family members. This tendency of African governments to shift, over 
time, from providing public goods that might sustain economic growth to providing 
private goods that only redistribute the growth, to finally becoming predatory and actu-
ally seizing private goods, has been described most systematically and most recently by 
Robert Bates of Harvard University (Bates 2008).

Democratic governance has been spreading in Africa since the early 1990s, and in 
that time the region has gone from almost no democracies to nearly half the continent 
under democratic rule. Significantly, there are no signs that this trend is reversing. Of 
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the seventeen sub-Saharan African states that became democracies between 1990 and 
1995, sixteen remain democracies today (Radelet 2010). Yet the governance failures that 
most damage farming are not quickly corrected by introducing multiparty elections, 
given the dominance of urban populations over election outcomes. Electoral competi-
tion can also have the unfortunate tendency of shortening the time horizon of govern-
ments, inspiring them to govern even more through short-term payoffs to supporters 
rather than through long-term investments in growth (Bates 2008).

Why does this pattern arise more often in Africa than in the rest of the developing 
world? Africa’s extreme ethnic diversity is one candidate explanation. Many African 
countries feature dozens of distinct ethnic groups, each with its own separate language 
and regional homeland. Fourteen of the fifteen most ethnically diverse societies in the 
world are located in Africa. By one count, sub-Saharan Africa has seventy-four differ-
ent ethnic minorities, compared to only forty-three in all of Asia, where the population 
is much larger overall (Gurr 1993). In sub-Saharan Africa, minorities comprise 42 per-
cent of the population, versus the global average of 17 percent. In this environment of 
incomplete national integration, governance patterns of mistrust, patronage, and the 
formation of violent armed groups with distinct ethnic loyalties can displace nationwide 
investments in any kind of public good.

Once ethnic group competition becomes militarized, as it often does in Africa, a more 
extreme diversion of public resources away from public goods then becomes likely. If 
actual fighting takes place, the agricultural sector is often the first to suffer. Violent con-
flict reduces agricultural productivity and compromises secure access to food in multi-
ple obvious ways. In rural farming communities, the recruitment of able-bodied young 
men into armies and militias takes labor away from food production, thereby reduc-
ing rural incomes. In areas of conflict, predatory activities by both militias and regular 
armies diminish food availability and access directly. These armed groups tend to sub-
sist by eating whatever they can take from the unarmed rural population, and they then 
destroy any food they cannot use immediately in contested areas so as to deny it to their 
adversaries. Fearing theft and destruction of this kind, rural dwellers naturally chose 
to invest less energy in farming. They may abandon their land entirely and begin mov-
ing as internally displaced people toward cities or emergency feeding centers set up by 
relief agencies. For all these reasons, countries experiencing conflict in Africa also tend 
to experience significant drops in food production. They produce, on average, 12.4 per-
cent less food per capita in war years than in peacetime. A comparison of actual his-
torical food production in Africa after 1980 to a “peace adjusted trend” shows that peace 
would have added 2–5 percent to the continent’s total food production per year (Messer, 
Cohen, and d’Costa 1998).

Because of frequent military conflict, many Africans are forced to cross national bor-
ders and become refugees, living in camps and depending for their survival on interna-
tional food aid. At one point in the 1990s, while sub-Saharan Africa accounted for only 
10 percent of the world’s population, it was harboring 46 percent of the world’s refugees 
and persons internally displaced by war (Haughton 1997). These urgent humanitarian 
needs suck resources away from productive investments in public goods.
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The fundamental public good that goes missing first under these circumstances is 
the simple rule of law, including basic safeguards against loss of property or breeches 
of contract. Well-functioning national governments provide such safeguards by operat-
ing capable and noncorrupt civil and criminal justice systems. Without such systems, 
incentives to invest in wealth creation—including in the farming sector—tend to dis-
appear. One indirect measure of how well African governments provide the rule of 
law can be found in the Index of Economic Freedom compiled yearly by the Heritage 
Foundation and the Wall Street Journal. One dimension this index measures is the pro-
tection of property rights, defined as security from government expropriation, the pres-
ence of an efficient court system to enforce contracts, and a justice system that punishes 
those who unlawfully confiscate private property. Of forty-two sub-Saharan African 
countries ranked in 2010 on a scale of 1 to 100, only three of the smallest (Botswana, 
Cape Verde, and Mauritius) scored higher than 50. Nigeria and Ethiopia scored only 30, 
the Democratic Republic of the Congo only 10, and Zimbabwe only 5. By contrast the 
United States scored 85, and Singapore scored 90 (Heritage Foundation 2013).

Weak property protection in Africa is particularly important as a key to understand-
ing the persistence of slow economic growth across all sectors in the region, includ-
ing agriculture. Economic growth in Africa would be higher if the level of investment 
were higher, but incentives to invest are weak because essential public goods such as 
property protection and contract enforcement are so often missing. It is significant that 
Africans as well as non-Africans are reluctant to invest in the region. A study by Collier 
and Gunning (1997) compared the portfolio choices of wealth holders across all regions, 
using data on capital flight and domestic capital stocks. They found that wealth owners 
in Africa relocated 37 percent of their wealth outside the continent. This compares to 
a 17 percent capital flight rate in Latin America and only 3 percent in East Asia. It led 
Collier and Gunning to conclude that if Africa reduced its own total capital flight to the 
level of Asia, its capital stock might increase by half.

Colonial Legacies and  
Postcolonial Influences

Low public investments in rural welfare and agricultural productivity in Africa can 
also be traced to colonial and postcolonial influences. Africa’s early rural development 
was strongly shaped by the institutions that European colonizers introduced to sup-
port cash-crop export farming. While making no investments at all in the smallholder 
farming sector that produced staple food crops, European colonial authorities in the 
early twentieth century did make large investments in the production and export of 
tea, coffee, groundnuts (peanuts), cotton, and tobacco. To support this agricultural 
enterprise, the colonizers—French, British, Germans, Belgians, Portuguese—built 
infrastructures of road and rail designed to move products not to local population 
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centers but to and from port facilities for international transport. Colonial capitals 
were often situated in port cities, looking outward rather than inward, and some of 
the most powerful institutions in these capitals were the monopoly export marketing 
boards that commandeered agricultural products from local growers at a low price, 
so as to maximize profit when the product was sold on the international market at 
a high price. Labor to operate the cash-cropping system was often locally comman-
deered as well, separating young men from their families and from traditional farm-
ing activities.

This institutional legacy did not disappear when the colonial period ended in the 
1960s. The monopoly marketing boards continued to siphon wealth out of the farm-
ing sector, but now for the benefit of the newly independent African regimes, typically 
governed by a narrow European-trained urban professional class. The African political 
class that gained independence typically wanted nothing to do with farming. Eager to 
industrialize so as to catch up with the developed world, these new urban leaders of 
independent Africa continued to use the instruments of rural extraction they had inher-
ited from the Europeans. In 1992, Maurice Schiff and Alberto Valdes, from the World 
Bank, calculated that between 1960 and 1985 the newly independent governments of 
Africa used direct and indirect policy measures to impose the equivalent of a 30 percent 
tax on their agricultural sectors, an extraction of resources from farming that was not 
matched or compensated by any offsetting public investments in the countryside (Schiff 
and Valdes 1992).

A second dimension of the colonial legacy is one that continues to the present day. 
Because the economies of Africa’s young states did not prosper after independence, the 
governments of those states became dependent on international financial assistance, 
both from individual donor countries (often the former colonizer) and from interna-
tional financial institutions (such as the World Bank and the International Monetary 
Fund [IMF]). On a per-capita basis, Africa receives three times as much foreign aid 
as any of the other developing regions. As a percentage of gross domestic product 
(GDP), Africa is even more dependent on aid (Devarajan, Rajkumar, and Swaroop 
1999). Measures for 1970–1993 constructed by Burnside and Dollar (2000) show that 
a sampling of twenty-one nations in sub-Saharan Africa were, on average, more than 
four times as dependent on aid, relative to GDP, as a sampling of thirty-five develop-
ing countries outside of sub-Saharan Africa. The average sub-Saharan African country 
now derives roughly 13 percent of its entire GDP from foreign aid, which is five times 
the foreign-aid dependence experienced by the recovering nations of Western Europe 
after World War II at the height of the Marshall Plan. African governments today need 
a continuing stream of foreign assistance simply to service their accumulated external 
debts. Of the forty “heavily indebted poor countries” recently permitted to seek debt 
relief under a World Bank/IMF initiative, thirty-three were African countries. In these 
heavily indebted aid-dependent countries, new spending for development is seldom 
undertaken without some prior assurance of new donor support. Donor support for 
state investments in rural public goods went into an unfortunate decline beginning in 
the 1980s.
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In the 1980s, aid donors to Africa noticed that the farm sector was underperform-
ing, but the remedy prescribed was to get the state out of the business of running the 
economy, rather than to encourage more investment in public goods. The policy 
reform template advanced by the World Bank and the IMF in both Africa and Latin 
America was called “structural adjustment,” and it included a number of worthy 
macroeconomic features designed to control inflation, free markets, and “get prices 
right.” Lending money for policy change proved to be difficult, however, and the 
adjustments imposed in Africa were not always significant or long lasting. In 1994 
the World Bank completed a study of 29 governments in sub-Saharan Africa that 
had undergone structural adjustment and found that 17 of those 29 had reduced 
the overall tax burden they placed on farming, while some, because of persistently 
overvalued exchange rates, had actually increased that burden. Only 4 of the 29 
had eliminated parastatal marketing boards for major export crops, and none of 
the 29 had in place both agricultural and macroeconomic policies that measured 
up to World Bank standards (World Bank 1994). In addition, in their focus on “get-
ting prices right” these international financial institutions had largely neglected the 
need for governments to make larger public goods investments in the rural sector. 
Public goods investments were actually discouraged under structural adjustment, 
because they could contribute to fiscal deficits condemned by World Bank and IMF 
economists as inflationary.

In its pursuit of structural adjustment in the 1980s and 1990s, the World Bank essen-
tially withdrew from making loans in Africa for public sector investments in agricul-
ture. Between 1978 and 1988, the share of lending from the World Bank that went to 
agricultural development fell from 30 percent to 16 percent, and by 2006 the lending 
share was only 8 percent. In 2005, World Bank president Paul Wolfowitz admitted 
in an offhand comment, “My institution’s largely gotten out of the business of agri-
culture” (Hitt 2005). This withdrawal of international support for agricultural invest-
ment reinforced the existing tendency among African governments to underinvest in 
farming.

Bilateral donors also walked away from providing assistance to African agriculture 
beginning in the 1980s. The United States allowed its official development assistance to 
agriculture in Africa to fall from more than $400 million annually in the 1980s to only 
$60 million annually by 2006, a drop of 85 percent at a time when food grain production 
in Africa was declining on a per-capita basis and the numbers of hungry people on the 
continent were doubling (Chicago Council on Global Affairs 2009). This was a period 
during which donor countries were losing interest in agricultural development. They 
carelessly concluded from the success of Asia’s Green Revolution and from low prices on 
the world market that food problems in the developing world had been solved. Between 
1980 and 2003, the aggregate value of all bilateral agricultural development assistance 
from all rich countries to all poor countries fell by 64 percent. The fact that food and 
agricultural problems were still worsening in Africa did not seem to matter to donors 
during this period. Hence, among the donor-dependent governments of Africa, the pat-
tern of underinvesting in rural public goods continued.
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Pathways of Escape

The best policy path to escape Africa’s current food and farming crisis is also a matter 
of considerable debate. The pathways of escape favored by the political Right differ dra-
matically from those advanced by the political Left. Scholars on the Right (led by neo-
classical economists) predictably favor additional market-oriented economic reforms 
in Africa to attract private investment, political reforms to restore the rule of law, and 
a greater openness to international trade, including trade in agricultural products 
even when this means importing food staples while producing cash crops for export. 
Endorsements for this strategy can be found, for example, in the World Bank’s (2007) 
study World Development Report 2008: Agriculture for Development. According to the 
Bank, “The private sector drives the organization of value chains that bring the market 
to smallholders and commercial farms.” The subordinate role of the state is to “correct 
market failures, regulate competition, and engage in strategically in public-private part-
nerships” (9).

In the view of the World Bank, the structural adjustment efforts of the 1980s and 1990s 
were a considerable success: Between 1980 and 1984 and 2000 and 2004, net agricultural 
taxation was reduced in Africa from 28 percent down to 10 percent, and this is seen as one 
reason agricultural growth in Africa recovered slightly, from negative growth per capita 
in the 1980s to 1.5 percent per capita between 2000 and 2005. More growth will now be 
possible, according to the Bank, if markets—including international markets—are given 
more room to operate. This means an opening to more imports of food staples, despite 
the problems this could cause when world prices fluctuate. This recommendation for 
greater reliance on international food markets was inconveniently published in 2007, just 
before a sudden 2008 spike in international food prices punished those who had allowed 
themselves to rely on the world market. In 2008 the export price of maize doubled from 
two years earlier, the price of rice tripled in just three months, and wheat available for 
export reached its highest price in twenty-eight years. Street demonstrations and rioting 
broke out in Egypt, Cameroon, Ivory Coast, Senegal, and Ethiopia (Paarlberg 2010).

The World Bank vision included greater investment in smallholder agriculture, 
primarily in Africa’s medium- and higher-potential areas. Subsistence farmers in 
lower-potential areas need food security and safety nets to ensure livelihoods. Some 
World Bank economists go farther than this, arguing that smallholder farmers in Africa 
will never be an adequate source of either food production or income growth. Paul 
Collier, Professor of Economics at Oxford and a former director of research at the Bank, 
concluded in 2008 that a better solution would be to move agriculture in Africa toward 
the “Brazilian model” built around larger-scale commercial farms. Smallholder peas-
ant farmers, he argued, will never be able to keep up with the fast-evolving technologies 
seen in modern farming, and will never be able to connect to high value consumer food 
chains, given poor rural infrastructure. In the Brazilian model, private companies con-
struct their own transportation infrastructure (Collier 2008). Smallholders can partici-
pate as subcontractors.
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The limitations of the Brazilian model are nonetheless obvious. It is a proven method 
of generating more agricultural production and more commercial gains from farming, 
but not a fully proven method of using farming to bring adequate income or greater 
food security to the rural poor. Brazil has increased food security for the rural poor 
most recently through expensive public-sector conditional cash transfers, not through 
corporate investments. Defenders of the Brazilian approach argue that poor smallhold-
ers will be able to participate through contract farming, promising their crop to a large 
firm at a prearranged price in return for seeds, fertilizers, irrigation, and technical assis-
tance. The authors of the World Bank’s 2007 study insist that, even on their own, African 
smallholder farmers are capable producers:  “Given the opportunity, smallholders in 
Africa have proved to be just as responsive to new technologies as their Asian counter-
parts. Witness the adoption of hybrid maize in much of southern Africa, the dairy revo-
lution in East Africa, and the increased production of cocoa, cassava, and cotton in West 
Africa.” The World Bank authors also warn that large-scale farming has a long record of 
disappointment in Africa, dating from colonial times (Byerlee and de Janvry 2009).

On the political Right, nearly all agree that Africa needs a technology upgrade in 
farming comparable to the Green Revolution that brought farm productivity and 
higher rural incomes to Asia in the 1960s and 1970s. In 2006, two pro-technology phil-
anthropic foundations, the Rockefeller Foundation and the Bill and Melinda Gates 
Foundation, joined in a joint venture they called an Alliance for a Green Revolution 
in Africa (AGRA). Bill Gates himself explained the importance of introducing African 
smallholder farmers to modern agricultural science: 

In Africa today, the great majority of poor people, many of them women with young 
children, depend on agriculture for food and income and remain impoverished and 
even go hungry. Yet, Melinda and I have also seen reason for hope—African plant 
scientists developing higher-yielding crops, African entrepreneurs starting seed 
companies to reach small farmers, and agrodealers reaching more and more small 
farmers with improved farm inputs and farm management practices. These strate-
gies have the potential to transform the lives and health of millions of families.

 (Bill and Melinda Gates Foundation 2006)

This Green Revolution vision for rural Africa, embraced uncritically by most on the 
Right, is firmly rejected by critics on the Left. When the AGRA initiative was announced 
in 2006, those who did not want a green revolution in Africa responded with reflex-
ive hostility. Peter Rosset, from a US nongovernmental organization (NGO) named 
Food First, lampooned the Gates Foundation’s “naïveté about the causes of hunger” and 
warned that the most likely result of the new initiative would be “higher profits for the 
seed and fertilizer industries, negligible impacts on total food production and worsen-
ing exclusion and marginalization in the countryside” (Rosset 2006).

The political Left is critical of trying to bring a Green Revolution to Africa in part 
because of what happened in Latin America when high-yielding seeds were introduced 
there in the 1960s and 1970s. Due to extreme social inequities in rural Latin America, 
ownership of productive farmland and access to credit for the purchase of essential 
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Green Revolution inputs such as fertilizer were restricted to a privileged rural elite, so 
the gains of the new technology were not equitably shared. Agricultural land was made 
more valuable by the new seeds, but this backfired on the poor who had previously been 
allowed to subsist on land they did not own. They were now pushed off this land by the 
landlords to make way for expanded commercial production. Some of the evicted peas-
ants gained limited compensation in the form of seasonal employment as hired cotton 
pickers, but otherwise they were forced to move their farming efforts onto lands with 
irregular terrain, no access to irrigation, and less fertile soil, or become slum dwellers on 
the fringes of the urban economy (Williams 1986). This experience engendered a lasting 
hostility toward the Green Revolution among groups on the Left (including Food First) 
who saw the world primarily through a Latin American lens.

Asia had a much better experience with the new seeds because access to good land 
was less narrowly held (in this regard, Africa is more like Asia than Latin America), 
yet Green Revolution critics have even tried to depict Asia’s experience with the new 
seeds as a social calamity. In 1992, despite growing evidence to the contrary, the celebrity 
activist Vandana Shiva published a polemic titled The Violence of the Green Revolution, 
which erroneously depicted the new seeds as a plot by multinational corporations (the 
seeds had actually been introduced by philanthropic foundations and governments) to 
lure farmers away from growing traditional crops, destroying their culture, and making 
them poor and dependent (Shiva 1992). In fact, the new seeds finally ended India’s strug-
gle with famine and helped cut rural poverty rates down from 60 percent in the 1960s to 
39 percent by 1988 and an estimated 27 percent by 2000 (Deaton and Drèze 2002).

The alternatives to a Green Revolution for Africa offered by the political Left have 
both a technical side and an institutional side. Technically, the preference is for agro-
ecology, a farming approach that favors traditional seeds over scientifically developed 
seeds, polycultures over monocultures, biological controls for pests rather than chemi-
cal controls, and crop rotations plus manuring rather than using synthetic nitrogen fer-
tilizers. Many also favor organic farming, which eliminates synthetic chemicals entirely. 
On the institutional side, the political Left is mistrustful of private companies and pri-
vate markets, so the preference is for something called “food sovereignty,” where small 
peasant farmers avoid any dependence on inputs purchased from agribusiness firms 
or on the sale of their product into unreliable export markets. The call for food sover-
eignty is not so much a formal school of thinking as it is a social movement, launched in 
Belgium in 1992 by organization named La Vía Campesina, now nominally headquar-
tered in Honduras (Tandon 2008).

Widely cited support for this alternative to the Green Revolution can be found in the 
2008 International Assessment of Agricultural Knowledge, Science and Technology 
for Development (IAASTD), completed under the auspices of the World Bank and the 
United Nations. This assessment, authored by an international assembly of advocates 
that included representatives of national governments and NGOs as well as scientists, 
concluded that the Green Revolution had brought too many “unintended social and 
environmental consequences.” The assessment calls for a greater emphasis on agroeco-
logical approaches and the incorporation of “traditional and local knowledge” (IAASTD 
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2008). The risk for Africa in following this assessment is that it can easily be used to 
endorse the status quo. Most smallholder farmers in African today practice something 
suspiciously close to pure agroecology:  They use traditional seeds, plant their crops 
in polycultures, irrigate with collected rainfall, and purchase almost no inputs such 
as nitrogen fertilizers or pesticides from off the farm. They also work with great skill 
from dawn to dusk, yet the result is that their cereal crop yields are only 10–20 per-
cent as high as in North America, they earn only $1 a day on average, and one-third are 
undernourished.

The best approach is usually to combine agroecological insights with Green 
Revolution seeds plus off-farm inputs. For example, integrated pest management (IPM) 
combines biological controls of pests with Green Revolution seeds, plus the limited use 
of chemical pesticides as a last resort. Integrated nutrient management would combine 
manuring and legumes with some nitrogen fertilizer, but not as much as currently used 
in the developed world. Yet the polarization of viewpoints between Green Revolution 
advocates and Green Revolution critics makes this sort of integrated approach extremely 
difficult.

One illustration is the current political battle over introducing genetically engineered 
crops (referred to as GMOs) into Africa. GMOs have enjoyed safe and widespread use 
over the past fifteen years in the United States, Canada, Argentina, Brazil, China, India, 
the Philippines, and elsewhere—but not in Europe, where consumer anxieties and regu-
latory restrictions have kept them out of farm fields. There is a strong scientific con-
sensus in Europe that the use of genetic engineering in farming has not yet introduced 
any new risks to either human health or the environment, a view endorsed by Royal 
Society in London, the British Medical Association, the French Academy of Sciences, 
the German Academies of Science and Humanities, and the Research Directorate of the 
European Union (Paarlberg 2008). In 2010, in fact, the Research Directorate issued a 
new report that stated, “The main conclusion to be drawn from the efforts of more than 
130 research projects, covering a period of more than 25 years of research, and involving 
more than 500 independent research groups, is that biotechnology, and in particular 
GMOs, are not per se more risky than e.g. conventional plant breeding technologies” 
(European Commission 2010). Government policies in Europe nonetheless remain 
strongly prejudiced against the technology, and because Europe continues to exercise 
a strong postcolonial influence over Africa, governments in sub-Saharan Africa have 
largely been persuaded to follow Europe in blocking the planting of agricultural GMOs. 
As of 2013, it was not yet legal for farmers to plant any genetically engineered seeds in 
forty-three out of forty-seven countries in Africa. In the majority of these countries it 
was not even legal for scientists to do research using these seeds.

Five channels of external influence from Europe help to explain this blockage of agri-
cultural biotechnology in Africa. First, Africa’s official development assistance (ODA) 
from Europe is three times as large as ODA from the United States, and governments 
in Europe have used their ODA influence to encourage African governments to draft 
and implement highly precautionary European-style regulatory systems for agricul-
tural GMOs. European funding also shaped an important UNEP-GEF Global Project 
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on the Development of National Biosafety Frameworks (NBFs) that coached African 
governments in parallel fashion to adopt highly precautionary European-style GMO 
regulations.

A second channel of external influence has been advocacy campaigns against GMOs 
from international nongovernmental organizations (INGOs), the most active of which 
are headquartered in Europe. Greenpeace International and Friends of the Earth 
International, both based in Amsterdam, have campaigned heavily in Africa against 
agricultural GMOs, telling stories of new medical and environmental risks, but never 
sharing with their African audience the fact of Europe’s own scientific consensus regard-
ing the absence of such risks so far. A  third channel of external influence has been 
commercial agricultural trade. Africa’s farm exports to Europe are six times as large as 
exports to the Untied States, so exporters must adjust to European consumer tastes and 
European regulatory requirements. In 2002, Zambia rejected GMO maize as food aid 
in part because an export company (Agriflora Ltd.) and the export-oriented national 
farmers union (ZNFU) were anxious that exports of organic baby corn to Europe not be 
compromised. The risks of export rejections from African countries that plant GMOs 
are actually quite small, as evidenced by the continued growth of food sales to Europe 
from the Republic of South Africa, which does plant GMOs, yet anxieties surround-
ing export loss continues to play a political role. A final channel of external influence is 
cultural. Most policymaking elites in Africa have closer cultural ties—based on history, 
language, schooling, media, and travel—to Europe than to the United States, so they are 
naturally inclined to view European practices as the best practices (Paarlberg 2008).

The Political Challenge for the 
Pragmatic Center

There is also a pragmatic center with its own favored remedy for Africa’s agricultural 
challenges. Pragmatists know that Africa’s agricultural sector will never become a source 
of productivity and income growth without larger investments in basic rural public 
goods: roads, power, schools, clinics, and agricultural research and technology exten-
sion. The political problem for the pragmatic center is how to stir Africa’s governments 
to improve their performance in making these investments. The actions most needed 
for this task include revived external assistance for agricultural investments, external 
and peer pressure on governments in Africa to fulfill their 2003 Maputo pledge, and 
foundation-led projects designed to create partnerships between the African public sec-
tor and private international companies with access to technology and market outlets.

For most of the past three decades, the first pillar of this strategy—external assistance 
for agricultural investments—was largely missing in Africa, as noted above. Politically, 
at least three forces were pushing external donors away from the needed task of pro-
viding assistance to agricultural modernization in Africa. The first was a rejection of 
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public-sector foreign assistance by those on the political Right who thought private 
markets should always be in the lead. Second was a rejection from the political Left of 
any attempt to extend a Green Revolution to Africa, on grounds that it would hurt the 
poor and not be environmentally sustainable. Third was Africa’s growing need, begin-
ning in the 1980s, for emergency food aid. Africa’s food crisis was worsening to the point 
that efforts to rush food to hungry people in the short run were crowding out needed 
investments in agricultural development for the long run. Between 1980 and 2006, while 
US development assistance to African farming was falling by 85 percent, official spend-
ing for food assistance to Africa was more than doubling in real terms, up to $1.2 billion. 
By 2006 the United States was spending roughly twenty times as much giving away food 
in Africa as it was spending to help Africans do a better job of producing their own food 
(Chicago Council on Global Affairs 2009).

The shock of temporarily high world food prices in 2008, followed by the inaugu-
ration of Barack Obama as US president in 2009, led to a promising revival of donor 
support, and promised support, for agricultural development. Several months after tak-
ing office, President Obama pledged to ask Congress for a doubling of US agricultural 
development assistance, up to more than $1 billion by 2010, and at a summit meeting 
of the G8 countries in Italy in July 2009, Obama convinced the world’s wealthy nations 
to make a collective pledge of $20 billion over three years to promote food security and 
agricultural development in poor countries. Not all of the money pledged was new 
money, not all would go for agricultural development, and not all would go to Africa 
(as the US assistance community faced more urgent nation-building problems in Iraq, 
Afghanistan, and Pakistan), but funding did increase, and for the moment a long period 
of official neglect for agricultural development assistance appeared to be ending.

By 2011, however, donor commitments to new agricultural development assistance 
had begun to falter. Donors backed off in Europe because of financial and sovereign 
debt crises, which had triggered budget austerity across the board. Appropriations 
became more difficult in the United States because a domestic “Tea Party” move-
ment shaped the November 2010 congressional election, giving control of the House 
of Representatives to (newly) deficit-conscious Republicans. Appropriations for the 
Obama administration’s new Feed the Future initiative—which focused on agricul-
tural development in Africa—did increase through fiscal year 2012 but faced threats 
of cuts going forward (Bertini and Glickman 2012). The motive of donors to provide 
assistance to smallholder farmers in Africa rests primarily on a social and ethical 
foundation, rather than on commercial or national security advantage, making ade-
quate efforts difficult to sustain.
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Chapter 6

The P o or,  Malnu trition, 
Biofortification,  and 

Biotechnolo gy

Alexander J .  Stein

Introduction

This chapter deals with agricultural approaches that are aimed at improving the 
nutritional status—and ultimately the health—of the poor in developing countries. 
Conventionally, nutrition problems in poor countries are first and foremost equated 
with outright hunger, meaning an insufficient consumption of dietary energy (see 
FAO 2010). Correspondingly, the discussion about how to solve the world food 
problem primarily revolves around the question of whether hunger is a (technical) 
problem of food production or a (social) problem of food distribution. This is an espe-
cially important question because agricultural biotechnology is being used for crop 
improvement (Chrispeels 2000). However, while the fact that there are about one bil-
lion hungry people in the world is an issue of serious concern, there is another nutri-
tion problem that often goes unnoticed; namely, micronutrient malnutrition, which is 
also aptly dubbed “hidden hunger” (Kristof 2009; Hidden Hunger 2011; Micronutrient 
Initiative 2011a).

While undernourishment due to insufficient energy intakes is directly felt by those 
suffering from hunger, and is also easily recognized by others because it causes wast-
ing and stunting, a lack of micronutrients in people’s diets has less directly perceptible 
but nevertheless potentially serious consequences for the health and well-being of the 
affected individuals. Micronutrient deficiencies can cause, inter alia, lack of stamina, 
impaired physical and cognitive development, morbidity, blindness and—via increased 
susceptibility to infectious diseases—premature death.

Even if insufficient dietary intakes are recognized as the main cause of micronutri-
ent deficiencies—that is, even if “hidden hunger” is identified as being a food-based 
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problem—micronutrient deficiencies are nevertheless often regarded primarily as 
health problems. Indicative of this view is that the World Health Organization has a 
dedicated section on micronutrient deficiencies on its website (WHO 2011f). In this 
context, the most common approaches to control vitamin and mineral deficiencies 
are fortification or supplementation (e.g., WHO 2011f; UNICEF 2011; Micronutrient 
Initiative 2011b; GAIN 2011). In addition to these interventions, and as micronutrient 
malnutrition persists, a complementary approach has emerged: breeding staple food 
crops for higher micronutrient content. Given that micronutrient deficiencies are 
essentially a food-based problem, the idea of adding to people’s food what is lacking in 
their diets is not new; this is already being done through fortification. However, using 
plants to fortify themselves with micronutrients had not been pursued as a coherent 
strategy to tackle vitamin and mineral deficiencies on a broader front until the late 
1990s, when, inter alia, the “Micronutrients Project” of the Consultative Group on 
International Agricultural Research was initiated (Bouis et al. 2000).1 Only a little 
later the term “biofortification” was coined to describe micronutrient fortification 
of plants through breeding approaches (CGIAR 2002), and the concept was intro-
duced in the literature (e.g., Bouis et al. 2000; Welch and Graham 2000; Bouis 2002). 
Moreover, given that one of the first biofortified crops—Golden Rice—reached the 
headlines because it was genetically engineered (see Nash 2000), and given the politi-
cal and social controversies surrounding this technology, it is pertinent to have a more 
detailed look at biofortification and how and where this concept overlaps with geneti-
cally modified crops.

Micronutrient Malnutrition

Each year the Food and Agriculture Organization of the United Nations publishes its 
estimates of the number of undernourished people in the world, which over the last 
forty years oscillated around 900 million people (FAO 2010). Over the same period 
the world population was continuously increasing, which means that the share of 
hungry people has fallen over the last four decades. Even so, about one in seven peo-
ple still suffer from a lack of food, so that fighting hunger continues to be a challenge 
for humanity. On the other hand, the World Health Organization estimates that, 
worldwide, 1.5 billion people are overweight (WHO 2011g). Increasingly, these two 
forms of malnutrition, underweight and overweight, are occurring simultaneously 
within the same societies or even within the same households (Gillespie and Haddad 
2003; FAO 2006).

Adding to this, estimates indicate that 2 billion people worldwide are anemic, many 
due to iron deficiency (WHO 2011c). A further 2 billion people likely have insufficient 
iodine intakes (de Benoist et al. 2008), and a similar number (1.2 to 2 billion people) are 
affected by zinc deficiency (Hotz and Brown 2004; WHO 2002). Moreover, at least half 
a billion people are estimated to suffer from selenium deficiency (Combs 2001), and an 
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estimated 250 million preschool children alone are vitamin A deficient, with a substan-
tial proportion of pregnant women in at-risk areas equally being suspected of suffering 
from vitamin A deficiency (WHO 2011d). For calcium, vitamin D, the B vitamins, and 
folate, low intakes can also be common (Allen et al. 2006). However, for many micronu-
trients, reliable prevalence data are not available, which makes substantiating the occur-
rence of vitamin and mineral deficiencies difficult (Borwankar et al. 2007).

Summing up these figures gives a total of at least 7 billion cases of people suffering 
from one form of malnutrition or another (Figure 6.1); in at least 5 billion cases this 
includes a micronutrient deficiency. Therefore, because not all of the entire human pop-
ulation is affected by malnutrition, many individuals must suffer from multiple nutri-
tion problems. What these headcount figures do not show, though, is how severe the 
suffering is in each case—for instance, being iodine deficient is not necessarily compa-
rable to being vitamin A deficient.

To address the issue of how different health outcomes can be quantified and com-
pared, in the 1990s the World Bank and the World Health Organization introduced 
a summary measure for population health called “disability-adjusted life years,” or 
DALYs (World Bank 1993; Murray and Lopez 1996). One DALY can be thought of as 
one “healthy” year of life that is lost due to mortality or morbidity. Each year of life lost 
due to premature death is counted as one DALY, and each year lived with a disease or 
injury is counted as a fraction of one DALY, depending on the severity of the condition.2 
The sum of DALYs across all health outcomes and across the entire population can be 
thought of as a measure of the overall gap between current health status and an ideal 
situation where everybody lives to an advanced age, free of disease and disability. This 
gap is also called the “burden of disease” (WHO 2011b).
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Figure 6.1 Billion people suffering from malnutrition worldwide.
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Based on this concept, the WHO calculated the “global” burden of disease and attrib-
uted it to leading risk factors (WHO 2002). As can be seen from Figure 6.2, the biggest 
single risk factor contributing to the global burden of disease is underweight—almost 
one-tenth of the global potential for good health is lost due to this cause. However, add-
ing up the three major micronutrient deficiencies represents the third most important 
risk factor. On the one hand, this shows that vitamin and mineral deficiencies are indeed 
a serious problem for public health, while on the other hand, it shows that not all forms 
of malnutrition are equally severe. For instance, many more people suffer from iodine 
deficiency than are undernourished, but the aggregated health consequences are more 
severe for underweight.

Apart from this quantification of the amount of ill health caused by micronutrient 
deficiencies, the economic loss these deficiencies impose on society has been estimated. 
In 1994 the World Bank suggested that iron, iodine, and vitamin A deficiencies could 
reduce the gross domestic product (GDP) in developing countries by as much as 5 per-
cent. Subsequent estimates also placed the possible losses of GDP due to micronutri-
ent deficiencies in different developing countries into the range of 2–4 percent (Horton 
and Ross 2003; Micronutrient Initiative 2004; Stein and Qaim 2007), with lower esti-
mates still amounting to an annual loss of at least US$5 billion in China and India alone 
(Micronutrient Initiative 2009). On the other hand, in the long run, better nutrition can 
have a much larger impact; for instance, a historic analysis by Fogel (2004) shows that 30 
percent of the growth of British per-capita income over the last 200 years can be attrib-
uted to improved nutrition.
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Figure 6.2 Global distribution of burden of disease of 15 leading risk factors.
Notes: WASH stands for “Unsafe water, sanitation & hygiene.” Apart from the risk factors explicitly linked to 

malnutrition, “Cholesterol” and “Low fruit & vegetable intake” are also related to poor nutrition.
Source: WHO (2002).
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Conventional Micronutrient 
Interventions

As explained in the previous section, micronutrient malnutrition is a serious nutrition 
problem with negative consequences for public health and overall economic growth. 
Consequently, different approaches have been pursued to control vitamin and mineral 
deficiencies. Apart from fortification or supplementation, this also includes dietary 
diversification and nutrition education. These are often considered preferable strate-
gies to improve the micronutrient status of populations (Scrimshaw 2000; Müller and 
Krawinkel 2005; Thompson and Amoroso 2010).

Of these interventions, iodization of salt is considered to be a particular success, 
since the number of iodine-deficient countries has been reduced by almost half since 
2000 (Micronutrient Initiative 2009; WHO 2011e; Speeckaert et al. 2011). In addition 
vitamin A supplementation has seen progress since the early 2000s (UNICEF 2007; 
Micronutrient Initiative 2009; Hellen Keller International 2011). Other major inter-
ventions are iron fortification and iron supplementation programs, and more recently 
the use of zinc supplements as part of diarrhea management (ILSI 1998; WHO 2001; 
Micronutrient Initiative 2009). Yet, not least because of poor health infrastructure, 
dispersed processing of foodstuffs that could otherwise be used for fortification, and 
limited financial resources, these strategies do not necessarily reach vulnerable popula-
tions to a sufficient extent (e.g. Hagenimana and Low 2000; Müller and Krawinkel 2005; 
Horton et al. 2011). Even for vitamin A supplementation, experience has shown that 
too many barriers exist to make this intervention the primary approach for achieving 
high coverage (Micronutrient Initiative 2009). On the other hand, dietary diversifica-
tion efforts are deemed relatively expensive and difficult to sustain on a large scale (e.g. 
Unnevehr et al. 2007).

In other words, these measures are implemented with varying success and face hur-
dles such as low consumption of processed foodstuffs; difficulties with the supply, distri-
bution, or acceptance of supplements; the need for behavior change; hidden opportunity 
costs for the beneficiaries; and a limited reach of projects. Moreover, most projects cause 
recurrent annual costs that are difficult to meet regularly for developing countries. 
Micronutrient interventions are nevertheless considered to be very cost-effective mea-
sures compared to other public health interventions, with supplementation and fortifi-
cation costing around US$10–$100 per DALY saved (Fiedler et al. 2008; Micronutrient 
Initiative 2009; Meenakshi et al. 2010; Copenhagen Consensus 2011).

Rationale for Biofortifying Crops

Over the last years, biofortification has been added as a micronutrient intervention that 
should be considered by decision makers. While initially only referring to breeding for 
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higher micronutrient concentrations, the term “biofortification” has been extended to 
encompass mineral fertilization of crops to increase their micronutrient content (e.g., 
White and Broadley 2009). In this case the crops are not bred to accumulate more micro-
nutrients, but rather mineral fertilizer is applied to mineral-deficient soils to increase 
the availability of essential minerals to the crops. Other approaches that are sometimes 
also subsumed under “biofortification” include the improvement of the nutrient profiles 
of crops in general, such as quality-protein maize, crops with higher levels of omega-3 
fatty acids, or a modified composition of starch or dietary fibers (Pray et al. 2007; de 
Groote et al. 2010; Nuss and Tanumihardjo 2011; Zhao and Shewry 2011).

Therefore, “biofortification” could be more widely understood as “the process of add-
ing nutritional value to a crop” (Montagnac et al. 2009); this is in contrast to “fortifi-
cation,” where nutritional value is added to a processed food product. To differentiate 
the breeding approaches from the fertilizer approach, sometimes these concepts are 
referred to as genetic and agronomic biofortification, respectively (e.g., Cakmak 2008). 
In this chapter the main focus is on biofortification through plant breeding, which can 
be further differentiated into conventional breeding and the use of genetic engineering. 
While the rationale to do biofortification is the same in both cases, regulatory require-
ments and acceptance can be different for these two approaches, which will be discussed 
in more detail throughout this chapter.

Biofortification builds on the regular consumption of important amounts of a crop 
by all members of the respective target groups. For this reason biofortification is usu-
ally done with staple crops. Given that the poor often consume large quantities of these 
crops (but little else), and that it is primarily the poor who are malnourished, bioforti-
fication is also self-targeting. Moreover, in contrast to the other micronutrient inter-
ventions that are linked to (centralized) food processing facilities, health centers, or 
extension services, biofortification can take place on the farmers’ fields; that is, biofor-
tification can help reach the malnourished in remote rural areas. As these people usu-
ally have less access to other programs, biofortification complements these approaches 
(Nestel et al. 2006; Tanumihardjo et al. 2008; Mayer et al. 2008; Meenakshi et al. 2010; 
Bouis et al. 2011). Biofortification efforts are explicitly targeted at regions where at-risk 
populations live, also taking into account the major crops already grown and consumed 
in these areas. To this end, methods are developed to help set the regional focus of bio-
fortification interventions by using spatial data on the risk of nutrient deficiency and on 
crop production, as well as socioeconomic and food consumption data (Zapata-Caldas 
et al. 2009; Rose et al. 2009).

Apart from this complementary focus of biofortification, another argument in favor 
of this approach is its expected sustainability. Other micronutrient programs impose 
recurrent costs at the individual or national level. With commercial fortification, con-
sumers may decide to buy cheaper unfortified products when they come under eco-
nomic hardship; in the case of mandatory fortification, food producers have an 
incentive to reduce the fortificant in their products; and supplementation programs are 
vulnerable to changing funding priorities of governments or donors. Once developed 
and disseminated, biofortified crops are not subject to such vagaries; rather, they can be 
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grown and consumed year after year and provide a continuous benefit stream (Nestel 
et al. 2006; Pinstrup-Andersen 2006; Mayer et al. 2008; Bouis et al. 2011). Moreover, 
the germplasm of biofortified crops can be shared between countries to incorporate it 
into locally adapted varieties. Thus, after a largely one-time investment in the develop-
ment of biofortified crops, their benefits can not only spread across time, they can also 
extend over space. The exploitation of such economies of scale can make genetic bio-
fortification a very cost-effective intervention (Nestel et al. 2006; Tanumihardjo et al. 
2008; Qaim 2009; Bouis et al. 2011). Biofortification can also be more economic for very 
practical reasons. For instance, breeding micronutrients into rice is less expensive than 
fortifying rice grains industrially (Horton 2006). A reason advanced for agronomic bio-
fortification is the shorter time span needed to implement fertilizer programs (Broadley 
et al. 2006; Cakmak 2009).

While biofortified crops are developed to provide nutrition benefits for the poor, 
they may also offer agronomic benefits, since minerals help plants resist diseases and 
other stress factors. Consequently, at least on mineral-deficient soils, biofortified crops 
can even contribute to higher yields (Nestel et al. 2006; Pfeiffer and McClafferty 2007; 
Khoshgoftarmanesh et al. 2010). This is a crucial point because yields—and agronomic 
traits in general, such as drought tolerance, pest resistance, or ease of propagation—are 
important for the adoption of biofortified crops through farmers. Their preferences 
are specifically taken into account when farmers are, for example, given the possibility 
to test and select biofortified varieties during crop trials (Tanumihardjo 2010). Other 
factors that influence the adoption of biofortified crops by the farmers are seed prices, 
availability of appropriate varieties, and their marketability.3

Marketability requires the existence of markets as well as acceptance of the crops by 
consumers (whereby farmers themselves are also consumers). Mineral biofortification 
through conventional breeding represents an “invisible” trait that neither requires con-
sumers to change their behavior nor induces sensory changes, so it is unlikely to cause 
acceptance problems. However, biofortification with carotenes may result in changes 
in crop color, taste, or dry matter content. In these cases, consumer acceptance hinges 
on consumers’ awareness of the nutritional properties of the crops and on the degree to 
which they are affected by micronutrient deficiencies; that is, it depends on consumers’ 
awareness of the benefits the crops have for themselves and their families.4

Feasibility of Biofortifying Crops

Targeting, economic feasibility, adoption by farmers, and consumer acceptance are all 
necessary conditions for the success of biofortification. However, the idea of putting 
more micronutrients into crops and improving the nutrition status of the beneficia-
ries also needs to work in reality (Bouis and Welch 2010; Bouis et al. 2011). For different 
micronutrients and various crops, studies have confirmed that biofortification is pos-
sible in principle: micronutrient-dense varieties can be bred, the micronutrient density 
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remains stable across several plant generations and in different environments, fertiliza-
tion can increase mineral accumulation in the crops, and increasing the micronutrient 
content in plants does not reduce yields.5

In the case of genetic biofortification, relying exclusively on conventional breeding 
is not always expedient. Some traits—like the accumulation of provitamin A  in the 
endosperm of rice—cannot be achieved through conventional breeding; if desired traits 
are not present in any variety of the crop, cross-breeding is out of the question. Hence, 
in many cases, biofortification requires the use of genetic engineering. Using more 
advanced breeding technologies also facilitates the stacking of different traits in one 
plant, and it can speed up the overall development process.

For plant breeders and crop scientists, using the full array of breeding approaches is 
a matter of course, but genetically modified organisms have generated much discus-
sion in the field of politics and society (e.g., Herring 2008). This debate will be covered 
in a subsequent section, but addressing micronutrient malnutrition is one of the fields 
where potential benefits of genetically engineered crops can unfold.6

The main crops and micronutrients that are targeted in biofortification research have 
been identified in a review of the literature on biofortification by Stein and Qaim (2009). 
They found that by far the most frequently named crop is rice, followed by maize and 
wheat, and then pulses, vegetables and fruits, cassava, sweet potato, sorghum, and model 
plants. Among the micronutrients, it is iron, vitamin A (including carotenes), and zinc 
that are referred to most often, followed by selenium, folic acid, calcium, iodine, magne-
sium, and copper.

For many of these crop-micronutrient combinations, promising results regarding 
their potential impact on people’s nutrition status are reported, based on models, ani-
mal trials, or even studies with human subjects.7 Moreover, first sensory analyses have 
shown that biofortification is possible without introducing a detectable difference in fla-
vor or consistency (Park et al. 2009).

Impact and Cost-Effectiveness of 
Biofortification

So far the only biofortified crops that have been introduced on a larger scale are 
orange-fleshed sweet potatoes (OFSP) in sub-Saharan Africa (Low et al. 2007a, 2007b). 
However, for a number of other crops, ex ante impact assessments and cost-effectiveness 
analyses have been carried out.8 These studies have shown that in many cases genetic 
biofortification promises to be a very cost-effective public health intervention, thus rep-
resenting a sensible investment of the limited resources that are available for research 
into agriculture, nutrition, and public health in developing countries. To the author’s 
best knowledge, no such studies have been done yet for biofortification through 
fertilization.
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Most of these studies build on the DALY framework previously described, and more 
specifically on Stein et al. (2005), who adapted the methodology for the evaluation of 
iron, zinc, and vitamin A deficiencies. In short, the procedure is the following: First the 
burden of a deficiency in a given region is quantified and expressed in the number of 
DALYs lost, then the consumption of a biofortified crop is simulated (which leads to 
higher micronutrient intakes). Based on the new (higher) micronutrient intakes, the 
new (lower) prevalence of the deficiency is derived and used to calculate its new (lower) 
burden. The difference between the old and new burden, which is expressed in the num-
ber of DALYs that can be saved, represents the potential impact of the biofortified crop.

This step of the analyses demonstrates the potential effectiveness of the biofortified 
crops, which is a necessary condition for a positive evaluation. However, in a world of 
scarcity, costs also matter, so that superior cost-effectiveness is a sufficient condition. 
As the World Bank (1993, 61) explains, “Because interventions can differ so much in 
cost-effectiveness, making allocative decisions badly in either the public or the private 
sector costs lives. . . . Insisting on value for money is not only fully consistent with com-
passion for the victims of disease, it is the only way to avert needless suffering.” Similarly, 
the World Health Organization confirms that “making best use of resources is vital in 
developing countries that are struggling to improve public health with limited funds” 
(Evans et al. 2005, 1133).

To determine the cost-effectiveness of a biofortified crop, its potential impact (mea-
sured in DALYs) is divided by the costs that need to be incurred for its development, 
dissemination, and use. Where appropriate, these costs are shared among several ben-
eficiary regions. The metric that is thus generated is “Dollars per DALY,” which indicates 
how much it would cost to save one “healthy” life year (DALY) if the given bioforti-
fied crop was consumed by the target population. Obviously, the less it costs to save one 
DALY, the more cost-effective the intervention, and with a given budget more DALYs 
can be saved. Moreover, because DALYs are not only used for the evaluation of micro-
nutrient malnutrition but for a wide range of negative health outcomes (Figure 6.2), the 
results for biofortification can be compared with those for other interventions—to rank 
and prioritize different programs, for example.

An overview of the biofortification results from the different evaluations is given in 
Table 6.1. What can be seen is that results can vary by an order of magnitude between 
studies; across crops, micronutrients, and countries; and even between different sce-
narios within a study. One explanation is that these studies are ex ante analyses that rely 
on different data and assumptions (Figure 6.3) and are carried out at different levels of 
aggregation. In particular, the prevalence of the micronutrient deficiency, the size of the 
target population, the importance of the crop in their diet, the success of biofortification 
in terms of additional micronutrient content that can be bred into a crop, the expected 
coverage of the crop, and the current intake gap of the micronutrient all determine the 
ultimate success of biofortification. Consequently, the less that is known about these 
parameters, the wider the range of possible results. Filling such knowledge gaps and 
refining the parameters is part of the ongoing scientific and policy process. Moreover, 
such diverging results are not limited to analyses of biofortification. In a review of the 



Table 6.1 Impact and cost-effectiveness of biofortified crops

Reduction of burden of disease Cost per DALY saved

Optimistic Pessimistic Optimistic Pessimistic

Iron biofortification
Wheat

Indiaa 39% 7% $1 $10

Indiab 26% 7% <$1 $9

Pakistana 28% 6% $3 $13

Rice

Indiaa 15% 5% $3 $17

Indiab 38% 12% <$1 $4

Bangladesha 21% 8% $5 $18

Philippinesa 11% 4% $55 $234

NE Brazile 76% 39% $2 $10

Beans

NE Brazila 36% 9% $20 $134

NE Brazile 99% 93% $2 $3

Hondurasa 22% 4% $66 $402

Nicaraguaa 16% 3% $65 $439

Zinc biofortification

Wheat

Indiaa 48% 9% $1 $11

Indiac 12% 2% $2 $39

Pakistana 33% 5% $2 $18

Rice

Indiaa 56% 20% $1 $6

Indiac 41% 18% <$1 $4

Bangladesha 33% 17% $2 $7

Philippinesa 43% 13% $12 $55

Hondurase 19% 10% $35 $165

Nicaraguae 20% 10% $73 $337

Beans

NE Brazila 20% 5% $153 $1900
(Continued)



Reduction of burden of disease Cost per DALY saved

Optimistic Pessimistic Optimistic Pessimistic

Hondurasa 15% 3% $160 $1494

Hondurase 17% 13% $46 $81

Nicaraguaa 11% 2% $576 $5940

Nicaraguae 14% 11% $116 $225

Maize

Hondurase 17% 2% $32 $835

Nicaraguae 22% 6% $55 $604

Provitamin 
A biofortification

Rice

Indiad 59% 9% $3 $19

Philippinesf 32% 6% $18 $102

Bangladeshg 30% $25

Sweet potato

Ugandaa 64% 38% $9 $30

Ugandag 38% $2

Cassava

DR Congoa 32% 3% $8 $124

Nigeriaa 28% 3% $8 $137

NE Brazila 19% 4% $127 $1006

Haitie 33% 8% $10 $87

Maize

Kenyaa 32% 8% $18 $113

Ethiopiaa 17% 1% $11 $289

Mexicoe 81% <1% $18 $1408

Sources: aMeenakshi et al. (2010),
b Stein, Meenakshi, et al. (2008),
c Stein et al. (2007),
d Stein, Sachdev, and Qaim (2008),
e Stein (2010),
f Zimmermann and Qaim (2004),
g Sandler (2005).
Notes: NE = northeast, DR = Democratic Republic.

  Table 6.1 Continued
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literature on general micronutrient interventions, Fiedler et al. (2008, 373) found “enor-
mous variation in the estimated costs of these programs due to differences in program 
structure, delivery systems and a host of country-specific factors, differences in the 
studies’ objectives, designs and costing methodologies.”

Although sensitivity analyses in many of the biofortification case studies show that 
results are fairly robust to smaller variations of key parameters, what affects the suc-
cess of biofortification most is the reach of the biofortified crops. This is probably 
intuitive: biofortification can have the biggest impact when the crops are consumed 
in greater quantities by deficient populations in many countries (or in countries with 
big populations like India or Brazil). In such cases, economies of scale can be exploited, 
making biofortification a cost-effective intervention. This is not to say that biofortified 
crops cannot also benefit smaller groups of beneficiaries who suffer from micronutri-
ent malnutrition, but to offset the breeding and dissemination costs—and thus to make 
biofortification an economically viable intervention—achieving maximum coverage is 
paramount.

This points to several implications. First, only biofortification of crops that are eaten 
by a large number of deficient people is likely to be cost-effective, so that knowing the 
dietary patterns of the malnourished in target regions is important before biofortifica-
tion efforts are started. Second, once elite lines with micronutrient-rich traits are devel-
oped, the germplasm should be disseminated widely across countries to facilitate further 
development and adaptive breeding into popular existing and promising new varieties. 
Finally, once biofortified varieties are adapted and introduced, their large-scale dissemi-
nation at national levels should be a top priority.

Where there are potential acceptance issues (e.g., because of a more intensive 
color of the crops due to a higher carotene content, or because the crops were devel-
oped through genetic engineering), dissemination efforts may require additional 
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campaigns to increase consumer awareness and trust. For instance, in the projection 
of the cost-effectiveness of Golden Rice in India, in the high-impact scenario the costs 
for dissemination activities were assumed to be twice as high as those in the low-impact 
scenario. This reflected more costly dissemination efforts that were assumed to lead to 
higher coverage rates and ultimately to a much larger impact, thereby easily compensat-
ing the additional costs (Stein, Sachdev, and Qaim 2008). In this context it also becomes 
clear that political backing and the support of opinion leaders is crucial for the success 
of such crops. Especially when biofortification is done through genetic engineering, this 
may require supportive communication activities (see below).

In summary, what all studies show is that appropriately chosen target crops that 
reach a sufficient number of beneficiaries can have a substantial positive impact on 
micronutrient deficiencies and considerably reduce their burden of disease in the tar-
get countries. In general, biofortification promises to be a very cost-effective micro-
nutrient intervention that in most cases is more efficient than other measures; in the 
other cases its cost-effectiveness is in about the same range as alternative interventions. 
What the studies discussed here have not considered, though, is the current impact of 
alternative interventions. Calculating the impact of biofortified crops in the presence 
of other micronutrient interventions may indicate only limited benefits, whereas the 
introduction of biofortified crops may in fact allow scaling back more costly programs.

Another approach to quantifying the potential impact of biofortification was taken 
by Anderson and colleagues) and (see Anderson 2010; Anderson and Jackson 2005; 
Anderson, Jackson, and Nielsen 2005), who used a global economic model to simu-
late the benefits of Golden Rice at a more aggregated level by assuming a productivity 
increase of unskilled labor of 0.5 percent. According to their calculations, Golden Rice 
could add the equivalent of over US$3 billion per year to the welfare of developing coun-
tries. Assuming the consumption of biofortified rice and wheat in sub-Saharan Africa 
and a related increase in the productivity of unskilled labor of 2 percent, they even proj-
ect annual welfare gains of over US$3.5 billion.

Biofortification Programs

As noted above, so far the only biofortified crops that have been introduced on a larger 
scale are OFSP in sub-Saharan Africa, with cassava and maize rich in carotenes as 
well as high-iron pearl millet beans being set for release in 2012 in Nigeria, Zambia, 
India,and Rwanda (HarvestPlus 2011b, 2011c). All crops were developed in the context 
of the HarvestPlus Challenge Program of the Consultative Group for International 
Agricultural Research (HarvestPlus 2011a, 2011b). HarvestPlus has identified seven 
crops that are consumed by the poor and malnourished in Asia and Africa, namely 
beans, cassava, maize, pearl millet, rice, sweet potato, and wheat. These crops are 
bred for higher levels of iron, zinc, and provitamin A.  In its biofortification efforts, 
HarvestPlus relies, for most of the work, on traditional plant breeding, mainly for 
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reasons of consumer acceptance and to avoid regulatory problems (see next section); 
the work in Latin America is carried out in collaboration with AgroSalud (2011).

Another group of projects is funded by the Grand Challenges in Global Health pro-
gram of the Bill & Melinda Gates Foundation. These projects rely on genetic engineer-
ing, not least because for some crop-micronutrient combinations, biofortification is 
not possible otherwise (see Bill & Melinda Gates Foundation 2011a, 2011b). The crops 
targeted in these projects are rice, cassava, sorghum, and bananas, which are bred for 
higher contents of iron, zinc, provitamin A, and vitamin E, but also protein. These proj-
ects are the Golden Rice Project (Golden Rice Project 2011, IRRI 2011a), the BioCassava 
Plus Project (Sayre et al. 2011, BioCassava 2011), the Africa Biofortified Sorghum Project 
(ABS 2010) and the Better Bananas for Africa Project (QUT 2011). It is foreseen that 
Golden Rice will be released to farmers for the first time in 2013 in the Philippines (IRRI 
2011a). The BioCassava Plus Project received funding for its second Phase in April 2011 
and will not be available to farmers before 2016 (BioCassava 2011); the other Grand 
Challenges crops are further away from dissemination.

In addition to these bigger projects there is also the INSTAPA (2011) project, which 
focuses, inter alia, on the potential of biofortified millet, sorghum, maize, and cassava 
in complementary food for young children in sub-Saharan Africa to prevent deficien-
cies of iron, zinc, and vitamin A. There are also two smaller projects on biofortification 
of cereals through fertilization (with zinc, selenium, and calcium) at the University of 
Nottingham and Sabanci University in Istanbul (Bagels 2008; HarvestZinc 2011).

Political Controversies

So far in this chapter, biofortified crops were differentiated into conventionally bred and 
genetically engineered ones. This was for a reason: While plant breeders tend to view 
genetic engineering and other approaches of modern biotechnology simply as one tool 
in their toolbox, and while the scientific consensus is that genetic engineering per se is 
not more risky than conventional breeding, in parts of society genetic engineering is 
much more of a controversial issue (e.g., Economist 2011; New York Times 2011; Guardian 
2011).9

To what extent genetically modified (GM) crops are indeed a matter of concern for the 
greater public is not fully established, since consumer surveys are relatively scarce, and 
because they are methodologically so diverse as to preclude generalizations (Smale et al. 
2009). In developed countries, consumer acceptance studies indicate that consumers 
have a greater willingness to pay for food products that are free of GM crops, but results 
vary between countries, consumers, their knowledge about genetic engineering, and the 
type of food or the GM crop (Qaim 2009). Yet, even in Europe, where acceptance of GM 
crops is usually considered to be low, only 8 percent of the respondents in the European 
Commission’s “Eurobarometer” survey stated that they would be concerned about GM 
foods when asked an open question about food-related risks (European Commission 
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2010). Probing the real-life behavior of UK tourists to North America (where “GM 
food” is ubiquitous) showed that only 15 percent of respondents made attempts to avoid 
GM food (Moses 2008).

Still, even if large parts of society are probably indifferent about GM crops, there are 
vociferous opponents whose opinions are often given a disproportionate reception in 
the general media (e.g., Sample 2011; BBC 2011; Reville 2011). Generally, opposition to 
genetic engineering can be traced back to three broad groups of reasons: “risks,” “social 
aspects,” and “metaphysics” (Dürnberger 2011). Potential risks of new GM crops for 
human health or the environment are routinely assessed in the authorization process 
before the crops are commercialized. Hence using such alleged risks as justification for 
opposing safety-assessed and approved GM crops is more likely a sign of a deeper dis-
trust of science or of government institutions and regulatory and political processes in 
general.

Often opposition to GM crops is also based on socioeconomic arguments regard-
ing the alleged market power of agri-biotech companies, the patenting of GM crops, a 
feared control of the food chain through private corporations, or an expected structural 
change in rural areas due to technological change. Hence these arguments rather reflect 
political attitudes critical of market systems, “globalization,” or technical progress, and 
GM crops are simply targeted as a convenient proxy. This view may also explain the 
inconsistencies in some arguments. For instance, conventional crops can also be pat-
ented, the market power of agri-biotech companies is probably much more limited than 
that of other players in the food chain (e.g., GM potatoes were taken off the market in 
the United States due to pressure from the downstream food industry), and GM crops 
are not exclusive to the private sector and industrial agriculture, since they can—and 
indeed are—also developed by public or humanitarian entities for use by small-scale 
farmers.

Finally, GM crops are also opposed because of metaphysical considerations, includ-
ing respect for “nature.” If these considerations take the form of categorical arguments, 
they generally preclude any compromise on the issue. For instance, if genetic engineer-
ing is seen as a violation of the sacredness of nature, potential benefits of GM crops can 
hardly compensate for what is perceived to be a fundamental mistake. Nevertheless, to 
be accepted as sensible arguments, these reasons need to be validated for consistency 
and rationality. This can be done by analyzing whether the arguments are also used to 
oppose biotechnology if used for other purposes, or if other technologies are opposed 
if used for the same purposes (Dürnberger 2011). In the case of GM crops, for instance, 
such metaphysical arguments are rarely used to oppose the application of modern bio-
technology in the field of pharmaceutics and diagnostics, and neither are other breeding 
technologies opposed that are used to develop crops with novel traits. Hence, given this 
inconsistency, it is questionable whether such arguments are used out of genuine oppo-
sition to GM crops, or, again, whether they simply exploit GM crops to score points in a 
larger debate.

In this context biofortification has also come under fire, irrespective of any poten-
tial benefits it may bring, simply because—via Golden Rice—it can be linked to genetic 
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engineering.10 Most commonly Golden Rice is simply disparaged as a “Trojan horse” 
of the biotech lobby (Potrykus 2001), suggesting that the latter wants to use the social 
appeal of this project to make GM crops in general more acceptable. This ignores the 
fact that Golden Rice was conceived by public scientists and funded as a humanitarian 
project (Toenniessen 2009).

To further rationalize a rejection of Golden Rice, its effectiveness is often challenged 
by alleging that an impossible amount of rice would have to be consumed to prevent 
vitamin A deficiency. (Or the reverse, that too much vitamin A could be consumed and 
have a toxic effect.) Indeed, the first line of Golden Rice contained only limited amounts 
of carotene (provitamin A), but it merely represented a proof-of-concept study that 
showed that rice can be engineered to express carotenes in the endosperm (Enserink 
2008). And while using data from such early R&D stages to discard a technology may 
be disingenuous in the first place, since peer-reviewed studies showed early on that 
even small amounts of carotene could have a beneficial effect and make Golden Rice 
an economic intervention (Zimmermann and Qaim 2004). Stein (2006) showed more 
explicitly that the activists’ calculations were biased and unfounded. Moreover, sub-
sequent research succeeded in increasing the levels of carotene in Golden Rice (Paine 
et al. 2005), and new, more detailed calculations confirmed the potential impact and 
cost-effectiveness of Golden Rice (Stein, Sachdev, and Qaim 2006). Over time new 
research also answered other questions, including those regarding the bioavailability of 
the carotenes in Golden Rice (Tang et al. 2009).

Further, detractors also claim that farmers will have to pay royalties on the seeds or 
cannot save them for resowing. Yet, also in this case, the issue had been solved early 
on, paving the way for the humanitarian use of Golden Rice and its dissemination to 
farmers in developing countries free of added charges (Potrykus 2001). Finally, the need 
for a new micronutrient intervention is often questioned by maintaining that current 
interventions can address micronutrient deficiencies. As discussed above, biofortifica-
tion had been developed exactly to counter the shortcomings and weaknesses of exist-
ing interventions in eradicating micronutrient malnutrition.

As in the wider discussion of GM crops, in the case of Golden Rice it also seems 
that many opponents are not concerned with factual information or the validity and 
consistency of their arguments but, in opposing Golden Rice, rather follow another, 
wider agenda (Potrykus 2001). This is not to say that all conditions for the distribu-
tion of Golden Rice to farmers have already been fulfilled—not least, the food safety 
and biosafety of Golden Rice still need to be formally established, which is fully 
acknowledged by the developers (IRRI 2011b). Steps like the final safety assessment 
of a new product prior to its commercialization form part of any product develop-
ment. Criticizing the lack of such an assessment while the rice is still in the R&D 
phase is not sincere.

Another facet of the controversy surrounding GM crops is that current regulations 
for their approval have become so demanding that only the biggest companies have 
the know-how and the financial standing to carry out the safety tests and compile the 
required dossiers—and that even for them doing so only pays off for major commercial 
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crops. This clearly hampers the commercialization of humanitarian or other minor GM 
crops (Enserink 2008; Miller and Bradford 2010). Likewise, the time needed for these 
processes has led to delays in advancing the development of Golden Rice and other GM 
crops with product quality traits (Enserink 2008; Graff et al. 2009a; Potrykus 2010a, 
2010b). This created a self-defeating situation: opponents of Golden Rice criticize that 
so far little has come out of the research, while, not least due to their opposition to GM 
crops, research on GM crops can only advance slowly.

In this context a main criticism of current regulation is the inconsistency with 
which GM crops are treated vis-à-vis crops produced through other breeding meth-
ods (Enserink 2008; Potrykus 2010a, 2010b; Fedoroff 2011). Whether this unequal 
treatment is likely to change any time soon is questionable, given that analyses 
of the underlying political economy indicate that “the sum of all interests involved 
ensures that subsistence farmers are systematically denied access to agricultural bio-
technology” (Apel 2010, 635). For various reasons many stakeholders—whether the 
agri-biotech industry, agrochemical companies, the organic food industry, EU farm-
ers, activist groups, Western consumers, or politicians in both developed and devel-
oping countries—have a self-interest in maintaining a strict regulatory framework 
even if the easier development of more and new GM crops would increase global wel-
fare (Graff et al. 2009b).

Conclusions

Next to outright hunger and overweight, micronutrient deficiencies represent a third 
aspect of the global malnutrition problem. The lack of essential vitamins and minerals 
in people’s diets may be less apparent at first sight, which is why it is also called “hidden 
hunger,” but it is one of the leading contributors to the global burden of disease. While 
micronutrient malnutrition has been recognized as a public health problem, and inter-
ventions such as supplementation or fortification are being implemented with varying 
success in developing countries, progress has nevertheless been limited.

In this context a new approach has been developed that aims at complementing these 
existing interventions: staple crops are bred for higher contents of vitamins and min-
erals. This is called biofortification. The main advantage of this approach is its focus 
on rural areas, which are not as easily reached by conventional programs. Moreover, 
because these crops have to be developed only once, their widespread and continuous 
cultivation and consumption allows exploiting economies of scale in reaping the nutri-
tional benefits. This makes biofortification potentially a very cost-effective intervention.

So far only very few biofortified crops have reached the stage of dissemination. Apart 
from orange-fleshed sweet potatoes (OFSP), their potential has not yet been confirmed 
in real-world settings. However, a substantial body of studies shows that increasing the 
micronutrient content in crops is possible, whether through breeding or agronomic 
approaches, and that the accumulated micronutrients have the potential to improve the 
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micronutrient status of human subjects. Moreover, biofortifying crops does not affect rel-
evant agronomic properties, which could reduce their acceptability to farmers. Perceptible 
changes to the crops, which may affect consumer acceptance, occur only when they are 
bred for higher carotene content, in which case the crops acquire a darker yellow or orange 
color. To ensure widespread acceptance of such crops, measures to raise awareness of 
micronutrient malnutrition and the related benefits of biofortification may be required.

Meanwhile, economic evaluations that simulated the consumption of biofortified crops 
have confirmed that if these crops can be targeted at large enough populations where vita-
min and mineral deficiencies are prevalent, they can indeed represent very cost-effective 
public health interventions. However, in cases where biofortification is done through 
genetic engineering, the crops are bound to face resistance from activists that are opposed 
to the use of modern biotechnology in agriculture, even if it supports a humanitarian goal.

Notes

 1. However, the idea as such, of making a plant produce an essential micronutrient, had been 
around at least since 1984, when the idea of developing provitamin A-rich “yellow endo-
sperm” rice had been taken up by the Rockefeller Foundation (Toenniessen 2009), even 
if the actual proof of concept for such a genetically engineered “golden” rice, as it became 
known, could only be delivered in 2000 (Ye et al. 2000). And the idea of using plant breed-
ing to improve the general nutrient content of staple crops has been around for decades, 
as evidenced by the first efforts to improve the protein content in maize in the latter part of 
the 19th century (Vasal 1999).

 2. For each condition, “disability weights” are defined that range from close to 1 for health 
outcomes that limit functioning severely to weights close to 0 for outcomes that affect 
overall health only marginally. Multiplying the time spent with a condition with its dis-
ability weight then yields the corresponding number of DALYs that are lost.

 3. For literature discussing the adoption of biofortified crops, see Hagenimana and Low 
(2000); Chong (2003); Mazuze (2007); Pray et al. (2007); Wolson (2007); Ortiz-Monasterio 
et al. (2007); and Muzhingi et al. (2008).

 4. For literature discussing consumer acceptance of biofortified crops, see Nestel et  al. 
(2006); Hagenimana and Low (2000); Low et  al. (2007a); Stevens and Winter-Nelson 
(2008); González et al. (2009); Chowdhury et al. (2009); and De Steur et al. (2010).

 5. For references to primary research supporting the possibility of biofortification, see 
Welch and Graham (2005); Welch et al. (2005); White and Broadley (2005); Lyons 
et al. (2005); Genc et al. (2005); Cichy et al. (2005); Broadley et al. (2006); Rébeillé 
et al. (2006); Dai et al. (2006); Ssemakula and Dixon (2007); White and Broadley 
(2007); Hawkesford und Zhao (2007); Shi et  al. (2008); Harjes et  al. (2008); 
Wissuwa (2008); Thavarajah et al. (2008); Cakmak (2008); Ríos et al. (2008); Jin 
(2008); White and Broadley (2009); Thavarajah et  al. (2009); Salas et  al. (2009); 
Cichy et al. (2009); Bóna et al. (2009); Šimić et al. (2009); Chen et al. (2009); Waters 
and Pedersen (2009); Khoshgoftarmanesh et  al. (2009); Broadley et  al. (2009a); 
Broadley et  al. (2009b); Zhao et  al. (2009); Phattarakul et  al. (2009); Cakmak 
(2009); and Bai et al. (2011).
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 6. For literature discussing the role of biotechnology in biofortification, see Ye et al. (2000); 
Scott et al. (2000); Paine et al. (2005); Storozhenko et al. (2005); Basset et al. (2005); Stupak 
et al. (2006); Sautter et al. (2006); Storozhenko et al. (2007); Zhu et al. (2007); Mayer et al. 
(2008); Connolly (2008); Aluru et al. (2008); Bekaert et al. (2008); Naqvi et al. (2009); 
Wirth et al. (2009); and Hirschi (2009).

 7. For references to primary research indicating an such impact, see Howe and Tanumihardjo 
(2006); Ariza-Nieto et al. (2006); Howe (2007); Nyhus et al. (2008); Tako et al. (2008); 
Denova-Gutiérrez et al. (2008); Mills et al. (2008); and Davis et al. (2008) for results from 
models and animal trials; see Haas et al. (2005); Low et al. (2007b); Tang et al. (2009); 
Rosado et al. (2009); and Wu et al. (2009) for studies with humans.

 8. For such analyses, see Dawe et al. (2002); Zimmermann and Qaim (2004); Sandler (2005); 
Anderson and Jackson 2005; Anderson, Jackson, and Nielsen 2005); Stein (2006); Stein 
et al. (2006); Javelosa et al. (2006); Stein et al. (2007); Qaim et al. (2007); Ma et al. (2007); 
Stein, Meenakshi et  al. (2008); Stein, Sachdev, and Qaim (2008); Meenakshi (2008); 
Anderson (2010); Meenakshi et al. (2010); Stein (2010).

 9. Caveat: Given that this discussion is largely taking place outside the academic literature, 
this section is also more of a subjective presentation of the topic than a fully referenced 
review, thereby also drawing on the authors’ personal experiences from years of work in 
the field of agricultural biotechnology. Factual information on genetic engineering can 
be obtained from various reviews and FAQs on GM crops or from scientific outreach 
websites (e.g. Lemaux 2008, 2009; WHO 2011a; Chassy and Tribe 2010; PRRI 2011; GMO 
Compass 2011); no links are provided to websites that disseminate nonfactual information 
to avoid implicit endorsement.

 10. For instance, this categorical rejection of Golden Rice by some opponents became clear 
when the—then new and untried—executive director of Greenpeace, Kumi Naidoo, 
stated in an interview that he would like to have another look at the organization’s posi-
tion on Golden Rice to ensure that it is not passing up any new, good developments (Von 
Traufetter 2009). Within a day Greenpeace published a retraction in which Naidoo pro-
vided “guidance” on the interpretation of his statement, concluding that Golden Rice can 
never be an answer.
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Chapter 7

Biofuels
Competition for Cropland, Water, and  

Energy Resources

David Pimentel and Michael Burgess

Introduction

Malnutrition in the world today is incapacitating more people and causing more ill-
ness and deaths annually than any other disease affecting humans (Pimentel et al. 2007). 
The World Food Programme (2010) reports that 1.02 billion people, children plus adults, 
are protein/calorie malnourished. The WHO (2000) reported in 2000 that 3.7 billion 
people were micronutrient malnourished, while the World Food Programme (2010) 
reported the number of undernourished people reached 1.02 billion in 2009, increasing 
the number of malnourished and undernourished people to 4.7 billion, which means an 
estimated 66% of the world population suffers from malnourishment and undernour-
ished due to a lack of one nutrient or another or multiple nutrients (See Gaiha et al. this 
volume; Stein this volume).

David Pimentel and Marcia Pimentel have identified stark contrasts between the avail-
ability of the Earth’s resources and the billions of people who rely on them for their very 
survival (Pimentel and Pimentel 2008). Human survival, the food supply, and the vital 
environmental resources that make survival possible are being threatened by overpopula-
tion. Each day about a quarter million people are added to the 7.0 billion who already exist 
on Earth (PRB 2012). While this rapid human population growth takes place, the supply 
of natural resources that supports human life—including food, fresh water, quality soil, 
energy, and biodiversity—is being polluted, degraded, and depleted (Pimentel et al. 2009).

The objective of this chapter is to analyze (1) the uses and interdependencies among 
land, water, and fossil energy resources in food versus biofuel production; and (2) the 
characteristics of the environmental impacts caused by food production and production 
of biofuels.
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Food and Malnourishment

Considering the declining availability of natural resources that support agriculture and 
food production, it is evident that both the quality of human life and humanity’s survival 
are being threatened. Many of these resources, especially those that are finite, such as 
fossil fuel, are being depleted by overexploitation. The ongoing rapid human popula-
tion growth impacts all the life-supporting natural resources essential for agriculture 
and food production. Human population growth especially impacts cropland per capita 
worldwide, which has declined in just the past decade by more than 22% (Pimentel and 
Pimentel, 2008), and which continues to decline because of rapid population growth 
and ongoing soil erosion and soil salinization. Both soil erosion and soil salinization 
cause the loss of about 20 million hectares (ha) each year (Pimentel et al. 2009). Large 
forested areas are being cut down to replace some of the lost cropland.

Just before the Green Revolution in the 1950s, the average grain consumption per per-
son in the world was about 250 kilograms (Earth Policy Institute 2008). After the Green 
Revolution started, world food production per person started to increase; by 1951, average 
grain consumption per capita had increased to 255 kilograms (kg) (Earth Policy Institute 
2008), and 1960 it had increased to 272 kg. Then, from 1960 to 1984, per capita grain pro-
duction usually increased each year through 1984 (FAO 2013). Starting in 1984–1985, grain 
production per capita started to decline, and continued to decline on average through 2007.

The reason that grains make a sound index of food production is that 80% of world food 
comes from grain and 50% of the world’s agricultural lands are planted to grain (Pimentel 
and Pimentel, 2008). With continuing rapid human population growth, grain production 
per capita may continue to decline (Pimentel et al. 2009) if shortages of cropland and water 
resources are not dealt with. Increased natural gas supplies, as a result of the technology of 
high-pressure hydraulic fracturing of shale formations (fracking), may arrest the decline 
in nitrogen fertilizer use. Nitrogen fertilizer, the production of which is heavily dependent 
on methane, may remain relatively cheap and available for the foreseeable future.

Because fossil-fuel reserves are projected to continue their decline toward less acces-
sible and less conventional reserves over the next hundred years, and because fossil 
energy use accounts for much of the increase in cereal grains and other foods, malnutri-
tion will continue to be a serious problem. The estimated sustainable population for the 
world in the absence of fossil fuels is about 2 billion, well below the current 7.2 billion 
people (Pimentel et al. 2010; PRB 2012).

World Cropland and Water Resources

More than 99.7% of human food comes from the terrestrial environment, while less than 
0.3% comes from the oceans and other aquatic ecosystems (FAO 2002). Worldwide, of 
the total 13 billion hectares of land area, the percentages according to use are: cropland, 
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11%; pastureland, 27%; forestland, 32%; urban, 9%; and other 21%. Most of the “other” land 
area (21%) is unsuitable for crops, pasture, and/or forests because the soil is too infertile 
or shallow to support plant growth, or the climate and region are too harsh, cold, dry, 
steep, stony, or wet ( FAO 2013). Most of the land suitable for crops is already in use.

Because the human population has continued to increase rapidly, there has been 
an expansion of land area occupied by diverse human activities and human habita-
tion, which has dramatically reduced cropland and pastureland. Much vital cropland 
and pastureland has been covered by transportation systems and urbanization. In the 
United States, about 0.4 hectares (1 acre) of land per person is covered with urbaniza-
tion and roads (USCB 2008). In 1960, when the world population numbered only 3 bil-
lion, approximately 0.5 hectares (ha) was available per person for the production of a 
diverse, nutritious diet of plant and animal products (Giampietro and Pimentel 1994). 
Based on agricultural estimates for the United States in the 1960s, 0.5 ha includes land 
for human food and animal products essential for a healthy diet (Pimentel and Pimentel 
2003). China’s recent explosion in development provides an example of a rapid decline 
in the availability of per capita cropland (Pimentel and Wen 2004). The current available 
cropland in China is only 0.08 ha per capita. This relatively small amount of cropland 
provides most of the people in China with a predominantly (over 90%) vegetarian diet, 
which requires less energy, land, and biomass than the typical American diet.

In addition to land, water is a vital controlling factor in crop production (Gleick 1996; 
Homer-Dixon 2012). Enormous quantities of water are required for crop production. 
During the growing season for corn of a little over three months, a corn crop utilizes 
more than 6.5 million liters of water per hectare (Pimentel and Pimentel 2008). The pro-
duction of nine tons per hectare (t/ha) of corn requires about 7 million liters of water 
(about 700,000 gallons of water per acre) (Pimentel et al. 2004). The production of rice 
requires even more water, or about 11 million liters of water per hectare.

Irrigation provides much of the water for world food production. The 17% of the 
cropland worldwide that is irrigated provides about 40% of total food produced each 
year (FAO 2003). Unfortunately, irrigated land is declining per capita at about 10% per 
decade (Pimentel and Pimentel 2008). Worldwide, about 70% of all freshwater con-
sumed is consumed by irrigation, and in the United States about 80% of the water con-
sumed is consumed by the 15% of the crops that are irrigated (Pimentel and Pimentel 
2008). Global arid conditions are spreading and intensifying because of global warm-
ing (Aroca and Ruiz-Lozano 2009), and water use is increasing for activities other than 
agriculture, causing irrigation to decline. A major concern is that world irrigation water 
is projected to decline further because of global climate change (Cline 2007).

Energy Resources and Use

Since the industrial revolution of the 1850s, the rate of energy use from all sources has 
been growing even faster than world population. For example, from 1970 to 1995, energy 
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use increased at a rate of 2.5% per year (doubling every 30 years) compared with the 
worldwide population growth of 1.7% per year (doubling every 40 to 60 years) (Pimentel 
and Pimentel 2008). Developed nations as of 2010 (roughly corresponding to the 34 
country OECD membership), having 18% of the world population annually consume 
about 46% of the all energy used worldwide, while the developing nations (non OECD 
members), possessing about 82% of the world population, use only 52% of world fos-
sil energy – the per capita energy use of people in the OECD countries is about four 
times that of people in non OECD nations (US Energy Information Agency 2013a;  
OECD 2013)!

Although about 50% of all the solar energy captured by worldwide photosynthesis is 
used by humans for food, fiber, forest products, and other systems, this solar energy is 
still inadequate to meet all human needs—namely, food production needs (Pimentel 
2001). Although photosynthesis appears inefficient for current human needs, it has been 
effective for all human history and prehistory except for the past couple of hundred 
years.

Each year, the US population uses three times more fossil energy than the total solar 
energy captured by the total annual growth of all harvested US crops, forests, and 
grasses (Pimentel et al. 2009). Industry, transportation, home heating and cooling, and 
food production account for most of the fossil energy consumed in the United States 
(USCB 2009). Per capita use of fossil energy in the United States per year amounts 
to about 9,500 liters of oil equivalents—more than seven times the per capita use in 
China (Pimentel and Pimentel 2008). In China, most fossil energy is used by industry, 
although approximately 25% is now used for agriculture and in the food production sys-
tem (Pimentel and Wen 2004).

The world supply of oil is projected to last 40 to 50 years if use continues at current 
production rates, and if unconventional sources such as oil shale and tar sands are 
not included (Campbell 1997; Duncan and Youngquist 1999; BP 2002; Conway 2004). 
Worldwide, the natural gas supply is considered adequate for about 100 years and coal 
supplies also will last for about 100 years (BP 2005; Youngquist 1997; Lunsford 2007; 
Konrad 2007; IEA 2007). Before fracking technology became widespread, US natural 
gas was in short supply, and projections indicated that the United States would deplete 
its natural gas resources in about 20 years (Youngquist and Duncan 2003). Current esti-
mates suggest that fracking technology has increased natural gas production by 25%, 
and natural gas reserves are expected to last another 50 years (Bloomberg and Mitchell 
2012). Many petroleum geologists agree that the world reached peak oil and natural gas 
in 2007; from this peak, these energy resources will decline slowly and continuously 
until exhaustion or the cost of extraction and processing exceeds the value of the fuel. 
“Peak oil” is not a theory but an observation that 50% of proved oil reserves have been 
extracted, refined, and consumed from large, easily exploitable, easily refined, and easily 
accessible deposits. Much of the unknown reserves left tend to be smaller deposits that 
are more remote and more difficult to extract, and of lower quality (more expensive to 
refine) (Youngquist and Duncan 2003; Campbell 2006; Heinberg 2003; Lunsford 2007; 
Konrad 2007; IEA 2007). Just as the world leadership has paid little more than lip service 
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to climate change, “peak oil” doesn’t seem to have been paid any lip service. Both climate 
change and “peak oil” are based on observations and data. The increased production of 
natural gas through fracking technology is lowering the price of natural gas relative to 
coal and older coal-fired power plants that cannot meet new, more stringent EPA stan-
dards for carbon dioxide and other toxic emissions. These plants are being replaced by 
power plants using natural gas (Leek 2012; Lydersen 2012; New York Times 2012).

Biomass Resources

The previous section concludes that fossil fuels cannot be assumed to be readily available 
forever, even if changes in technology such as hydraulic fracturing create short-term 
disturbances of the trend line. Given these forecasts, attention turns to biomass as an 
alternative energy source. Our analysis now has to consider how much biomass—of 
what kinds, and used in what ways—might address the interdependent needs of energy 
and agriculture.

Of particular significance is the fact that fuels from biomass are liquid fuels, either 
ethanol or biodiesel. Why liquid fuels? Other than some trains and the occasional elec-
tric car, the industrialized world’s transport systems run on liquid fuels, and virtually 
all motorized or jet-propelled vehicles are powered by liquid fuels. Alternative power 
sources other than biomass produce electricity, not a liquid fuel. Clearly, the decision 
has been made by the political and corporate systems in the developed world that rather 
than retooling and adapting the transport system, attempts should be made to exploit 
biomass as a possible new source of liquid fuels.

One of the first questions asked should be how much cellulosic biomass resource is 
available for energy production? The two rough estimates of how much cellulosic bio-
mass should be used to produce ethanol are from a study by Perlack et al. (2005), which 
reported that 1.3 billion tons of biomass could be collected in the United States to pro-
duce 30 billion gallons (11 kg of biomass per liter) of ethanol per year, and by President 
George W. Bush, who in 2007 estimated there was about 1.6 billion tons of biomass 
available, and that by 2020 the United States could be producing 36 billion gallons of 
ethanol per year. Neither Perlack et al. nor President Bush reported on the total biomass 
produced in the United States annually, nor what proportion could be harvested each 
year as biofuel.1 The amount of biomass produced annually in the United States, includ-
ing all agricultural crops, all forests, and all grasses, is about 1.8 billion tons, according to 
the best data available (Pimentel et al. 2010), and the same value as calculated by Perlack 
et al., but the data for the different sources are quite different. Note that this net annual 
primary productivity of about 1.8 billion tons per year for the United States includes all 
the human food consumed each year. The total food consumed annually in the United 
States is about 400 million tons (USDA 2008). This means that the net primary produc-
tivity minus food is only 1.4 billion tons of cellulosic biomass per year. After harvest of 
the food crops and nonfood crops, about 500 million tons of crop residues remain on 
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the land (Lal et al. 1999). Worldwide, the amount of biomass produced is significantly 
greater: our estimate totals 1,764 x 109 tons of biomass produced per year (Pimentel et al. 
2010), almost a thousand times greater than the US biomass production.

In developing countries, about 2 kcal (kilocalories) of wood are utilized in cooking 1 
kcal of food (Fujino et al. 1999). Thus, more biomass, land, and water are needed to pro-
duce the biofuel for cooking than are needed to produce the food to be cooked (Pimentel 
and Pimentel 2008). Worldwide, most biomass is burned for cooking and heating, but 
biomass can also be converted into electricity. Assuming an optimal yield globally of 
three dry metric tons per hectare per year of woody biomass, harvested sustainably 
(Ferguson 2001, 2003), a gross energy yield of 13.5 million kcal/ha results. Harvesting 
this wood biomass requires an energy expenditure of approximately thirty liters of die-
sel fuel per hectare, plus the embodied energy for cutting and collecting wood for trans-
port to an electric power plant. Thus, the energy input per output ratio for such a system 
is calculated to be 1:25 (Hendrickson and Galland 1993).

Per capita consumption of woody biomass for heat in the United States amounts to 
625 kilograms (kg) per year (Kitani 1999). The diverse biomass resources (wood, crop 
residues, and dung) used in developing nations averages about 630 kg per capita per 
year (Kitani 1999). Woody biomass has the capacity to supply the United States with 
about 5 quads (1.5 x 1012 kWh thermal) of its total gross energy supply by the year 
2050, provided that the amount of forestland stays constant (Pimentel 2008). A city of 
100,000 people using the biomass from a sustainable forest (3 t/ha per year) for elec-
tricity requires approximately 200,000 ha of forest area, based on an average electri-
cal demand of slightly more than 1 billion kilowatt hours (kWh) (860 kcal = 1 kWh) 
(Pimentel 2008).

Air quality impacts from burning biomass are less harmful than those associated with 
coal, but more harmful than those associated with natural gas (Pimentel 2001). Biomass 
combustion releases more than two hundred different chemical pollutants, including 
fourteen carcinogens and four cocarcinogens, into the atmosphere (Burning Issues 
2006). As a result, approximately 4 billion people globally suffer from continuous expo-
sure to smoke (Smith 2006). In the United States, wood smoke kills 30,000 people each 
year (Burning Issues 2011), although many of the pollutants from electrical power plants 
that use wood and other biomass can be mitigated. These controls include the same 
scrubbers that are frequently installed on coal-fired plants.

The estimated 1.8 billion tons of biomass produced per year on US land area trans-
lates into about thirty-two quads of energy, which means that the solar energy captured 
by all plants in the United States per year equates to only 32% of the energy currently 
consumed as fossil energy (Pimentel et al. 2008). The United States lacks the volume of 
biomass to produce the ethanol and biodiesel fuel to make the United States oil indepen-
dent (Pimentel et al. 2012).

Of the total world land area in cropland, pasture, and forest, about 38% is cropland 
and pasture and about 30% is forests ( FAO 2013). Devoting a portion of this cropland 
and forestland to biofuels will stress both managed and unmanaged ecosystems and 
would not, in any event, be sufficient to solve the world fuel problem.
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Photosynthetic efficiency (the percentage of visible light energy used for carbon fixa-
tion by plants) for intensively managed plants can average as high as 3%, while most 
crops range from 1 to 4% (Moore et al. 1998), but this efficiency only holds true while 
the plants are actively growing. Corn in temperate climates such as the US Corn Belt 
only grow for 120 days or so, leaving 240 days of no corn productivity, which lowers 
photosynthetic efficiency from perhaps 3% during the growing season to about 1% for 
the whole year. If not for the fact that almost the entire transport system of the industri-
alized world depends on liquid fuel, no one would consider using cellulosic biomass or 
crops such as sugarcane or corn as raw material for making liquid fuel.

Corn Ethanol

Having considered the aggregate biomass resources available for conversion to biofuels, 
we now turn to consideration of specific biofuels in use. Each has a particular profile of 
ecological and energy costs, and thus different implications for the political and ethical 
questions of sustainable development.

In the United States, ethanol constitutes 99% of all biofuels (Farrell et al. 2006). For 
capital expenditures, new plant construction costs from $1.05 to $3.00 per gallon of eth-
anol (Shapouri and Gallagher 2005). Fermenting and distilling corn ethanol requires 
large amounts of water. The corn is finely ground and approximately 15 liters of water are 
added per 2.69 kg of ground corn. After fermentation, to obtain a liter of 95% pure etha-
nol from the 10% ethanol and 90% water mixture, 1 liter of ethanol must be extracted 
from the approximately 10 liters of the ethanol/water mixture. To be mixed with gas-
oline, the 95% ethanol must be further processed and more water must be removed, 
requiring additional fossil energy inputs to achieve 99.5% pure ethanol (Pimentel et al. 
2009). Thus, a total of about 12 liters of wastewater must be removed per liter of ethanol 
produced, and this relatively large volume of sewage effluent has to be disposed of, at 
an energy, economic, and environmental cost. Manufacture of a liter of 99.5% ethanol 
uses 45% more fossil energy than it produces and costs $1.05 per liter ($3.97 per gal-
lon) (Pimentel et al. 2012). The corn feedstock alone requires more than 33% of the total 
energy input.

The largest energy inputs in corn ethanol production are for producing the corn feed-
stock plus the steam energy and electricity used in the fermentation/distillation process. 
The total energy input to produce a liter of ethanol is 7,438 kcal (Pimentel et al. 2009). 
However, a liter of ethanol has an energy value of only 5,130 kcal. Based on a net energy 
loss of 2,344 kcal of ethanol produced, 45% more fossil energy is expended than is pro-
duced as ethanol. The total cost, including the energy inputs for the fermentation/distil-
lation process and the apportioned energy costs of the stainless steel tanks and other 
industrial materials, is $1,045 per 1,000 liters of ethanol produced (Pimentel et al. 2009).

All differences in ethanol production processes from biomass and genetic manipula-
tion of crop plants to biofuel plants are peripheral to the point that only from 1–4% of 
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visible light is captured by photosynthesis. Over the course of a year (except in tropical 
regions), this percentage is actually under 1%. Plants are relatively inefficient in convert-
ing solar energy. Photovoltaic cells, even inefficient cells, can capture 10% or more of vis-
ible light and convert this light into electricity for a full year whenever there is sunlight, 
regardless of the growing season (Patzek 2012).

The subsidies for corn ethanol totaled more than $12 billion per year in 2008 (Koplow 
and Steenblik 2008). This means that the subsidies per liter of ethanol are 60 times 
greater than the subsidies per liter of gasoline. In 2006, nearly 19 billion liters of ethanol 
were produced on 20% of US corn acreage (USCB 2008). This 19 billion liters represents 
only 1% of total US petroleum use (USCB 2008). However, 45% more fossil energy is 
required to produce a liter of ethanol than the energy yield of that liter of ethanol. Only 
subsidies from the political system sustained so inefficient a process. However, the $6 
billion per year federal tax credit which is equivalent to an outright subsidy (Friedman 
2011) for corn ethanol was allowed to expire by Congress after three decades in 2011 but 
replaced by the Renewable Fuel Standard mandate enacted in 2005 which for 2011–2012 
mandated that at least 37% of the US corn crop be converted to ethanol. A Congressional 
Budget Office report states, “In the future, the scheduled increase in mandated volumes 
[of corn ethanol] would require biofuels to be produced in amounts that are probably 
beyond what the market would produce if the effects of the tax credits were included” 
(Pear 2012; Drum 2012; Congressional Budget Office 2010, p. 16).

However, even if we completely ignore corn ethanol’s negative energy balance and 
high economic cost, we still find that it is absolutely not feasible to use ethanol to replace 
US oil. Indeed, virtually wherever ethanol is used as a fuel, it supplements and does not 
replace fossil liquid fuel, even in Brazil. Sugarcane ethanol has been referred to as a “tran-
sitional fuel” by one researcher (Claudinei Andreoli, personal communication, 2010) and 
has a positive energy return on energy invested when the effects on agricultural land and 
non-agricultural land and water and wildlife are discounted. If all 341 billion kg of corn 
produced in the United States (USDA 2007) were converted into ethanol at the current 
rate of 2.69 kg corn per liter of ethanol, then 129 billion liters of ethanol could be produced, 
replacing only 7% of total oil consumption in the United States. Of course, in this situation 
there would be no corn available for livestock feed, human food, and other needs.

In addition, the environmental impacts of corn ethanol are enormous:

 1. Corn production causes more soil erosion than any other crop grown (NAS 2003).
 2. Corn production uses more nitrogen fertilizer than any other crop grown, and 

the runoff from the Corn Belt is the prime cause of the “dead zone” in the Gulf of 
Mexico (NAS 2003). In 2006, approximately 4.7 million tons of nitrogen was used 
in US corn production (USDA 2007). Natural gas is required to produce nitrogen 
fertilizer, and the United States imports more than half (54%) of its nitrogen fertil-
izer (Huang 2004; USDA, Economic Research Service 2013). However, the greater 
availability of cheap natural gas due to fracking technology may extend the avail-
ability of relatively cheap nitrogen fertilizer. In addition, about 1.7 million tons of 
phosphorus was used in the United States (USDA 2007).
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 3. Corn production uses more insecticides than any other crop grown (McLaughlin 
and Walsh 1998).

 4. Corn production uses more herbicides than any other crop grown (Patzek 2004).
 5. More than 1,700 gallons of water are required to produce 1 gallon of corn ethanol 

(Pimentel and Patzek 2008).
 6. Enormous quantities of carbon dioxide are produced due to the large quantity of 

fossil energy used in production and to the immense amounts of carbon dioxide 
released during corn fermentation and soil tillage. All this speeds global warming 
(Socolow et al. 2004).

 7. Air pollution is a significant problem (Hodge 2003; Jacobson 2007; Pimentel and 
Patzek 2007). Burning ethanol emits pollutants into the air, including peroxyace-
tyl nitrate (PAN), acetaldehydes, alkylates, and nitrous oxide (Davis and Thomas 
2006). These chemicals can have significant human health effects, as well as 
impacting other organisms and ecosystems.

In addition to corn ethanol’s intensive environmental degradation and the inefficient 
use of food-related resources, the production of corn ethanol also has a great effect on 
world food prices. For instance, the use of corn for ethanol production has increased the 
prices of US beef, chicken, pork, eggs, breads, cereals, and milk by 10% to 20% (Brown 
2008).

Grass and Cellulosic Ethanol

Tilman et al. (2006) suggest that all 235 million ha of grassland plus crop residues can 
be converted into cellulosic ethanol. Tilman et al. recommend that crop residues, such 
as corn stover (leaves and stalks), can be harvested and utilized as a fuel source. This 
would be disastrous for the agricultural ecosystem, however, because crop residues such 
as corn stover are vital for protecting topsoil. Leaving the soil unprotected would inten-
sify soil erosion by a factor of ten or more (Rasnake, 1983), and it may increase soil loss as 
much as by a factor of one hundred (Fryrear and Bilbro 1994). Furthermore, even a par-
tial removal of the stover can result in increased CO2 emissions and intensify acidifica-
tion and eutrophication in fresh water and coastal marine water bodies due to increased 
runoff (Lal, 2004; Kim and Dale, 2005). Already, the US crop system is losing soil ten 
times faster than the sustainable rate (NAS, 2003). Soil formation rates are extremely 
slow—less than 1 t/ha/yr (NAS 2003; Troeh et al. 2004). Increased soil erosion caused 
by the removal of crop residues for use as biofuels facilitates soil-carbon oxidation and 
contributes to the greenhouse emissions problem (Lal 2004).

Tilman et al. (2006) assume about 1,032 liters of ethanol can be produced through the 
conversion of the 4 t/ha/yr of grasses harvested. However, Pimentel and Patzek (2007) 
report a negative 50% return in ethanol produced compared with the fossil energy inputs 
in switchgrass conversion (Pimentel et al. 2009). Converting all 235 million ha of US 

 



190   David Pimentel and Michael Burgess

grassland into ethanol at the optimistic rate given by Tilman et al. would provide only 
12% of annual consumption of US oil, and it of course assumes that there is food to burn 
(USDA 2006; USCB 2008). Verified data, however, confirm that the output in ethanol 
would require 1.5 liters of oil equivalents to produce 1 liter of ethanol (Pimentel et al. 2009). 
The amount of electricity produced by the ethanol from 1 ha of switchgrass can be matched 
by 30 square meters of 10% efficient (considered inefficient) photovoltaic cells, and pho-
tovoltaic cells are designed to run for 30 years with very little maintenance (Patzek 2012).

To achieve the production of this much ethanol, US farmers would have to displace 
the 100 million cattle, 7 million sheep, and 4 million horses that are now grazing on 
324 million ha of US grassland and rangeland (USDA 2006). Overgrazing is already a 
serious problem on US grassland, and an overgrazing problem exists worldwide (Brown 
2002). Thus, the assessment of the quantity of ethanol that can be produced on US and 
world grasslands by Tilman et al. (2006) appears to be unduly optimistic.

Converting switchgrass into ethanol results in a negative energy return (Pimentel 
et al., 2009). The negative energy return is 57%, or a slightly more negative energy return 
than corn ethanol production (Pimentel et al. 2009). The cost of producing a liter of 
ethanol using switchgrass was 93¢ in 2009 (Pimentel et al. 2009).

Several problems occur in the conversion of cellulosic biomass into ethanol. First, 
from two to five times more cellulosic biomass is required to achieve the same quan-
tity of starches and sugars as are found in a given quantity of corn grain, since no ener-
getically efficient or economically viable method exists to break the cellulose down 
into simple sugars (Pimentel et al. 2012). Thus, two to five times more cellulosic mate-
rial must be produced and handled, compared with corn grain (Pimentel and Patzek 
2007). In addition, the starches and sugars in cellulosic biomass are tightly held in lig-
nin. These starches and sugars can be released using a strong acid to dissolve the lignin. 
Once the lignin is dissolved, the acid action is stopped with an alkali. The solution of 
lignin, starches, and sugars can be fermented. Some claim that the lignin can be used as 
a fuel, but not when dissolved in water. The lignin in the water mixture can be extracted 
using various energy-intensive technologies. Usually less than 25% of the lignin can be 
extracted from the water mixture (Pimentel and Patzek 2007).

Soybean Biodiesel

Processed vegetable oils from soybean, sunflower, rapeseed, oil palm, and other oil 
plants can be used as fuel in diesel engines. Unfortunately, producing vegetable oils for 
use in diesel engines is costly in terms of economics and energy. Comparative analysis 
concludes that these sources should be exploited only in situations where accumula-
tions of waste or by-product vegetable oil already exist (Ozaktas 2000; Pimentel and 
Patzek 2007; Pimentel et al. 2009). A slight net return on energy from soybean oil is 
possible only if the soybeans are grown without commercial nitrogen fertilizer. Under 
favorable conditions, the soybean, a legume, will produce its own nitrogen. Still, soy 

 



Biofuels   191

biodiesel has a 63% net fossil energy loss (Pimentel et al. 2009). Not surprisingly, subsi-
dies provided the conditions for expansion of production. The US federal government 
had provided $500 million annually in subsidies for the production of 3.6 billion liters 
of biodiesel (Koplow 2006; US Energy Information Administration 2013b )—which is 
74 times greater than the subsidies per liter of diesel fuel—before Congress allowed bio-
diesel tax incentives to expire in 2011 (Yacobucci 2012).

The environmental impacts of producing soybean biodiesel are second only to that of 
corn ethanol:

 1. Soybean production causes significant soil erosion, second only to corn produc-
tion (NAS. 2003).

 2. Soybean production uses large quantities of herbicides, second only to corn pro-
duction (USDA 2007). These herbicides cause major pollution problems with nat-
ural biota in the soybean production areas (Artuzi and Contiero 2006; Pimentel 
2006).

 3. The USDA (2005) reports a soybean yield worldwide of 2.2 tons per hectare.

With an average oil extraction efficiency of 18% (USDA 1975, 2005), the average oil 
yield per year would be approximately 0.4 tons per hectare. This converts into 454 liters 
of oil per hectare. Based on current US diesel consumption of 227 billion liters/year 
(Tickell, 2006), this would require more than 500 million ha of land in soybeans, or 
more than half the total US land planted set aside just for soybeans. In addition, all 71 
billion tons of soybeans produced in the United States (USDA 2006) could only supply 
less than 3% of total US oil consumption.

Rapeseed and Canola Biodiesel

The European Biodiesel Board estimates a total biodiesel production of 4.89 million tons 
for the year 2006 (EBB 2007). Well suited to the colder climates, rapeseed is the domi-
nant crop used in European biodiesel production. Often confused with canola, rapeseed 
is an inedible crop of the Brassica family, yielding oil seeds high in erucic acid. Canola 
is in the same family, but it is a hybrid created to lower saturated fat content and erucic 
acid content for human consumption in cooking oil and margarine (Tickell 2006).

Rapeseed-based biodiesel yields in Europe averaged 1,390 liters per hectare in 2005 
(Frondel and Peters 2007). Using the density of biodiesel defined as 0.88 kg/l (Frondel 
and Peters 2007), it can be estimated that the average annual production of rapeseed 
biodiesel in Europe is 1.1 million tons total. Because of its high oil content (30%), rape-
seed is preferred as a biodiesel feedstock source (Tickell 2006). While Europe currently 
dominates the rapeseed production in the world, as the market for high-yield oilseed 
feedstock for biodiesel grows, interest in canola and rapeseed oil is likely to increase in 
many northern states of the United States, and in Canada (Tickell 2006).
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Rapeseed and canola require the application of fertilizers and pesticides in produc-
tion. The energy required to make these pesticides and fertilizers detracts from the over-
all net energy produced (Frondel and Peters 2007); conventional production of corn 
requires energy inputs totaling 32 x 106 kcal per hectare, while production of a hectare 
of corn using an organic system only requires a 3.5 x 106 kcal, though it requires 40% 
more human labor. Organically grown corn reduces energy inputs almost enough to 
balance energy inputs to the ethanol energy output, in addition to greatly decreasing the 
environmental impacts of corn cultivation (Pimentel et al. 2008). Although soybeans 
contain less oil than canola—about 18% soy oil compared with 30% oil for canola oil—
soybeans can be produced with nearly zero nitrogen inputs (Pimentel et al. 2008).

The biomass yield of rapeseed/canola per hectare is also lower than that of soy-
beans—about 1,600 kg/ha for rapeseed/canola compared with 2,890 kg/ha for soy-
beans (Pimentel et al. 2008; USDA 2004). The production of 1,568 kg/ha rapeseed/
canola requires an input of about 4.4 million kcal per hectare and costs about $669/ha 
(Pimentel et al. 2008). About 3,333 kg of rapeseed/canola oil is required to produce 1,000 
kg of biodiesel (Pimentel et al. 2008). Therefore, all 333 million tons of rapeseed and 
canola produced in the United States in 2006 (USDA 2007) could be used to make 100 
million liters of biodiesel, or 0.005% of the total oil used in the United States. The total 
energy input to produce the 1,000 liters of rapeseed/canola oil is 13 million kcal. This 
suggests a net loss of 58% of energy inputs (Pimentel et al. 2008). The cost per kilogram 
of biodiesel is also high, at $1.52. Rapeseed and canola are energy-intensive and eco-
nomically inefficient biodiesel crops.

Oil Palm

There is a major effort to plant and harvest oil palms for biofuels in some tropical devel-
oping countries, especially Indonesia, Malaysia, Thailand, Colombia, and some in 
West Africa (Thoenes 2007). From 1997–98 to 2012–13 the production of palm oil has 
more than tripled, from 17 x 106 metric tons to 55 x 106 metric tons with production 
by Indonesia and Malaysia accounting for about 85% of total world production (USDA 
Foreign Agricultural Service 2001; USDA Foreign Agricultural Service 2013). Palm oil 
makes up over 34% of vegetable oils produced worldwide (USDA, Foreign Agricultural 
Service 2013a). The oil palm, once established after four years, will produce about 4,000 
kg of oil per hectare per year (Carter et al. 2007). The energy inputs for maintaining the 
hectare of oil palm are indicated in Pimentel et al. (2008). The data suggest that about 
7.4 million kcal are required to produce 26,000 kg of oil palm bunches. This 26,000 kg 
is sufficient palm nuts to produce 4,000 kg of palm oil. A total of 6.9 million kcal are 
required to process 6,500 kg of palm nuts to produce one ton of palm oil (Pimentel et al. 
2008). Thus, the net return on fossil energy invested in production and processing totals 
30%. This is clearly a better return than corn ethanol or soybean biodiesel. However, 
an estimated 200 milliliters (ml) (2,080 kcal) of methanol is a required addition to the 
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1,000 kg of palm oil, for transesterification (a reversible reaction in which one ester is 
converted into another as by interchange of ester groups with an alcohol in the presence 
of a base). This results in a negative 8% net energy output for palm oil.

There are several negative environmental and social issues associated with oil palm 
plantations. First, the removal of tropical rainforests to plant the oil palm results in an 
increase in CO2 emissions (Thoenes 2007). Secondly, the removal of tropical rain forests 
and the planting of oil palms reduce the biodiversity of ecosystems. Finally, using oil 
palm for fuel reduces the availability of palm oil for human use and increases the price 
of palm oil. Although palm oil is not important nutritionally, it is the oil used by many in 
the developing world to cook their food (Thoenes 2007).

Algae for Oil Production

Some cultures of algae consist of 30% to 50% oil (Dimitrov 2007) which has sparked 
interest in using algae to increase the US oil supply, based on the theoretical claims that 
47,000 to 308,000 liters/hectare/year (5,000 to 33,000 gallons/acre) of oil could be pro-
duced using algae (Briggs 2004; Valcent Products Inc. 2007). Based on these theoretical 
claims, the calculated cost per barrel would be $15 (Green Car 2006). The average com-
modity price for a barrel of crude oil in 2012 was $105 (World Bank 2013). If the above 
estimated production and price of oil produced from algae were correct, US annual oil 
needs could theoretically be met if 100% of all US land were in algal culture.

Despite all the algae-related research and claims dating back to 1970s, none of the pro-
jected algae and oil yields have been achieved (Dimitrov 2007). To the contrary, one cal-
culated estimate, based on all the included costs of using algae, put the cost at $800 per 
barrel, not $15 per barrel. Still, estimates vary widely, in part because algae biodiesel has 
largely failed to get beyond the laboratory or the pilot plant stage. Algae, like all plants, 
require large quantities of nitrogen and water in addition to significant fossil energy 
inputs for the production system (Goldman and Ryther 1977). The absolute maximum 
visible light energy fixation rate for photosynthesis for any plant is 8%, whereas 1–3% is 
common for crop plants, but only while they are growing, since a portion of the year in 
the temperate zone nothing grows, and any photosynthetic efficiency has to take this 
nonactive period into account (Moore et al. 1998).

Conclusion

Recent policy decisions have mandated increased production of biofuels in the 
United States and worldwide. For instance, in the Energy Independence and Security 
Act of 2007 (US Energy Information Agency 2008), President Bush set “a mandatory 
Renewable Fuel Standard (RFS) requiring fuel producers to use at least 36 billion gallons 
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of biofuel in 2022.” This mandate would require 1.6 billion tons of biomass harvested per 
year as well as harvesting 80% of all biomass in the United States, including all agricul-
tural crops, grasses, and forests (Pimentel et al. 2009). With nearly total biomass har-
vested, biodiversity and food supplies in the United States would be decimated; there is 
no evidence either in Perlack et al. (2005) or in the legislation (which is based largely on 
Perlack et al.’s assumptions) that this eventuality was ever considered.

Most conversions of biomass into ethanol and biodiesel result in a negative energy 
return, based on careful up-to-date analysis of all the fossil energy inputs. Four of the 
negative energy returns are as follows: corn ethanol at minus 46%; switchgrass at minus 
50%; soybean biodiesel at minus 63%; and rapeseed at minus 58%. Even palm oil produc-
tion in Thailand results in a minus 8% net energy return, when the methanol require-
ment for transesterification is considered in the equation.

Increased biofuel production also has the capability to impact the quality of food 
plants in crop systems. The release of large quantities of carbon dioxide associated 
with the planting and processing of plant materials for biofuels is reported to reduce 
the nutritional quality of major world foods, including wheat, rice, barley, potatoes, 
and soybeans (Taub et al. 2008). Carbon dioxide levels are already over 30% higher 
than preindustrial levels, and they may double or even triple over the course of the 
21st century (Loladze 2002). When crops are grown under twice the ambient atmo-
spheric concentration of carbon dioxide, the mean protein levels in the crops may 
be reduced as much as 14%, and other micronutrients, such as phosphorus, sulfur, 
iron, calcium, zinc and copper, decline significantly as well (Loladze 2002; Taub 
et al. 2008).

There are additional problems associated with biofuels that have been ignored by 
some scientists and policymakers. The biofuels being created in order to diminish the 
dependence on fossil fuels actually depend on fossil fuels. In most cases, more fossil 
energy is required to produce a unit of biofuel compared with the energy that is pro-
duced (Pimentel et al. 2009). Furthermore, the United States is importing oil and natural 
gas to produce biofuels, which is further increasing the US dependence on foreign fossil 
fuels. Publications promoting biofuels have used incomplete or insufficient data to sup-
port their claims. For instance, claims that cellulosic ethanol provides net energy (Tilman 
et al. 2006) have not been experimentally verified because most of their calculations are 
theoretical—not a single commercial cellulosic ethanol production plant exists. Finally, 
environmental problems including water pollution from fertilizers and pesticides, global 
warming, soil erosion, and air pollution are intensifying with biofuel production. There is 
simply not enough land, water, and energy to produce biofuels at acceptable cost in terms 
of the externalities already apparent. Increased use of biofuels would therefore further 
damage the global environment and, especially, the world food system.

Are there alternatives to the current trend of increasing production of biofuels? One 
alternative that has not even been suggested in the United States since the Carter admin-
istration is energy conservation. Conservation would probably involve the federal gov-
ernment having a say in how products are produced and how efficiently these products 
utilize energy. For example, the Obama administration has worked to set targets for 
miles/gallon for vehicles produced by the automotive industry; a more expansive energy 
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conservation policy would extend beyond vehicles to virtually all manufactured prod-
ucts—especially products used widely and that consume significant energy. Another 
possibility would be for the federal government to end all subsidies offered to the fossil 
fuel sector of the economy and give these subsidies to companies and universities to 
support research and development of alternative energy technologies (other than biofu-
els), such as wind power, solar thermal, solar voltaic, hydroelectric, infrastructure tech-
nologies necessary for integrating alternative electricity generation into the national 
power grid, and energy storage technologies.

In the case of the United States, such policies have been discussed under broad initia-
tives to build a national electric high-speed railway transport system for both goods and 
passengers, as well as local commuter transport powered by electricity. The focus on 
biofuels reflects the almost total dependence of the world transport system on liquid 
fuels, but chemical researchers are discovering different catalysts that would synthesize 
methanol and possibly allow the synthesis of other chemicals and fuels from water and 
carbon dioxide (Barton et al. 2008; Riduan et al. 2009; Huang et al. 2010; Wesselbaum 
et al. 2012). Production of methanol and other chemicals from a catalyst-mediated reac-
tion between carbon dioxide and water, powered by electricity from either the sun or 
wind, can recycle carbon dioxide from major emission sources back into fuel and other 
chemicals, and no fossil energy would be needed ( Zandonella 2012). These avenues of 
research suggest that there is nothing inevitable about the displacement of agricultural 
cropland currently used for food production, or about the energy extensive and ecologi-
cally disruptive effects of a global push for biofuels.
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Note

 1. Dr. David Pimentel was at a meeting in Washington, D.C., with Perlack after the publica-
tion of his report (Perlack et al. 2005) and told him that his 1.3 billion tons of biomass to be 
collected was much too high; Perlack did not agree.
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Chapter 8

Alternative Paths to 
Fo od Securit y

Norman Uphoff

Introduction

Ever since the successes of the Green Revolution in Asia in the 1970s and 1980s, the pri-
mary strategy for raising agricultural production has been what is commonly referred 
to as “modern agriculture.” This is based upon (i) making varietal improvements in 
targeted crops, achieved through either conventional plant breeding or, more recently, 
through genetic engineering (GE), together with (ii) increased utilization of pur-
chased inputs, such as inorganic fertilizers, agrochemical crop protection, and usually 
petroleum-derived energy to support larger-scale production with extensive mecha-
nization. Also part of the “modern agriculture” package has been increased irrigation 
which provides more applications of water than previously. This “seeds-and-fertilizer” 
strategy has shaped most research and extension programs for promoting food produc-
tion, and, not surprisingly, it has become buttressed over time by significant commercial 
and political interests.

In this chapter an approach to agricultural development is considered that depends 
neither on making changes in crop varieties nor on greater expenditure on external 
inputs. While the focus here is on plant crops, we note that the same agroecological prin-
ciples are being used to improve livestock production (Savory and Butterfield 1999). As 
seen below, it is possible to increase the productivity of currently available crop varieties 
very substantially just by modifying the management of plants, soil, water, and nutrients 
in certain ways that improve their environment for growth. There is no requirement 
of new seeds, although new varieties can be used beneficially with improved practices. 
An added benefit is that altered management results in crops that are more robust and 
better able to resist threats to crop production that are now increasing as a consequence 
of climate change, particularly losses due to pests and diseases, as well as stresses from 
extremes in rainfall (drought or flooding) and in temperature. Alternative management 
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practices, as discussed below, mobilize biological processes that elicit beneficial inter-
species interactions and enhance plants’ expression of their existing genetic potentials.

This approach, broadly characterized as “agroecological,” can be undertaken either 
as an alternative or as a complement to what is called “modern agriculture.” From an 
ecosystem perspective, crops are not regarded as isolated species, with other organisms 
seen mostly as competitors or adversaries (weeds, pests, or pathogens). Nor is the soil 
treated as an essentially inert medium, in which the plants being grown are primarily 
dependent upon farmers’ inputs. Rather, agroecological approaches aim to capitalize on 
symbiotic relationships among the huge number of complementary species, both flora 
and fauna, that cohabit agroecosystems. This strategy is not some kind of backward or 
atavistic version of agriculture. In fact, it derives support from contemporary knowl-
edge in disciplines such as microbiology, soil ecology, plant genomics and proteomics, 
and epigenetics.

Most agricultural research and practice in the latter half of the twentieth century paid 
little attention to the effects of the soil biota, for example. Closer connections between 
soil science and crop science are now emerging, however, with the realization that soil 
microorganisms that reside in plants “above-ground canopies can enhance crops” 
expression of their genetic potentials (Uphoff et al. 2012). In this century, much is being 
learned about the contributions and management of soil organisms in their symbiotic 
relationships with plants (e.g., Selosse and Rousset 2011; Kiers et al. 2011). Possibly this 
will enable us to improve world agricultural production in the next several decades 
as much as (or possibly even more than) was achieved with the Green Revolution in 
preceding decades. Even though this chapter focuses primarily on rice, the single most 
important food crop worldwide, it is about more than rice cropping. It considers a para-
digm shift taking shape within agriculture that is already improving the productivity of 
a wide variety of crops, from millet and mustard to turmeric and teff.

This shift could enable farmers in the future to meet society’s food needs with reduced 
economic costs and with fewer adverse environmental impacts than now result from the 
practices of “modern agriculture.” Whether this will occur, and how fast, will be deter-
mined in the decades ahead. However, even the prospect of many desirable benefits will 
not assure that the changes are easy, or welcomed by all. Technical and paradigmatic 
changes get introduced and advanced within a context of contending political interests 
and of institutional leverages and resistance. The experience reported here from recent 
innovation in the rice sector shows how technical change is connected with and some-
times impeded by the processes and frictions of politics and society.

Agroecological Approaches

Agroecology is based on understanding and engaging with the genetic potentials that 
already exist in plants (and animals) and within the soil and its resident biota (Altieri 
1995, 2002; Gliessman 2007; Uphoff 2002). Agroecological applications seek to raise 
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production by optimizing the growing environments for crops (and livestock), rather 
than by making modifications in their genes or by utilizing more synthetic or inor-
ganic materials in agricultural production. It is true that further improvements made 
in crop genetic potentials can contribute to better results from the agroecological man-
agement of plants and animals. And some use of inorganic fertilizers may help farm-
ers optimize their yield levels, provided there are no adverse effects on the microbiome, 
the communities of microbes that inhabit all plant and animal organisms, interacting 
with each other and with their host organisms. Agroecology is not necessarily “organic,” 
although it generally favors organic nutrient amendments as a matter of pragmatics and 
economics.

The potentials of agroecological management to meet food needs—particularly for 
households with the most limited resources and with the greatest food insecurity—are 
considered here with reference to improvements being made in rice production. The 
System of Rice Intensification (SRI), developed some twenty-five years ago by a French 
priest during three decades of grassroots work with farmers in Madagascar (Laulanié 
1993; Uphoff 2006), can raise paddy yields by 50 to 100 percent, or more, with less inputs 
of seed, water, fertilizer (although with more provision of compost), and often with less 
labor once the methods are mastered or mechanization is introduced. Producing “more 
with less” is, however, a challenge to the currently prevailing scientific paradigm, which 
is based on introducing external inputs, as well as to many commercial interests that 
benefit from providing these inputs.

One might expect that an opportunity to produce more output with less input would 
be seized upon quickly and widely. However, getting SRI accepted and utilized has been 
a slow and difficult process, although it is now finally gaining speed as the merits of SRI 
ideas and methods are demonstrated in Asia, Africa and Latin America (http://sri.ciifad.
cornell.edu/countries/index.html). This case study on SRI does not suggest that making 
further genetic improvements is not desirable; only that these may be less necessary and 
less urgent than argued by proponents of “modern agriculture,” and especially by those 
who promote transgenic plant breeding. Creating new varieties with certain genetically 
determined traits has been presented as a sine qua non for “feeding the world.” However, 
this may not be correct.

Whether (or to what extent) food production can be improved without requiring 
development of new varieties and without increasing the use of external inputs is of 
considerable significance for this chapter, looking ahead as well as to the past and pres-
ent. Given the adverse effects of climate change on crop performance anticipated in the 
decades ahead, crops’ resilience to biotic and abiotic stresses, to pests and diseases, and 
to climatic hazards will become ever more important to meet world food needs.

This case gives evidence of the ways in which political and institutional interests can 
impinge upon making changes in agricultural theory and practice. Even getting SRI 
methods evaluated has been resisted by some scientists who work within the estab-
lished paradigm for crop improvement (Sinclair 2004; Sinclair and Cassman 2004). 
Conservation agriculture, an agroecological strategy that eliminates tillage (plowing) in 
conjunction with maintaining vegetative cover on the soil and rotating the crops grown, 

http://sri.ciifad.cornell.edu/countries/index.html
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countervailing the powerful trend toward monoculture (Friedrich et al. 2009; www.
fao.org/ag/ca), has met with some similar resistance (Giller et al. 2009; Andersson and 
Giller 2012). So SRI should not be considered as an isolated case.

In analytical terms, agroecologically informed methods aim to optimize the environ-
mental conditions (E) that affect the expression and realization of the genetic endow-
ments for a particular plant (or animal). The latter is referred to as a phenotype (P), 
the actual biological phenomenon. This will diverge from the initial genetic potential 
(the genotype, G) according to the organism’s history of development. Plant and animal 
breeders summarize the relationship among E, G and P in this notional equation:

 P = f  G + E + G x E ,( ) [ ]  

where any crop (or animal) being produced (P) is seen as a result of its genotype (G) and 
its environment (E), and of continuous interaction between the genotype and all relevant 
environmental factors [G x E].

Paradigms for agricultural development can be distinguished analytically as follows. 
Biotechnology and genetic engineering focus on how to change and improve the G fac-
tor in this equation, seeking to achieve greater productivity of crops (or livestock) in a 
specific environment or for many environments by making changes in the genome. The 
environments (E) in which a crop (or an animal) is grown are expected to be managed 
to suit the given G, by providing inorganic nutrients from fertilizer, agrochemical means 
of protection, water inputs through irrigation, or other mechanisms. Everything pivots 
around G. With agroecology, in contrast, the primary concern is with making modifica-
tions in E so as to achieve, by promoting more productive and sustainable G x E interac-
tions, the greatest productivity from any given G in the present and/or over time.

This equation makes clear that both G and E are important, indeed essential. Genetic 
potentials are the starting point for all organisms, from microbes to mammals. All liv-
ing organisms (phenotypes) are the outcome of myriad environmental inputs and 
influences that affect the expression of their genetic endowment (genotype). In agro-
ecological practice, there is particular concern with engaging the services of beneficial 
microbes (bacteria and fungi), other soil organisms, and the ubiquitous earthworms and 
other soil-system enrichers that function both above- and belowground (Wardle 2002; 
Wolfe 2001). To the extent that modifying management can produce cost-effective and 
more profitable results, a breeding strategy for agricultural improvement that focuses 
primarily on G and gives short shrift to G x E interactions will become less attractive. 
This observation could have significant implications for the future of what is now called 
“modern agriculture.”

The chapter reviews, first, the opportunities that SRI methods are opening up 
compared to current agricultural practices, even “best management practices” now 
recommended by crop scientists. SRI is presented here as an example of agroecologi-
cal management that is convergent with other production strategies, such as agrofor-
estry, conservation tillage, and integrated pest management. These have been grouped 

http://www.fao.org/ag/ca
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under the broad heading of “low-input intensification” in a study commissioned by the 
European Parliament (Meyer 2009), and as “sustainable intensification” in a report for 
the British Royal Society (Royal Society 2009). SRI is thus not an isolated example, but 
rather an exemplification of the “agroecological intensification” discussed by Nelson 
and Coe in their chapter “Agroecological Intensification of Smallholder Farming, 
Chapter 4 of this volume.”

The chapter also reports on recent research that documents beneficial symbiotic asso-
ciations between plants and microbes (section 4). These could help explain the pheno-
typical results achieved with SRI management practices. We will consider also how other 
crops, such as wheat, sugarcane, finger millet, teff, mustard (rapeseed), and even some 
pulses and vegetables, are benefiting from extensions or extrapolations of SRI ideas and 
practices (section 5). What is being learned from SRI experience is not relevant only 
for rice. Agroecological methods represent a departure from genocentric strategies for 
raising agricultural production that rely heavily on agrochemical inputs (section 6), 
although this departure has not been without controversy (section 7). Broader implica-
tions for politics and society are discussed in the concluding section. The sources for this 
article are more varied and more contemporary than for most academic presentations 
because the SRI phenomenon is “a work in progress.”

The System of Rice Intensification

This methodology for agroecological crop management resulted from three decades 
of observation and experimentation in Madagascar by a French Jesuit, Fr. Henri de 
Laulanié. Working closely with Malagasy farmers from 1961 to 1995, he studied carefully 
what conditions could best support their rice plants. Modifying age-old practices such 
as dense planting and continuous flooding led to rice phenotypes that were not only 
more productive, but also had more resistance to various stresses, from pests and dis-
eases to adverse climatic events like drought or storms.

With SRI, what is “intensified” is not farmers’ use of purchased inputs (new seeds, 
chemical fertilizers, crop protectants, and more water). That is how intensification 
is usually understood (Reichardt et  al. 1998). What are in fact intensified with SRI 
practice are knowledge, skill, and management. Although initially SRI can be more 
labor-intensive while the methods are being learned, once these are mastered, labor 
inputs can generally be reduced. In many countries a major selling point for SRI is its 
reduction in farmers’ labor expenditure, while requiring also less seed, water, fertilizer, 
and other inputs (Xu et al. 2005). Intensification with SRI is more mental than material.

Evidence of these effects continues to accumulate, some getting published in the 
peer-reviewed agronomic literature after earlier resistance (e.g., Ceesay et  al. 2006; 
Chapagain and Yamaji 2010; Lin et al. 2009; Mishra and Salokhe 2008, 2010; Thakur 
2010; Thakur, Rath, et  al. 2010, Thakur, Uphoff, and Antony 2010; Zhao et  al. 2009, 
2010). Most evidence thus far has come from field reports from nongovernmental 
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organizations (NGOs) such as the Aga Khan Foundation, which introduced SRI meth-
ods in the mountains of northeastern Afghanistan, an environment not very favorable 
for growing rice (Thomas and Ramzi 2011), or from Africare, working in the Timbuktu 
region of Mali on the edge of the Sahara Desert (Styger et al. 2011).

While SRI is often considered as a recipe, it is better understood as a menu of prac-
tices. SRI is more a matter of degree than of kind, and part of SRI methodology is farmer 
experimentation and evaluations, with adaptation of general principles to specific local 
conditions. There is an “ideal type” of SRI that has been validated in large-scale facto-
rial trials under contrasting soil and climatic conditions (Randriamiharisoa and Uphoff 
2002; Uphoff and Randriamiharisoa 2002). However, various combinations and extents 
of SRI practice can improve crop production, provided that soil conditions are made 
and kept mostly aerobic, or well oxygenated, so that plant roots and aerobic soil organ-
isms can thrive there. Crop performance will be better to the extent that more of the 
recommended SRI practices are used together, and the more they are used as recom-
mended; however, not all need to be used, and used perfectly, to get better yields.

The SRI innovation is presented concretely in terms of certain recommendations that 
change the methods commonly used for irrigated rice production. These changes usu-
ally, if not always, result in more productive and robust phenotypes:

	 •	 Transplant younger seedlings, usually less than fifteen days after the seeds have 
been sown in a garden-like nursery, not inundated—rather than using larger, older 
seedlings that look more impressive but have less potential for growth (Mishra and 
Salokhe 2008, 2010).

	 •	 Reduce the plant density in the field by 80 to 90 percent—plants should be spaced 
widely and in a square pattern, 25x25 cm (or even wider if the soil is very fertile), 
putting only 1 seedling in each hill, or at most 2, instead of planting 3–6 plants 
together with the hills set out in rows or randomly spaced.

	 •	 Transplant quickly and carefully, to minimize trauma to the roots of young seed-
lings—not pulling them up roughly from crowded nurseries, and not leaving them 
exposed to the sun and air for hours before plunging them into flooded soil; seed-
lings treated this way take 7–10 days to recover from what is called “transplant 
shock” and begin growing again.

	 •	 Keep the soil moist but with no standing water, or alternately flood and drain the 
paddy fields—continuous flooding of deprives the soil of oxygen and leads to root 
degeneration (Kar et al. 1974).

	 •	 Control weeds in a soil-aerating way by passing a mechanical weeder up and down 
between the hills in perpendicular directions to churn up the top layer of the soil. 
This is preferable to pulling up weeds by hand or using herbicides. Soil-aerating 
weeding should start early and be done several times during plants’ vegetative 
growth. This practice enhances crop yield, as seen in Figure 4 of a report from 
Afghanistan (Thomas and Ramzi 2011).

	 •	 Enrich the soil’s stock of organic matter as much as possible, providing com-
post, manure, or other biomass, rather than rely primarily on chemical fertilizer. 
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Fertilizer can be used beneficially with the other SRI practices, but it does little 
to improve the structure and functioning of soil systems (Uphoff et  al. 2006). 
SRI is not necessarily an “organic” production methodology, but enhancing the 
soil’s organic matter is essential for it and its resident organisms to function most 
productively.

A number of variations have derived from these original insights of Fr. Laulanié. There 
are, for example, rainfed, unirrigated versions of SRI in India, Cambodia, and Myanmar, 
with similar good results (e.g., Kabir and Uphoff 2007). Some farmers do direct-seeding 
rather than transplanting, using wide spacing, soil aeration, enhanced soil organic 
matter, and so on, and getting comparable yields with less labor inputs. Conservation 
agriculture with no tillage is being combined with SRI: transplanting young seedlings 
into permanent raised beds; maintaining mulch or other ground cover on the soil; and 
rotating crops. SRI operations can be almost fully mechanized to save labor as well as 
water (Sharif 2011). Also, SRI concepts and methods are being adapted to other crops, as 
reviewed in section 5.

Such changes underscore that SRI is not a technology so much as a different paradigm 
for optimizing the expression of crops’ genetic potentials, changing their growing envi-
ronment rather than their genes. The recommended practices can look risky to farmers 
at first. In Cambodia and Sri Lanka, however, it has been found that they reduce farmers’ 
risks of crop failure and economic loss (Anthofer 2004; Namara et al. 2008). SRI prac-
tices are found to reduce rice plants’ susceptibility to damage from insects and patho-
gens and to lodging from wind and rain, as well as to the effects of drought (Adhikari 
et al. 2010; Chapagain and Yamaji 2010; Uphoff 2011). Phenotypical improvements asso-
ciated with SRI crop management have been documented in Barison and Uphoff (2011), 
Lin et al. (2009), Mishra and Salokhe (2010), Thakur, Uphoff, and Antony (2010), and 
Zhao et al. (2009). Fully explaining all this still requires further study, however.

Contributions of Microbes to 
Agricultural Success

Beneficial Effects of Microbes in the Roots and Rhizosphere

Positive relationships have been observed with SRI practices among crop management, 
populations of soil microorganisms, and rice plant performance (Uphoff et al. 2009). An 
association between higher yields and soil bacteria living within rice plant roots was first 
seen in factorial trials done in 2001 in Madagascar evaluating different combinations 
of SRI and non-SRI practices, using random block design and with replications of each 
treatment (Randriamiharisoa and Uphoff 2002; Uphoff and Randriamiharisoa 2002). 
With all-standard practices (20-day-old seedlings, 3 per hill, continuous flooding, and 
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chemical fertilizer), paddy yield was 3.0 tons per hectare (ha), somewhat better than the 
2.0 ton national average yield. With contrasting SRI practices (8-day-old seedlings, 1 
plant per hill, intermittent irrigation, and compost application), average yield achieved 
was 10.35 tons per hectare.

How could there be more than a three-fold increase on the same soil with the same 
rice variety and the same climate? The research design included an evaluation of the 
populations of Azospirillum, a nitrogen-fixing bacterium, counted in tissue samples 
taken from the roots of the rice plants growing in the plots receiving different treat-
ments. There turned out to be a very strong correlation between crop performance and 
the concentrations of this microorganism, considered as a proxy for the many commu-
nities of beneficial soil organisms. When there were no nutrient additions to the soil, 
Azospirillum populations were more than ten times greater with SRI practices than with 
conventional management. When compost was used with SRI practices, their numbers 
were three times higher than when chemical (NPK) fertilizer was applied (Uphoff et al. 
2012).

Subsequent studies in India and Indonesia examined the populations and activity of 
beneficial soil organisms in the root zones (rhizospheres) of rice plants, using the same 
variety on the same soil but grown with either conventional or SRI practices. These eval-
uations showed that the number and the biochemical activity of beneficial microbes in 
rice plant root zones were usually increased with SRI methods (Uphoff et al. 2009; Anas 
et al. 2011). It remains to be determined why beneficial organisms should be more abun-
dant in the rhizospheres around roots, and also in the roots themselves as endophytes, 
when rice plants are grown with SRI practices. That changes in microbiological den-
sity and activity would accompany these practices should not be surprising, however, 
because SRI management makes the soil better aerated and more endowed with organic 
matter.

Beneficial Effects of Microbes in Plant Leaves and Seeds

Symbiotic relationships in the root zone are reasonably well known to soil biologists and 
plant physiologists (Pinton et al. 2007; Waisel et al. 2002). However, recent research on 
the phyllosphere (the leaf zone, where microorganisms live in, on and around the leaves) 
has produced some unexpected findings. These indicate that associations between 
plants and microorganisms, like those between microoganisms and animals, are more 
significant, intimate, and beneficial than previously understood. This adds another eco-
logical dimension to the concept of agroecology as we look more closely at the interac-
tions between and among species, rather than focusing on just one species at a time. 
The positive relationships between plants and microorganisms now being discovered 
parallel those that medical researchers are identifying between human bodies and what 
is called the “human microbiome” (Turnbaugh et al. 2007).

Research on rice plants by Chi and associates (2005) found that certain soil microor-
ganisms (rhizobia) migrated up from the soil through plants’ roots and stems and into 
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the plants’ leaves, where they had significant effects on the plants’ growth, physiology, 
and productivity. Compared to rice plants that had no soil rhizobia living in their leaves, 
rice plants inoculated with rhizobia exhibited a greater volume of roots and a greater 
weight of the aboveground parts of the plant. Inoculated plants also had higher rates of 
photosynthesis and greater water utilization efficiency, with twice as much photosyn-
thate produced per unit of water transpired. Rice plants with microbial inoculation had 
grain yields 20 to 68 percent higher than the control plants’ yield, with “crop per drop” 
substantially increased.

The only difference associated with these changes in crop phenotype and productiv-
ity was whether the plants’ leaves had become inhabited by soil organisms. In further 
research, Chi et al. (2010) found that the presence of soil rhizobia in rice plants’ leaf 
tissues was correlated with the up-regulation of certain genes’ expression in the leaves’ 
cells, producing more proteins that supported photosynthesis. Further, their presence in 
root tissues and cells was found to correlate with producing more proteins that helped 
protect rice plants against soil pathogens that can cause disease.

That soil bacteria infecting rice plants’ leaves as well as their roots can raise grain yield 
significantly suggests some shifting in the paradigm that we employ for understanding 
and improving crop productivity (Uphoff et al. 2012). Crops’ genetic potentials of course 
are important; but the interactions between and among organisms within an ecosystem, 
at both micro and macro scales, appear to be also important, even very influential.

Even more unexpected have been research results documenting beneficial effects for 
the root growth of rice plant seedlings from “infecting” rice seeds with a certain fungus 
(Fusarium culmorum) before planting and germination (Rodriguez et al. 2009). This 
fungus is known as a plant pathogen that causes a number of diseases in cereals, grasses, 
and other plants. However, rice seeds inoculated with this fungus produced seedlings 
with five times more early root growth, and root hairs emerged two days sooner, com-
pared to seedlings of same rice variety whose seeds were not inoculated with the fungus. 
At ten days, the average weight of inoculated seedlings was 68 percent higher than for 
seedlings from sterilized seeds with no microorganisms.

These studies open up an area for investigation rather than giving conclusive answers. 
But they indicate that microbial endophytes, organisms living within plants in benefi-
cial or mutualistic associations rather than in parasitic relationships, can make signifi-
cant contributions to plant performance, which warrant more study (Uphoff et al. 2012). 
Appreciation for what microorganisms contribute to plant growth and performance 
parallels what is being learned in recent years about their contribution to animals, 
including our own species Homo sapiens (Turnbaugh et al. 2007).

These and other findings suggest the importance of understanding plants as sys-
tems, rather than as discrete organisms. Plants depend, to an extent still inadequately 
understood, on their associations with microorganisms in, on, and around their roots 
and their shoots. Plants are not carbon-based, machine-like entities that are primarily 
dependent upon our inputs, and whose genotypes need to be redesigned to become more 
responsive to inputs that we provide them. Such a strategy forfeits some or many of the 
benefits that can be reaped from providing plants with more conducive environments in 
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which they can function in ecologically interactive ways that yield higher productivity 
and greater sustainability.

Effects of Agroecological 
Management with Other Crops

Although the insights and methods that constitute SRI were developed for irrigated rice 
production, they have been extended to unirrigated (i.e., rainfed or upland) rice cultiva-
tion with similar success. In the last five years, SRI ideas and practices have been extrap-
olated to a variety of other crops such as wheat (Bhalla 2010; Prasad 2008; Styger et al. 
2011) and sugarcane (ICRISAT-WWF 2009). Other crops for which higher production 
is reported from making adaptations of SRI ideas and methods include sugarcane; red, 
green, and black gram; mustard; and eggplant. In Ethiopia, yields of teff, the nationally 
preferred staple grain, are being increased three-fold with appropriate adaptations of 
SRI ideas (Berhe et al. 2013). SRI experience is thus becoming relevant for agroecologi-
cal innovation beyond rice, within the broader agricultural sector (Abraham et al. 2013).

Reviewing the Dynamics of an 
Agroecological Innovation

That the performance of many crops, not just rice, can be improved by making changes 
in the management of plants, soil, water, and nutrients, thereby enhancing yield and also 
conferring resilience to the hazards of climate change, is extending our understanding 
of agroecological practices and their effects. There are still gaps in the scientific under-
standing of agricultural strategies that focus more on the improvement of E than on G. 
But this should not be surprising, since the resources devoted to explicating and refin-
ing the newer paradigm have been, at most, a few percent of what has been invested in 
developing and promoting “mainstream” methods. What may be surprising is the oppo-
sition that SRI has encountered, with some scientists arguing that SRI should not even 
be evaluated, and characterizing any evaluation as a waste of resources.

Gains from Conventional Improvement Methods Compared 
with Agroecological Management

Scientific findings in the realm of plant-microbial interaction, as seen in section 4, are 
making the logic of agroecology increasingly persuasive as a complement or alternative 
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to the current crop improvement strategy based on genetic modification and applica-
tions of inorganic nutrients. In fact, the gains from these gene-centered and input strate-
gies have produced less yield improvement in recent years than are now being seen with 
agroecological theory and practice.

Genetic Improvement
The gains in yield achievable through hybridization (heterosis), compared to those 
attainable from inbred varieties, are theoretically 30 percent, and more practically about 
15 percent (Yuan 1994; Zhong et al. 2005). Moreover, some part of the yield increases 
reported for hybrid rice varieties should be attributed to the use of management prac-
tices that are part of SRI: transplanting single, young (13-day) seedlings, spaced 30x30 cm 
in a square pattern, with reduced water application, and with increases in organic fer-
tilization; however, inorganic fertilizers and herbicides are still heavily relied upon 
(personal communication from the originator of hybrid rice, Prof. Yuan Long-ping, 
September 13, 2004).

On-farm comparison trials done in Bali, Indonesia, in 2006 found that SRI manage-
ment methods added 50 percent to the yields of Chinese hybrid varieties grown with 
standard practices (13.3 tons per ha vs. 8.4 tons per ha; Sato and Uphoff 2007). That the 
gains reported from hybridization are in part a consequence of changes in E, not just 
in G, is clearer from a new world record for paddy yield set in Bihar State, India, in 2011 
(Diwakar et al. 2012). One farmer using SRI methods got a paddy yield of 22.4 tons per 
hectare, measured by state officials and accepted by the Indian Ministry of Agriculture; 
four other farmers in the same village, also first-time SRI users, got yields or 19 or 20 
tons per hectare. These “super-yields” were reached with modern hybrid varieties and 
with integrated nutrient management, using a combination of organic and inorganic 
fertilization). Relevant here is that these farmers, when using the same hybrid varieties 
on their farms with conventional crop management methods, the same soil, and same 
climate, had paddy yields of 7 tons per hectare, which is very good, but much less than 
attained with SRI management (data from Dr. M.S. Diwakar, director of Directorate of 
Rice Development, Govt. of India).

In the 1990s, scientists at the International Rice Research Institute (IRRI) reported 
that they had developed a “new plant type” (NPT) that could give, on average, 25 per-
cent higher yields (Khush and Peng 1996). The NPT would have many fewer tillers 
(stalks), but all would have large grain-bearing panicles. Some part of the claimed 
increase should have been credited, however, to researchers’ different management 
practices, ones associated with SRI:  14-day-old seedlings planted singly in a square 
pattern 25x25 cm apart. NPT plants were grown under standard flooded-field condi-
tions, however, with heavy applications of chemical fertilizer and herbicides. Despite 
heavy investment in developing the NPT, this strategy for raising rice yields ostensibly 
through plant-breeding improvements in G has remained little used, and is no longer 
mentioned in IRRI’s annual reports.1 The recent history of making improvements in rice 
production by focusing on modifications of G with suboptimum E has thus not been 
very successful.
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Input Strategies
A large international research program on site-specific nutrient management (SSNM), 
which sought to optimize and balance chemical fertilizer inputs, has reported average 
rice yield increases of 7 to 11 percent with its interventions, raising profitability, on aver-
age, by 12 percent (Dobermann et al. 2002). In 25 percent of the cases, however, farmers 
experienced declines in net income with SSNM because of the cost involved in applica-
tion or a decline in yield. The program focused almost entirely on soil chemistry, with 
little attention paid to the endogenous mobilization and cycling of nutrients within soil 
systems by soil organisms. It thus regarded soils as more passive than active, with soil 
chemistry emphasized over soil biology.

The percentage increases in rice yield achieved already with agroecological manage-
ment have been several times greater than those obtained recently by making genetic 
improvements or by optimizing external inputs in soil-chemistry terms. Over the last 
two decades there has been a slowing of the rates of yield increase with the gene-centered 
approach, possibly indicating that the genocentric research paradigm, like so many phe-
nomena, may be encountering diminishing returns. World production of cereal grains 
per capita peaked in 1984 (Dyson 1999), and the overall rates of yield growth have been 
declining ever since. Total global grain production peaked in the mid-1990s.

The alternative approach, which emphasizes management, can benefit farmers by 
generally reducing costs of production, while natural environments are better off with 
reduced extractions of water from surface flows or groundwater reserves, and with less 
application of agrochemicals that affect soil and hydrological ecosystems. The manage-
ment approach may also run into diminishing returns in the future; indeed, it would 
be surprising if it were immune to this relationship, which is so ubiquitous. But for 
the foreseeable future, agroecological management appears worth investigating, and 
worth utilizing to the extent that its results warrant application. Openness to alternative 
approaches has not been generally evident, however, as seen not only for SRI but also for 
conservation agriculture, as noted below.

Resistance to Paradigm Change within the International 
Scientific Community

What are referred to as “modern” agricultural technologies, and the knowledge base 
and practices upon which they rest, have come to represent a dominant paradigm for 
agricultural development. This paradigm is well entrenched in government, academic, 
and private-sector institutions, as well as in policy circles. Some researchers who work 
within that paradigm have found it difficult to accept the results of and explanations for 
SRI’s agroecological methods.

	 •	 Dobermann	(2004),	for	example,	concluded,	with	very	limited	evidence,	that	SRI	is	at	
best “a niche innovation.” His argument relied mostly on a crop model with coefficients 
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based on the performance of conventional rice phenotypes, not necessarily appli-
cable for SRI phenotypes, which have larger root systems that do not degenerate 
from hypoxia induced by flooding (Kar et al. 1974). Farmers using SRI methods have 
achieved yields double the world average in environments as contrasting as moun-
tainous northeastern Afghanistan (Thomas and Ramzi 2011) and the arid Timbuktu 
region of Mali (Styger et al. 2011), and in many kinds of agroecosystems in between.

	 •	 Sheehy	et al.	(2004)	concluded	that	“SRI	has	no	major	role	in	improving	rice	pro-
duction generally,” based on Dobermann’s modeling and on the results of three 
small test plots in China, which did not follow a proper protocol for SRI. The 
authors’ conclusion did not consider the substantial body of research by Chinese 
rice scientists that had already confirmed SRI effectiveness (http://sri.ciifad.cor-
nell.edu/research/chinaSRIpubs09.pdf).

	 •	 Some	other	rice	scientists	argued	that	SRI	should	not	even	be	evaluated	(Sinclair	
2004; Sinclair and Cassman 2004). They contended that reported outstanding 
results from SRI practices were not possible because they conflicted with “known 
principles”—so any resources invested in assessing SRI would be a waste of funds. 
The principles that were referred to, however, have been empirically contradicted 
by research of Chinese and Indian scientists (Lin et  al. 2009; Zhao et  al. 2009; 
Thakur, Uphoff, and Antony 2010; this controversy is discussed in Uphoff 2012).

	 •	 Skeptics’	rejection	of	SRI	was	based	in	part	on	their	insistence	that	“super-yields”	
with SRI methods reported from Madagascar were beyond a “biological maxi-
mum” calculated from computerized crop modeling (Sheehy et al. 2004). As noted 
above, however, such yields have been achieved also in India, confirmed by district, 
state, and national officials using standard methods of measurement. In any case, 
attention should have been focused on differences in average yield, which were 
clearly significant; the controversy engendered over highest yields was a diversion.

	 •	 Reasons	for	objecting	to	even	evaluating	SRI	can	only	be	clarified	by	those	scien-
tists who have rejected even investigating alternative methods for rice production. 
While there was controversy about SRI within the scientific community (Surridge 
2004), demonstrations and in-field assessments of the new crop management meth-
ods proceeded and expanded during the 2000s. Even without the approval or accep-
tance of SRI in theory or practice by scientists, who influenced decisions by donor 
agencies and foundations not to fund SRI evaluation or extension, the new method-
ology nevertheless began to spread, country to country and within countries.

Expansion of SRI Methods within National  
Production Systems

Scientific resistance to SRI has ebbed in recent years, even if it has not been withdrawn. 
Negative journal articles attempting to “debunk” SRI have ceased, perhaps because 
governments and rice researchers in countries where two-thirds of the world’s rice is 
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grown—China, India, Indonesia, Vietnam, and Cambodia—now support SRI meth-
ods based on their own evaluations. National rice programs are becoming somewhat 
delinked from international scientific advice, since they rely increasingly on their own 
expertise and experience.

	 •	 China. The Sichuan Provincial Department of Agriculture (PDA) started popular-
izing SRI in 2004, with 1,133 hectares (ha) in that year. By 2010 the area on which 
SRI methods were used reached 301,000 ha, totaling 941,068 ha over seven years. 
The additional production, which the PDA attributed to farmers’ use of most if not 
all of the SRI methods during this period, was 1.66 million tons of paddy rice. Its 
total value was over $300 million, produced with less 24 percent less water (Zheng 
et al. 2011). Similar gains have been achieved in Zhejiang province, where rice sci-
entists at the China National Rice Research Institute (CNRRI) worked closely with 
the Zhejiang PDA and with farmers. According to a senior CNRRI scientist, SRI is 
becoming the main cultivation system in southern China (IRIN 2012).

	 •	 Indonesia. The president of this country has strongly endorsed SRI (http://ciifad.
cornell.edu/sri/countries/indonesia/indopresident073007.pdf; video at http://
www.srivideo.zoomshare.com/), but only part of the Ministry of Agriculture has 
welcomed SRI, its Land and Water Resources Management Directorate. The Food 
Crops Directorate has continued to emphasize varietal improvement and fertilizer 
use for raising rice production. However, the Ministry has announced a target of 
1.5 million hectares of SRI use by 2015 (IRIN 2012). SRI is also supported by the 
Irrigation Department (PU) and various NGOs, universities, and the private sector 
(Sato and Uphoff 2007).

	 •	 India. NGOs, universities, and other parts of civil society have given leadership on 
SRI extension here, assisted by the World Wide Fund for Nature (WWF), the Sir 
Dorabji Tata Trust, and the National Bank for Agriculture and Rural Development 
(NABARD). The government’s Directorate of Rice Development has been support-
ive, along with its National Food Security Mission, and rice scientists of the Indian 
Council for Agricultural Research are now also agreed on SRI merits. The prime 
minister and head of the Planning Commission have endorsed SRI, particularly for 
its water-saving potentials. The Bihar State government set a target of 1.4 million 
hectares of SRI extension in 2012, while the state of Tamil Nadu reports over 1 mil-
lion farmers using SRI methods on 850,000 hectares; other state governments are 
similarly gearing up to spread the new methods.

	 •	 Vietnam. When the Ministry of Agriculture and Rural Development endorsed 
SRI as a “technical advance” in 2007, there were fewer than 10,000 farmers using 
SRI methods. Four years later, the Ministry reported that this number had risen 
to over 1 million, with a tripling in just three years’ time (http://qdnd.vn/qdndsite/
en-US/75/72/182/156/189/164012/Default.aspx).

	 •	 Cambodia. SRI got started here with twenty-eight farmers in 2000. By 2006 the gov-
ernment had decided to include SRI in its national development plan for agriculture, 
and the SRI Secretariat in the Ministry of Agriculture, Forestry and Fisheries now 
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reports that over 200,000 farmers are using the methods. Yield increases for small-
holder rainfed farms have been as much as four-fold (http://sri.ciifad.cornell.edu/
countries/cambodia/camldsrpt07.pdf), but usually SRI methods are adding only 1.0 
to 1.5 tons per hectare, because most Cambodian farmers have no irrigation facilities.

What has been seen in these countries is that after some initial resistance from farmers 
and rice experts, the merits of agroecological management are increasingly understood 
and supported. The scientific controversy has slowed acceptance to some extent; but the 
new ideas are buoyed by productivity gains.

Considerations Affecting the 
Dynamics of a Paradigm Shift for 

Agricultural Improvement

That the national acceptance and promotion of SRI reported above has not been widely 
publicized could reflect preferences and perceptions that favor Green Revolution strate-
gies, with a fixation on continuing to make changes in genetic potential and to increase 
external inputs. Such approaches, perhaps not coincidentally, are ones that can be con-
trolled for privatized profit in ways that management-based technologies cannot. It is 
hard to establish intellectual property rights (IPRs) over practices like wider spacing or 
reduced age of transplanted seedlings. Few commercial interests stand to profit from SRI 
promotion, and producers and sellers of seed, fertilizer, and agrochemicals are, indeed, 
adversely affected. That SRI management reduces the need for irrigation water is some-
thing that policymakers can readily appreciate, since water scarcity and conflicts are 
increasingly becoming a public concern rather than only a private or individual matter.

Resistance to management-oriented innovations can have various sources, as dis-
cussed below. Because the scientific issues are not yet fully resolved, there is no reason or 
need here to try to draw any firm or final conclusions about agroecological alternatives. 
However, considering possible explanations for the resistance that has been encountered 
with SRI introduction raises social and political issues that researchers and policymakers 
should reflect on. Thinking about the SRI experience illuminates certain aspects of the 
workings of current systems, institutions, and cultures for agricultural improvement.

The lack of enthusiasm for SRI in high-level circles for research and policy is anoma-
lous, because two of the world’s most eminent rice scientists, based on their own eval-
uations, early on expressed approval of SRI; namely, Prof. Yuan Long-ping in China, 
known widely as “the father of hybrid rice,” and Dr. M. S. Swaminathan in India, often 
referred to as “the father of the Indian Green Revolution” and a former director-gen-
eral of IRRI (Yuan 2001, 2002; MWR 2006; see Uphoff 2012). However, even endorse-
ments by such prominent leaders in agricultural innovation did not carry much weight 
within the international rice science community (Dobermann 2004; Sheehy et al. 2004; 
Sinclair and Cassman 2004).
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Resistance to acceptance of SRI, and of agroecology more generally, can be attrib-
uted to contending interests or cognitive factors. The latter often correlate with the first 
set of influences, but each is distinguishable and worth considering in its own right. 
Commitment to ideas can be a powerful motivation that shapes behavior as much as 
material interests do. Often the two can be enmeshed, of course. Yet they should not be 
conflated where their respective influences can be delineated.

Individual Considerations

Scientists in all domains, not just in agriculture, are known to have personal ambitions 
and competitive drives that contribute to the acceptance or rejection of new theories 
or inventions. The “not invented here” syndrome, an unwillingness to adopt an idea or 
product because it originates elsewhere, is a common phenomenon. This can derive 
simply from pride, but financial interests can also be involved. Several rice scientists 
who dismissed SRI as based on “unconfirmed field observations” (UFOs), and who 
argued that SRI should not be investigated, expressed concern about possible competi-
tion for the funding of rice research (Sinclair 2004; Sinclair and Cassman 2004). A rea-
sonable inference is that the disparagement and dismissal of SRI was prompted at least 
in part by perceived financial stakes.

These could be just individual concerns, however. At a higher level, the emergence 
of SRI has been a challenge to the professions and institutions of rice research, and for 
agricultural research in general, because the ideas and methods of SRI were developed 
by an amateur, not a professional, someone working on his own without sponsorship or 
funding (Laulanié 1993).2 That a priest could develop insights that eluded thousands of 
well-funded researchers could be taken as an affront by some scientists.

There have been, to be sure, a number of agronomists who welcomed this contribu-
tion from outside their institutional domain, and who proceeded to contribute to a sci-
entific understanding of SRI (e.g., Lin et al. 2009; Mishra and Salokhe 2008; Stoop and 
Kassam 2005; Tao et al. 2002; Thakur, Uphoff, and Antony 2010; Wang et al. 2002; Zhao 
et al. 2009; Zhu et al. 2002). Given the focuses of this article, we should not dwell on 
explanations at the personal level, even if they have some plausibility and merit. There 
are some higher-level systemic implications for the food and agriculture sector from 
considering an agroecological innovation such as SRI. Cognitive and political influ-
ences at the societal level usually operate more pervasively, beyond the lower-level inter-
sections of personal and institutional interests.

Higher-Level Considerations

The term “paradigm” is used often in the humanities and social sciences, as well as in the 
physical sciences (Kuhn 1962), but not so often in the agricultural sciences. Yet it is very 
relevant for an understanding of changes that occur in agriculture and food production 
in broader social and political terms. The concepts, criteria, methods, and objectives 
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of “modern agriculture” are regarded by their proponents and practitioners as some-
thing scientifically established, and thus as fundamentally and ontologically true. The 
challenge of SRI and other agroecological applications makes clear that there can be 
more than one intellectual framework for organizing and evaluating technological 
choices. The emergence of an agroecological paradigm as an alternative to the paradigm 
of genetic engineering has been examined at some length by Vanloqueren and Baret 
(2009). The issue of paradigmatic influences shaping the SRI debate has been consid-
ered also by Glover (2011), with elaboration by Uphoff (2012).

The language of “engineering” reflects a vision of agricultural production that equates 
this with an industrial process. Much of our agricultural research, even before genetic 
engineering was conceived of, considered plants as something like biological machines, 
operating in standardized ways, with their genetic endowments (G) considered like 
blueprints. Initially, through conventional plant breeding, and now increasingly 
through transgenic operations, plants were expected to become ever more efficient pro-
cessors of inputs, particularly exogenous agrochemical materials manipulated by farm-
ers. These inputs were to be converted into crop outputs that could receive a premium 
for becoming ever more homogeneous for mass-marketing purposes. Monoculture in 
agricultural was developed in parallel with the assembly line for manufacturing, with 
corresponding mechanization of production processes and similar labor displacement. 
Economies of scale are a dominant attraction in “modern” agriculture, with “externali-
ties” such as environmental impacts largely ignored.

An agroecological perspective values diversity of biological forms and appreciates 
the many interactions and synergies among them. This view was never incorporated 
into the dominant paradigm, even when its application in farmers’ fields exhibited sig-
nificant vulnerabilities to pests, diseases, and climatic and other stresses. A statistic that 
is emblematic of “modern agriculture” is the parallel increase in pesticide use in the 
United States and crop losses to pests. Between 1944 and 1989, the use of pesticides in 
the United States increased fourteen-fold; in this same period, crop losses due to insects 
rose rather than declined, from 7 percent to 13 percent (Pimentel et al. 1991). Pesticides 
do indeed kill insect pests, but they also alter the populations of predator species, as well 
as induce resistance to pesticides; so the “treadmill” of chemical crop protection may 
not only continue, but accelerate.

Such statistics are seldom publicized, but this perverse relationship between pesti-
cide use and pest incidence, explainable by Chaboussou’s theory of trophobiosis (2004), 
has given impetus to the now widely accepted agroecological strategy known as inte-
grated pest management (IPM). By utilizing ecosystem dynamics, IPM aims to reverse 
the chemical dependence that became a key part of “modern agriculture.” IPM initially 
encountered scientific resistance, much like SRI. However, it has now gained scientific 
and policy respectability, and the UN Food and Agriculture Organization (FAO) pres-
ently refers to IPM as “the preferred method” for crop protection (http://www.fao.org/
agriculture/crops/core-themes/theme/pests/ipm/en/).

Similarly, minimum or zero tillage—once regarded as primitive and atavistic, as back-
ward as the dibble stick—is now the basis for the worldwide “conservation agriculture” 

http://www.fao.org/agriculture/crops/core-themes/theme/pests/ipm/en/
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(CA) movement. CA farming systems, which minimize or give up plowing while main-
taining organic mulch on the soil and rotating crops, are increasingly being used around 
the world (http://www.fao.org/ag/ca/). Depending upon the criteria used to classify 
what constitutes minimal soil disturbance and/or zero tillage, numbers vary. But around 
one-third of US cropland is now under CA systems, as well as over 125 million hectares 
worldwide (Kassam et al. 2009). All three approaches—IPM, CA, and SRI—draw upon 
the same agroecological principles outlined by Altieri (1995) and Gliessman (2007). 
However, note that these innovations have their origins and roots more in rural civil 
society than in the scientific research community.

Apart from the resistance that can be attributed to shifting paradigms, there has also 
been a shift in the institutional stakes in agricultural research. In the first two-thirds of 
the 20th century, most agricultural research around the world was done in the public 
sector, by government agencies like the US Department of Agriculture and by publicly 
supported universities. The scientific and technological knowledge produced was made 
freely available in the public domain, because agriculture was thought to be a sector 
that differed from manufacturing. Widespread access to and use of new technologies 
for agricultural production was considered to be in the public interest. Public resources 
could justifiably be invested in improving and extending new technologies, because 
keeping food supplies abundant and low-cost was considered important for the econ-
omy, and for society as a whole.

In the last two decades of the past century, private-sector investments in agricultural 
research grew as public-sector fiscal capabilities contracted, and as public funding of 
agricultural research receded. These were separate trends, but not entirely independent 
of each other. Agricultural research agendas in recent decades have favored innovations 
that can be protected by patents to recoup private investments. Intellectual property 
rights have become a major issue in the agricultural sector, where for many decades this 
was only a marginal concern.

It is no accident that research investments in recent decades have focused on 
improved varieties (seeds), on a succession of agrochemicals (the so-called chemical 
treadmill), and on sophisticated machinery—all amenable to private patents, owner-
ship, and profitability. This has paralleled investment priorities in the health sector, 
where research funding has been more abundant for marketable medications and costly 
procedures than for preventive practices such as a healthful diet and exercise. As the 
paradigm of “modern agriculture” has become well established and shaped research pri-
orities, the arguments for devolving research to the private sector have become more 
dominant. The goals of research have been increasingly framed in terms of producing 
more and better private goods with appropriable benefit streams, rather than for pro-
moting public goods and public welfare.

By achieving its productivity gains by making changes in the management of 
resources that farmers have in hand, SRI shifts the locus of control and benefit back to 
the public realm and to individual users. Rather than requiring the purchase of patent-
able inputs, SRI involves the dissemination of knowledge as a public good. Knowledge 
is itself a positive-sum commodity, not diminished by its being shared with others. 

http://www.fao.org/ag/ca/
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Once farmers understand SRI principles and methods, they can raise their outputs 
with reduced inputs, while also gaining other benefits such as quicker crop maturity 
and not needing to take out loans. They can also freely share their knowledge and 
experience with others. This does not mean that with agroecology there is no need for 
institution-based research or for research products that can be patented and sold. But 
the balance between privatized and publicly accessible research, which has been shifting 
to the private sector, has to some extent shifted back to the public domain by agroeco-
logical innovations like SRI. Such a rebalancing is unlikely to be welcomed in commer-
cial and administrative circles, however.

The SRI experience raises some interesting questions about the ways in which sci-
entific research is evaluated. For statistical testing of hypotheses or evaluating claims 
about scientific facts, we learn the difference between Type I and Type II errors, that is, 
between false positives and false negatives. The first category includes things that are 
claimed to be true but which are not; whereas the second refers to rejecting something 
as being false when it is actually true.

It is curious that these two kinds of errors, ostensibly symmetrical, are treated so 
differently within the scientific community and in public policy. Persons making 
false-positive claims are subject to scientific attack and possibly to legal or other penal-
ties. Yet false-negative conclusions do not receive similar disapproval or suffer serious 
sanctions. Persons who have, by their criticisms, impeded funding for the evaluation 
of SRI methods, let alone their dissemination, have no liability under present institu-
tional arrangements, including biases in the peer-review processes of scientific jour-
nals. Although this can result in the withholding of benefits to millions of farmers (and 
consumers), there is no responsibility or accountability for Type II errors, whatever the 
motives, innocent or ignoble. There is, however, penalization of Type I errors, which can 
deter the timid from venturing into contested terrain.

This observation does not confirm a view that large institutions conspire to main-
tain the status quo, presenting an impregnable front against innovation. While some 
government agencies have been slow to respond to SRI opportunities, as noted above, 
in the major rice-producing countries there is now acceptance and promotion of SRI 
methods. The president of the World Bank has publicly endorsed SRI (Hindustani 
Times, December 2, 2009), and the World Bank Institute has produced a “toolkit” to 
promote SRI (http://info.worldbank.org/etools/docs/library/245848/index.html). 
The Worldwide Fund for Nature (WWF), in conjunction with the International Crop 
Research Institute for the Semi-Arid Tropics (ICRISAT), supported evaluation and 
expansion of SRI in India, and also the extension of SRI methods to sugarcane produc-
tion (ICRISAT-WWF 2009). The WWF has cooperated with other major NGOs in pub-
licizing the benefits of SRI achieved in Africa and Asia (Africare, Oxfam America, and 
WWF-ICRISAT Project 2010).

It is not that large institutions, through their normal processes of decision making, 
make commitments to embarking in significantly new directions. Rather, the impetus 
to support innovation has come mostly from certain individuals within institutions who 
have a greater commitment to the institutions’ expressed goals and a higher propensity 
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for risk taking and for activation of others. They can and do use institutions as platforms 
for pursuing reforms and changes that fall within the institutions’ purview, and they 
work to bring about a convergence of institutional and individual values and objectives. 
That a large majority of persons are disinclined to deviate from predominant paradigms 
does not prevent institutions from being prodded or induced to move in new directions 
by certain individuals within them, albeit often lurchingly, and sometimes stealthily.

Looking Ahead

Agroecological alternatives are gaining acceptance at an opportune time. “Modern agri-
culture” evolved in the latter half of the twentieth century under very different conditions 
from those foreseeable for the decades ahead. Something like “postmodern” agriculture 
(Uphoff 2007) will probably become more economically efficient and environmentally 
tenable in the decades ahead. Modern agriculture, with its high degree of mechaniza-
tion to reduce labor inputs, has followed an extensive rather than an intensive trajectory, 
being land-extensive and seeking economies of scale from ever-larger units of produc-
tion. By 2050, however, arable land per capita will be one-third what it was in 1950, due to 
population growth as well as land degradation. This will make intensive strategies more 
productive agronomically and relatively more profitable in economic terms.

Energy costs in the years ahead will be considerably higher than they were over the past 
fifty years. This will make mechanized production processes as well as the long-distance 
transportation of food to foreign markets more costly. More localized and more 
labor-intensive production will become economically more competitive. Harnessing 
biological processes, which ultimately are processing and providing solar energy as a 
“free” input rather than depending heavily on petrochemical inputs for agriculture, will 
become more attractive, especially if the full costs of negative environmental externalities 
are calculated, and if those who create the costs must pay or reimburse them.3

Further, current agricultural production methods were developed within a fairly 
stable set of water supplies and constraints, and for relatively predictable climates. In 
the decades ahead, the parameters of water availability—and reliability—are going to 
change considerably. Most of the expected changes will be adverse for agriculture—
droughts, storms, floods, hot spells, cold snaps, and other “extreme events.” These cli-
matic stresses are more debilitating for agricultural production than is gradual global 
warming. Crops grown with agroecological practices, the most evident example being 
SRI, are better able to tolerate a wider ranges of adverse climates because of larger and 
deeper root growth, and because they promote greater abundance, diversity, and activ-
ity of the soil biota. Both roots and soil biology have been, at least until recently, mar-
ginal concerns in contemporary crop and soil science, receiving only a small fraction of 
scientists’ attention and agencies’ funding.

There is considerable agreement that the twenty-first century will be “the century 
of biology,” but there is less consensus on what kind of biology will be preeminent. 
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The vision of Venter and Cohen (2004) and others focuses on the genome (G). But 
already we see that epigenetics, which explicates how genetic potentials get expressed, 
is becoming more promising for both scientific insight and for practical application. 
Both genetic engineering and the agronomic sciences will do well to move beyond 
the genetic-deterministic paradigm of the preceding century, in which the DNA of 
the double helix is regarded as a blueprint for manufacturing organisms, to com-
prehend in broader and deeper detail the dynamics of ecological systems. The lat-
ter include the complexities of highly diverse and contingent expression of genetic 
potentials, with microorganisms functioning as intimate, essential parts of plant and 
animal organisms. Moving research and development efforts in this direction will 
have political and political-economic dimensions, not just scientific ones, just as 
all scientific transitions proceed with institutional constraints and the influences of 
power and privilege, along with the need for cognitive reformulations and doctrinal 
restatements.

Notes

 1. Comparisons of NPTs with inbred high-yielding varieties found that while NPTs had 
good “sink” capacity—i.e., more spikelets (flowers) per plant that could receive carbohy-
drates and convert these into grains—their “source” capacity is insufficient, meaning they 
do not have enough roots to support the production of sufficient carbohydrates for com-
plete grain-filling (Makarim and Suhartatik 2006). The computer modeling that guided 
NPT development apparently overlooked the fact that rice plants with fewer tillers will 
also have fewer roots, since tillers and roots originate concurrently from the same meri-
stematic plant tissues. An understanding of agroecology and plant physiology would have 
made this limitation for the NPT more obvious from the start.

 2. While Laulanié was not a professional agronomist, he was not without scientific train-
ing. Before entering a Jesuit seminary, he completed a degree in agriculture at an eminent 
French college of agriculture; and before going to Madagascar, he had been a lecturer at 
the Ecole Supérieure d’Agriculture in Angers, France. Following the precedent of Gregor 
Mendel, who established the intellectual foundations for the modern science of genetics, 
Laulanié developed systematic knowledge through careful and discerning observations, 
checking them out and validating them through several decades of his own monitoring 
and experimentation.

 3. A recent study in Europe has estimated the economic costs of inorganic/reactive nitro-
gen pollution there at between 70 and 320 billion euros, considerably greater than the 
marginal value of N fertilizer applications (Sutton et al. 2011). In China, the relative costs 
of use/overuse of N fertilizers may be even greater, since groundwater supplies there are 
being heavily polluted (Gong et al. 2011).
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Ethics of Fo od 
Production and 

Consumption

Michiel Korthals

Introduction of Food Ethics: What 
Ethics Is and Is Not

“You should eat this healthy fruit salad!”; “Don’t eat this piece of pork!”; “A farmer 
should take care of her cows!”; “It is unethical to confront children with junk food adver-
tisements.” With respect to eating and producing food, one is faced several times a day 
with ethical expressions such as these. Everyday language on food is permeated with 
prohibitions, refutations, exhortations, recommendations, and even less explicit ethical 
notions such as “this is a natural product.” But people are confronted not only with these 
personal ethical issues; worldwide hunger, animal abuse, fair and unfair trade, and the 
role of competition between biofuels and food crops are recurrent topics in newspa-
pers and other media if not a daily reality for many. Food and production of food are 
continuing and disturbing themes in the past, the present, and the future; although 
nowadays they have more urgency than ever due to the increasing gap between produc-
ers and consumers which produces a lot of uncertainty on both sides (see the next two 
sections).

Academic food ethics starts with these ethical issues to develop a critical analysis, 
and in the end, to assist citizens in dealing with them. As a critical discipline, it takes 
into account various standpoints with respect to agriculture and food, including less 
dominant ones. However, although academic (food) ethics cannot always avoid moral 
expressions, it tries to stay away from prescribing a set of answers. Instead, it develops, 
sometimes provocatively, tools (concepts, strategies, approaches) required to reflect 
clearly and effectively on the questions themselves. Moreover, in developing these tools, 
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it has to take into account basic empirical issues related to food production, distribu-
tion, consumption, and disposal.

Food ethics as a critical academic discipline is preceded by movements like vegetari-
anism, reform movements and farmers’ movements and gets at least partial inspiration 
from those movements. However, as an academic discipline (which doesn’t exclude that 
it also has a societal role!), it strives for debate and reflection on the basis of arguments 
and rational exchange of views in search for the (ethical) Holy Grail: what is good food?

There are many difficulties in tackling this question: Food (and food production) is 
a bit of everything. Food and agriculture belong to nature and to culture; they include 
manual labor and high technology; they are dirty and edible; they are material and sym-
bolic, work and leisure, profit and care; they are seen as fuel to fill the stomach and have a 
social function; they imply health and pleasure, they sustain life and killings. It is seduc-
tive to be selective regarding one of these aspects; therefore, one of the main tasks of food 
ethics is to uphold the broad view and to reduce the gap between production and con-
sumption. The citizen concerned with local and global production has to make concrete 
choices, a process that is sometimes incredibly difficult due to empirical ambiguities and 
controversies that the citizen often cannot understand. Moreover, there are conflicting 
values and obligations of an ethical or broadly normative character. Sometimes, one can 
only try out a certain decision, in the hope that one can later on make a wiser decision.

This chapter first presents a very introductory history of food, to give a context to 
the themes of this rather new philosophical discipline. The discipline got a serious start 
with a number of quite pressing social concerns that citizen-consumers, policymak-
ers, and other involved people expressed about the present-day food production sys-
tem; in the next section, the most urgent of these concerns will be discussed. The core 
of food ethics comprises the development of concepts and approaches, to be outlined 
in the section about Approaches and Concepts. Next, these concepts and approaches 
will be used in discussing two urgent food ethical problems: malnutrition and produc-
ing and eating meat. The ethical concerns of citizens and the critical analysis of food 
ethics have a relationship with politics, and we will deal with these in the section on 
Ethics and Politics. Finally, in the last section we will discuss the future of food and 
food ethics.

The Context: The Evolving Gap 
between Food Production and 

Consumption

One of the most salient features of human evolution is the continuing reduction of time 
needed to produce and to digest food, which presently forms the background for many 
food ethical issues. The first humans, approximately a million years ago, started among 
other things to differ from other animals not by hunting and collecting foodstuffs but 
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by cooking and reducing the number of raw foods. Raw food always takes more time 
to digest and to get feelings of satiety and the necessary nutrients; cooking requires less 
time for chewing and digesting food. The second phase in human evolution was the slow 
development of collecting and cooking more and more sophisticated types of grasses, 
leaves, herbs and other plants. This gradual transformation of humans’ diet started 
approximately 50,000 years BC, by pastoralists, who also succeeded in living together 
with animals, later domesticated animals, moving from one fertile area to another. Great 
transformations happened in the Neolithic era with the transformation of pastoral into 
agricultural life, the third phase. These transformations implied that still more time 
could be spent on other activities than searching for and digesting food. Wrangham 
writes: “thanks to cooking, we save ourselves around four hours of chewing time per 
day” (2009, 142). The last transformation coincided with the rise of the industrialization 
of agriculture and the huge reduction of the number of peasants, which started in indus-
trializing England in the eighteenth century. This reduction meant that the majority of 
the working population could do work other than farming—indeed was forced to do so.

This evolution reveals one of the main ethical paradoxes of food:  Humans have 
become humans due to the continuing reduction of food processing time (time-saving 
cooking mechanisms), and this enables them to be severed from food (production), to 
forget about food (production) and to degrade food (production). The evolutionary 
advantages to reduction of food collecting, producing, and digesting time, produce also 
the risk that people became alienated from food and become subordinated to corpo-
rate production of food. In the end, people no longer know what to buy and what they 
eat—but of course they must eat. Alienation is the core word here; it derives from the 
gap between food production and food consumption; this gap is the starting point of 
most ethical approaches. This gap is illustrated by the predominance and diffusion of 
the “fast-food” system, in which profits are high and costs increasingly focus on pro-
duction efficiency—here not meaning sustainability, but profitability—along with food 
advertisements and marketing strategies. Fast-food chains require continual expansion 
of production, which in turn means that consumers have to eat for companies to make 
a profit—at least, that is their idea. Higher yields, more intensive use of nature and more 
consumption is the logic of the system.

There is a second level to this paradox: due to the easy digestibility of cooked food, 
we think that we can eat without limit. Humans are constantly cheated by both their 
bodies (senses) and the sciences. Senses do not signal the number of calories that are 
digested—for example, they suggest that in drinking we do not digest many calo-
ries—and the food sciences are, until recently, misleading in measuring uniform units 
of calories, independent of what form the food is eaten (digested). The consequences 
are overweight and obesity, which imply higher risks of diseases and a shorter lifespan 
(Patel 2008) [On nutrition generally, see Sahn, this volume; Gaiha et al, this volume; 
Kotwal and Ramaswami, this volume].

This evolution from nomads to pastoralists to peasants to farmers to 
consumers-citizens severed from the land—in the wealthy parts of the globe—results 
not from a natural law (McHughen, this volume). Rather, the path can be changed or 
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transformed again in another direction. Food ethics suggests alternative paths—for 
example, in the direction of more concern with food production and with the context of 
production and consumption. It is with this assumption about the open future and the 
necessity to think about the ethical issues such as sustainability, malnutrition, and obe-
sity with which humankind is confronted that food ethics starts its analysis.

Ethical Issues of Food Production

Ethicists are confronted with numerous hot ethical issues involving current food and 
agricultural systems, partly due to this long, continuing process of alienation of humans 
from food and partly because of the experiences and work of food practioners, consum-
ers, and ethicists. This section considers seven issues; it does not pretend to present an 
exhaustive list, but is indicative of the range and scope of ethical issues that are poten-
tially relevant to food and its politics.

First, although there is enough food to feed 8 billion people, more than one billion 
people on earth suffer from hunger and even more from malnutrition (FAO 2010). This 
is often an issue of people not having enough to buy food (no jobs, not in possession of 
their own plots anymore, etc.). Nevertheless, the increases of population and of demand 
make the problem of food security the more urgent. Harvest catastrophes, more mouths 
to feed, and speculation cause not only the rise of prices but also the increase in demand 
of animal products and, therefore, crops for animal feed and of biofuels (which has 
as a side effect a higher pressure on food crops). Rising food prices play a role in food 
riots in countries in which people have to spend a lot of their household budget on food 
(Pinstrup-Andersen 2007). Do well-fed people have an obligation to help the hungry? 
What should be the role and responsibilities of states and international bodies? Can 
food aid help? Are any types of biofuels ethically acceptable (Pimentel and Burgess, this 
volume)? Is more production necessary or should the existing food stocks be more justly 
distributed (Sen 2010; Tansey 2008)? These questions will be treated in Case Studies in 
Food Ethical Issues.

Second, connected with the first issue is that of malnutrition. Many people in the 
poorer areas having often enough to eat suffer from severe diseases due to lack of neces-
sary micronutrients (vitamins, minerals), such as stunted growth, blindness, and con-
centration problems (Stein, this volume). In the richer areas, there are also problems 
of malnutrition due to long-term unhealthy effects of the current food system, includ-
ing obesity (Critser 2003), cardiovascular diseases, type 2 diabetes, and various types of 
cancer (Lang and Heasman 2004; Korthals 2011). What can be done about malnutrition 
and who has responsibility to tackle this problem? This question will be treated in Case 
Studies in Food Ethical Issues as well.

Third, the current food and agricultural system is not sustainable. Consider the ques-
tion of consumption of animals as food, though it constitutes only one of many effects 
of agriculture as a whole. Animal husbandry, for example, contributes disproportionally 
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to climate change, approximately 18% due to its methane emissions (Steinfeld 2006); 
this issue will be discussed more extensively in Case Studies in Food Ethical Issues. It 
also depletes finite resources; it is responsible for degradation of the soil by over inten-
sification and for deforestation (in particular in Latin America and Southeast Asia); it 
pollutes water by manure and chemicals and increases antibiotic resistance in humans 
by abuse of antibiotics in intensive animal factories. Fishery and aquaculture empty the 
seas quickly. All these material and immaterial costs are externalized and the burden is 
put on the shoulders of taxpayers and nature (Tansey 2008).

Fourth, human use of animals raises other ethical issues, in particular in intense sys-
tems; the animals, not having a voice, endure pain and suffering by being confined in 
very small pens, inhumane forms of slaughtering, and degrading treatment as mere 
objects; approximately 55 billion land animals are slaughtered every year. In the west-
ern countries, there is a growing concern and sensibility for the abuse of animals, 
which gives rise to strong NGOs and sometimes governmental measures, and increas-
ing intensification will not make these concerns disappear (Palmer 2011; see also Case 
Studies in Food Ethical Issues). At the same time, livestock remain the mainstay of some 
of the poorest people on earth, a vital component of mixed farming systems for small 
landholders (Mehta-Bhatt and Ficarelli, this volume).

Fifth, in terms of economic impacts, the current food system with its food and 
agro-monopolies is an important part of the global trend of the establishment of 
monopolies that standardize production and decrease the number of organisms used 
for agriculture, reducing agrobiodiversity and increasing the risk of outbreaks of dis-
eases and pests. These companies and monopolistic networks operating on a global free 
market are more powerful than individual states; large shareholders speculate with food 
and make the food trade a casino, with all the risks for food security and price stability 
(Nestle 2002; De Schutter 2010). For many it has unacceptable consequences that food is 
treated as a mere commodity, just like cars and computers. First, the commodification of 
food has unfair distributive consequences: it increases the gap between rich and poor by 
suppressing poor farmers and even chasing them from their land in exchange for large 
plantations that are managed mechanically. Prices show huge fluctuations, which makes 
it difficult for a farmer producing for the market to plan ahead. Moreover, high prices, 
for the most part, do not translate into high revenues for farmers, but low prices paid to 
farmers do not necessarily mean low prices for consumers. Sometimes, the worst situa-
tion happens: The few rich farmers get the highest prices, and consumers in poor areas, 
when they are living in towns, have to pay much more. The large farmers get richer, the 
smaller get poorer, and in the end, the small farmers have to give up and become jobless 
slum inhabitants. The fluctuations also stir up speculation which often has disastrous 
consequences. Second, commodification degrades and humiliates farmers and their 
communities, harvests, animals, and land; these commodities are only there for use and 
profit, which is, for producers and consumers, often the principal motive in engaging 
with food: Can I make a profit from it? Respectively, where can I buy the cheapest food? 
(Shiva 2008). This system degrades everything connected with food: It makes it grades 
of food lower compared with the grades it could get according to a normative view on 
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the good life that respects agriculture and food. A third criticism is also that commodi-
fication in the form of a huge reduction of labor in agriculture and time spent for cook-
ing and eating, implies outsourcing skills and capacities to maybe 1% of the labor force 
and large processing industries (as is the case in one of the most intensive agricultural 
countries, the Netherlands). These capacities are essential to bring humans into contact 
with nature and the world. This lack of engagement with the living environment is a 
common trait of radical commodification: It allows only passive consumption (Sunder 
2012). A consequence is the enormous waste of food, because producers and consumers 
don’t respect food.

Economic policies premised on free global markets are held in some ethical systems 
to run the risk that commodification of nature becomes a universal dogma. When, for 
example, ecosystem services, like fresh water or carbon sequestration are monetized, 
this imposes, first, that the biosphere is sliced into components or itemized, and then 
these items get a price tag. Rich groups or nations can afford these prizes and, there-
fore, deplete these services. The ensuing disaggregating of nature’s functions in the end 
destroys them (O’Neill, Holland, and Light 2008). A last socioeconomic issue is the 
drive of powerful nations and companies to buy arable land from governments, often 
neglecting informal local rights, with the consequence that poor farmers have to live 
elsewhere (Thaler, this volume). “Land grabbing,” as this is called by critics, implies pro-
ducing biofuel or animal feed for meat supply (farmlandgrab.org).

Sixth, food risks, zoonosis, or technological risks developing with new biotechnolo-
gies (like nanotechnology or genetic modification) are also often mentioned (Kaplan 
2012). Food safety is a problem for many, although probably behind the fear of contami-
nation, residues, and pollution lurks the often unspoken distrust of the public toward a 
food system that exercises immense but not controllable power. Governments, mostly 
guardians of risk management, are often not trusted.

The relationship between science, technology, and society confronts consumers with 
a seventh ethical problem. Many talk about the distorted relation between scientists and 
consumers: Consumers fear that technologists go too far in denaturalizing food items 
and in the use of recombinant DNA technology in transforming agricultural plants and 
animals (Gaskell 2010). Science-based health claims connected with functional foods 
are encountered with criticisms. Scientists bring in the so-called advantages of lower 
farm cost determined by genetic modification, but they are replied with the arguments 
about environmental costs of genetic pollution, food safety, and hazards (Thompson 
2007). Moreover, according to many, the extension of intellectual property rights over 
organisms both hinders bottom-up innovation and stimulates monopolies (Drahos 
2010; Krikorian and Kapczynski 2010). Many politicians and scientists perceive con-
sumers’ opinions, in particular with respect to genetically modified organisms (GM) 
and additives as irrational and emotional. Alternatively, marketers and nutritional sci-
entists construct, in their textbooks, the consumer into a convenience shopper who no 
longer wants to spend time in the kitchen; in leaving food preparation to the food indus-
try, she or he, in fact, entrusts the food industry to develop and sell ready-made food-
stuffs with additives and other chemicals. These different constructions of the consumer 
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as either irrational or lazy are often barriers for a fruitful understanding of the motives 
of consumers. As a consequence, differentiation of food purchasing through labeling 
and certification allows at least some consumers to express ethical concerns through 
their purchasing choices (Clough, this volume).

With respect to the issues mentioned, science and technology can work in both ways, 
either reducing the labor force by focusing on monocultural plantations or encouraging 
social and biological biodiversity by enlightening the labor force by making the farm 
work more pleasant, more productive, and less tiresome. There are good examples of 
how “external science,” indigenous technological development, and cash-crop orienta-
tion integrate to increase harvest quality and quantity, partly for the market and partly 
for the subsistence of farmers. For example in the Kilombero Valley, Tanzania, rice is a 
cash crop as well as a subsistence crop; the subsistence crop serves as an income genera-
tor for technological investments in the cash crop.

Many ethicists argue that, because of these concerns, business as usual, in the sense 
of continuing the current agricultural and food system, is not possible anymore. The 
socioeconomic issues are very urgent because they threaten peaceful cooperation. For 
many, it is not acceptable that approximately 2% of the global population produces food 
and more than 12% is jobless, living in slums.

Approaches and Concepts

Principles, values, and practices

In food ethics, the foregoing issues are analyzed via various approaches and concepts 
that are either taken from general academic ethics (due to the fact that most food ethi-
cists have an academic background or come from other disciplines, such as philosophy 
of technology and social philosophy), or inspired by the actions and thoughts of people 
caring for animals, nature, or farming.

In academic ethics one can distinguish between foundational or principalist posi-
tions, value-oriented positions, and pragmatist positions. In the first approach, the 
idea is that ethics should start by identifying and justifying fundamental principles and 
obligations that can claim universal respect and agreement. On the basis of these prin-
ciples (foundations), people can than try to tackle more practical problems by paying 
attention to local circumstances and stakeholders. The ideal principles function as a 
foundation but also as criteria that identify the main bones of contention and best solu-
tions. Utilitarians like Peter Singer and Mason (2006) or deontologists like Tom Regan 
(1983) argue in this way. Singer favors a calculation of costs and benefits of the conse-
quences of an action; Regan, stressing rights, argues for not interfering with animals 
(“abolitionism”) on the basis of the right or principle of animal integrity. The approach 
called “ethical matrix” synthesizes deontological principles such as autonomy and jus-
tice with utilitarian values of doing no harm and doing well in mapping approaches to a 
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problem (Mepham 1996). The ethical matrix spells out the different ethical possibilities 
over all stakeholders. This approach is helpful in delineating various possibilities but 
does not assist in procedural questions; moreover it leaves out value-oriented ethics and 
long-term processes.

The value-oriented approach resembles the two top-down approaches, but begins 
by positing right values, and then delineating what a valuable agriculture could be 
(Sandler 2007). A kind of ideal picture is sketched, and concrete reality is measured 
against that standard. A last approach, the pluralist democratic approach, starts with 
the practices that people are involved in, and then tries to find their standards of excel-
lence and their aims; on the basis of these operative values and norms, it searches for 
problems, inconsistencies, and failures, and then develops ideas for improvements 
(O’Neill et al. 2008; Keulartz et al. 2004). Although the pluralist approach uses the 
other approaches as searchlights in these processes, they are not used as principles. For 
example, in the case of animals, this approach would mean that the a priori abolitionist 
position of a theorist such as Regan is rejected; one looks instead to practices in which 
human-animal relationships can flourish, and attempts to expand these (Donaldson 
and Kymlicka 2011; Haraway 2008). This approach has a clear connection with the 
capabilities approach of Amartya Sen (2010), who stresses that the concept of justice 
can be given shape, step by step, in comparing different practices that let people’s capa-
bilities flourish.

Food ethicists try to give a broad view of all the important aspects of food and food 
production—nutritional, social, ethical, esthetical, cultural, religious, and personal 
aspects of food. Concepts from neighboring scientific disciplines are also incorpo-
rated, such as “ecosystem services;” sustainability becomes one additional principle, as 
agriculture is embedded in natural systems of necessity. One definition of sustainable 
agriculture is:

agriculture that conserves and enhances natural resources. It uses an ecosystem 
approach that draws on nature’s contribution to crop growth . . .  and applies appro-
priate external inputs at the right time and in the right amount to improved crop 
varieties

(www.fao.org/ag/save-and-grow)

In defining and elucidating food ethical problems, food ethics, as a branch of philoso-
phy, is bound up with other nonethical philosophical disciplines like social philosophy, 
epistemology, and philosophy of science and technology. For example, from animal 
ethics, the concept of animal integrity is deployed in discussions about genetic modi-
fication of domesticated animals, although the concept originally was used for an abo-
litionist’ purpose with an emphasis on the superior value of wild animals. One can, on 
the basis of these connections, discern at least four types of perspectives on agricul-
ture that all have some answers to the issues listed earlier. They, respectively, put spe-
cial emphasis on industry, science, farmers, or civil society. The industrial perspective 
views good agriculture as a kind of industry, to be steered by global markets in which 
producers and consumers determine food streams in market interactions. The second 
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perspective considers scientific and technological approaches to sustainable agriculture 
as offering the best outlook for solving our current problems (McGloughlin, this vol-
ume; McHughen, this volume). The agrarian vision puts all emphasis on farmers and 
rural considerations, and not on consumers (“consumer economy last” is a watchword). 
Finally, pluralism respects the various perspectives of all citizens and tries to locate 
them according to best practices, differentiated by circumstance. For example, with 
respect to one food item (like grain or soybeans), global agriculture can play a role and, 
with respect to another, for instance fresh produce, local systems would have special 
consideration.

In the first approach, “industrial” or “productionist” perspective, agribusiness, global 
markets, and “efficiency” figure prominently; high yields are seen as crucial to produc-
ing safe, sufficient, and affordable food (Borlaug 2000). In this first approach, the first 
ethical issue—that of hunger and malnutrition—is seen as the most decisive ethical 
principle. Specific values and behaviors can be derived in a utilitarian way or a deonto-
logical way. Usually, however, a utilitarian calculation is made, and the best outcome for 
food security is framed as concentration and vertical integration of the links of a food 
chain like seed supply, agrichemicals, food processing, machinery, storage, transport, 
distribution, marketing, advertising, and retail sales. If monopolies result, that outcome 
is incidental, unless it interferes with foundational values of maximizing production to 
meet global food requirements. Contract farming and “comparative advantage” ought to 
take precedence over self-provisioning on the basis of family farms and local food sov-
ereignty. Harm to nonmonetary, important values like biodiversity and local communi-
ties are seen as external costs to be paid by others. This ethical reasoning is consistent 
with the claims of large corporations such as Monsanto, Cargill, Nestle, and Unilever, 
which exercise great power in determining current world food chains and networks.

The second approach stresses scientific knowledge and its application to agriculture 
through technological innovation. Its claims are quite broad. Technological innovations 
might offer improved production and efficiency, alleviation of pressure on nature, more 
ethical treatment of animals and better prospects for long-term health effects on the 
current system (Sachs 2005). Advances in science and technology might, for example, 
give us animals that do not suffer (because of genetic modification of their nervous 
system), or provide sustainable energy systems and functional foods where unhealthy 
“fatmaking” molecules are replaced by better lipids. This perspective on agriculture 
is also often sustained by a mix of utilitarian and deontological approaches. However, 
social-economic arrangements will probably not be that easy to change; they are not like 
molecules. Moreover, moving food production into large companies and laboratories 
runs the risks of losing the trust of consumers.

In the third perspective, agrarianism, connection with place, actual plants and ani-
mals, and family farming, are seen as having the most value. Often this approach is 
antitechnological; Berry (2010), one of the most outspoken propagators of this view, 
considers a farmer who uses a computer a bad farmer. Consumers’ preferences are not 
the main driver of ethical considerations in this approach; it derives from a sense of vir-
tue as the source of good and bad farming. According to Berry, consumers have wrongly 
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put their trust in the hand of large corporations and technological regimes; it is time to 
take our responsibilities and to entrust small farmers and craftsmen (Thompson 2010). 
Agrarianism is quite a normal practice in peasant societies and can be very sophisti-
cated with respect to food security and sustainability, as in China (Bray 1984) and Japan 
(Fukuoka 1978). In more global-oriented variants, agro-ecology and agro-forestry are 
seen as crucial, which implies not the reductionist approach to harvests, but a broad 
orientation to what the soil and its interaction with various crops and tree species can 
give to a farmer (for example, through rotation and intercropping). Farming, according 
to this view, will make farmers less vulnerable to market trends (price fluctuations, con-
centration and up-scaling), but the total share of this type of farming may well decline 
globally, despite counterpolitics (Larsson, this volume; Chappell, this volume).

In the fourth perspective, a pluralist approach to ethics, all kinds of farming, from 
urban gardening, to intensive farming, can be acceptable, so long as they meet ethical 
criteria of respect—for land, people, animals, and nature. This position agrees on some 
dimensions with agrarianism, but emphasizes the capacities of individuals to flourish 
with different life and food styles (Crocker 2008; Pretty 2002). A mixed system could 
also be of great benefit to (agro-) biodiversity and make its practitioners less vulner-
able to global market fluctuations. This type of pragmatist pluralism is also part of a 
larger democratic perspective, in which consumers’ ethical preferences are taken into 
account seriously. Pluralist values in a democratic context with regard for scientific and 
technological innovations are seen as the most important ethical drivers for a global and 
local fair agro-food sector. This perspective goes against the dogma of one-size-fits-all; 
depending on the varieties of the soil, culture, social context, and technologies, agricul-
ture has to find its own shape (Norton 2005; Korthals 2004).

Concepts

Food ethics not only tackles the ethical issues discussed above, but also develops its own 
concepts. The endeavor of food ethics starts as a matter of fact with a critical analysis of 
the fundamental question: what is food? Is it culture or nature, is it only fuel, or a bunch 
of nutrients, or purely symbolic? Food ethics assumes, contrary to the more usual per-
spectives of technologists and marketers, that consumers in one way or another are will-
ing to spend some time to think about the food system.

Food ethics has a short history, and its overlaps with other systems of ethics and 
applied philosophy. When food production is seen as nothing other than a typical 
human destruction of the environment or wild nature (which is often the opinion of 
many environmentalists), there is little place for an ethics of food production; however, 
when food production is considered to be an important human-nature relationship, 
there is room for an independent discipline of food ethics. There is, therefore, an uneasy 
relationship between food ethics and environmental ethics. Nevertheless, in the short 
history of food ethics, several interdependent and particular concepts and approaches 
have emerged in trying to understand and evaluate the problems discussed earlier. 
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These concepts are: food choice, consumer concerns, informed (food) choice and label-
ing, ethical traceability, food sovereignty, co-existence of different agro-food systems, 
and animal welfare and integrity.

Food choice may not be, in itself, an ethical concept, but many ethical issues are con-
nected with this concept. Social scientists have identified multiple factors involved in 
food choice: costs, availability, sensory aspects like taste, social and cultural aspects, 
convenience, cognitive restraint, and familiarity. However, ethical aspects may play a 
significant role, not only in the obvious case of vegetarianism or religious dietary laws, 
but also in the range of products that one finds acceptable or even desirable to eat. The 
most important ethical issues regarding food choice are that choice should be the right 
of consumers and is recognized as an expression of their autonomy. In fact, however, 
consumers often are compelled to buy certain foods; food choices can often be placed 
somewhere between the poles of autonomy and dependency. Moreover, there are 
good ethical arguments that it is not necessary to make food choices continuously in 
an explicit and reasoned way. The concept of an autonomous life cannot mean a life in 
which every choice is argued about; an autonomous life means being connected with 
routines and habits and building new routines when necessary. Moreover, the choice 
context is always structured by past decisions of others, and sometimes it is ethically 
acceptable to change that context, as is argued in the theory of nudging (Thaler and 
Sunstein, 2009). However, from a deontological, principalist view, real-world barri-
ers that act autonomously cannot be accepted as moral arguments against the right to 
choose your own food per se.

Consumer concerns: Respect for consumers’ concerns is mostly motivated by deonto-
logical considerations on the right of consumers to make their own food choices. These 
concerns can be divided into two categories. First, consumers have substantive concerns 
about the seven ethical issues like animal welfare or fair trade. These are issues that relate 
directly to the consequences of production practices or to the consequences or impacts 
of food consumption, for instance human health and food quality. They are substantive 
in that they are a matter of substance rather than a matter of procedure; one could also 
term them vertical (up the chain from farm to fork) or specific concerns. The issues of 
these concerns can be inspired by the kinds of ethical approaches mentioned earlier. 
The second category, the procedural concerns, includes matters of access to information, 
transparency, and trust. Procedural refers in this context to the communicative aspects 
of information sharing, feedback and listening procedures, participatory methods, and 
co-production. They are procedural in the sense that they are not matters of substance 
but, rather, are horizontal and cut across the various substantive or vertical concerns. 
They are about access to, and availability of, information, the reliability of informa-
tion, and the opportunity for consumers to have a voice on substantive concerns. The 
two categories are of a different nature and, therefore, they raise different problems and 
demand different solutions. Consumers differ in the emphasis and the weighing of these 
concerns, and it is impossible to make a uniform system that covers all the concerns 
equally; information, labeling, and certification are, therefore, necessary implications of 
taking these concerns seriously (Coff et al. 2008; Clough, this volume).
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Informed food choice and labeling are important concepts for ethical approaches 
(Clough, this volume). On the basis of either a deontological (like that of Kant) or a 
utilitarian (like that of Mill) approach, it can be argued that consumers have a right to be 
informed about the food they want to buy and a right to make their own decision (the 
right to food autonomy). Food choice is seen as something for which consumers rightly 
require autonomy, and honest and relevant information about composition and origin, 
for instance, are considered to be important items. In the United States many producers 
and others are against giving this type of information; however, in the European Union 
there are strict rules about what to put in the labeling of foodstuffs. Labeling and types of 
certification on content and production are helpful for consumers, because they enable 
them to make a reasonable food choice in accordance with his or her life and food style. 
What should be put on the label and what should be certified and how are ethical issues.

Ethical traceability is developed in the context of extending consumer control over 
large networks of food chains; producers already use traceability schemes to find where 
potential risks in those chains can occur. However, many consumers, conscious of the 
fact that in those chains ethical decision are also made, for example, on animal welfare 
(are the pigs penned or allowed to forage?) and fair treatment of farmers, want to develop 
their own systems of information, with the aim that they get information on the basis of 
which they can choose the products that satisfy their often differing values. Consumers 
also want information about environmental footprints and climate-changing gas 
emission during the production process. Some experiments are being done with this 
approach. New social media can assist in making the information available to those con-
sumers who are interested (Coff 2008).

Food sovereignty is a concept that originated with small and medium farmers in Latin 
America (Chappell, this volume). It posits as foundational:

the right of peoples to define their own food and agriculture; to protect and regulate 
domestic agricultural production and trade in order to achieve sustainable devel-
opment objectives; to determine the extent to which they want to be self-reliant; to 
restrict the dumping of products in their markets; and to provide local fisheries-based 
communities the priority in managing the use of and the rights to aquatic resources.

(Desmarais, Wiebe, and Witman 2010

However, the concept is now often used by movements in the developed world, such as 
those promoting urban gardening and urban community farming, which do not always 
produce all their food, but do seek control of many of the fresh food produced locally 
or elsewhere. Food sovereignty in this shift is then changed into values more consistent 
with consumer sovereignty (which takes on here a quite different meaning than the doc-
trine in market economics).

Co-existence of different food and agro systems takes into account that both produc-
ers and consumers can differ in their appreciation of different agricultural systems; for 
example genetically modified crops and organic crops are connected with very different 
values about what good food is and what the value of nature is. Nevertheless, it is possible 
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that these different types of agriculture co-exist, and, perhaps, even can learn from each 
other. Co-existence is typically a concept that originated from the pragmatist approach, 
but can also have a function in the other ones. Co-existence does not try to overcome 
the differences in values and appreciations by making one food system dominant but, 
rather, looks for voluntary recognition of these differences. In the EU, co-existence is 
the main strategy for living with genetically modified (GM) and non-GM crops; as long 
as both areas are separated from each other, interference between the two is assumed to 
be prevented; the same holds with respect to organic and nonorganic ways of farming 
(Thies, this volume).

Animal welfare and animal integrity are concepts that play a pivotal role not only in 
animal ethics but also in food ethics, since most animals nowadays are managed in ani-
mal husbandry systems. One can distinguish here among utilitarian, deontological, care 
or virtue ethical and pragmatist positions (Palmer 2011). For the utilitarian positions, 
like that of Singer (2006), the main question is: “Can they suffer?” Calculation of suffer-
ing of all sensitive animals gives the solution to what harms to prevent and what goods to 
accept in this line of ethical reasoning. A deontologist—for example, like Regan (1983)—
considers every animal as an autonomous being that requires respect. For the care or 
virtue theory, like that of Sandler (2007), virtues are important, which are character 
traits that stimulate human and nonhuman flourishing. In the ethics of pragmatists, like 
that of Norton (2005) or Korthals (2004), the various practices of human animal inter-
actions (like farming and zoos), have their own standards of excellence and ideals that 
practioners uphold.

Case Studies in Food Ethical 
Issues: Malnutrition and Eating Meat

Malnutrition

Hunger and malnutrition are among the most fundamental issues in food ethics and 
a pressing concern for many citizens in the wealthy world. For reasons of space, only 
micronutrient and not caloric malnutrition will be discussed here (Stein, this volume). 
This is a severe problem because more than half the world’s hungry people are hungry 
not due to lack of energy (calories and proteins) but due to lack of essential minerals and 
vitamins, resulting in severe diseases and malfunctioning. One example is that almost 
one-third of the world’s people do not get enough iodine from food and water. The result 
is dwarfism, cretinism, and mental slowness. Some national and international govern-
mental bodies, NGOs, and companies feel responsibility for this issue, but the history of 
preventing micronutrient deficiencies has no foreseeable end yet. International efforts 
to reduce these deficiencies started in the 1970s. In 1992, the International Conference for 
Nutrition declared:
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we pledge to make all efforts to eliminate before the end of this decade:

	 •	 famine	and	famine-related	deaths;
	 •	 starvation	and	nutritional	deficiency	diseases	in	communities	affected	by	natural	

and man-made disasters; iodine and vitamin A deficiencies.

International initiatives of supplementation and biofortification emerged in many parts 
of the globe for tackling nutritional deficiencies. Supplementation mostly means pro-
viding micronutrients to victims of malnutrition as supplements either in pill form or in 
form of cooking oil, sauces, or drinks. Another strategy is biofortification, which means 
that nutrients are incorporated in seeds of crops either via breeding or via genetic modi-
fication. Four arguments are mostly given: it is cheap, it attacks the cause of the prob-
lem directly, it is easy to give, and it has presumably huge effects (Johns and Eyzaguirre 
2007). Currently, there are several large technology networks sponsored either by public 
organizations or by private funding agencies active in the field of biofortification, focus-
ing on increasing the density of particular micronutrients in crops, to produce the effec-
tive reduction of malnutrition (Stein, this volume).

There are several food ethical issues: first, who has responsibility to take the lead and 
to reduce malnutrition? A simple example is mostly used to argue that, in fact, the rich, 
well fed world has the main responsibility here. It goes like this: if you are able to save a 
child who is nearly drowning in the pond near your house, you have the duty to assist; 
international relations do not make a difference compared with personal relations; and 
because for both utilitarians and deontologists, space and time should not play a role in 
identifying someone as a suffering moral subject. The ethical conclusion from both lines 
of reasoning is that research should be promoted and aid delivered in recognition of the 
obligation to assist.

However, besides the issue of responsibility there is another, even trickier one: What 
is the ethically desirable strategy of assistance? The answer to this question will frame 
the proposed solution. The current strategies of supplementation and biofortification 
define the problem of malnutrition as a health problem, and use health strategies: they 
target one particular deficiency (e.g., iodine deficiency), propose a specific micronutri-
ent, and try to increase its presence in crops without looking for longer term and wider 
effects such as sustainability. One could compare this kind of solution to a drug solu-
tion—like medical researchers look to when a health problem is diagnosed. Although 
these strategies have already been in use for more than 30 years and give relief during 
short periods of food shortages, they do not seem to provide sustainable solutions to 
micronutrient malnutrition and, therefore, the problem of malnutrition still persists. 
The absolute number of malnourished people is growing globally.

An example of a biofortified crop is “golden rice,” designed to alleviate vitamin A defi-
ciency in households dependent on rice and too poor to diversify diets. Support for this 
research derives from a notion of sustainability: farmers can continually produce these 
crops with better micronutrient content from saved seeds. This approach, however, is 
itself subject to criticism as an “end of pipe” or “top down” solution (IAASTD 2008). 
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Enhancement brought about through genetic modification is seen as the most impor-
tant task and the steps toward the actual deployment of the seeds by the farmers and the 
digestion of the seed product as porridge or bread by the consumers are secondary con-
siderations (Brooks 2010). That is, biofortification is one-sided in that it neglects the role 
of farmers and consumption. Farmers have to deal with scarce resources and food pref-
erences of consumers. Are biofortified crops in their interest, if more water is needed, 
but not available, or are markets available?

Malnutrition is a multifaceted problem: physiological, agricultural, social, and cul-
tural; all these views should be taken together. The overall orientation of framing mal-
nutrition as a health problem has several severe disadvantages that express themselves 
in the continuation of micronutrient malnutrition. Because both strategies frame mal-
nutrition in terms of health disentangled from food (production), they risk underesti-
mating the complexity of the problem. The issue is not an intentional or nonintentional 
mistake from the side of the scientists. The whole landscape of treatment of malnutrition 
is torn between the two large boxes that are used in classifying complex human body 
issues by national and international administrations: they are either health (belong-
ing to World Health Organization, WHO) or food problems (FAO). Mostly, the health 
side has more power and wins, because it looks so much more urgent to care for health 
problems.

The current solutions seem not to be very effective so long as they concentrate only 
on the seeds and not on farmers and consumers, who have their own interests; the solu-
tions are not favorable toward local farmers (mostly women; see Agarwal, this volume). 
From a deontological position, such a solution is not acceptable. Utilitarianism, on the 
other hand, will perhaps make a calculation with a different outcome because rights 
are just calculable items. The pragmatists’ solution would be to bring together all the 
stakeholders from the beginning and find out where the root causes of malnutrition lie; 
perhaps, rather than more production, there is a need for prevention of leakage of nutri-
ents in particular in the postharvest period and during food preparation and cooking. 
Education may be important as well as health improvements with the result that avail-
able nutrients are actually and effectively used in the body (Sahn, this volume).

Eating meat

Meat eating is an enduring bone of contention: when a vegetarian says, “You eat a piece 
of a corpse and feed for a cow is stolen from hungry people,” the meat eater replies: “don’t 
be so sour, it’s so tasty and healthy.” Meat eating or not and moralizing are closely related.

Originally, vegetarianism was inspired by respect for animals and their abuse in ani-
mal husbandry. The (vegetarian) animal-rights movement is an abolitionist movement 
that wants to get rid of domesticated animals. However, the battle between meat-eaters 
and vegetarians got more ammunition since the FAO report, directed by Henning 
Steinfeld and called Livestock’s Long Shadow published in 2006. That report power-
fully inserted meat eating and vegetarianism into the debate on climate change and 
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sustainability. The report showed that production of meat for consumption produces 
more global warming than driving. Although transport is responsible for 13% of cli-
mate gases, livestock is responsible for 18%. In the wake of this finding, studies on the 
pros and cons of meat production multiplied; moreover, research on various alterna-
tives to meat (like insects, and in-vitro meat) got a boost in both the Netherlands and 
the rest of the world. The FAO report, especially through the film of the Dutch Party for 
the Animals, Meat the Truth, got a lot of public attention. The movie is an attempt to 
correct Al Gore’s film, An Inconvenient Truth, with regard to the environmental costs 
of meat production. In a book with the same title (Koffeman 2009), the arguments are 
put forward: In addition to greenhouse gas emissions by cows and the cultivation of 
corn and soy and their transport, the water use of ruminants is very high (some say 
200,000 liters per cow); add to this the erosion by intensive land use and the destruc-
tion of fertile land and of species, which lead to further loss of biodiversity, and finally 
the grain used to feed animals instead of starving people. Intensive, non-land-based 
farming has the greatest adverse environmental impacts through overuse of fertilizers 
and pesticides. Other consequences include the increase of animal diseases of graz-
ers (increased by feed such as wheat and soy their stomachs are not built for), and of 
zoonosis due to the large-scale housing of livestock. In non-land-based farming there 
is no match between input and output streams, manure is not or insufficiently used 
for fertilization of land, and due to the centralization of production, the search for the 
cheapest concentrates and fattening and slaughter companies leads to a huge increase 
in transport of feed and livestock. Cattle fed with concentrates produce more methane 
emissions than grass-fed cattle.

However, the environmental problems of animal husbandry are not compelling justi-
fications for vegetarianism; they could also lead to confining farm animals in the small-
est possible space and to controling their output. Animal welfare is in trouble then. The 
dilemma is: Do you really want to reduce greenhouse gases, when the risk of doing this 
comes at the expense of animal welfare, or do you want to respect animal welfare (and 
let animals graze freely) with the risk of not reducing greenhouse gases. Here the animal 
rights and welfarist people clash with the environmentalists. Vegetarianism evades this 
dilemma by recommending that everyone refrains from eating meat out of the deon-
tological reason that all mammals have the right to be respected; however, a vegetarian 
world is today clearly not a reality. What to do in the meantime?

There is another approach that comes to mind when one distances oneself from veg-
etarianism and the abolitionist and animal-rights program. In a report launched by 
the Royal Society of Protection of Birds (RSPB), the story is told of Tarnhouse farm, on 
Geltsdale reserve in the North Pennines of UK, a piece of marginal land, where grazing 
of cattle and sheep is combined with organic management of the soil and water sup-
ply. Here, one can see some environmental advantages of extensive animal farming; 
recently, Fairlie (2010) has analyzed these benefits. He asks himself: Could it not be the 
case that if we reconstruct the current system the result can be sustainable and animal 
friendly? Do we not lose an important aspect of human–animal relationship, and live-
stock, when we reduce the use of meat to zero? He wonders why we feed our cows, pigs, 
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and chickens with such strange foods as wheat, maize, and soya and don’t let them eat 
grass, waste, and other stuff we throw away? Are pigs not just the animals par excellence 
to devour waste in a sustainable way? When cows eat grass, which no man can eat, will 
that not change the conversion?

Fairlie knocks down the stories about the environmentally negative conversion at 
10 kg of grain to 1 kg of beef. Considering all the things a cow’s body can offer, Fairlie 
calculates animal husbandry restricted to the land a conversion of 2 to 1.  In addi-
tion, some crops lead, through the stomachs of cows, to higher nutritional value than 
directly through our stomachs (the nutritional value of animal protein is higher than 
that of vegetables). Do not forget the fertilizing role of manure but also the value of 
good fodder as peas, beans, and legumes for soil enrichment in the form of nitrogen 
and phosphates. On top of this, when our meat eating reduces to zero, the environ-
mental impact becomes negative because food residues cannot anymore be eaten by 
animals and there would be no organic fertilizer, so farmers would have to use more 
chemical fertilizers (and produce more greenhouse gasses). Fairlie is equally harsh 
on the bio-industry (factory farming), that refuses to give cows grass, and lets them 
live, like the pigs, on an inappropriate diet. Factory farming assumes an increase in 
meat production and does not review the resources available. Extensive farming would 
imply more employment for grazing cattle ranchers in the South and less influx of job-
less people into overcrowded cities.

Eating meat from this ethical perspective is a “benign” luxury, and meat production 
can happen in an environmentally sound way that could imply the reintegration of farm 
animals in our society. Such a re-integration enriches the relationship between city and 
countryside, and it is consistent with the ethical position of agrarianism and pragma-
tism. Farm animals play an important role in the distribution of forest and meadow, 
dark and light, and also, seen from this consideration, they deserve a positive place in 
the production system. Moreover, one should not forget the role of livestock in poor 
countries as a form of capital and as an extremely efficient form of transport and energy 
(Mehta-Bhatt and Picarelli, this volume).

This discussion illustrates the problem with a deontological approach to ethical 
questions of consuming meat. The ethical conclusion from this position is absolutist—
killing animals for food violates an ethical premise of the rights of animals to life as 
fellow creatures sharing the earth. Yet the premise of the vision—of vegetarians, and 
of abolitionists like Regan and defenders of meat substitutes—is that farm animals are 
unnecessary. These visions suggest an all-or-nothing solution in a complex field of cul-
tural and social relationships in which such a simple approach is not without draw-
backs. It will lead to a reduction in partners compared to the wealth of relationships we 
might have with animals like pigs, cows, sheep, and chickens. Farm animals need not 
be mistreated or even be slain for humane and enriching animal-human relationships. 
There are many forms of animal and people friendly livestock management styles, one 
is exemplified in the book of Fairlie, and another one by Mahatma Gandhi, who is the 
initiator of an alternative livestock system, in which animals are only kept for their 
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products and not for their lives; it is not necessary to chase your own wild animal in 
providing your own food.

Food Ethics and Politics

The rise of consumer concerns in the developed countries is accompanied by activism, 
by writing on fair food, by organizing boycotts and buycotts, by initiating local food areas 
(urban gardening), by participating in social media, and by political action. Moreover, 
there is “ethical consumerism” taking action in the supermarket by urging for more and 
relevant information about where the products come from, how they are made, and what 
ethical decisions are made in production and rewards to producers. Political action can 
be so strong that governments are compelled to issue stricter regulation or better over-
sight of existing regulations; some companies are playing a key role, and some busi-
nesses claim the position of a “green avant-garde.” As is clear from the list of concerns 
(see Ethical Issues of Food Production), many ethically conscious consumers find it frus-
trating that positions on food and food production are mostly not expressed by political 
parties. Voting according to one’s food preferences is seldom an option. Some consumers 
express their agency via traditional media, new social media, or directly via the market-
place. Although food prices are rising and sustainable, animal welfare friendly and fair 
food is, for many, a preference, food is still not a big issue in election campaigns.

Therefore, many ethical consumers become member of NGOs and other organi-
zations while they contribute to “other regarding” political and ethical action. They 
contribute to these joint actions, although it is often not in their own direct interest 
but, rather, in the interest of others, often people abroad, transcending the borders of 
national states. Ethical consumerism is often “subpolitical” and superpolitical, that is, 
oriented beneath or beyond the nation state, either toward issues not publicly thema-
tized by national politics or toward transnational corporations and agencies, indirectly 
to nations. Many activists act out a new kind of obligation, and, in particular, in acting 
together they develop a first-person plural perspective of a group that acts “vicariously,” 
as advocates for other groups like small farmers, next generations, or nearly extinct ani-
mals that do not have substantial political voice.

For (academic) ethicists engaged in often-controversial issues like animal welfare or 
environmental degradation, it is not always easy to meet standards of scholarly integrity 
and to take the relevant aspects fairly into account. Neutrality in this field is impossible; 
however, the rules and values of good scholarship are, for many, clear, and upholding 
them can have a purifying and idea-generating effect. One of these values is the con-
crete involvement with practioners in animal and crop husbandry and with consumer 
groups; it can at least neutralize the idea that farmers are mostly not caring for their ani-
mals or make it understandable why profit is an important driving force. The problem 
of animal welfare is not always caused by farmers but lies somewhere else in the chains. 
Consumers addicted to cheap meat and retailers putting high profit margins on fresh 
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and animal food then come into the picture as important factors determining the way 
farmers conduct their farms.

Task of Food Ethics

The discussion of the cases shows that food ethics has a difficult task. It is not an easy 
job of simply applying certain ethical principles, but a deep going analysis has to be 
done, in which technical (empirical) details are to be taken seriously and through which 
often no clear answers can be found, just as in daily life consumers sometimes can get no 
clear answer to challenging food dilemmas. During this process it can be that cherished 
notions of fundamental, nonapplied branches of philosophy are proven to be insuffi-
cient; food ethics can play a fundamental role in philosophy. Food ethics often provokes, 
just as other branches of philosophy sometimes do.

The main tasks of food ethics are first to give a coherent overview of all the ethical prob-
lems that potentially confront people involved in the current food production system 
and second to overcome the gap between producers and consumers (as sketched in The 
Context: The Evolving Gap Between Food Production and Consumption). The assump-
tion here is that ethical reasoning is embedded in communities—for many, the commu-
nity of the human species. In this respect, food ethics is, first, intensely collaborating with 
the other agro-food disciplines, but it tries to do more than these particular regimes to 
integrate aspects and levels of consideration. Second, food ethics focuses on the most 
relevant and burning ethical issues in the food production and consumption processes 
(discussed in Ethical Issues of Food Production), by explicating, analyzing and critically 
evaluating them in conjunction with one another. Again, together with other disciplines, 
but also in close contact with stakeholders, ethical examination can contribute to accept-
able solutions. Third, food ethics can delve deeper by explicating and putting forward 
ethical principles, norms, and values that are important in food-production processes. 
The analysis of cases in Case Studies in Food Ethical Issues is one example. Finally, food 
ethics can contribute to important questions: How should one study food production 
and consumption in ways that contribute to the nutritional and food sciences. Food con-
stitutes multiple ethically contested sites. It can be studied in an objective way, although 
not neutrally, and ethics can help in working through that apparent contradiction.

As in any other philosophical discipline, nothing is outside debate and unquestion-
able. Controversies abound. Nevertheless, one value seems to be a fundamental assump-
tion:  Food and food production are essential elements of human life. Beyond this 
indisputable fact, many food ethicists argue for more—for example, that food has mean-
ings for self, identities, and societies and can be neglected only at great costs. Food and 
food production cover relationships that one cannot fully outsource. They require main-
tenance, exercise, and cultivation with respect to the various aspects of food production 
and consumption. When humans distance themselves too much from these relations—for 
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example, when food is condensed in a pill or food production is totally delegated to a tiny 
proportion of the labor force—they are degrading these relations and themselves.

The meanings of food and food production are culturally and socially differently 
shaped, but humans have to continuously learn to deal with those differences and to be 
sensitive to the relevant problems. Furthermore, the bodily and social features of food 
imply that even in a mobilized society a sense of place is important in connecting with 
landscapes and people we trust. This anthropological insight can contribute to a better 
dealing with satiety and possibly reduce overweight as well as waste. Many food ethicists 
would argue that people, therefore, need to pay more respect to food, more attention to 
knowledge of food and food portions, and need to spend more time with food preparation 
and eating, producing less waste and more seasonally appropriate (and sustainable) eating.

Conclusion: the Future of Food and 
Food Ethics

Similar to other philosophical disciplines, it is normal for the discipline of food ethics 
to spend a lot of time analyzing the current strategies to feed the world. Some would say 
that food ethics, in questioning and critically analyzing, makes the task of feeding the 
world unnecessarily difficult. The difference that food ethics can make is either super-
fluous or a nuisance. However, serious mistakes were made in the past, and it is better 
to be critical with respect to established routines than to aim at giving immediate relief 
for very complex and fundamental problems that, on reflection, do not allow for quick 
and easy solutions. Taking the history of food production and food consumption into 
account, one sees that one cannot continue with the current strategies of improving pro-
duction without looking at the quality of food (production) and its embedding in human 
practices. The past does not dictate the future; citizens have to ask themselves how far 
one should redirect efforts to feed the world toward a food system in which humans are 
ethically responsible for food production and consumption. Food ethics will have to do 
more to make it clear that farming is not only a respectable job but also a livelihood that 
is essential for basic human capacities. Reciprocally, respect for food and the meal is an 
essential complement. Food can only a have role in the good life as good food.
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Chapter 10

Fo od,  Justice,  and L and

Saturnino M.  Borras Jr.  and  
Jennifer C.  Franco

Introduction: Revisiting the 
Food-land Nexus

Food politics is closely linked to land politics: “who controls what land, how and for 
how long, and for what purposes”? One of the brutal realities brought to light by the 
2007–2008 global food price spike is the existence of one billion people living in hunger 
(Sahn, this volume; Stein, this volume). They were, they are, hungry not because there is 
not enough food in the world, but because they do not have access to enough food, pri-
marily because they cannot afford to buy. The productivist narrative on food scarcity—
that we need to double food production by 2050 if we are to “feed the world”—is one 
of the most important contemporary global questions, as political positions precipitate 
around it. But whatever aggregate questions confront an imagined global community, 
the persistent food-politics questions are inescapable: “what is to be produced, where, 
how much and how, by whom, and with what patterns of distribution and consump-
tion”? Answers to these questions differentially privilege state or market, but inevitably 
raise issues of politics, power and social justice.

The countryside is where the bulk of the world’s food is produced, but, ironically, it is 
also where the bulk of hungry people live: Up to 75% of those who suffer hunger live in 
the rural areas of developing countries (IFAD 2011). Though more people now live and 
work in urban spaces than in the countryside, the absolute number of those who live 
in the countryside remains staggering: more than 3 billion people a majority of whom 
depend on land for their livelihood. They depend on a wide-range of livelihoods: farm-
ing, forest product gathering, pastoralism, small-scale fishing, animal husbandry, and 
related activities. For those directly dependent on land-based production, food vulner-
ability is obvious. Their dependence on land for their livelihood does not only mean 
being able to cultivate land for agricultural purposes. For some plantation workers, they 
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needed to nominally own or control land so that they can enter into a range of contracts 
with companies whether as laborers or as contracted small farmers. Indigenous peoples 
need access to land to allow them to gather forest products. Pastoralists need to control 
relatively extensive land for their animals (Mehta-Bhatt and Ficarelli, this volume).

Though much of the political and policy discourse centers on farmers or peas-
ants, and aggregate production, the most pressing human questions concern security. 
Hunger and food insecurity in rural areas afflict many farming families whose access to 
and control over land remain insecure. Poor households who do not produce food, or do 
not produce enough, are vulnerable to food price spikes, which is especially true in the 
case of urban working classes. However, this is the same situation for net food-buying 
rural households, such as landless rural laborers and land-poor producers. Included in 
this category of net food-buying households are poor peasants who have to sell most of 
their farm produce to buy other subsistence needs. The quantity of food produced that 
is retained for household consumption, and/or the disposable net income that can be 
used to buy food and other basic subsistence needs, largely depends on existing social 
relations of land property.

Among these social relations are dimensions of autonomy and capacity (Fox 1993). 
In situations in which producers own the land—and let us assume that appropriate 
public infrastructure support and policy environment were in place—they may have a 
higher degree of autonomy and capacity to produce what they want to produce, and 
do whatever they want to do with it (to consume, trade, or both) (see Nelson and Coe, 
this volume). The situation is significantly different if a producer does not own the land. 
Even if appropriate public infrastructure support and policy environment were in place, 
they still have to pay the landlord (or other “ land brokers” in some settings where other 
forms of land control other than private ownership prevail) ground rent or crop share. 
Indeed, even with an appropriate support environment, land-based class differentiates 
capacity and autonomy: it is the owners of the land and other well-to-do classes that 
tend to benefit more from state supports than the landless laborers or sharecroppers.

In whatever situation, a plot-owning producer has inherently greater potential to deal 
with food price spike: a ready and available plot of land to produce food in times of food 
scarcity and price spike. This is not the case for landless and land-poor households: their 
degree of autonomy is relatively lower: If their landlords want them to produce coconut 
and prevent them from intercropping it with corn for consumption and to raise some 
pigs, they tend to be powerless not to comply; their degree of capacity to generate food 
for consumption and/or marketable surplus and disposable income is relatively con-
strained compared to households that own the land they work.

This land-food nexus has been a prominent legitimation for land reform globally: to 
give security and opportunity to direct producers and prevent their exploitation by more 
powerful actors and institutions (Lipton 2009). Land reform in its classical formula-
tion would address not only injustice, but also disincentives to production—improving 
security of land rights could “turn sand to gold” (Herring 1983,  chapter 9). Traditional 
land reform assumed a peasant society—smallholders could survive as they had tradi-
tionally, so long as a secure foothold could be secured (Chappell, this volume). In the 
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contemporary world, that view is challenged by very powerful market forces that put 
ever more land into play and changes in the challenges of agriculture generated by both 
stresses and pathogens endemic to global warming (Watson, this volume).

One of the reasons that classic land reform—redistribution of land from large pri-
vate landowners to landless and land-poor peasants and laborers—was carried out in 
many parts of the world, historically, was in part to address rural poverty and inequal-
ity, and the political threat of an impoverished peasantry. In places where it was car-
ried out radically and successfully, we have witnessed its positive correlation with the 
state’s ability to feed the local population and significant degree of social improve-
ment in the lives and livelihoods of the rural poor: China, South Korea, Vietnam, and 
Kerala, as some of the examples (Griffin, Khan, and Ickowitz 2003; Herring 1983). That 
land reform is correlated with improvement in the degree of autonomy and capac-
ity of rural poor producers to produce and secure means of subsistence and liveli-
hoods is a likely—but not automatic—scenario. The original Bolivian and Ethiopian 
land reforms are some of the older examples in which extensive land reforms did not 
translate to significant improvements in the lives and livelihoods of the rural poor 
(Kay and Urioste 2007). Moreover, land reform contributes to the broader process of 
national development (seen from conventional industrial-, urban-oriented develop-
ment), as in the context of China, South Korea, Taiwan, and Japan (Putzel 1992). But 
again, this is not an automatic relationship, as shown in the Latin American experi-
ence (Kay 2001), and more recently, in the post-1988 land-redistribution experience 
in the Philippines (Borras 2007). For land reform to have a positive connection with 
the rural poor people’s degree of autonomy and capacity to feed themselves, improve 
their well-being, and contribute to national development more broadly depends on a 
host of factors, including the infrastructure support for small-scale farmers and a pol-
icy environment friendly to newly created small-scale farmers. In the end, however, 
it seems almost impossible to find justice in situations in which those who produce 
the food cannot avoid hunger and insecurity (see Korthals, this volume). Land policy 
addresses this burning issue.

New Contexts of Pro-Poor Land 
Policy: The Global Land Rush

Land reform is no longer a dominant policy perspective globally, but the fundamental 
questions underlying land policy that have always confronted societies remain: What 
food is to be produced? Where? How? By whom? How is food to be distributed in a con-
text of insecurity of price regimes and supply? This is the set of questions accentuated by 
the contemporary global land rush (Thaler, this volume). Answers have overlapped—
not accidentally—with the questions of social structure and political power: Who con-
trols and uses what land and for what purposes?
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The current global land rush is not only motivated by the food scarcity narrative but 
also by responses to converging crises confronting humanity and the planet: food, fuel/
energy, climate change, and finance. The land grab is not entirely about food. Fairhead, 
Leach, and Scoones (2012) write of “green grabbing” (land grabbing in the name of the 
environment) that includes production for biofuels—see the chapter by Pimentel and 
Burgess in this volume—and climate change mitigation strategies such as REDD+. 
Mehta, Velwisch, and Franco (2012) write of water grabbing. McMichael (2012) talk 
about increasing financialization of agricultural commodity production partly as reac-
tion to the financial crisis. Land has recently become a highly visible object of conflict 
again, and not only for its food-producing potential.

One of the overarching narratives that accompanies this global land rush is a simple 
but fundamental mainstream assumption: There is enough land, but it is distributed in 
ways that result in suboptimal efficiency, and, thus, there is unnecessary global insecu-
rity of food supply. The solution to the aggregate supply question lies in the existence 
of marginal, underutilized, empty, and available lands. Deininger and others (2011) 
have estimated this land in the aggregate to be 445 million hectares at a minimum, and, 
depending on other factors, could be stretched up to 1.7 billion hectares of land world-
wide. It is concentrated in the poorer countries of the globe. Conventional notions of 
land reform applied within national borders and addressed redistribution of large pri-
vate land property. Contemporary land policy debates confront a new global context. 
Nevertheless, despite the political decline of conventional land reform that had such 
important historical consequences, redistributive land policy requires rethinking, with 
many of the same evaluative strands in place.

Not all urgent land issues today have to do with global land grabbing, despite 
its global importance. As Borras, Gomez, Kay, and Wilkinson (2012) highlighted 
in their study of current land grabbing in Latin America, generic “land concentra-
tion”—not land grabbing per se—is resurging in the region (alongside more straight-
forward “land grabbing” cases). The dynamics partly involve “foreignization” of 
space that continues to animate controversial and heated debates in the region, 
highlighting some controversies especially around the rise of Brazilian acquisitions 
of land in Bolivia and Paraguay. This creeping land concentration—in the midst of 
universal revaluation of land as a scarce resource in response to converging mul-
tiple crises and the industrial-commercial-financial rise of BRICS countries (Brazil, 
Russia, India, China, and South Africa)—is also felt in the North. Yet, aside from 
weak voices for conventional land reform, as in Bolivia and Paraguay, one does not 
see significant political support in the form of policy. This political absence does 
not mean there is no popular demand and call for some form of “redistributive land 
policies.” There is, and, as they did historically, social movements continue to raise 
the issue of land and justice. The general response of La Vía Campesina to global 
land grabbing is to call for “land reform.” But the very fact that the call seems to have 
not gained traction in different parts of the world, even among those struggling 
against current global corporate enclosures, indicates the need to re-cast analysis of 
pro-poor land policy.
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This chapter proceeds on the premise that the changed global agrarian context has 
revived the relevance of land reform—but has, at the same time, exposed its narrow 
parameters. That land reform is a relevant policy linked to food politics is beyond ques-
tion. In settings marked by unequal distribution of private lands, the conventional land 
reform remains as urgent and necessary as ever before. But it is not the only relevant and 
urgent redistributive land policy, or even the most important one. One reason is that 
the current global enclosures target lands that are not under full-scale private property 
systems. A broader and inclusive concept of “pro-poor redistributive land policy” cap-
tures more fully the nexus between food politics and land politics in contemporary era 
of global land rush. Hence, there is a need to rethink land reform in the current era.

Dominant Land-Policy Currents

During the past three decades, there has been a move away from conventional land 
reform in development-policy thinking—but not as a response to the changing context 
explained earlier. Rather, it has been part of the neoliberal resurgence. It is important to 
explain this phenomenon because it is casually passed on as a good thing that land has 
been revived in mainstream development discourse, and, at times, insinuated to be what 
and how “land reform” ought to be in contemporary context.

The meaning of land and land policies is diverse across, and contested within, local 
and international settings. The diversity of the policy questions required to address 
diverse land issues is perhaps one of the key reasons why “land policy” is the popular 
phrase used to refer to all policies that have something to do with land. Conventional 
phrases that are quite specific in terms of what they actually mean are used increasingly 
less, such as “land reform.” These and other land-related policies are gathered together 
under one catch-all label, land policy. Instead of value-laden terms such as land reform, 
the term land policy (often with the prefix pro-poor) portrays an almost “neutral” mes-
sage (see, e.g., World Bank 2003).

The contemporary interest in land and land policies in the context of development has 
been triggered by a combination of factors. The persistence of poverty and inequality has 
encouraged mainstream economists to problematize access to productive assets by the 
rural poor. Perhaps the most important mainstream policy position that links land and 
poverty is the one that is promoted by Hernando de Soto. De Soto (2000) believes that 
land without clear private individual property rights is “dead capital,“ because it can-
not be used as a basis for guaranteeing financial transactions. Without financial inflow, 
the rural economy will not get activated and grow. And the reality is that the majority 
of land in developing countries does not have clear private individual property titles 
(World Bank 2003). In order to transform this sleeping capital into active, financially 
tradable instruments, nonprivate lands should be privately titled. Formalization of land 
rights is deemed necessary and is thus widely promoted today. This is generally aimed 
at instigating vibrant land markets. The resurging importance of land in the context of 

 



258   Saturnino M. Borras Jr. and Jennifer C. Franco

commodity booms (food, biofuels, and so on) and the prior and ongoing advocacy for 
privatization of land resources that are still public or state-controlled are becoming a 
powerful development-policy combination that may contribute to profound agrarian 
transformations worldwide in the near future.

Against the backdrop of these promarket land policies, “governance” around land 
policies has emerged to become an important issue. However, the dominant thinking 
is firmly located within the issues of economically efficient (re)allocation of resources, 
administrative efficiency (“corruption-free”) and fiscal prudence (“cheap”), the latter 
almost always meaning a cutback in public expenditures. Many land policy campaigns 
today involve support to “one-stop-shop” types of land privatization, registration, and 
titling programs in developing countries, commonly labeled as “land administration 
and management” projects (World Bank 2003). The general effect of this kind of treat-
ment is to embrace and promote technicist, de-politicized administrative functions of 
the state around land-policy questions (see Borras and Franco 2010).

Therefore, the dominant advocacy for the market-oriented land policy prescriptions 
within some international development agencies is concerned with how many “clean” 
land titles are produced. It is, in essence, concerned about the physical land title, a trad-
able good, a thing. The concomitant “governance” issue is generally about administering 
an efficient production of private land titles. It is engaged in and part of what James Scott 
(1998) called “state simplification.”

This line of contemporary—and dominant—thinking on land policies is problem-
atic on two grounds. On the one hand, landed property rights are not “things”; they 
are social relations between people (Tsing 2002). These social relations are linked to the 
dynamic process of land-based wealth creation. On the other hand, governance cannot 
be reduced to technical administration or “management” of land markets or land policy 
reforms, and it cannot be confined to the sole issue of land taken in isolation of other 
state and societal issues related to wealth and political power distribution. Governance 
is about political relations between (groups of) people and the institutions (rules and 
regulations, both formal and informal) that “govern” them. It is linked to how, and how 
well, decision-making power is aggregated and (re)distributed in a polity over time, and 
how decisions become authoritative, or not, in society. For our purposes, land gover-
nance shapes and is (re)shaped by the ongoing interaction of various diverse groups and 
classes (and competing interests) in society and the state, in endless contestation to gain 
effective control of, among other things, land-based wealth. This classic contest is usu-
ally among national state actors, regional political and economic elites, and the rural 
poor. It is from this dynamic political-economic, historical-institutional and multilevel 
perspective that one should explore the links between “pro-poor land policies.”

It is important to clarify a few interrelated concepts and issues about property rights 
and land policies. First, by “ownership and/or control over land resources” we mean 
here the effective control over the nature, pace, extent, and direction of surplus produc-
tion, distribution, and disposition (Borras 2007). This framing will enable us to detect 
actually existing land-based social relations regardless of what official documents 
claim. This framing also provides us with a disaggregated view of the various competing 
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social classes linked to each other by their varying relationships to land (Herring 2003). 
Second, a land policy does not emerge from or is not carried out in a vacuum. When 
carried out in the real world, a land policy causes a change in the actually existing 
land-based social relations. Some changes favor the landed classes, other elites, or the 
state, whereas others may favor the poor. Third, land laws and land policies are not 
self-interpreting and not self-implementing. It is during the interaction between vari-
ous, often conflicting, actors within the state and in society that land policies are actually 
interpreted, activated, and implemented (or not) in a variety of ways from one place 
to another over time (Franco 2008). Fourth, land-based social relations are varied and 
diverse from one setting to the next shaped by socio-economic, political, cultural, and 
historical factors. Fifth, land-based social relations are dynamic and not static. These 
are not like development projects that can be contained within a timeline. Land-based 
social relations remain in a continuum and are ever-changing long after a land-titling 
project or a land-reform program has officially ended, for example. Land-based social 
relations are not automatically changed when official documents are changed, as. for 
example, granting formal titles without instigating reforms on actually existing ten-
ure. Conversely, actually existing land-based social relations may dynamically change, 
whereas official documents remain unchanged (Herring 1983). Finally, property rights 
and land policies are often the focus of contestation and struggle between different 
social actors and interest groups.

Therefore, multiple land policies have become necessary, even in one national set-
ting, in order to address the varying land-based social relations existing in society. These 
policies can be in the form of land reform, land restitution, land-tenure reform, land 
stewardship, and so on. The critical consideration is reforming land-based social rela-
tions, meaning reform of the terms under which land-based wealth is created, appro-
priated, disposed, and consumed. Inevitably implicated in this process will be the ways 
and means by which such processes are effectively controlled by different groups, which 
entails political power relations—or governance. Hence, the meaning of land reform 
should not be restricted to its conventional narrow definition of redistributing large 
private estates to landless and near-landless rural poor, but should envision a political 
process that recasts land-based social relations by redistributing land-based wealth and 
power from propertied classes and the state to various classes of labor, such as peasants, 
landless laborers, pastoralists, forest product gatherers, small-scale fisher folks. This way 
of looking at land reform requires some clarification of basic normative features. We 
now turn to this discussion.

Key Themes in Pro-Poor Land Policy

Land policies are not technical-neutral devices. When implemented, land policies 
impact different social classes and groups of people differently, favorably or otherwise. 
Not all nominally pro-poor land policies are meant to favor the poor. Not all pro-poor 
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land policies automatically result in pro-poor outcomes, even if well intentioned. There 
are unintended and unexpected land policy outcomes, both positive and negative. 
Therefore, it is important to specify normative features of a categorically pro-poor land 
policy—the “redefined” land reform discussed above. In this context, we identify eight 
interlinked key themes (Borras and Franco 2010).

 1. Protection or transfer of land-based wealth in favor of the poor. A pro-poor land 
policy transfers wealth to, or protects existing land-based wealth of, the rural poor (as 
broadly defined earlier). Land-based wealth means the land itself, water, and minerals 
therein, other products and resources linked to it such as crops and forest, as well as the 
farm surplus created from this land. Any pro-poor land policies must involve protec-
tion or transfer of land-based wealth in favor of the working poor people. It is only by 
specifying the direction of the flow of land-based wealth transfers that we will be able 
to assess whether and to what extent a land policy is truly pro-poor. This criterion is in 
contrast to the mainstream economic doctrine that is concerned mainly with the most 
efficient allocation and use of (scarce) land resources, oftentimes agnostic to the direc-
tion of change in property relations
 2. Transfer of land-based political power. A  pro-poor land policy transfers (or 
protects) political power to control land resources to the landless or near-landless 
rural poor. It is a policy that confronts, and does not back away from, political con-
flicts that are inherently associated with land-based social relations and any serious 
attempts at recasting the latter. By political power transfer we mean here the actual 
transfer of real or effective control over land resources. This means control over the 
nature, pace, extent, and direction of wealth creation from the land, as well as the 
distribution and disposition of such wealth. It is important to specify the issue of 
“real and effective control” because there are numerous official and legal transac-
tions that occur only on paper, but not in the real world. There are various types of 
land transactions that are part of what Herring (1983, 269) calls “apparent but not 
real” reforms where land records are altered, but not the actually existing land-based 
social relations. This perspective follows the framework of the “theory of access” to 
land resources developed by Ribot and Peluso (2003) that argued for the concept of 
“bundle of powers” rather than “bundle of rights” as more useful in understanding 
current struggles over (land) resources.
 3. Class-conscious. A pro-poor land policy is class-conscious. It ensures that the 
policy benefits the landless and near-landless working classes. Land policies should 
be informed by the notion of heterogeneous agrarian societies or communities, 
by the notion of “social differentiation of the peasantry” (Bernstein 2010; see also 
Bernstein 2002). Communities are usually made up of various classes, which are, 
in turn, defined by their relationship to the means of production, especially, but not 
solely, land. The subject of (re)distribution, or the original entities that controlled 
wealth and power may be the landed classes or the state. When implementing a land 
policy, land-based wealth transfers may occur, but these transfers may or may not 
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benefit the working class poor. For example, mainstream land titling and land rights 
formalization initiatives carried out in settings marked by high degree of inequality 
and power imbalances between social classes are likely to benefit local elites, not the 
rural poor. But even some radical conventional redistributive land reforms that are 
blind to social class differentiation may, at best, benefit only a small section of the 
rural poor, usually the better-off section of the rural dwellers.
For our purposes, a pro-poor land policy is one that recognizes that the interests of 
landless and near-landless rural poor are plural: these are the diverging and, at times, 
competing interests of landless peasants, rural laborers, indigenous communities, 
artisanal fisherfolk-cum-rural laborers, male and female, and so on. By specifying 
the plurality of subgroups among the rural poor, we will be able to disaggregate the 
outcomes of a land policy and see its differentiated impact upon the socially differenti-
ated rural poor. A land policy may benefit one section of the poor, but not another; or 
benefit one section of the poor, but harm another. Making land policies more inclu-
sive is a difficult challenge; the resolution may lie in resolving the land question and 
beyond, to include other reforms within the agrarian structure and rural livelihood 
complex of the poor, especially labor reforms. “Too land-centered agrarian reform 
advocacy” may overlook critical labor reforms, with strategic negative implications. 
Bringing class back in land policy studies (see Bernstein 2010; Herring and Agarwala 
2006) and political struggles will be critical for categorically pro-poor land policies 
to emerge and get promoted.
 4. Historical. A pro-poor land policy is historical in its perspective. This means, 
the policy should understand the issue of land-based wealth creation, political 
power transfers and recipients from longer historical perspectives. This allows for 
a “social justice” framework to be fully developed. By embedding a land policy view 
from deep historical circumstances, it is able to detect and prevent possible pitfalls 
in land policy frameworks that may undermine some sections of the poor. Problems 
of social conflict and political instability may occur when ahistorical land policy is 
carried out, based solely on the “here and now” calculation which are often guided by 
monetary considerations, e.g., market value of the land, “legitimate legal” claimant 
of the land. Straightforward ahistorical land policies—or ahistorical interpretations 
of land policies—are likely to result in antipoor outcomes. Ahistorical land poli-
cies are likely to undermine the legitimate claims of other poor people and unable 
to contribute to inclusive development or political stability. For example, under the 
contemporary Philippine land reform, potential beneficiaries have to be prioritized 
because there are more claimants than there are available lands for redistribution. In 
commercial plantation sectors (rubber, pineapple, banana), actually employed work-
ers are the priority beneficiaries. It is only when there are excess lands after satisfying 
the demand by actually employed workers that other poor people near the planta-
tion can be considered as possible beneficiaries. Many plantations in the Southern 
Philippines were originally part of Muslim territories. Several decades ago, when the 
commercial plantation belt was being established, many Muslim communities were 
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violently evicted from their lands by transnational companies supported by the cen-
tral state’s police and military apparatus. The dispossessed people continue to live 
around the commercial plantations. They employed non-Muslin workers coming 
from other parts of the country. The latter became the beneficiaries of contemporary 
land reform. Hence, although the land-reform policy was radically pro-poor in the 
context of the latter, it has at the same time legitimized the injustice to the original 
occupants of the land.
 5. Gender-sensitive. A pro-poor land policy is one that, in the minimum, does not 
undermine, and in the maximum, promotes the distinct right of women for their own 
land rights—as peasants or rural laborers and as women. In many instances, women 
have access to land resources distinct to men within their households, such as by being 
a farmworker, a (part-time) farmer, firewood gatherer, and so on. These links to land 
entitle them to their distinct land rights (Agarwal 1994, Kabeer 1999), both as peasants 
and as women. However, it is well known now that previous land policies, especially 
land reform policies, excluded women. This is shown in the studies by, among others, 
Deere (1985) and Deere and León (2001) in the context of Latin America, Agarwal 
(1994) in the context of South Asia, Whitehead and Tsikata (2003) for a general dis-
cussion in African context, and Razavi (2003, 2009) for a general overview world-
wide. Recent land policies started to incorporate women into the agenda. Where it 
has been done, implementation is a major challenge, as in the case of South Africa 
(Walker 2003).
 6. Ethnic-sensitive. Similar to that of the issue of gender, a pro-poor land policy is 
one that, in the minimum, does not undermine, and in the maximum, promotes the 
distinct right of ethnic groups (and other race- and caste-related groupings) to their 
territorial claims, often as peasants and as a people. Previous land policies, especially 
land reforms, have been generally ethnic-blind. Land policies of colonization or pub-
lic land resettlements as well as extractive industry policies have, in varying extents, 
encroached into the territories of indigenous peoples, undermining the access to and 
control over land resources and territories by indigenous peoples (Scott 1998, 49). 
Many contemporary land-oriented violent conflicts have some degrees of ethnic or 
indigenous peoples dimension to them. It is important to be conscious of this social 
fault-line.
 7. Productivity-increasing. A pro-poor land policy contributes to increasing land 
and labor productivity. This means, land policy leads to more intensive land and 
labor use after implementation. One of the arguments for or against land reform is 
the question of land and labor productivity in the context of scale and productiv-
ity. The debate goes on, without a decisive conclusion, with one position maintain-
ing that small-scale farms are more efficient and productive than large-scale farms, 
whereas the other camp argues that large farms are more efficient and productive 
than small family farms (see, Griffin, et al. 2002, as well as Byres 2004 and Sender 
and Johnston 2004). These two competing perspectives largely shape the debates 
about whether to carry out land reform, how and with what development orienta-
tion. The debate is not limited to land reform. Our point regarding this matter is 
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that potential for productivity increases—or decreases—after policy implementa-
tion is not inherently associated with any particular type of land policy. In different 
places and in varying conditions, we have seen that productivity increases through 
conventional land reform, in others via leasehold or rental arrangement, still in 
others through group stewardship contracts. The conditions of existing agrarian 
structures play as much role in shaping the impact of policy upon land and labor 
productivity as the land policy itself.
 8. Livelihood-enhancing. A pro-poor land policy contributes to building diverse 
and sustainable complex of livelihoods. Land policies are usually thought of as some-
thing that has to do with agricultural or forestry development. Although to a large 
extent this is correct, greater understanding of the complex of livelihoods of the 
rural poor demonstrate the extent to which farm, on-farm, and off-farm sources of 
livelihood are, to varying extents, mixed from one household to the next, from one 
country to the next (Scoones 2009). Hence, it is important to view land as part of this 
diverse portfolio of livelihood strategies of the rural poor. “Too farm-centered agrar-
ian reform” may prove to be problematic, counterproductive and nonviable in many 
cotemporary rural settings today.

These eight aspects of pro-poor land policy are necessarily complementary 
to each other. In the real world, however, it may not always be straightforward to 
achieve this set, especially in places where there are contradictions between two or 
more aspects. Take, for example, a case in which a contested land is limited in quan-
tity and the land claim makers—all legitimate on the bases of the key aspects dis-
cussed here—exceed the available land for redistribution. In the face of conflicting 
normative principles, which dominates? Would it be class-based, ethnicity-based, 
gender-based social justice, or some productivity consideration? These are not easy 
choices at the level of normative theory. Governments and international develop-
ment agencies have made choices that, in retrospect, seem contrary to pro-poor 
interests, but the same can be said of many progressive, even left-wing, rural social 
movements.

Dynamics of Reform

As a critical conversation with the conventional land reform (restricted to redistribu-
tion of large private estates) and the dominant mainstream discourse around so-called 
“pro-poor land policy” today—and equipped by the normative features of a truly 
pro-poor land policy discussed earlier— discussion of trajectories of resultant social 
change is warranted.1 Historically, based on various country experiences, there are 
at least four broad trajectories of agrarian change resulting from implementation of 
land policies:  redistribution, distribution, non(re)distribution, and (re)concentration 
(Borras and Franco 2010).
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Redistribution

The first is redistribution. The defining principle for this type is that the land-based 
wealth and power are transferred from the monopoly control of either private landed 
classes or the state to landless and near-landless working poor (poor peasants and rural 
laborers). It changes the relative shares of groups in society. It is a “zero-sum” reform 
process (Fox 1993, 10). Here, redistributed wealth and power is a matter of degree, 
depending on the net loss of the landed entities and on the net gain of the landless and 
near-landless poor. And so, policies that expropriate lands without compensation and 
distribute these to peasants are redistributive reforms. The revolutionary land reform 
in China in the early 1950s is an example. Arguably lands that are expropriated can, in 
turn, be appropriated by the state to create state farms to benefit the landless poor by giv-
ing them employment in these large-scale farms, as in the case of Cuba. A classic redis-
tributive land policy acquires land at slightly below the commercial market value, and 
re-sells the same to peasants at slightly below the full market value. This is the more 
common type of land reform, as in the case of Taiwan (Tai 1974). Arguably, the former is 
more redistributive than the latter, as illustrated empirically in the cases of Chinese and 
Taiwanese processes of the early 1950s, respectively (Borras 2007).

The conventional notion of redistributive land reform, that is, applied only in (rela-
tively) large private lands, is the most commonly understood example of land-based 
redistributive reform. These are explained in important works such as Tuma (1965) 
and Griffin et al (2002). However, we argue that there are a variety of policy expressions 
beyond the conventional notion that can result in changing the relative shares of groups 
in society. These include redistributive land reform, land restitution, share tenancy, or 
land-tenure reform, land stewardship, indigenous land-rights recognition, labor reform, 
and so on. This variety exists regardless of whether a policy is applied to a private or pub-
lic land. The key is the degree and directionality of redistributed wealth and power.

Distribution

The second type of reform is distribution. The defining character of this type of reform 
is that the landless and near-landless working poor are the recipients of land-based 
wealth and power. However the original source of wealth and power can either be the 
state or community (or a private entity that has been fully compensated by the state). 
In many settings, this type of reform would mean affirming and protecting preexisting 
land access and occupancy by poor peasants whose tenures are insecure, as in many 
countries in Africa (Cousins 2007). It is a “positive sum” reform process. It does not take 
resources from one group in society to redistribute to another. In fact, often such a pol-
icy is passed precisely to avoid having to resort to redistributive policies (Fox 1993, 10). 
For example, a piece of land that is officially categorized as public or state forest is actu-
ally an agroforest land tended and tilled by poor peasants or forest dwellers. A long-term 
forest- land use-rights allocation was issued to the poor peasants or forest dwellers in 
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order to make their preexisting access to the forest land more formal and secure. This is 
a distributive reform.

A handful of successful forest-land allocation experiences in Vietnam in recent years 
can qualify in this category, whereas the more widespread (re)allocation of agricultural 
land in Vietnam is also an example of this type of reform (see, e.g., Kerkvliet 2006). 
These types of land can be alienated in favor of the peasant tillers, with a similar dis-
tributive effect as in the case of some formalization of land rights initiatives that actually 
benefited the poor. Meanwhile, a government may purchase at market price a piece of 
private land and then distribute this to the landless for free or for a minimal cost. This 
type of transaction can, under certain conditions, qualify as distributive reform. The 
postapartheid South African land reform is, arguably, an example, by the fact that ben-
eficiaries receive cash transfers from the government in order to purchase land (Lahiff 
2007). Some past and present public-land resettlement programs, in theory and under 
certain conditions, may qualify in this category.

Similar to the discussion under the redistributive type of reform, the landed prop-
erty rights that are distributed can be private, state, or community owned. The forms of 
organizations of distributed landed property rights can be individual, group, or coop-
erative. The distributive type of reform, in general, is perhaps not as controversial or 
conflictual as the redistributive type. This is because the key question here is more “who 
gets what” and avoids taking lands from the landed classes (Fox 1993, 10). However, it 
would be a serious mistake to assume that all reforms involving such lands are free of 
conflict. Many so-called public lands are sites of persistent and heated struggles between 
various social groups and classes to gain access to and control over the land resource 
(Franco 2008).2 This is especially so when there is a perception by some elites that such 
distributive reforms may actually erode some of their economic privileges, prestige, and 
opportunities, whether real or perceived losses, as in some cases of commercial farmers 
in southern Africa.

Non-(re)distribution

The third category is non-(re)distribution. The defining nature of this category is the 
maintenance of the status quo, where the latter is a condition that is marked by ineq-
uity and exclusion in land-based social relations. Here, the most typical land policy is 
“no land policy.” In settings where there are vast inequities and exclusion in land-based 
social relations, a “no land policy policy” effectively means nonredistribution of 
land-based wealth and power. In many other settings, a similar effect is created by hav-
ing a land policy, even a pro-poor land policy such as land reform, but then leaving the 
policy dormant. Another example is the forcible evictions done by landlords, agribusi-
ness or real estate companies in potentially or actually contested landholdings to avoid 
any forms of land and labor reforms. The post-apartheid farm dweller evictions in South 
Africa are provide one example. However, there are also active land policies that are cat-
egorically non-(re)distributive. We now turn our discussion to these types.
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Formalization of inequality occurs when in agrarian societies marked by 
socio-economic inequality and lopsided power relations, an apolitical, ahistorical, 
gender-blind, ethnic-blind and class-blind “formalization” of land rights campaign is 
carried out. Formalizing land rights of legal claimants in settings marked by high degree 
of inequality is likely to cement land claims by the non-poor, mostly elite, claimants. In 
such cases, formalization policies have only formalized inequality and institutionalized 
historical injustice. Many private land-titling programs carried out by former colonial 
powers thus dispossessed the local population and facilitated land-grabbing by coloniz-
ers. Today, some cases of technical formalization of land rights initiatives under certain 
conditions may have effects similar to the earlier waves of enclosures in the context of 
contemporary Africa (Nyamu Musembi 2007). In some settings marked by inequality, 
carrying out market-led agrarian reform is also tantamount to formalizing inequality, as 
in several actual cases in the Philippines (Borras, Carranza, and Franco 2007).

Restitution without redistribution happens when large-scale land-based wealth 
and power transfers were carried out in the name of the poor, but in reality the latter 
have no significant effective access to or control over land resources having transferred. 
Land restitution policy is supposed to simply restore the control over land resources 
of previously dispossessed people, for example, South African blacks due to apartheid 
or Colombian internally displaced people due to rural violence (la violencia) and land 
grabbing. In places where land restitution has been attempted, previously expelled peo-
ple do not automatically regain their land rights. Examples include some (post-)conflict 
situations in which land restitutions were carried out via large tracts of lands or terri-
tories were awarded to communities without any process of democratizing access to 
and control over these land resources and territories. One example of a particular kind, 
arguably, is the way in which many of the land-restitution claims have been handled in 
postapartheid South Africa that were devoid of any significant redistributive content, 
where, in some cases, it became a transaction similar to “disturbance compensation” 
paid to affected people; people were not given back their lands, they were being com-
pensated for their earlier displacement.

Many civil wars were partly caused by or have complicated struggles to control land 
resources or territories. Therefore, almost always, peace settlements included land pol-
icies. However, seldom do redistributive reforms in land figure in the political settle-
ments, partly because forces opposed to redistributive land policies are located in all 
warring factions, as in the case of the political conflict and peace-building efforts in the 
Southern Philippines (Gutierrez and Borras 2004). In cases in which land was inserted 
into the terms of peace settlement in recent times, the kinds of land policies adopted 
were too market-oriented to guarantee actual land restitution to those who were previ-
ously displaced by civil wars for various reasons, including the fact that they are much 
weaker actors in the (land) market. As a result, most of these settlements were less 
effective, benefiting the elite more than the poor. We see these dynamics in the many 
country cases involved in the Central American peace accords from 1996 onward, in 
which land policy was indeed inserted into the peace settlement process—but was 
based on “willing seller, willing buyer” land market transaction principle that is far 
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from a social-justice-oriented concept of land restitution (Gauster and Isakson 2007, De 
Bremond 2007).

Finally, there is also a trajectory that can be termed counter-reform. The conventional 
use of resettling potential and actual land claimants to empty public lands may, under 
certain conditions, have potential for redistribution, although historically resettle-
ment has negatively affected preexisting settlements of local populations (Scott 1998, 
69). However, where such a resettlement policy is done precisely to avoid and under-
mine political agitation for redistributive reforms in the larger agrarian society, then, in 
effect, it constitutes a counter-reform. Feder (1970) once called the policy of land reform 
in public lands “counter-reform” (see also Thiesenhusen 1971, 210; Tai 1974, 234). The 
counter-reform in this context is still practiced in some places today, such as in Brazil. 
João Pedro Stedile (2007, 203–204), leader of the Movement of the Landless Workers 
(MST), explains that in recent years under the Lula administration the government set-
tled 380,000 families, but that 64 percent of these families were sent to the Amazon, 
which avoided any expropriation of private land owners. “The families are now com-
pletely out of the class struggle . . .  Our people are stranded in the Amazon, lost in a hos-
tile environment. Not even a small market for their produce is available there.”

(Re)concentration

The fourth type is (re)concentration. The defining character of this type is that, although 
land-based wealth and power transfers do occur, access to and control over the land 
resource actually gets (re)concentrated in the hands of the non-poor: private landed 
classes, corporate entities, state or other elite community groups. This kind of change 
can occur in private or public lands. The organization of control over land resources 
can be through individual, corporate, state, or community group institutional arrange-
ments in property rights. The transfer may involve full land ownership or not. Different 
variations are possible, but the bottom line is the same:  the recipients of land-based 
wealth and power transfers are landed classes and other non-poor entities or the state. 
For example, White commercial farms transferred to emerging elite entrepreneurs from 
previously (racially) disadvantaged groups, such as those in Southern Africa, qualify to 
be in the broad category of “(re)concentration.” There are at least two broad trajectories 
within the (re)concentration category.

First, reverse redistribution occurs when previously redistributed land-based wealth 
and power (from the landed classes or from the state to the working poor) was later 
redistributed back again to the landed classes, other elites, or the state. This kind of rever-
sal was seen in Chile after the 1973 coup by Pinochet, who returned a significant por-
tion of land redistributed by the Allende government to its previous owners and other 
elite entities Arguably, many of the (peri-urban) land conflicts in China today exem-
plify this type: landholdings expropriated from landlords and redistributed in the 1950s 
were later collectivized; then, years after, the land would be de-collectivized through a 
household-responsibility scheme. Since the 1980s, many of these became the object of 

 



268   Saturnino M. Borras Jr. and Jennifer C. Franco

competing land use. On many occasions, local government units have taken over such 
lands from the villagers without sufficient or fair compensation to the affected commu-
nities. This process has underpinned recent escalating rural conflict and violence. In 
addition to such large-scale reversals, there are also “micro” reversals involving specific 
landholdings that were previously redistributed to peasants. This type of reversal can be 
seen today in settings that have significant land redistribution or have had land tenure 
reform in the past, such as in the Philippines (Borras 2007).

Second, perverse redistribution is a trajectory in which land-based wealth and power 
are transferred from the working poor people to the landed classes, other elites, or the 
state or elite community groups. This can happen under a variety of policies, including 
land-reform policy, forest-land allocation or management devolution, formalization 
and privatization of land rights, a variety of land-based joint venture agreements and 
land lease arrangements. This kind of redistribution has occurred in many guises and in 
many places historically. These include the many private land titling initiatives past and 
present that were captured by elites, in which the poor lost access to and control over 
land resources, as shown in the vast critical literature on the subject. A recent example 
comes from the Philippines, where a market-led agrarian reform experiment, in some 
instances, facilitated the formalization of land-grabbing of indigenous communities’ 
lands, leading to poor people losing their actual occupancy and formal claim over land 
rights that were in turn given formally to elite claimants (Borras, Carranza and Franco 
2007).

In sum, land policies, when implemented, have intended and unintended outcomes; 
historically, there have been four broad categories of such outcomes. These four catego-
ries offer analytical signposts for observers to understand land policies in terms of their 
impact on the rural poor.

Conclusion

The land-and-food nexus has been a persistent political question in human history. 
Land reform—the conventional variant of it—is one policy and political device to 
address the question of social justice and production through redistribution of large 
estates to landless and near-landless rural poor (Tai 1974). There are other dimensions 
of land reform (e.g., political democratization), but the land-food nexus tends to be a 
central one. That land reform remains a critical issue today—especially in relation to the 
politics of food and hunger—is beyond question (Lipton 1993; 2009). This importance 
has been re-emphasized by the current global land rush.

However, to argue that land reform is a sufficient umbrella conceptual, political, and 
policy framework to tackle the land-food nexus in the context of current dynamics is 
incomplete. The advocacy of La Vía Campesina for land reform in confronting the cur-
rent situation of global land rush, for example, is only partly correct, and is largely mis-
placed. Much of the lands targeted in contemporary global enclosure are not relatively 
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large private landholdings, but the vast nonprivate lands, many of which are perceived 
to be underutilized and are under various forms of occupancy by a variety of people, 
often with rights poorly institutionalized in formal state practice. A more inclusive and 
relevant position in the current context is a comprehsive pro-poor land policy, along the 
lines developed earlier.

There are two ways in which a pro-poor land policy—conceptually and politically—
has relevance to the land-food-poverty nexus today. The narrow conventional mean-
ing of land reform—framed within the redistribution of large private landholdings to 
landless and land-poor rural poor—may be situationally relevant, but needs expan-
sion in order to address the range of issues that connect land and hunger. We need 
to recast policies addressing land-based social relations by redistributing land-based 
wealth and power regardless of the preexisting land-property-rights regime, on both 
private and public lands. This is easily done conceptually—but difficult politically. 
The other option is to move beyond traditional land reform to include policies such 
as restitution, forest management programs, leasehold reform, water rights reform, 
policies on “peasant land reserves,” price policies and terms of trade, etc. This is easy 
conceptually and politically feasible. The concept of redistributive land policy is also 
to be embedded, analytically and politically, within emerging contemporary (re)dis-
tributive social policies that are gaining traction worldwide, moving beyond the land 
to address the needs of the land poor. The land-food nexus need not be determinative 
of life chances. One specific example is the rise of state-sponsored conditional cash 
transfer schemes that improve food security for the poor, such as India’s MGNREGA 
(Mahatma Gandhi National Rural Employment Guarantee Act) and Brazil’s Bolsa 
Familia—whether seen as a substitute for or a complement to conventional land-ori-
ented policies.3

Notes

 1. This section draws on Borras and Franco (2010).
 2. We just have to think of land conflicts in Central and Northern Highlands as well as low-

land agricultural farms in Vietnam (Kerkvliet 2006), Indonesia (Tsing 2002, Li 1996, 
Peluso 1992), Bolivia (Kay and Urioste 2007) and China that all involve public—not 
private—lands.

 3. See, for example, the chapters in this volume by Sahn, Gaiha et  al., and Kotwal and 
Ramaswami.
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Chapter 11

Fo od Securit y, 
Productivit y,  and Gender 

Inequalit y 1

Bina Agarwal

Introduction

Of the many global challenges we face today, perhaps the most significant and of the 
longest duration is that of providing food security and eliminating hunger. This chal-
lenge is compounded by developments such as the rise and volatility of food prices; the 
shift from foodcrops to biofuels in major food-exporting countries; the neglect of agri-
culture in many developing countries, especially in terms of investment in infrastruc-
ture; and the looming threat of climate change with its predicted adverse effects on food 
production.

These developments are both cause for serious concern and an opportunity for 
change, since there is now a renewed global interest in agriculture to reduce the con-
straints to economic growth and improve food security. There is also a growing recogni-
tion of the need to tap the potential of small farmers, a vast number of whom are women. 
For sustainability, we need long-term efforts to increase production, stabilize food avail-
ability, and improve distribution. Here the role of women as farmers, as consumers, and 
as family food managers, can prove pivotal.

Food security requires both the availability of adequate food and economic and 
physical access to what is available. The quality of food (e.g., adequate micronutrients) 
is also important. In each respect, women play a critical role. They are major food pro-
ducers and hence significant contributors to food availability. Their access to food has an 
important bearing on their own and their family’s food security. And nutritional quality 
is of particular importance for women, given their special needs during pregnancy and 
lactation.
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This chapter examines the relationship between gender inequality and food security 
with a particular focus on the following dimensions: (i) women as food producers, the 
production constraints they face as farmers, and the potential for increasing agricultural 
output globally if the constraints are overcome; (ii) women as consumers and key man-
agers of food in the home, and the implications of their unequal access to food; and (iii) 
the mechanisms, especially institutional, for overcoming the constraints and inequali-
ties women face as producers, consumers, and family food managers. Before focusing 
on the gender dimensions, however, I outline some general factors that impinge on the 
question of food security today.

Some General Factors

A key factor that has an important bearing on long-term prospects of global food secu-
rity is the regional concentration of foodgrain production and exports. In 2008, Asian 
farmers produced 90% of the world’s rice and around 40% of its wheat and total cere-
als. Most Asian countries, however, consume what they produce, and the exports come 
from only a few. Sixty-five per cent of all cereal exports came from North America and 
Europe in 2008 (Figure 11.1).
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Figure  11.1 Production, exports, and imports of total cereals by the world’s regions, 2008 
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 Source: Based on FAO Statistics (http:/faostat.fao.org).
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This regional concentration makes food deficit regions overdependent on cer-
tain countries. It also leaves food-importing countries vulnerable to policies in the 
exporting countries. For instance, if the latter shift large areas from food grains to 
biofuels, or manage their agriculture inefficiently, or cut exports to deal with their 
own needs, or do little to control speculative hoarding, the impact would be felt 
by the importing countries. Adverse weather conditions can compound these other 
effects. In fact, these are exactly the kinds of factors that underlay the 2007−2008 
price rise, when the food price index rose by nearly 40% relative to 9% in 2006 
(von Braun 2008). The adverse effects of this price rise fell on food-grain import-
ing countries and on net buyers of foodgrains within countries (Quisumbing, et al. 
2008, see also von Braun 2008−2009). The worst affected were the poor, especially 
women and children. By World Bank estimates, the price rise added 105 million 
to the poor, mostly in South Asia and sub-Saharan Africa (Ivanic and Will 2008). 
Although the 2007−2008 price spike was especially dramatic, the overall upward 
trend in prices continues and is cause for major concern globally, as is the prospect 
of price volatility.

To these short-term factors, we need to add long-term ones such as (i) dietary shifts 
toward meat and milk with rising incomes in developing countries, leading to a higher 
demand for grain to feed livestock and the land to grow it2; (ii) rising world population, 
which is predicted to be 9 billion by 2050; and (iii) neglect of agriculture in developing 
countries over a long period, reflected especially (as mentioned) in falling public invest-
ment in agricultural infrastructure and services.

In addition, we have the predicted averse effects of climate change on foodgrain 
production. The impact is expected to be especially negative in South Asia and 
sub-Saharan Africa. Assessments by the International Food Policy Research Institute 
(IFPRI) in Washington DC, for instance, show that in 2050, climate change relative to 
the no-climate-change scenario, could lower production of rice, wheat, and maize by 
around 14%, 49%, and 9%, respectively, in South Asia, and by 15%, 36%, and 7%, respec-
tively, in sub-Saharan Africa (IFPRI 2009).3 Indeed, climate change, coupled with a 
growing demand for food as populations and incomes grow, is also expected to trigger 
price rise in the major staples, namely rice, wheat, and maize. These price increases need 
not translate into increased production, given supply-side constraints faced by small 
producers, who constitute a vast proportion of farmers in developing countries. Also, 
higher feed prices will raise meat prices.

Extraordinary efforts will thus be needed to meet the food security demands of the 
estimated 9 billion people by 2050, even without climate change. With climate change, 
this is even more of an imperative. If food output lags behind population, the availabil-
ity of per capita calories in the developing world in 2050 will be lower than in 2000. By 
some estimates, this could result in a 20% higher child malnutrition than would be the 
case with no climate change (IFPRI 2009). Indeed, even with the best efforts at mitigat-
ing climate change, the poor, and especially women and children, are likely to suffer dis-
proportionately. The gender factor is, in fact, a critical one as we look toward the future, 
given women’s multiple roles in ensuring food security.
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Women as Food Producers

Agriculture today contributes less than 10% of the GDP of most countries, but continues 
to be a major source of employment and livelihoods in many. This is especially so in Asia 
and Africa, where close to 60% of workers are in agriculture ( figure 11.2). This divergence 
in major developing regions, between agriculture’s GDP contribution and the population 
it supports, means that many are trapped in low-productivity livelihoods. And this trap is 
gendered, given women’s disproportionate dependence on agriculture for a living.

Women workers depend much more on agriculture for survival than male workers, 
due to their lesser access to nonfarm jobs. In Africa, for instance, in 2008, 63% of female 
workers relative to 48% of male workers depended on agriculture-based livelihoods. 
For Asia, the figures were 57% for females and 48% for males ( figures 11.3 and 11.4). 
Women also constitute a substantial proportion of the total agricultural labor force 
( figure 11.5). In Asia, for instance, 43% of all farm workers in 2008 were female, with 
figures as high as 52% in Cambodia and the Lao People’s Democratic Republic, 50% in 
Bangladesh, 49% in Vietnam, and 48% in China. In the world’s major rice producing 
and exporting regions, therefore, almost half the agricultural work force is female. In 
Africa, again, women form almost 50% of agricultural workers. Moreover, based on 
time use data for parts of sub-Saharan Africa, India, and China, Doss (2010: 9) finds 
that women contribute 60–70% of the total labor needed to bring food to the table in 
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Figure 11.2 Percent of total labor force in agriculture: world’s regions.
 Source: Based on FAO Statistics (http:/faostat.fao.org).
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Figure 11.3 Female labor force in agriculture as a percent of economically active female 
population: world’s regions.

 Source: Based on FAO Statistics (http:/faostat.fao.org).
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developing countries, if we aggregate the time spent on food production, processing 
and preparation.

Indeed, not only is dependence on women’s work in agriculture high, but it is grow-
ing, since men have been moving to nonfarm jobs to a much greater extent than 
women. Over the past four decades, in all parts of the world except Europe, women 
workers have been rising as a proportion of the total agricultural work force—in some 
cases gradually, as in Asia, and in other cases substantially, as in Oceania and South 
America (figure 11.5). In other words, we are seeing a move toward the feminization of 
agriculture (defined here as a rise in the proportion of women in the total agricultural 
work force, even if the absolute proportion remains half or below). Clearly, the agrarian 
transition—the shift of workers from agriculture to industry and services, and from 
rural to urban areas—that is expected with development, has been notably gendered.

To revive and sustain agricultural growth, as well as adapt to or mitigate climate 
change, the role of women farmers will thus be central. How effectively they can con-
tribute, however, will depend crucially on their having secure rights in the land they 
cultivate, as well as access to credit; inputs such as fertilizers, irrigation, technology; 
information on new agricultural practices; and marketing infrastructure.

Gendered Production Constraints

Women farmers face a wide range of gender-specific constraints that affect their pro-
ductive potential as agricultural workers. First, like the majority of male farmers in 
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developing countries, women operate small farms (in most of South Asia, 80% of farm-
ers cultivate under two hectares). Landlessness has also been growing. Women, in any 
case, have historically been largely landless, in that most own little or no land them-
selves, even if their families own some. A vast proportion of them works as unpaid labor 
on family farms, or as laborers on the fields of others, or under insecure tenure arrange-
ments on land obtained through the family or markets (World Bank 2007, 80). In most 
regions, the “self-employed” women are typically those working on family farms where 
the land is owned by spouses or male relatives, rather than by the women themselves.

Although few countries collect country-level gender-disaggregated data on land or 
asset ownership, information gleaned from those that do, and from small-scale studies 
in others, shows a substantial gender inequality. In most of South Asia, except Sri Lanka, 
for instance, few women own land (Agarwal 1994). In Nepal—a rare country that col-
lected information on landownership by gender in its 2001 census—women were found 
to own land in only 14% of landowning rural households (Allendorf 2007). In India, 
although there are no comprehensive data for ownership holdings, the Agricultural 
Census of 2010–2011 shows that women held only 12.8% of all operational (i.e., culti-
vated) land holdings covering 10.4% of the operated area (GoI 2010–2011). In rural 
China, women constitute an estimated 70% of the landless since they are not alloted use 
rights in community land under the household responsibility system, when they relo-
cate on getting married or divorced (Li 2003: 4).

Within Asia as a whole, the gender gap in access to land is much larger in South Asia 
than in Southeast Asia; and within South Asia the gap is larger in the northern belt 
(northwest India, Bangladesh, and Pakistan) than in south India and Sri Lanka (Agarwal 
1994). Underlying these regional variations are differences in laws, culture (especially 
postmarital residence: distant marriages reduce access), ecology-linked cropping pat-
terns (e.g., women’s work contribution is more visible in rice than in wheat cultivation), 
ethnic and religious diversity, political freedoms, and overall development. In Africa, 
again, we see substantial gender gaps. In Ghana, women hold land in only 10% of the 
households relative to 16–23% among men (Deere and Doss 2006). In Kenya, women are 
5% of registered landholders. In Latin America, too, there are notable gender inequalities 
in land ownership (Deere and de Leon 2001; Lastarria-Cornhiel and Manji 2010). But 
even when women have access to land, their control over it (in terms of rights to lease, 
mortgage, or sell it, or use it as collateral) tends to be more restricted than men’s.4

A comparison of land held by male and female headed households is also reveal-
ing.5 Household surveys, compiled by the Food and Agricultural Organisation (FAO) 
for 20 countries, show that male-headed households (MHHs) operate much larger 
farms on average than female-headed households (FHHs). In Bangladesh, Ecuador, 
and Pakistan, for instance, the farm size of male household heads is twice that of female 
household heads.6 Moreover, Anriquez (2010) finds that rural FHHs have a higher share 
of elderly dependents (over 64 years of age), whereas rural MHHs have a higher share 
of child dependents. Female-headed households are therefore likely to be more labor 
constrained than MHHs which would have access to youth labor as the children grow to 
adulthood.
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Second, there are well-documented gender inequalities and male biases in women 
farmers’ access to technical information, credit, extension services, critical inputs 
such as fertilizers and water, and marketing (World Bank 2009, FAO 2011, Peterman, 
Behrman, and Quisumbing 2009). Membership in rural cooperatives, which provide 
inputs, is also predominantly male in most countries (see Saito, et al 1994, among oth-
ers). In addition, there are significant gender differences in the tools owned by male and 
female farmers. In Kenya, for instance, the value of farm equipment owned by FHHs 
was found to be half that owned by MHHs (Saito, et al. 1994, 23). In Gambia, under 1% of 
women farmers are found to own a weeder, seeder, or multiuse agricultural implement, 
compared with 12%, 27%, and 18%, respectively, of male farmers (cited in Peterman et al. 
2009, 28).

Third, women face social restrictions in public participation and mobility in many 
regions (such as in northern South Asia, the Middle East, and North Africa). This 
adversely affects their ability to freely procure inputs, or sell their produce, or hire labor. 
In other words, it restricts their ability to function fully as farmers (Agarwal 1994, FAO 
2011, World Bank 2009).

Fourth, these constraints, in turn, restrict women’s ability to take advantage of oppor-
tunities for higher-value production. Lack of secure land rights and other resources can 
exclude women farmers from contract farming arrangements, as research in Kenya and 
Senegal shows (Dolan 2001, Maertens and Swinnen 2009). And in family farms, where 
men hold the contracts, women tend to face heavier workloads, while men control the 
cash generated (Collins 1993, FAO 2011). Women are also less able to adopt high-yielding 
crop varieties and improved management systems due to poorer access to extension ser-
vices (see Doss 2001, for Africa).

What impact do these constraints have on farm productivity?

Gender Differences in Farm 
Productivity

A substantial body of available evidence indicates that gender inequalities in access 
to land, other production inputs, and agricultural support systems, can significantly 
affect farm productivity. The effects are especially revealing in contexts in which men 
and women cultivate both separate and joint plots, as is common in sub-Saharan 
Africa. For this region, a fair number of studies have measured productivity differ-
ences between male and female farmers (Table 11.1). The studies vary in their meth-
odologies and in what they measure (individual crop yields, all farm output, or farm 
incomes), but all of them are based on medium to large samples and statistical analy-
sis. Typically the comparison is between FHHs and MHHs, but a few studies measure 
differences between plots managed by men and women within the same extended 
household.

 



Table 11.1 Gender differences in agricultural productivity/efficiency: A summary of 
existing studies

Country Author and Year Sample Crop(s)

Productivity/
efficiency 
differences

Differences 
attributable 
to constraints 
faced by women 
farmers

AFRICA RELATED STUDIES
Benin (Central) Kinkingninhoun-   

Mêdagbé et al. 
(2008)

50 farmers from 
an irrigated rice 
scheme (and 145 
farmers in total)

Rice Women’s yields 
are 27% below 
those of male 
farmers in one 
season.

Women lack 
timely access 
to ploughing, 
planting and 
transportation 
services

Burkina Faso 
(Subnational)

Udry et al (1995) ICRISAT sample 
survey covering 
150 households 
and 4,655 plots 
over four years

All crops, 
sorghum and 
vegetables

Women’s yield is 
18% lower than 
that of men for 
all crops, 40% 
less for sorghum 
and 20% less for 
vegetables.

Women use less 
inputs, especially 
fertilizers. Overall 
output could 
be increased by 
10–20% with a 
reallocation of 
inputs between 
male and female 
plots

Burkina Faso 
(Subnational and 
National)

Akresh (2008) ICRISAT sample 
survey used by 
Udry et al (1995) 
and a nationally 
representative 
survey of 2,406 
farms in 1990/91

Millet-Sorghum 
and Cotton-   
Rice-Fonio

Women are 32% 
less efficient in 
ICRISAT areas, 
just under 7% 
less efficient in 
near-ICRISAT 
areas, and 
equally efficient 
in other areas.

No information

Burkina Faso 
(National)

Bindlish, Evenson, 
& Gbetibouo 
(1993)

Nationally 
representative 
survey of 
2406 farms in 
1990/1991

All crops 15% lower 
value of total 
output on female 
headed farms.

No information

Cameroon  
(Southern)

Kumase, 
Bisseleua, & 
Klasen (2008)

Survey covering 
1030 cocoa 
farmers in 2007

Cocoa Similar 
productivity of 
male and female 
farmers. With 
equal access 
to inputs and 
extension women 
would be slightly 
more productive.

Women have less 
access to inputs 
and extension 
services.

(Continued)



Country Author and Year Sample Crop(s)

Productivity/
efficiency 
differences

Differences 
attributable 
to constraints 
faced by women 
farmers

Côte d’Ivoire 
(Northern)

Adesina and  
Djato (1997)

Survey of 410 
farmers in 
three districts, 
1993/1994.

Rice Dummy for 
gender of farmer 
is statistically 
insignificant. 
Relative 
economic 
efficiency is the 
same for male 
and female 
farmers.

No information

Ethiopia (Central 
Highlands)

Tiruneh et al. 
(2001)

180 Heads of 
households

All farm output Value of gross 
output per 
hectare: FHHs 
obtain 35 per 
cent less than 
MHHs.

Women use less 
inputs and have 
lower access to 
extension services.

Ethiopia (Highlands) Holden, Shiferaw, 
& Pender (2001)

1998 survey of 
102 heads of 
households (and 
606 farm plots) in  
7 villages

Barley and  
other cereals

Land 
productivity 
was 49-67% 
higher on plots 
operated by 
MHHs than by 
FHHs.

FHHs have lesser 
access to male 
labor and oxen.

Ghana (Akwapim) Goldstein and 
Udry (2008)

– Maize-cassava Wives achieve 
lower profits 
than their 
husbands.

Women have 
insecure land 
tenure leading to 
less investment in 
land fertility.

Ghana (Subnational) Hill and Vigneri 
(2009)

Panel for 428 
farmers covering 
2002 and 2004

Cocoa No statistically 
significant 
difference. 
Women are as 
productive as 
men.

No information

Ghana (Western) Quisumbing et al 
(2001)

281 heads of 
households in 10 
villages. 1996/1997 
survey

Cocoa No differences 
observed based 
on gender of 
parcel manager.

No information

  Table 11.1 Continued
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Country Author and Year Sample Crop(s)

Productivity/
efficiency 
differences

Differences 
attributable 
to constraints 
faced by women 
farmers

Kenya (Subnational) Saito et al (1994) 750 Heads of 
households with 
plot specific 
information. 
Regression for 
494 plots. Three 
districts covered in 
1989/90.

Maize, beans 
and cowpeas

Men’s mean 
gross value 
of output per 
hectare is 8.4% 
higher than that 
of women. The 
gender dummy 
is statistically 
insignificant.

Gender 
differences in 
productivity are 
attributable to 
gender difference 
in input use.

Kenya (Western) Moock (1976) 152 farmers Maize Yields on 
female plots are 
lower, but the 
difference is 
not statistically 
significant. 
Women would 
produce 6.6% 
more output 
than men, 
everything else 
being equal.

Productivity 
differences due 
to lower inputs 
by women, in 
particular of 
chemical fertilizer.

Kenya (Western) Alene et al. (2008) 800 heads of 
households

Maize FHHs obtain 
yields that are 
23% lower than 
those of MHHs 
(not indicated 
whether the 
difference is 
statistically 
significant).

Yield differences 
largely due to 
women’s lower 
access to land 
and education. 
After controlling 
for these 
factors, women 
and men are 
equally efficient, 
technically and 
allocatively.

Kenya (Western) Ongaro (1990) 257 smallholder 
farmers

Maize Women obtain 
about 16% lower 
yields than male 
farmers.

Women use 
substantially 
lower amounts of 
fertilizer.

Kenya Bindlish & 
Evenson (1993)

675 farm heads 
of households in 
7 representative 
districts

All farm output Dummy for 
gender of head is 
not statistically 
significant.

No information
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Country Author and Year Sample Crop(s)

Productivity/
efficiency 
differences

Differences 
attributable 
to constraints 
faced by women 
farmers

Malawi (National) Gilbert et al. 
(2002)

1,385 farmers Maize Male plots have 
12-19% higher 
maize yields.

Women’s plots 
have lower input 
use, notably 
fertilizer and  
labor.

Nigeria (Oyo State) Adeleke et al. 
(2008)

70 smallholder 
farmers

Maize, yam, 
cassava, 
vegetables, 
legumes

No significant 
difference in value 
of production 
(gross margin) for 
male and female 
farmers.

No information

Nigeria (Ondo&Ogun 
States)

Timothy and 
Adeoti (2006)

287 small-scale 
cassava farmers; 
data for 2004.

Cassava output Women are 
slightly more 
technically 
efficient but 
less allocatively 
efficient.

Women 
underutilize 
inputs, and/or 
purchase inputs of 
different quality 
or prices than 
men.

Nigeria (Osun State) Oladeebo & 
Fajuyigbe (2007)

100 farmers; data 
for 2002/2003.

Rice Female farmers 
have 66% lower 
rice yields than 
male farmers.

Gender 
differences are 
attributable to 
differences in 
input levels.

Nigeria (Oyo State) Saito et al (1994) 720 heads of 
households and 
plot specific data 
for 1989/1990. 
Regression analysis 
for 226 heads 
of households & 
1,175 plots.

Food Dummy for 
gender of 
plot user is 
statistically 
insignificant 
for household 
level analysis. 
However, 
dummy for the 
gender of plot 
manager is 0.56 
and statistically 
significant 
for plot level 
regressions.

No information
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Country Author and Year Sample Crop(s)

Productivity/
efficiency 
differences

Differences 
attributable 
to constraints 
faced by women 
farmers

Senegal (Upper 
Senegal River Valley)

Lilja, Randolph, & 
Diallo (1998)

135 rice farmers in 
the Upper Senegal 
River Valley in 
1998.

Rice Female farmer’s 
rice yields are 
20% below those 
of male farmers.

Women are 
constrained in 
terms of their 
lower access 
to inputs, the 
intensity and 
timing of input 
use, timely 
weeding and 
guarding the 
fields against 
birds.

Zimbabwe (3 rural 
areas)

Horrell and 
Krishnan (2007)

300 heads of 
households; data 
for 2001.

Maize, 
Groundnuts, 
Roundnuts, & 
Cotton

Dummy for FHHs 
is significant 
only for cotton. 
Large differences 
in yields 
obtained by 
MHHs and FHHs

FHHs are 
disadvantaged 
in input quality, 
timely access 
to inputs and 
differences in 
experience.

ASIA RELATED STUDIES

China (Six rural 
provinces)

Zhang et al (2004) 1,199 heads of 
households; data 
for 2000.

All crops, rice, 
wheat and 
maize

Women-run 
farms are as 
efficient as those 
run by men.

No information

Korea, Republic of Jamison & Lau 
(1982)

1,363 mechanized 
farms.

Rice Dummy for 
male HH head 
is statistically 
significant and 
positive.

No information

Korea, Republic of Jamison & Lau 
(1982)

541 non-   
mechanized 
farms.

Rice Insignificant 
coefficient for 
dummy for 
gender of HH 
head.

No information

Source: Compiled by author from information provided by the SOFA Gender equity team, in particular Teri 
Raney and Andre Croppenstedt, FAO, Rome, 2011.
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The findings are notable. Several studies find no statistically significant difference in 
managerial efficiency by the gender of the farmer, in terms of crop yields or production.7 
Some show mixed effects, with no significant impact at the household level but a sig-
nificant impact by the gender of the plot manager (see, e.g., Saito et al. 1994 for Nigeria). 
The majority of studies, however, find lower yields on women’s plots/farms. This is not 
attributable, however, to women’s lesser capability as farmers but to one or more of the 
following constraints: women’s lower access to inputs, especially fertilizers; insecure 
land rights; lower access to male labor, oxen, and extension services; and difficulties in 
ensuring timely ploughing, weeding, or transportation. A few studies also demonstrate 
that if women had access to the same inputs and extension services as men, they would 
have higher outputs than male farmers.8 In Kenya, Dey (1992) found maize yields to be 
almost 7% more on female-managed farms than on male-managed ones, when they had 
the same access to extension. In Burkina Faso, Udry et al. (1995) estimated that output 
could be increased by 10–15% if factors of production (such as manure and fertilizers) 
were reallocated from men’s plots to women’s plots in the same household. Quisumbing 
(1996) concludes that if Kenyan women farmers had had the same access as male farm-
ers to agricultural inputs and experience, their crop yields could have been raised by up 
to 23%. This could have led to a doubling of Kenya’s GDP growth rate from 4.3% to 8.3% 
in 2004, according to World Bank estimates (World Bank 2009, 16).

There can also be an intrahousehold incentive effect if women control the products 
of their labor. In Kenya, for instance, the introduction of weeding technology in maize 
production raised yields on women’s plots by 56%, where women controlled the output, 
and only by 15% on the men’s plots, where too women weeded but men got the proceeds 
(Elson 1995). Since men tend to use more inputs and should, therefore, produce more 
output, this substantial difference may be seen as a disincentive effect when women do 
not receive compensation for their efforts within the family.

Studies in Asia are more sparse, but existing ones show that women farmers are as 
productive as male farmers (Table 11.1), or would be as productive with the same access 
to inputs and services (see Thapa 2008 for Nepal). Also illustrative is a rare study from 
rural India, which examined the productive efficiency of men and women in using 
potato-digging equipment. It found women to be several times more productive, by all 
the measures used: women and men took 69 and 185 hours, respectively, for the same 
job, and women’s potato digging yield rate was 23.9 kg per 20 meters, whereas men’s was 
18.2 (Agarwal 1983: 56). Moreover, in South Asia, groups of women, farming collectively, 
have helped to bring large tracts of fallow land under cultivation and enhanced house-
hold and community food security (see Agarwal 2003, and Section 7 of this chapter).

The overwhelming conclusion derived from the existing body of work is, therefore, 
two fold. On the one hand, if women had the same access to inputs as men, production 
would increase substantially on their farms. According to FAO’s 2011 State of Food and 
Agriculture Report, reducing the constraints faced by women farmers could raise yields 
on their farms by 20–30% and raise total agricultural output in developing countries by 
2.5–4%, thus making a significant impact on food availability (FAO 2011).9 On the other 
hand, if we fail to bridge the gender gaps in access to production inputs and services, 
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the growing proportion of women in farming is likely to remain confined to low pro-
ductivity agriculture. Infrastructure development and other measures taken to revive 
agriculture would fail to reach them. In turn, this would undercut world potential for 
increasing agricultural output and ensuring food security. The situation would be exac-
erbated further by the predicted effects of climate change, which will impinge negatively 
on the incomes and nutrition of millions of poor farmers, and specially on women and 
children.

Women as Food Consumers and 
Household Food Managers

The second face of food insecurity is the lack of access to food, despite aggregate avail-
ability. There are high inequalities in food access across countries, within countries, and 
within households. By FAO’s calculations for 2007–2010, there are an estimated 868 mil-
lion undernourished persons across the world, of which 852 million are in developing 
countries, largely due to poverty (FAO 2012).

An increase in small-farm productivity can reduce poverty and increase food access 
among such households. However, ensuring food security for agricultural laborers 
and nonfarm workers who do not grow their own food will require enhancing their 
economic resources and employment, so that they can buy adequate food; improv-
ing delivery systems, including rural roads, for transporting food where it is needed 
most; reducing storage losses; and establishing public distribution systems that work. 
Moreover, simply increasing household-level access is not enough, since there are 
undernourished women and female children even within nonpoor families, due to well-
known intrahousehold distributional inequalities in access to food and health care.

In addition, in many developing countries, nonmarketed foods gathered from forests 
and commons provide an important supplement to diets and, hence, to food security.10 
The degradation and decline of forests and commons, coupled with women’s reduced 
access to common pool resources, means a fall in such supplements, especially in the 
diets of poor women (Agarwal 2010a). Food price spikes and climate change can further 
exacerbate these gender inequalities.

All these factors point strongly to the need to reduce gendered inequalities in direct 
access to the means to acquire food. This is important in itself, but, additionally, women’s 
enhanced access can bring intergenerational benefits. Mothers who are well nourished 
during pregnancy and lactation enhance the life chances and growth abilities of their 
children. Assets and incomes in mothers’ hands are also found to have substantially 
greater positive effects on the nutrition, health, and survival of children, than assets and 
incomes in fathers’ hands.11 Moreover, women owning land face significantly lower risk 
of domestic violence, which, in turn, would reduce their own and their children’s health 
and nutrition risks linked with such violence (Agarwal and Panda 2007).
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Increasing women’s direct access to food would, however, require a range of measures, 
such as raising the productivity of women farmers, improving the capacity of nonfarm 
women to buy food by enhancing their incomes and assets, formulating policies to 
increase women’s access to food gathered from common pool resources, and initiating 
schemes that directly raise food availability for women in poor households.

Increasing Women’s Farm Productivity

Increasing the productivity of women farmers is likely to need a range of measures, such 
as the following:

	 •	 Recognizing	women	as	farmers	and	not	simply	as	farm	helpers.
	 •	 Improving	women’s	direct	access	to	land	and	tenure	security.
	 •	 Increasing	women’s	direct	access	to	production	credit,	agricultural	 inputs,	 tech-

nology, information on improved agricultural practices, storage and marketing 
outlets.

	 •	 Directing	more	agricultural	research	and	development	to	crops	that	women	culti-
vate, based on a better understanding of women’s farming systems.

	 •	 Promoting	institutional	innovations,	such	as	promoting	a	group	approach	to	farm	
investment and cultivation.

Let us consider each aspect in turn.
First, the dominant perception of women as farm wives/helpers rather than farm-

ers can seriously affect the way in which assets, information, and productive inputs are 
directed to farming families. Based on this perception, farm-related services tend to 
be directed to household men rather than to women farmers themselves. Perception 
changes could be facilitated by gender-sensitization in the training of government offi-
cials who deliver the services. In such sensitization, NGOs and the media could also play 
a role.

Second, improving women’s direct access to land and assets will require acting on 
three major sources of land: the family (via gift, inheritance, or transfer of usufruct 
rights), the state (via land transfers), and the market (via purchase or lease). Access via 
families depends especially on inheritance laws and their effective implementation. 
Such laws are gender equal or moving in that direction in many countries, especially 
in Asia and Latin America,12 but they remain unequal in others. In India, for instance, 
where inheritance laws vary by religion, the 2005 amendment of the Hindu Succession 
Act made inheritance laws relating to all property, including agricultural land, gender 
equal, for over 80% of Indian women who are Hindus (Agarwal 2005a). Laws relating 
to Christians and Parsis had already been amended to make them gender equal, but 
inequalities remain for Muslims and tribal communities (Agarwal 2005b). There are 
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also substantial gaps between de jure and de facto rights in most countries, due to poor 
implementation of laws and social barriers, including male bias in bequeathing prop-
erty within families.13 Exceptions include countries such as Bhutan, where women own 
an estimated 70% of the land (FAO n.d.-b.), and Sri Lanka where most women from 
landed families inherit some land, even if unequal to men (Agarwal 1994). The effective 
implementation of laws will require not only transforming social norms and attitudes, 
but also spreading legal literacy, providing legal aid, and gender-sensitizing land regis-
tration officials and the judiciary.

In countries in which land access is dependent on customary practices and mediated 
via clans or families, as is common in many communities of sub-Saharan Africa, and 
where women (as noted) are among the main food producers, increasing security of ten-
ure on an individual basis is likely to prove more difficult (see also Saito, et al. 1994). Here 
efforts at creating group rights for women (as discussed later) may be more effective.

The state and the market are important additional sources of immovable assets 
for women. At present, agricultural land distributed by governments under their 
anti-poverty, land reform, or resettlement schemes goes largely to men, and only lim-
itedly to women, either individually or jointly with husbands. Land titles transferred 
solely to women could go some way toward compensating for male bias in inheritance. 
Governments can also facilitate women’s market access to land through subsidized 
grant-cum-credit schemes for purchasing or leasing in land. In particular, facilitating 
land leasing for women who are still dependent on agriculture is important, as men 
move to nonfarm jobs and educated children want to leave farming. For this, innova-
tive institutional arrangements will be needed, since formal land leasing is often dif-
ficult, especially due to laws that bar such leasing (as in many states of India), or due to 
fears by landlords that tenants, if formally recognized, will acquire rights over their land. 
Typically, small tenants, therefore, depend on informal leasing of small plots, for short 
periods, on exploitative terms. Here alternative types of institutions would help.

For instance, a Public Land Bank (PLB) could be established at the level of a village 
council, as recommended in India by the Twelfth Five Year Plan “Working Group on 
Disadvantaged Farmers, including Women” which I chaired. Under this proposal (see, 
Agarwal and Sharma 2012), owners wanting to lease out their land would “deposit” it in 
the PLB for a specified period (say, a year or more), on a voluntary basis, with the free-
dom to withdraw the land with due notice. They would get a small payment on deposit 
(varying by period of deposit), and a share of the rent if the land got leased out. The PLB 
could lease out the land to designated categories of vulnerable farmers, such as marginal 
farmers and women (but not to large farmers or the corporate sector). It would provide a 
guaranteed lease for a defined period, and (where possible) in a consolidated plot of rea-
sonable size; a calibration of rent with land quality; and a reduction of the uncertainty 
faced by poor farmers in negotiating leases, sometimes from several owners, to get a via-
ble area. The PLB would, thus, reduce individual transactions costs for both lessors and 
lessees, help match land demand and supply, and especially benefit women who tend to 
get exploited in an unregulated lease market. In could also facilitate land development.
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Third, women farmers’ access to credit, production inputs, technical information, 
and marketing outlets needs substantial improvement. A range of measures could help, 
such as enhancing women’s membership in existing credit and service cooperatives, 
and, where needed, creating new all-women service cooperatives that provide inputs 
and marketing support; gender-sensitizing the providers of technical information to 
farmers, with a clear emphasis on reaching women farmers; directly training women 
in new farm practices; and creating special service stations with designated officers to 
cover groups of villages, whom women could request to provide training, crop informa-
tion, and support for input purchase and marketing (for elaboration, see GoI 2011).

Fourth, agricultural research and development (R&D) efforts would be more effec-
tive if R&D institutions, as well as extension services, worked with a better understand-
ing of women’s farming systems, including practices of multicropping. This is especially 
needed in parts of Africa, where there are notable differences in the crops grown mainly 
by women and those grown mainly by men. Doss (2001), for instance, after reviewing 
an extensive literature on African women farmers, covering 25 years, emphasizes the 
need for developing technologies and crop varieties that take account of the constraints 
women farmers face. Devising effective ways of delivering extension advice on new 
agricultural practices is also important (Gilbert, Salaka, & Benson 2002), as are efforts 
to design technology dissemination programs that recognize women’s constraints and 
local contexts. Five agencies in sub-Saharan Africa, for instance, helped large numbers 
of women adopt improved technology by using existing women’s networks to identify 
women’s needs and reach them quickly; consulting potential beneficiaries to identify 
their constraints; developing and selecting appropriate technology to overcome those 
constraints; and paying special attention to poorer women (Saito, et al. 1994: 69).

Fifth, the effectiveness of all these measures could be enhanced by institutional inno-
vations in the form of group approaches to farming. There are many potential advan-
tages of women working together in small groups. At a minimum, across a village or 
ecological zone, women could benefit through cooperation in crop planning and 
pooling their finances to buy inputs, machinery, and crop insurance. Groups can also 
improve women’s clout with government agencies and thereby increase their access to 
formal credit, inputs and information (Braverman, et al. 1991). Most important, groups 
can substantially raise women’s chances of accessing land by enlarging their financial 
pool as well as their bargaining power in land purchase and lease markets. This process 
could be furthered by state-subsidized credit to groups of women for land purchase or 
lease.

However, it is with group farming, based on pooling owned or leased in land, that we 
would expect the most gains in productivity and social empowerment, compared with 
single family units. Potentially, it could help small holders take advantage of economies 
of scale;14 spread the risks of farming among a larger number; facilitate experimenta-
tion with higher value, more risk-prone crops with larger payoffs; enlarge scope for crop 
diversification; allow labor sharing; and bring together a greater diversity of talents, 
knowledge, and managerial skills. Labor shortages during peak seasons could also be 
overcome more effectively, both because more labor would be available within the group 
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and because labor could be saved (Foster and Rosenzweig 2010). Moreover, a group 
would be better placed to enter into nonexploitative contract farming arrangements that 
(as noted) typically exclude small farmers and women, or include them under exploit-
ative conditions.15 Within a group, it would also be easier to transfer knowledge about 
improved farming techniques to a second generation, especially to adolescent girls 
who could be future farmers and farm managers. In addition, groups would deal better 
with short-term shocks, such as rising input prices, and the long-term effects of climate 
change. Collective effort is necessary, for instance, for conserving soils, water, and for-
ests. Potentially, these benefits of joint investment and cultivation can extend to both 
land owners and land lessees. Socially, working in a group can help women overcome 
disabling social norms that restrict their public interactions in conservative cultures, 
by drawing on the support of other women. In community forest management, for 
instance, women are found more likely to attend meetings, speak up for their interests, 
and take on leadership roles when they constitute a critical mass of 25–30% of the group 
members (Agarwal 2010a, 2010b).

Overall, therefore, we would expect the poor to be better protected, both as producers 
and as consumers, if they form groups. As producers, they would have better prospects 
of overcoming their production constraints and moving from being deficit to surplus 
farmers. As consumers, they could more effectively undertake income smoothing and 
enjoy welfare benefits. Can this potential be fulfilled in practice? Known examples of 
group farming suggest so.

There are diverse examples of small farmers cooperating successfully, including in 
terms of joint planning and investment in farm inputs; collective marketing of pro-
duce via cooperatives and producer companies; joint investment in irrigation and other 
lumpy inputs; and most particularly, farming collectively by pooling resources, includ-
ing land (owned, purchased, or leased in). Successful group farming with land pool-
ing can be found especially in the transition economies and in parts of South Asia. The 
groups are constituted of families in the former and of poor rural women in the latter 
(see Agarwal 2010c for details).

Countries in Central Asia and Eastern Europe that undertook large-scale collectiv-
ization during the 1950s to 1970s, de-collectivized in the 1980s and 1990s, thus enabling 
farmers to revert to individual family farming. However, many families in countries 
such as Kyrgyzstan, Romania, and East Germany, voluntarily chose to form new group 
enterprises (with friends, relatives, or neighbours), by pooling their land and other 
resources to farm collectively on the restituted land, or by continuing in much down-
sized former collectives. The productivity in these group enterprises is found to be sig-
nificantly higher than in individual family farms, since, as a group, they could overcome 
constraints arising from small land size, labor scarcity, a lack of access to machinery, and 
so on.16

In the second type of example, drawn mainly from India, the groups consist only of 
women. The earliest initiative relates to Andhra Pradesh in south India and dates from 
the 1980s. With the support of the Deccan Development Society (DDS, an NGO), 
poor, low-caste women in the drought-prone Medak district have been leasing in or 
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purchasing land in groups of 5 to 15 women, through various government schemes that 
provide subsidized credit and/or grants (Agarwal 2003, 2010c). The land is then cul-
tivated collectively. The aim is to ensure food security in an environmentally friendly 
way, through organic farming and multiple cropping. In 2008, the group leasing pro-
gram covered 26 villages, cultivating around 85 hectares. In addition, 25 women’s groups 
were cultivating about 225 hectares of purchased land in 21 villages. This land had been 
bought through a grant-cum-credit scheme of the state government, meant to help poor 
women purchase land as a group. The land is registered in equal portions in individual 
women’s names but cultivated jointly. These women would not have been able to buy 
this land or use it as productively, on an individual basis. The groups are voluntary in 
nature, socioeconomically homogenous, constituted of women who know each other, 
small in size, participatory in decision making, and equitable in task sharing and dis-
tribution of produce. Standard collective action problems are solved by peer review at 
weekly meetings. Some groups grow up to 24 crop varieties a year (the seeds of which 
they preserve), thus reducing the risk of total crop failure and providing a balanced diet. 
Group members report that working together has enhanced their ability to overcome 
production constraints, meet government officials, and enjoy flexibility in the use of 
their labor time. They also report an improvement in family diets and healthcare, among 
other benefits.

Other examples of group farming can also be found in South Asia. In Andhra 
Pradesh, India, for instance, through a different initiative from that of DDS, around 
7,500 women farmers are farming in groups of anything between 15 to 30 women in each 
group, covering a total of about 425 hectares of dryland in 250 villages.17 The land is 
typically obtained on lease, but some women also pool their own land that was uncul-
tivated due to input constraints. The initial impetus for group formation was provided 
by a five-year project begun in 2000 by the United Nations Development Programme 
and the Government of India, involving 42,000 women living in around 1,000 villages 
in three states (Burra 2004). Even after the project ended, however, the groups have 
continued in many villages under other arrangements. Another notable example is the 
Kudumbashree program launched by the government of Kerala (south India) for sup-
porting landless and land-poor women to lease in land for group farming. Additionally, 
since 2010, the Joint Liability Group (JLG) scheme of the National Bank for Agriculture 
and Rural Development (NABARD), has helped link the groups with subsidized credit. 
There are reported to be several thousand women leasing land for group farming in all 
districts of the state. The community has also gained, since the women’s groups have 
brought substantial fallow land into cultivation.18 In Bangladesh, too, we can find exam-
ples of women’s groups leasing in land for joint cultivation. These are found to have 
notable growth potential, if provided access to credit and technical support. 19

The preceding examples demonstrate in different ways the potential of small-scale 
farmers voluntarily working together in groups for the output and food security gains 
they bring, and the resource constraints they help overcome. In sub-Saharan Africa, 
where communal systems of land ownership are still widespread, the possibility of 
women farming collectively warrants similar exploration. We need to know much 
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more, however, about the factors that are most conducive to sustainable group forma-
tion; the productivity benefits (carefully measured) of these groups; and the poten-
tial for their geographic growth, say, by encouraging existing women’s groups, such as 
India’s Self-Help Groups (SHGs)—of which there are over 2.5 million—to take up joint 
ventures.

Women as Consumers and Food 
Managers: Improving Access

Women’s role in mitigating hunger for themselves and their families will be served to 
an important extent by increasing their access to assets and land, and enhancing their 
farm productivity and control over incomes. However, there are also large numbers of 
women (rural and urban) who depend for their food security on wage employment and 
nonfarm self-employment. Here, food security is linked directly to how many jobs go to 
women, and whether the schemes that provide work are directed at women.

In recognition of the special role women play in mitigating family hunger, some 
countries have initiated measures that directly increase women’s resources, such as 
making conditional cash transfers to women in Latin America (World Bank 2001), or 
the Mahatma Gandhi National Rural Employment Guarantee Act (MNREGA) in India, 
which guarantees 100 days of employment for one person per household. Although not 
specifically directed at women, MNREGA has attracted a large number of women; a 
study of six states found that women constituted 32% of the MNREGA workers on aver-
age (Khera and Nayak 2009: 52).

Many of the general schemes being discussed by governments and international agen-
cies for enhancing food security could also gain by the greater involvement of women. 
In Andhra Pradesh, for example, federations of women’s Self-Help Groups (SHGs) have 
been buying foodgrain in bulk and selling them to poor members at a nominal price 
or on short-term credit, thus contributing to income smoothing (Nair and Shah 2007). 
Recent studies show that 55–60% of SHG members are poor and socially disadvantaged 
(EDA 2006, NCAER 2008), but even when the SHGs do not consist mainly of the poor, 
they can reach the poor. The DDS women’s groups, described earlier, have also set up 
community grain banks (Agarwal 2003). All this suggests that, women’s groups could 
prove effective in creating local buffer stocks and regional food banks, and in improving 
public distribution systems, if they had access to infrastructure for food storage and dis-
tribution. Women-inclusive forest governance can also bring substantial gains, both in 
terms of improved conservation outcomes and women’s greater access to gathered food 
items (Agarwal 2010a).

Essentially, viewing agriculture and related sectors through the lens of gender will 
reveal the many ways in which women farmers are contributing to food systems glob-
ally, and it helps pinpoint mechanisms for making their efforts more effective. This 
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would also improve the chances of achieving several millennium development goals, 
such as ending poverty and hunger, increasing gender equality, and improving child 
health and maternal health.

An additional challenge lies in improving the statistical data base for assessing and 
monitoring gender-differentiated access to land, farm credit, inputs, technical informa-
tion, and marketing, as well as monitoring nutrition and health indicators for women 
and children in both poor and nonpoor households.

Concluding Comments

Ensuring food security is both the most basic of development issues and the most 
complex. Gender inequalities are a significant part of the problem and reducing those 
inequalities will be a critical part of the solution. The inequalities women face as produc-
ers reduces the potential productivity of agriculture and hence of overall food availabil-
ity in countries, regions, and worldwide. It does so both by failing to take into account 
the specific constraints that women farmers face, even as dependence on women farm-
ers is growing; and by failing to recognize that in particular contexts the productivity 
gains would be higher if existing inputs were directed at women. Estimates indicate the 
potential of substantial productivity gains from bridging gender gaps in land security 
and access to inputs and services. However, this will need not only technical and finan-
cial support but also institutional innovation, including more group approaches to farm 
investment and management.

Similarly, the inequalities women face as consumers adversely affects both their own 
well-being as well as that of future generations of children who inherit the disabilities 
arising from poor maternal health. Reducing inequalities embedded in women’s access 
to income-earning opportunities and productive assets would thus benefit not only the 
women themselves but also their children, by enhancing women’s bargaining power 
within the home and so their ability to direct more household resources to children’s 
well-being.

Reducing gender inequalities faced by women as farmers and workers is, therefore, 
an imperative, both for its intrinsic importance and for its wider implications. Doing 
so would prove to be a wise strategy for tackling the food crises and creating a more 
food-secure world.

Notes

 1. This is an updated and revised version of a working paper, Agarwal (2011). I am grate-
ful to Ronald Herring for his comments on an earlier draft. I also thank Frances Stewart, 
Ana Cortez, Hiroshi Kawamura, Raghav Gaiha, Ramesh Chand, Joachim von Braun, Sara 
Ahmed, and Sudipto Mundle for their helpful comments on a draft of the working paper; 
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Ram Ashish Yadav and Swati Virmani for their research assistance; and Teri Raney and 
Andre Croppenstedt for sharing background material on women farmers and agricultural 
productivity.

 2. Halving meat consumption in the OECD countries, Brazil and China by 2030, could free 
an estimated 200 million hectares or more of livestock-raising land globally, which, if used 
for non-meat food production, could substantially improve food and nutrition security 
in developing countries. (Presentation by Mark Rosegrant, Agriculture-Nutrition-Health 
Linkages conference, New Delhi, February 2011).

 3. IFPRI gives various scenarios for (spatially disaggregated) temperature rise, precipita-
tion, and so on. The illustrative estimates, cited here, are based on data from the National 
Centre for Atmospheric Research (which uses IPCC information), and do not adjust for 
“carbon dioxide fertilization.” Adjusted estimates still give adverse predictions (albeit less 
so) for yields of major crops in developing countries.

 4. See e.g. Agarwal (1994) for South Asia, and Saito et al. (1994) for Nigeria and Kenya. When 
household heads were excluded from the sample, Saito et al. (1994: 48) found that a sub-
stantially lower percentage of female than male farmers had rights to even improve the 
land, with implications for their relative productivity.

 5. However, this does not tell us how much of all land is held by women, or what percentage 
of all women hold land. To access this, we also need data on the intra-household distribu-
tion of land holdings, and not just distribution by head of household.

 6. See FAO (2011: 23−4) and also studies for developing countries summarized in Anriquez 
(2010).

 7. See e.g. Adesina and Djato (1997), Adeleke, et al. (2008), Quisumbing, et al. (2001), 
Moock (1976), Kumase, et al. (2008), Bindlish & Evenson (1993), and Hill and Vigneri 
(2009).

 8. See, Udry et al. (1995), Kumase, et al. (2008), Moock (1976), and Dey (1992).
 9. I have focused on crops, but the argument that improving women’s resource access could 

increase output could be extended to other types of food, such as fish.
 10. See e.g. Jodha (1986), Agarwal (1990, 2010a), and Mazhar et al. (2007). Mazhar, et al. 

(2007) found that in Andhra Pradesh (south India), village women could identify seventy-
nine species of uncultivated leafy greens gathered for food, in addition to roots, tubers, 
and fruits. In Bangladesh’s Tangail district, such uncultivated plants provided, on average, 
65% of the food weight of poor landless households and 34% of the food weight of better-
off landed households.

 11. See Strauss and Beegle (1996) for India; Thomas (1990, 1994) for Brazil; and Quisumbing 
and Maluccio (2000) for Bangladesh, Indonesia, Ethiopia, and South Africa.

 12. For instance, in Asia, Bhutan, Vietnam, Sri Lanka and most communities in the 
Philippines have gender equal laws. For Latin America, see Deere and de Leon (2001) and 
Lastarria-Cornhiel and Manji (2010).

 13. See Agarwal (1994) for India, Pakistan, Bangladesh, Nepal, and Sri Lanka; Estudillo, 
Quisumbing, & Keijiro (2001) for the Philippines; and various CEDAW reports for several 
other countries.

 14. Foster and Rosenzweig’s (2010) analysis of panel data for 17 Indian states, for the period 
1999 to 2008, shows that even consolidating marginal farms to reach 5 acres can signifi-
cantly increase profits per acre (1 acre = 0.4047 ha).

 15. For Mexico, see specially, Runsten and Key (1996); for India, see Singh (2000) and Kumar 
(2006); and for Africa, see Dolan (2001) and Maertens and Swinnen (2009).
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 16. See, e.g. Sabates-Wheeler (2002); Sabates-Wheeler and Childress (2004), and Mathijs and 
Swinnen (2001). See also Agarwal (2010c) for a detailed discussion.

 17. These are the latest figures provided by the Director of the Andhra Pradesh Mahila 
Samakya program.

 18. The author is currently researching both the Andhra Pradesh and Kerala examples of 
women’s group farming in depth.

 19. IFAD 2009 Evaluation Bangladesh. [http://www.ifad.org/evaluation/public_html/eksyst/
doc/country/pi/bangladesh/cesba94e_3.htm]. Last accessed on 14 September 2009.
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Chapter 12

Delivering Fo od Subsidy
The State and the Market

Ashok Kot wal and Bharat Ramaswami

Introduction

For the 3 billion people in the world who live under $2 a day, no question is more 
important than where their next meal will come from. Undoubtedly, over the long 
run it is difficult to address the problem of food security without eradicating pov-
erty or, in other words, without economic development. However, development is a 
long and uncertain process, and leaving generations of the poor to an uncertain future 
is neither morally defensible nor politically acceptable. Moreover, there is growing 
awareness that a crucial determinant of economic progress is the development of 
human capital, which in turn implies availability of food for all. Developing countries 
therefore have no alternative but to act now by devising schemes of subsidizing food 
for the poor. Given the enormous number of competing claims on the meager fiscal 
resources that a developing country can command, the issues of food subsidy become 
inevitably contentious.

The debate is especially intense in a country where a sizable proportion of the popula-
tion is poor enough to need food subsidy. On one hand, a vast majority needs the sub-
sidy, and on the other hand, a subsidy to so many puts a big dent in the national budget 
of a poor country. It creates two camps: “Can we afford to let the poor starve?” versus 
“Can we afford the subsidy bill?” It matters how this question is answered—it will dictate 
whether the subsidy ought to be universal (with minimal exclusion of only the obviously 
affluent) or narrowly targeted.

In this context, the issues of waste and corruption become paramount. Any delivery 
system that is prone to a sustained leakage of the government resources through inef-
ficiency, fraud, and corruption becomes a liability. In a country where a vast majority is 
poor, it becomes difficult to argue openly against food subsidy on the grounds of fiscal 
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priorities. Those who rank other priorities ahead of food subsidy find it convenient to 
point at the waste and corruption of a delivery system and argue for limiting the cover-
age much below what is needed. There is thus pressure on those advocating food subsi-
dies to come up with an effective delivery system—a system that would cover most of 
the needy at an affordable cost to the public.

In a statist model, the government puts in mechanisms to procure, store, and distrib-
ute food to defined target populations at prices below market cost. In some sense, this is 
a natural intervention. After all, in the absence of an intervention the market in free play 
leads to outcomes that are deemed undesirable. The response is to displace (and in some 
cases suppress) food markets by direct state interventions. However, this is not the only 
possible response. The alternative is to use markets to deliver subsidies. In this market 
model, subsidies are monetary or cash transfers, compared with in-kind transfers of the 
statist model.

Inevitably, a search for a more efficient system leads to a debate over whether a system 
that uses market for the delivery of the subsidy should be preferred over a system where 
all the activities from procurement to distribution are handled by the government. The 
purpose of this chapter is to examine various issues that invariably come up in a discus-
sion over how to deliver food subsidy. While our focus is on the cash versus in-kind 
transfers debate, we also comment on the implications for the targeting debate.

Neither of these debates is unique to developing countries. The size of welfare pro-
grams and whether the targeting criteria expand or contract their reach is a live issue 
in rich countries. However, as argued in this chapter, the administration of targeting is 
a much bigger issue and therefore an important component of the debate in develop-
ing countries. Similarly, rich countries also debate the choice between cash and in-kind 
transfers. In fact, despite the ideological dominance of the market as an economic insti-
tution in these countries, in-kind transfers are much more important than cash trans-
fers—thanks to the subsidies on health, education, and housing (Currie and Gahvari 
2008). However, rich-country debates do not stress the corruption and poor governance 
that are commonly associated with statist models in poor countries.

As always, context matters, and this chapter is firmly anchored to the issues relevant 
in poor-country debates. The debate often has an ideological subtext, and no analysis of 
the political economy of food security policy would be satisfactory without taking stock 
of the ideological divide among those with a voice in policymaking. Economists typi-
cally attach value only to economic outcomes. The state and the market are economic 
institutions, and, a priori, neither is privileged. Other social scientists and civil society 
participants may, however, mark either of these institutions as special for their effect on 
democratic politics and community institutions.

Though many of the arguments discussed herein are not country specific, the focus is 
on India for several reasons—besides the fact that we know India the best. First, India 
has more than a quarter of the world’s poor (i.e., those who live on less than $2 a day). 
This means that it is home to more of the world’s poor and to more malnourished people 
than any other country. One-third of the population and over 40% of the children under 
the age of three are underweight. More than half the women are anemic. In short, India 
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is a test case for policies related to malnourishment. Second, India has one of the world’s 
largest food subsidy programs. It is likely to become larger, too, because of a great deal of 
political activity related to the issues of food security, which will possibly lead to legisla-
tion called the National Food Security Act. The impending passage of such a law has led 
to a sizable public debate about the coverage and means of delivering food subsidies that 
are appropriate to a poor country. These arguments are relevant beyond the context (of 
India) in which they were made.

In this chapter, we first trace the evolution of the Indian model of food distribution. 
We then discuss the distribution system’s outcomes and performance as well as the 
rights approach to food security and the move to bind the government legally toward 
food subsidies. The key issues introduced by this debate, which are generic to the design 
of food subsidies, are addressed in subsequent sections. The attempt is to evaluate the 
merits of various arguments in terms of their intrinsic logic as well as the available evi-
dence from the experiments tried around the world. Last, we reflect on the ideological 
divide and the political economy of self-interest that together shape the course of food 
politics in a developing country such as India.

Subsidy Transfers in Kind: The  
Indian Model

Food subsidies in India are delivered through the public distribution system (PDS). This 
system consists of a network of retail outlets (popularly known as ration shops) through 
which the government sells grain (principally, rice and wheat). Grain sales occur at a 
fixed price called the issue price, which is typically lower than the market price. Two 
conditions govern the sale of subsidized grain: the buyer of grain must possess a ration 
card; and grain purchases are subject to a quota. The PDS is supported by a procurement 
operation that procures and funnels supplies to it. Through the Food Corporation of 
India (FCI), the government procures grain at the procurement price and then stores 
and transports it to the various consuming locations.

The Indian model is not unique. Comprehensive rationing schemes, where the state 
is the single intermediary between consumers and producers and has monopoly over all 
domestic and foreign trade, was prevalent in the erstwhile socialist states. In develop-
ing countries, it is usual for subsidy transfers in kind to operate along with private food 
markets. Supplies may come from imports, foreign aid, or domestic procurement. Food 
subsidies may cover all or some consumers. Common institutional arrangements are a 
parastatal to procure the commodity and a retail network for distribution.

In India, the origins of government intervention lie in the Second World War when 
the colonial British government used its powers to promulgate orders on price con-
trol, movement, and requisition of foodgrains. The government decided that it would 
procure the basic staples and distribute them to select urban populations. However, 
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there was still room for debate on the best means by which government should pro-
cure foodgrains.1 Should the government purchase grain at market prices, or should 
it enforce a monopoly of grain trade and obtain supplies at a low cost? After debat-
ing these alternatives, the government opted for a “compromise” middle path. There 
would be no monopoly, and a private trading structure would be allowed to function. 
However, the government would operate a parallel marketing chain from procurement 
to distribution. Thus, private markets would be excluded from the marketed surplus 
procured and distributed by the government. In addition, there would be curbs on 
market activity so that the government could obtain its supplies relatively cheaply. In 
effect, through market suppression farmers would be taxed to part finance the subsidy 
to urban consumers.

These policies continued even after the end of the colonial government in 1947. 
Ironically, though, till the mid-1960s, domestic procurement (compared with commer-
cial imports and food aid) was neither an important nor reliable source of supply to the 
PDS. The lack of success of the procurement machinery is repeatedly acknowledged in 
government reports of the time and is ascribed to the existence of a free market where 
traders compete away supplies. The Foodgrains Policy Committee of 1966 stated the 
desired policy direction as follows:

In order to achieve the basic objectives of food policy, it is necessary for Government 
to acquire a large share of the foodgrains produced in the country. It is in the light 
of this requirement that systems of procurement and regulations affecting private 
trade have to be formulated and appraised. Government has to strengthen its own 
machinery for the procurement, transport and distribution for foodgrains for the 
surplus as well as deficit areas.

(quoted in Chopra 1981)

These views reached their logical end with the state takeover of wholesale wheat trade in 
1974. However, the move was unsuccessful and the policy had to be rescinded.

The reshaping of food price policies began in 1965 when the government formed the 
Food Corporation of India, which became the principal central agency responsible for 
purchase and storage of foodgrains. The other important event in the same year was the 
formation of the Agricultural Prices Commission to advise on price policies for wheat, 
rice, sorghum, millet, and other field crops. The state would offer a support price to miti-
gate the uncertainties of the market. The intent was to provide incentives to produc-
ers to adopt the new high-yielding varieties of wheat and rice that reached India in the 
mid-1960s.

The success of the Green Revolution meant that the harsher aspects of the earlier food 
policy directed at maximizing procurement could be moderated. At the same time, the 
food surplus states now had clout in national politics that could be used to lobby for 
prices favorable to farmers. Even by 1970, B. M. Bhatia (p 125,127) noted:

The concern of the Government in the matter of agricultural prices for the first 
twenty years of independence was to keep down the prices of foodgrains through 
controls, imports and rationing. The beginning of the Green Revolution has 
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coincided with a marked shift in the price policy of the State Governments, from the 
desire to protect the interests of the urban consumer to promoting the interests of the 
agricultural producer. The new policy solves the procurement problem of the State 
governments . . . . Such a policy is necessary to provide the much needed incentives to 
the farmer to use costly but highly productive inputs, thus increasing food produc-
tion in the country. Behind these economic arguments, however, lie powerful politi-
cal considerations. In most of the states, strong agricultural lobbies have emerged. . . .  
In such a situation prices fixed are bound to be what are politically feasible and not 
what are economically fair, as determined by an expert body like the Agricultural 
Prices Commission. (pp. 125, 127)

However, not all elements of food price suppression were discarded. Anti-hoarding laws 
still remain on the books to restrain competition to government procurement from pri-
vate trade. Further, till India reformed its trade policies to comply with treaty obligations 
at World Trade Organization, farmers’ access to world markets were tightly regulated by 
the government. Indeed, the situation did not materially change even in the 2000s when 
the government was supposed to have given up on quantitative restrictions on trade. For 
instance, wheat and rice exports were banned in the latter half of the 2000s during the 
boom in world commodity prices.

Notwithstanding these qualifiers, the government achieved a greater balance between 
producer and consumer interests starting from the 1970s, when the food policy con-
text changed because of the Green Revolution’s technological breakthroughs. Earlier 
concerns about movements in intersectoral terms of trade adverse to industry faded 
away. With the decline of food aid, the growth of domestic food surpluses, declining real 
prices of foodgrains, and greater political clout of farmers, the emphasis of food distri-
bution shifted to support of farmgate prices, stabilization, and subsidy for lower income 
groups. The policies of procurement and buffer stocks dovetailed neatly into the public 
distribution system (Mooij 1998; Varshney 1993).

Targeting

The public distribution system was converted from a general entitlement to a targeted 
scheme in 1997. Subsidies now depend on whether the household is classified as above 
poverty line (APL), below poverty line (BPL), or poorest of the poor (POP). APL house-
holds are charged the highest prices, whereas the POP households pay the least. The 
administration of targeting has brought into focus India’s federal structure. While the 
federal government is largely responsible for funding, procurement, and transport of 
grain, the implementation and delivery of food subsidies is in the hands of the states.

A similar division of responsibilities underlies the implementation of targeting. On 
the basis of household expenditure sample surveys and other means, the federal gov-
ernment determines the aggregate number of BPL and POP households within a state 
that are deserving of subsidy. It uses this figure to allocate and distribute the grains 
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(and subsidy) to the state governments. It is the job of the state government to identify 
deserving households and to distribute grain accordingly.

Identification is supposed to be done on the basis of some observable correlates of 
households (e.g., type of housing, type of employment, land holdings, caste characteris-
tics). Even if done honestly, it cannot be expected that such a process would yield totals 
that match the figures determined by the federal government. When identified house-
holds exceed the estimate of the federal government, the state government either has to 
trim its list or must dig into its own resources to bridge the gap.

This has led to some discord between the federal and state governments. The federal 
government is accused of using targeting to limit its subsidy bill while burdening the 
state government with the unwelcome task of implementation. On the other hand, if the 
federal government were to offer subsidies to all households identified as deserving by 
state governments, the latter would have no incentive to observe discipline in the iden-
tification process.

One response of state governments has been to depart from the targeting parameters 
that govern federal policy. The federal government allocates subsidies to states on the 
basis of an entitlement of 35 kg of grain to BPL and POP households. By offering only 
20 kg of grain, the southern state of Tamil Nadu has stretched the federal subsidy to 
operate a near-universal subsidy scheme (with some resources from its coffers as well). 
The willingness of some of the state governments to use the central subsidy together 
with its own resources has been increasingly seen in the 2000s.

The Shadow of Procurement

Grain procurement has had several impacts on the wider agricultural economy of India 
(Landes and Gulati 2004; Saxena 2004). Land and other resources have shifted to the 
state-supported crops of rice and wheat. While this was understandably the original 
intent of state policies formulated in the period of acute food shortage of the 1960s, it is 
not clear this is appropriate today when the demand for nonstaple foods such as dairy, 
fats, fruits, and vegetables are growing faster than the demand for grains. Second, the 
cost-effective strategy for procurement is for the buying agencies to focus attention on 
the “surplus” regions of North India, namely, Punjab, Haryana, and Uttar Pradesh. This 
has led to complaints of lack of price support operations in other parts of India, notably 
the eastern region. These are regions with conditions favorable to agricultural growth, 
yet it is claimed that they have not emerged as effective food exporters because of the 
concentration of resources in North India. More generally, because of the availability 
of subsidized grain, the “deficit” states have neglected price support to their own farm-
ers and continue to have a food shortage. Third, procurement may be adverse to the 
long-term interests of even the favored regions. The summer rice–winter wheat rota-
tion has environmentally degraded the lands in these regions. Fourth, procurement 
has nothing to offer to the farmers growing the so-called coarse cereals (principally 
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sorghum and millet). These are hardy low-productivity crops typically grown in 
semi-arid regions with no irrigation. They have suffered from policy neglect because of 
the focus on rice and wheat.

The exigencies of procurement have also cast a shadow on policies elsewhere in the 
agricultural economy. In the early 2000s, the government (at the federal and state level) 
undertook several reforms to transform agricultural marketing—a sector that serves 
both producers and consumers poorly.2 The goal was to lighten the regulation that 
deterred private-sector entry and investment in areas of marketing such as processing, 
transport, and storage.3 Yet these reforms have not been irreversible. The contingent 
nature of these policy changes was illustrated in the commodity boom of 2006 to 2008. 
The run-up in world commodity prices till the first quarter of 2008 led the government 
to impose bans (official and unannounced) of various kinds—on procurement of grain 
by private players, on exports of rice and wheat, and on futures contracts in many agri-
cultural commodities. The ban on private players and on grain exports bought the gov-
ernment some stability and enabled it to procure grain cheaper than what would have 
been possible otherwise.4

Thus, reforms in agricultural marketing do not sit well with the necessities of pro-
curement. In flush periods with low prices and abundant supplies, the competition with 
private trade is not an issue. But when supplies are tight, procurement operations will 
not allow free activity by private trade. Such backtracking by the government is not 
without cost. Clearly, private players will be wary of investing in the marketing chain 
when their activities can be curtailed at will. For this reason, progress toward transform-
ing the marketing sector will remain slow.

Outcomes: The Delivery of  
Food Subsidy

In one of the first studies of its kind, Parikh (1994) showed that in 1986–87 the poor 
received negligible subsidies in all but two states of India. Despite this, however, the pro-
gram itself was costly. A transfer of one rupee to the bottom 20% cost the government at 
least five times as much.

It turned out that most of the poor did not use the PDS. Even when they did, 
their PDS purchases were a small fraction of their total grain consumption. The 
early studies showed (1)  that the PDS was not targeted toward the poor; in fact 
the nonpoor received a significant fraction of the income transfer; (2) the subsidy 
amounts itself were very small because of low subsidy rates as well as limited enti-
tlements; and (3) there was considerable fraud in terms of illegal diversion of sub-
sidized foodgrains to the open market (Ahluwalia 1993; Dev and Suryanarayana 
1991; Dutta and Ramaswami 2001; Howes and Jha 1992; Radhakrishna et al. 1997; 
World Bank 2001).
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Besides these quantitative assessments, some case studies also documented the dif-
ficulties of access to the PDS. Even when the poor possessed the ration cards, they faced 
problems with respect to the low quality of grain, cheating on weights by the PDS dealer, 
and irregular hours of operation of the PDS shops.

The timing, availability, and quantity of grain supplies at the PDS shops were not pre-
dictable, and often it took repeated trips to complete the purchase. Customers were not 
permitted to split their entitlement into multiple purchases. This discouraged the poor, 
who did not always have the cash when supplies were available.

On paper, the program was run with various safeguards including government 
inspectors and monitoring teams from the community. The aggregate evidence 
showed that these measures failed.5 The studies also showed that legitimate commis-
sions earned by PDS dealers were too low to offset costs. Illegal diversions and limit-
ing store hours were ways by which the dealers compensated for the costs of legal 
operations.6

The major policy response to the problems of PDS was the introduction of target-
ing (described in the earlier section). But could a targeted program successfully reform 
the PDS? First, there are the difficulties of targeting. Most of India’s workforce is either 
self-employed as farmers, traders, vendors, and craftsmen or are wage workers in the 
informal sector of trade and manufacturing. Such employment is characterized by the 
absence of formal contracts, salary records, and tax payments. Means testing as it is 
practiced in developed countries is impossible. Identification of poverty status depends 
on proxy indicators of land ownership, habitation, type of housing, and social charac-
teristics. It cannot be expected that these would perfectly correlate with poverty status 
defined by the official poverty line. Second, even if adequate targeting mechanisms 
would be devised, it does not address the issues of illegal diversions and the unviability 
of PDS retail outlets.

More recent data from 2004–05 confirm these apprehensions and show that only 
about 40% of the poor (by the official definition) were correctly classified as either BPL 
or POP. Most of the poor do not receive the subsidies meant for them. Even among the 
poor that are correctly classified, only about 60% reported using the PDS in the ref-
erence period of a month. The difficulties of access mentioned earlier continue to be 
relevant.

Figure 12.1 displays a decomposition of food subsidy expenditures (in 2004–05) 
into various constituent elements. Only about 30% are accounted by income trans-
fer to households whether poor or nonpoor. The remainder of expenditures are 
absorbed by the costs of illegal diversion (43%) and the excess costs of state agen-
cies (28%). Illegal diversions happen as agents in the government marketing chain 
sell the subsidized grain in the open market and profit from the difference between 
the market price and the subsidy price. Jha and Ramaswami (2012) show that, in 
2004–05, 55% of the subsidized grain was illegally diverted. Excess costs occur 
when the price of procuring and distributing grain is higher for the state agencies 
than for the private sector.
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The Rights Approach to Food Security

Agitated by the poor performance of the public distribution system and the lack of 
political interest, some civil society organizations have pushed to embed food secu-
rity in the legal framework and secure some degree of state commitment. In 2001, 
the People’s Union of Civil Liberties filed a public interest petition in the Supreme 
Court of India demanding judicial oversight of the state’s food intervention. They 
argued that the right to food derives from the right to life that is guaranteed by the 
Constitution.

The case is still ongoing. However, the court has been sympathetic to the petition and 
has passed a wide range of “interim” orders. It has appointed commissioners to moni-
tor the compliance of these orders, most of which relate to legal enforcement of existing 
government programs. Some court orders have also expanded the scope of government 
programs. A prominent instance of it is when the court made it mandatory for all gov-
ernment primary schools to have a school feeding program.

A network of individuals and organizations has organized around the public interest 
litigation to campaign for a right to food. The campaign has pressed for a range of inter-
ventions beyond just food programs such as public works programs, public services of 
nutrition, health and education to young children, and securing equitable land and for-
est rights. The willingness of the judiciary to adjudicate on these issues has provided 
sustenance to this movement.

The rights approach received political validation with the promise of a “right to food” 
by the United Party Alliance that returned to power in India’s general elections of 2009. 
This campaign promise has now seen the approval of a National Food Security Bill by 
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Figure  12.1 Decomposition of Food Subsidy Expenditures:  India
Source:  Jha and Ramaswami (2012)
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the Parliament. Some of the individuals associated with the campaign of civil society 
organizations were also involved in the drafting of this legislation.7

The National Food Security Bill commits the government to reach food subsidies 
to 75% of the rural population and 50% of urban population. The coverage has been 
extended from existing levels to what has been called near-universal coverage. However, 
the near-universal coverage has not put an end to the debate about targeting as the gov-
ernment still has the task of excluding 25% of the rural population and 50% of the urban 
population..The PDS with its in-kind transfers is seen as the principal instrument of 
subsidy delivery in the bill. However, some of the clauses seem to also leave open the 
possibility of cash transfers. The run-up to this bill has been contentious as the govern-
ment advisors, media, and the independent experts debated alternatives that can effec-
tively deliver the right to food.

The Food Subsidy Debates

Two issues have been prominent in the debates about the food security legislation. The 
first issue is about the scale of the food subsidy program. Should it continue as a tar-
geted program, or should it have universal access? The second issue is about the form of 
the subsidy program. Should the subsidy program be modeled on the public distribu-
tion system, or are there alternative and more efficient forms of delivery? In particular, 
should cash transfers replace in-kind transfers?

Neither of these issues is unique to the Indian context. Hence, the debate is of wider sig-
nificance and has relevance to the delivery of welfare programs in low-income countries.

Coverage

The massive exclusion errors of PDS targeting, noted in the previous section, question 
the continuance of targeted programs. Until a reliable way of identifying the poor is 
found, might near-universal coverage be necessary to avoid exclusion errors?

A great deal depends on the specific context of a country. Consider India, for exam-
ple, with 92% of its labor force in the informal sector. Many are self-employed.

Some days they earn some income. Some days they don’t. How do we even mea-
sure their incomes? How do we identify the poor? Any process that we use is likely 
to leave out many from the list. If we leave the job of identifying the poor to the local 
community—presumably because they have local knowledge—we would be leaving 
the job to the local elite, who cannot always be trusted to make an objective identifi-
cation of the poor.8

Even if it were possible to identify the poor, clearly the poor are defined as those 
under an arbitrarily defined line. In India, the official poverty line is close to $1.25 
a day at PPP. In 2005, according to the World Bank calculations, about 41.6% of 
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the population was estimated to be under this extremely low poverty line. These 
people are destitute, not just poor. The basic arguments invoked to provide food 
subsidies for the poor are valid even for the people with the level of consumption 
at twice the official poverty line. Over three-quarters of India’s population has an 
expenditure level under $2 a day. Moreover, it is difficult to claim that someone 
just under $2 a day is in need of food subsidy and someone just above it is not. The 
harm done by excluding the truly needy far outweighs the gains of wasting the sub-
sidy on those who do not need it. In addition, there is likely to be some self-selec-
tion due to the inconvenience of collecting the subsidy that would make the rich 
stay away. Clearly, there are few arguments against universal coverage in a coun-
try like India. Of course, in a rich country like the United States where the poor 
are a much smaller group and where they have well-developed formal institutions 
such as the Internal Revenue Service, it makes sense to have a targeted program. 
Even Latin America is a lot richer than South Asia or sub-Saharan Africa, and the 
poor that need subsidies constitute a minority. Also, institutional development is 
further along in Latin America, so identifying the poor through means testing or 
other methods is not an insurmountable problem. For all these reasons, it makes 
much more sense to have targeted programs in Latin America than in South Asia 
or sub-Saharan Africa.

The available evidence on the exclusion error in the present targeted public distri-
bution system in India strengthens the theoretical arguments in favor of universal 
coverage. In fact, the clamor for universal coverage is growing is in part because of 
increasing awareness that more than half of the poor as defined by the Government of 
India’s official criterion are left out of the official list of those classified as BPL (Jha and 
Ramaswami 2012).

While the logic of near-universal coverage in reducing targeting exclusion errors has 
not been challenged, some economists—and especially those in government—fear that 
it will lead to unaffordable subsidy expenditures. Another concern is that near-universal 
coverage with substantial entitlements will mean a substantial expansion of the PDS and 
hence of grain procurement by the government. The worry is that this will accentuate 
the adverse effects of procurement discussed earlier. The domination of grain trade by 
parastatals is not comforting either for those who worry about costs and efficiency in 
grain marketing.

The disquiet about what the food security bill implies for procurement and grain mar-
kets could be easily settled if the food subsidy is given in cash. Under such systems, the 
food subsidy is directly transferred to the beneficiaries. Households use this transfer to 
buy grain from designated retail outlets. As the grain would move through the usual 
market channels, procurement is not necessary.

The coverage question is therefore connected with the mechanism of subsidy deliv-
ery. Near-universal coverage with in-kind transfers is likely to be costly. The move 
would also increase the market price of food, for which reason the farm states would 
favor in-kind transfers. This is discussed later in the paper.
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Why Cash Transfer

Countries other than India have also had to face up to the corruption in in-kind food 
transfers. Olken (2006) estimates that minimum leakages in Indonesia are of the order 
of 18% of the supply of subsidized rice. More realistic assumptions lead to estimates of 
around 30%. For the Philippines, Mehta and Jha (2009) report a 54% gap between the 
NFA rice supply and reported consumption. While they acknowledge that some of the 
discrepancy could be because of timing issues in sample survey data, the gap is too large 
to be due to these errors alone. They conclude that the figure “indicates possibly signifi-
cant pilferage.”

Similarly, Jha and Ramaswami (2012) show that excess costs comprise about 8% of the 
government costs in supplying rice in the Philippines. Figure 12.2 is a decomposition of 
food subsidy expenditures in the Philippines. The pie chart is not very different from the 
similar chart for India (Figure 12.1). Most of the subsidy is lost to illegal diversions and 
excess costs.

By their very design, a direct cash transfer eliminates the corruption and excess costs 
of the PDS. As the food subsidy is transferred as cash to households, there is no separate 
marketing channel for government grain. The dual price system of in-kind transfers that 
offers possibilities of illegal arbitrage and profit does not exist anymore. Grain moves 
through the usual market channels of the private sector, so subsidy is not lost to excess 
costs either.

Philippines 

Excess cost
22% 

Income transfer to poor
21%  

Income transfer to non-poor
14% 

Illegal diversion cost
43% 

Figure  12.2 Decomposition of Subsidy—Philippines
Source:  Jha and Ramaswami (2012)
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Direct cash transfer has other advantages as well. Because of limited volumes, the via-
bility of the government marketing channel (the PDS retailers) is an endemic issue. This 
is not a problem with direct transfers because it eliminates the dual marketing system 
(of private and government). Second, there would be greater economic access, as con-
sumers are restricted not just to particular outlets. Further, poor consumers need not 
worry about timing their purchases with wage payments.

Third, direct transfers allow consumers to choose foods according to their needs and 
preferences. In parts of India, poor consume grains such as sorghum and pearl millet 
that are not subsidized by the current regime. Local grains and varieties are not sup-
ported by the PDS. Cash transfers could allow consumers to spend their budget on their 
preferred commodities and would therefore be less distortionary in consumption. This 
is the textbook economics case for the superiority of cash transfers over in-kind trans-
fers. It also has implications for reducing regional inequalities.

In a system with in-kind transfers, the government needs to engage in procurement, 
storage and distribution. Naturally, it finds it logistically convenient to procure grain 
in two or three large surplus states and then distribute it. The farmers in these surplus 
states are generally well to do, and they receive the benefit of government-assured sup-
port prices. These benefits are not received by the poor growers of local grains. A local 
grain that is not included in the subsidized basket clearly suffers from the disadvantage 
of having to compete with a subsidized substitute. Growers of local grains like sorghum 
and millet are typically located in arid and semi-arid areas, and they do not have the 
option of switching cultivation to rice and wheat because of lack of complementary 
inputs (particularly water). The rationing system of in-kind transfers thus invariably 
generates inequality between the farmers of the surplus states and those in arid and 
semi-arid areas. It is easy to see that cash transfers would do the opposite, as the con-
sumers in the poorer areas would choose to spend their cash on local grains and thus 
boost their demand and hence their prices.

Despite these potential advantages, cash transfers have been vigorously opposed by 
civil society organizations. A leading advisor to the Right to Food campaign referred 
to a proposal on cash transfers as “ill conceived, not thought through. . .  fraught with 
grave risks” and as a result “is a solution that is worse than the problem it seeks to 
address” (Patnaik 2010). The Right to Food campaign has organized protest rallies in 
states that have wished to pilot programs of cash transfers. If the public distribution 
system is so dysfunctional, why is there so much resistance to replacing it with direct 
cash transfers?

Challenges to Cash Transfers: Feasibility

An immediate objection is infeasibility. How can cash be transferred? Does a poor 
country have the systems to implement it? A cash transfer system is constructed on two 
pillars: a payments system to distribute the cash; and an authentication system to verify 
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that the transaction is with the intended beneficiary. Conventional payment systems are 
brick-and-mortar banks and post offices. By definition, such infrastructure is not well 
developed in the poor remote areas of low-income countries. This has been a barrier to 
the use of cash transfers.

Computerization of financial systems and the use of the Internet and mobile devices 
have broken through this impasse. Africa leads the world in the use of mobile phones to 
transfer cash. It has allowed urban migrants to remit money to their families still living 
in rural areas. Effectively, any retailer is potentially a point for banking transactions.

In India, post offices have typically delivered cash payments in welfare programs 
(such as those arising from pension and public works), but this process is vulnerable to 
capture by the intermediaries, which results in both delay and loss. Policy now empha-
sizes the direct transfer to savings accounts of beneficiaries in banks and post offices. 
This is possibly only because of computerization of financial systems. This still does not 
address the issue of “last-mile” connectivity. An emerging model here is the use of inter-
mediaries between the banks (situated in towns and larger habitations) and the ben-
eficiaries (resident in villages). These intermediaries, called banking correspondents, 
provide services of withdrawal and deposit with the help of Internet-enabled portable 
devices that record these transactions in real time. Internet connectivity is provided 
through the usual mobile phone networks.

Authentication systems require verification of the identity of the beneficiary. In a 
digital system, this can be done through a user-supplied numeric code or password. 
More secure systems rely on biometric identification. India has a nationwide project to 
store biometric data about its residents. In applications to the delivery of public services, 
the service provider can use it to verify the identity of the recipient. This does require 
biometric scanners. However, they are easily built into the portable Internet-enabled 
devices used for recording transactions.

Until a decade ago, cash transfer feasibility was restricted to areas with a high density 
of payments systems, such as the big cities. This is not so anymore.

Challenges to Cash Transfers: The Paternalism Argument

The economics case for cash transfer is that it allows people to make their own spending 
decisions. However, this is exactly what bothers cash transfer opponents. To them, it is 
not self-evident that individual decisions are made wisely. The goal of food subsidy is to 
increase food intake and improve nutrition. This is furthered only by the supply of food 
and not cash, which can be dissipated in various ways.

Paternalistic arguments are particularly appealing when men receive cash transfers 
and use it for their own and not their families’ self-interest. The argument is that men 
will use the cash for alcohol and cigarettes. There is anecdotal evidence that some money 
from cash transfers is diverted to undesirables such as alcohol. One of the problems in 
coming up with empirical evidence regarding this phenomenon is that in surveys peo-
ple are very unlikely to report alcohol purchases from cash transfers. However, certain 
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studies have tried to get indirect evidence. In Somalia, for example, a post-transfer mon-
itoring team conducted interviews with qaat (a kind of drug) traders to see if there had 
been any increase in sales following the cash distribution. The team found that “there 
were no reports at the household level of cash use for qaat purchase. Focus group and 
key informant interviews showed that although there did appear to be a short-lived 
increase in business for qaat dealers, this reflected the circulation of cash among the 
business community rather than a usage among drought-affected vulnerable pastoral-
ists” (Narbeth 2004).

The overwhelming evidence has been that cash transfer programs work and recipi-
ents do spend the cash received on necessary goods. Table 12.1 (reproduced from Harvey 
2005) summarizes the findings for a range of cash transfers done in different countries. 
The observations do not give a great cause for alarm over the misuse of cash transfers. 
Note that the underreporting bias that applies to alcohol, cigarettes, and drugs does not 
apply to the surveys in Table 12.1, which look at the change in only expenditures on food 
and other essentials.

Most recently, Cunha (2010) used a randomized controlled trial in rural Mexico to 
compare the benefits of in-kind transfers with those of cash transfers and found that 
in-kind transfers did not result in better outcomes than cash transfers though they 
entailed 20% more administrative costs. Cunha concludes:

Importantly, households do not indulge in the consumption of vices when handed 
cash. Furthermore, there is little evidence that the in-kind food transfer induced 
more food to be consumed than did an equal-valued cash transfer. . . .  There were few 
differences in child nutritional intakes, and no differences in child height, weight, 
sickness, or anemia prevalence. While other justifications for in-kind transfers may 
certainly apply, there is minimal evidence supporting the paternalistic one in this 
context.

The Fungibility of Transfers

Cunha’s (2010) findings point to the fact that different ways of directly transferring food 
subsidy (in-kind of cash) have one thing in common—the subsidy transferred ends 
up becoming fungible. This contests the assumption of paternalistic arguments that 
in-kind transfers make people consume more food than they would with an equivalent 
value of cash transfer.

In economic theory, the paternalistic assumption is valid only if (1) the in-kind 
transfer cannot be resold and (2) the transfer (i.e., the provision of food) is larger 
than what the household would voluntarily consume in its absence. If either of these 
is violated, the in-kind transfer is equivalent to a cash transfer in terms of impacts 
on consumption choices. The first condition is obvious:  without it, the in-kind 
transfer would be freely transacted and would be equivalent to a cash transfer.

To see the force of the second condition, consider Figure 12.3. It shows for India the 
monthly per capital consumption of rice and wheat for different expenditure deciles of the 

 



Table 12.1 Spending of the cash received in cash transfers

Project Spending

A 2003–2004 emergency cash grant in Sool/
Sanaag, Somalia by Horn Relief and NPA

Debt, food, water, medicine, soap and transport

A cash-for-work project in Meket and Wallo, 
Ethiopia, by Save the Children (2001)

food, secondhand clothes, basic necessities, farm tools, 
seed, chickens, and repaying loans

Cash-for-work project by Ethiopian Red Cross 
Society/International Federation of Red Cross in 
Ethiopia in 2000–01

Cheap food grains, petty trade, and debt repayment

Cash payments as part of an agricultural 
rehabilitation package implemented by the Red 
Cross in Guatemala and Nicaragua after  
Hurricane Mitch in 1998

Mainly food, medicines, agricultural inputs, chickens, 
pigs and tools

Cash as part of a repatriation package in  
Cambodia in1992–93

Mainly building materials, land, or housing plots 
to establish small businesses, assist relatives in 
income-generating activities, and find family members.

Cash-for-work programs by Oxfam in Kitgum, 
Uganda, 2001

Food, livestock, basic household utensils, school fees

Oxfam, cash-for-work, Turkana, 2000–03 Food not in the relief ration, debts, school fees; 
lump-sum payments tended to be used to buy 
productive assets such as livestock, stock for shops, and 
donkey carting

Oxfam in Bangladesh, 2001 Food, debts, school expenses, clothes, livestock, and 
fertilizer

Cash grant program in response to the 1999–00 
floods in Mozambique

Household goods, food, clothes, seeds, construction 
materials, and livestock

Cash grants following1999–00 floods in 
Mozambique

Household goods, clothes, livestock, food, seed, and 
construction materials

Cash-for-work in Zambia, 2002, by HODI  
(a Zambian nongovernmental organization)

Maize, grain grinding, basic essentials (salt, sugar, 
soap, matches), vegetable seeds, investment in small 
businesses

Save the Children cash-for-work in Democratic 
Republic of Congo

Women reported that men spent cash on gifts, debt 
repayments, and beer. Women spent the money on 
food,school fees and household items

Swiss Agency for Development and Cooperation 
cash grants in Mongolia, 2002

The money was spent mostly on animals (50%) and on 
food, clothes, housing repair, and debt repayment

Swiss Agency for Development and Cooperation 
cash grants in Moldova,2003

Food, medicine, clothing, heating, land tilling, seeds, 
paying land tax, and debt repayments

Source: Harvey (2005)
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population. In this figure, 0–10 is the bottom-most decile of the population when ranked 
by expenditure. The average consumption of rice and wheat for every person in this decile 
is a about 10 kg per month, of which the PDS supplied a little less than 2 kg. Similar inter-
pretation attaches to the other bars. It is clear that the second condition is violated.9

Even if the subsidy transfer were to increase 5 kg per person (as proposed in the food 
security act), it would still fall short of what households purchase anyway. So even 
though it is an in-kind transfer, households save the money that would have been used 
to buy food to purchase other commodities. The point is not that in-kind transfers will 
not increase food intake but that the impact may well be no different from that of a cash 
transfer.

In fact, it is likely that whatever the form of subsidy, the effect on grain purchases 
will be small. Figure 12.4 shows the average total consumption expenditure per person 
within each of these deciles. From both these figures, it is clear that despite wide differ-
ences in total consumption expenditure the amounts of wheat and rice purchases do not 
differ that much between the rich and the poor. As the poor become better off, the major 
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impact of their expenditures will be not on grain intake but on other foods and other 
commodities.

An example of the fungibility of food subsidies comes from the work of Jensen 
and Miller (2011). In two regions of China, they offered subsidies on the purchases of 
the basic staple (rice in Hunan and wheat flour in Gansu) to randomly selected poor 
households for a period of five months. Households were given vouchers that could 
be redeemed at local grain shops. Households were not permitted to resell the vouch-
ers or the goods purchased with the vouchers. They found no evidence that subsidies 
increased the consumption of the subsidized staple.

The fungibility of transfers means that it is exceedingly difficult for society to make 
sure that the poor utilize the aid they receive for the intended purpose of nutrition. 
Every household has its own priorities, and if a particular household decides to buy a 
cell phone instead of improving their food basket it may very well be that they feel a 
stronger need for that phone than for more calories. In short, there is a limit to the con-
trol that a society can exercise over individual lives (Banerjee and Duflo 2007, 2011).

The implication is that both in-kind transfers and cash transfers are essentially means 
of income support. When that is the case, the task of policy is to find the best mechanism 
for income support. Paternalism goals are irrelevant because they cannot be achieved 
anyway.

Between the extremes of in-kind transfers through government procurement and 
direct cash transfers are other intermediate models. A well-known model is the food 
stamps system of the United States. Here, beneficiaries are given stamps or coupons of 
fixed monetary value, which are then redeemed in stores.10

The stamps can be redeemed for only permitted foods. The resale of stamps and their 
use as general currency is prohibited. The supposed virtue of such “restricted” cash 
transfer systems is the paternalism goal of boosting food consumption. However, if such 
effects are negligible or absent, then the appeal of hybrid models is not clear. Compared 
with a cash transfer system, a food stamp/coupon model is more demanding. The addi-
tional requirements are systems of redemption at stores and the reimbursement of 
stamps by the government. In addition, it would also be necessary to audit and enforce 
the legitimate use of stamps.

Challenges to Cash Transfers: The Absence of Self-Selection?

Another justification of in-kind transfers is that it leads to self-selection of only the truly 
needy. The effectiveness of self-selection unfortunately depends on the relative incon-
venience of buying in a ration shop or even having a lower quality of food available in 
ration shops. The inconvenience of standing in a queue for buying something from a 
ration shop could be perhaps enough to deter the rich from taking advantage of it except 
for the fact that they can send their domestic help for such chores. A cash transfer with 
biometric identification would make the self-selection work more effectively, thus mak-
ing even universal coverage affordable.
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Challenges to Cash Transfers: Inflation

An infusion of cash in a local area could give rise to a sudden increase in prices. In an 
environment where the markets are not well developed, the rise in prices may not trig-
ger imports from other areas to bring down the prices in a short time. In-kind transfers 
of food may induce an increase in demand for nonfood items but will not cause food 
price inflation. Clearly, this is a real concern about cash transfers, and it suggests that 
cash transfers are more appropriate for the areas where the markets are well developed.

Challenges to Cash Transfers: Price Fluctuations

The most serious objection to any sort of cash transfer is that food prices fluctuate 
and that a commitment to the poor in terms of a certain quantity of food per person 
cannot be maintained very easily. Consider the logistics of the problem. Suppose it is 
decided to give each household 25 kg of grain each month at a subsidized price and the 
subsidy amount required for a recipient to purchase that much grain is deposited into 
her account at the beginning of the month. If the market price has risen by 10% by the 
time the recipient goes to buy the grain, the subsidy amount would fall short of what is 
required. The subsidy amount should therefore be adjusted as the market price changes. 
It is, of course, expensive to adjust the subsidy amount too frequently, and the cost of 
not adjusting it frequently enough will be borne by the poor.11 This can be an objection 
against any cash transfer scheme.

In-Kind Transfers and the Market Price of Food

What happens to the market price of grain under cash and in-kind transfers, respec-
tively? The question is important because, in practice, it is difficult to devise a perfect 
safety net. Some of the poor could be left out even if the coverage was meant to be uni-
versal. Moreover, if a policy intervention causes a rise in the market price of grain, the 
nonpoor who are not entitled to a food subsidy would be adversely affected, and this 
would make the scheme politically difficult to implement.

Grain markets have a well-defined seasonal pattern. Price levels are at their lowest at 
harvest time and then rise through the year to cover the costs of carrying stocks. Grain 
prices can be higher either because of a higher harvest price or because of greater mar-
gins of storage and distribution.

When governments procure, the initial harvest price is determined not by the forces 
of supply and demand but by the support price set by the government. For politicians, 
the demand for a higher support price affords an opportunity to mobilize a constituency. 
In India most of the grain is procured from two states—Punjab and Haryana. These 
two surplus states have a powerful farmers’ lobby that the local governments must pla-
cate. As a result, the support price, and hence the harvest price, is typically determined 
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through bilateral bargaining between the central government and the state govern-
ments. Given the nature of parliamentary democracy in India, the ruling party cannot 
ignore the votes in these surplus states, and consequently the outcome of the bargaining 
game is a price that is higher than it would otherwise be (i.e., cash transfers). Hence, 
there could be a great deal of opposition to a cash transfer system from the procurement 
granaries of Punjab and Haryana. Though what we have described is specific to India, 
such a situation may occur wherever price is determined through the political process.

The power of the farm lobby to dictate prices does vary with circumstances. Shortage 
in the world market reduces the threat of imports and increases their power, but their 
power diminishes if government stocks are far in excess of need.

Government intervention could also impact storage and distribution margins. 
Near-universal food subsidies could leave the government as the overwhelming domi-
nant player in grain trade. The monopoly of government agencies could leave their costs 
unchecked by competition.

Lessons from Social Assistance Programs across the World

The accumulated record of social assistance programs across the world over the last four 
decades offers some clues on what works and what does not in developing countries. 
Some of these programs were designed explicitly to enhance the access of the poor to 
food. Others were designed broadly as social assistance programs for the poor but were 
assessed in terms of their impact on the access of the poor to food. It is safe to say that 
many of these programs did have a beneficial impact on the nutritional intake of the 
poor. What is missing is a careful comparative assessment of their effectiveness in terms 
of their costs, and this is what would give us a better idea of whether they are worth 
emulating. All the same, some of these programs earned a reputation as successful and 
others not so. In either case, we would like to probe why that might be so.

Some of the earlier programs that have been subjected to academic analysis date to 
the 1970s and 1980s. An interesting case study is Sri Lanka, a country that gained a repu-
tation for being able to raise its human development index despite having a relatively 
low per capita income (Edirisinghe 1987). During Sri Lanka’s post-Independence period 
through 1979, they had a system of ration shops through which subsidized rice was dis-
tributed to about half the population. The price subsidy to rice was extremely beneficial 
to the Sri Lankan poor. Sri Lanka had, however, maintained an overvalued exchange 
rate, and that, along with other macro policies, generated severe balance of payments 
difficulties, which brought on International Monetary Fund (IMF) intervention. The 
IMF sponsored structural adjustments, as was common under the circumstances, and 
had as their first priority a severe cut in the government expenditure. The structural 
adjustment included a replacement of the rationing system with food stamps. The food 
subsidy share in total government expenditure fell from 15% during the mid-1970s to 3% 
in 1984. The benefits of food subsidy fell immediately to 83% of what they were before 
the structural adjustments. Food prices rose under the restructuring, and since the food 
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stamps scheme was nonindexed real benefits were reduced to 43% by 1981–82 of what 
they were in 1979. Food price subsidies formed 18% of the budget of an average house-
hold; under the food stamp scheme it dropped to 9.6%. However, targeting improved 
under the food stamp scheme. Under the rationing system, only 50% of the total outlays 
in subsidy went to the bottom 40% of the households that included most of the house-
holds consuming less than the recommended energy allowance; under the food stamps 
scheme this number went up to 66%. But since there was a net reduction in the total real 
subsidy, the nutritional status of the poor worsened. Per capita calorie consumption of 
the bottom 20% declined about 8% from an already low 1490 calories during 1978–79 to 
1368 calories during 1981–82.

It is clear from the previous account that the change from an in-kind transfer system 
to a restricted cash transfer system (food stamps) took place during a period when the 
overriding consideration of the government was budget cutting. The change in the sys-
tem was undertaken with perhaps an explicit intention of reducing the net subsidy as 
evidenced by the issuance of nonindexed food stamps in an environment where price 
rises were inevitable. The Sri Lankan experience raises a red flag in the minds of skep-
tics that a proposal to change a food transfer system to a cash transfer system may be a 
Trojan horse to reduce the level of support to the poor.

Jamaica is another example of a country where a general price subsidy program was 
replaced by a food stamp program. In the aftermath of the worldwide financial turmoil 
in 1980, the Jamaican government was compelled to undertake austerity measures. One 
consequence was the total elimination of general price subsidy and its replacement by a 
targeted food stamp program and an expanded school-feeding program. Grosh (1992) 
gives an appraisal of the food stamps program. Food stamps were issued to 142,000 ben-
eficiaries out of a population of 2.2 million within seven months of the announcements 
of the program. The administrative costs were just 9% of the total cost of the program. 
The gains in targeting were impressive. With food stamps, 57% of the benefits accrued 
to the bottom 40%, while only 8% accrued to the wealthiest quintile. With a general 
price subsidy, these numbers were 34% and 26%, respectively. What about the impact 
on nutrition? No systematic study that we know of exists that could quantify what part 
of the nutritional impact over the next few years could be attributed to the change from 
general price subsidy to the food stamps in Jamaica. All we have is circumstantial evi-
dence. For example, according to Grosh, malnutrition among children below an age of 
five years declined from 14.6% in 1985 to 7.3% in 1989, and the food stamp program was 
launched in 1984.

A poster child for a cash transfer program of recent vintage is Mexico’s PROGRESA 
program, launched in 1998. It provided cash transfers to families conditional on the reg-
ular attendance of their children in schools and health clinics. The idea was to provide a 
safety net while ensuring human capital formation. According to a study by Hoddinott 
and Skoufias (2003) of 24,000 households from 506 communities, the households 
receiving PROGRESA benefits had a caloric intake that was 7.1% higher than those that 
were not. More importantly, the quality of their nutrition, as measured by the caloric 
value coming from vegetables and animal products, was higher. The program now 
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covers 25% of Mexican population. The success of the program in achieving the desir-
able impact at a reasonable cost has made 30 other countries emulate it.

Another very successful conditional (on regular school attendance by children) cash 
transfer program that is being copied everywhere is Brazil’s Bolsa Familia. It is similar in 
structure to Mexico’s PROGRESA. A debit card is issued preferably to a female head of a 
family whose income is below poverty level. The program has been found to be success-
ful in many dimensions. It is well targeted: 80% of the benefits go to the poor. In 2006, 
it cost only 0.5 % of the Brazilian gross domestic product (GDP) and covered 11.2 mil-
lion families. It is credited to have had significant impact on poverty as well as income 
inequality in one of the most unequal countries (Ravallion 2011).

We have discussed only a few country studies. Unfortunately, we have no systematic 
comparative studies that would allow us to pass a definitive verdict on the relative merit 
of cash and in-kind transfers of food subsidy. However, it would not be unfair to claim 
that cash transfers tried across the world are administratively cheaper to implement and 
are used by the recipients mostly for legitimate uses. Several countries have used them 
successfully, and more and more countries are following suit.

Opposition to Cash 
Transfers: Interests and Ideology

Despite the available evidence and a persuasive case for cash transfers, there seems to be 
a strong reluctance among politicians as well as civil society activists to move away from 
in-kind transfers. Why? As far as the politicians are concerned, we cannot discount 
vested interests. In India, this is best illustrated by the power of the grain procurement 
lobby.12 It also consists of the local politically connected interests that run the ration 
shops and make huge profits by diverting subsidized grain to the open market. Indeed, 
it is the prospect of such profit that leads the bulk of ration shops to be cornered by local 
politicians or their cronies.

We believe that there may also be subtler factors influencing the motivations of pol-
iticians. For example, subsidizing the essentials of subsistence is powerfully symbolic 
in keeping alive the conscience of an otherwise unjust society. After all, food subsidies 
were not constructed as technocratic solutions to malnutrition and hunger but as one 
of the important means to pacify the poor multitudes. Their historical origins explain 
why paternalism sits so well with food subsidies. It may also explain why politicians long 
accustomed to being arbiters of food prices may be reluctant to embrace the unknown 
political potential of cash transfers.

Civil society activists and especially those groups advocating and working to expand 
the rights of the poor—for food, health, education, and other public services—have 
opposed cash transfers for the most part. Their steadfast commitment to in-kind 
transfers is deeply ironical. A tool of social pacification is held up as a radical means 
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of affirming the rights of the poor. Although they are deeply distrustful of the state, 
the enlargement of subsidies via in-kind transfers expands state powers and interven-
tion to unprecedented levels. Their preferred method for controlling the incentives 
for cheating and fraud built into the design of in-kind transfers is an elaborate polic-
ing system stretching upward from the community to the bureaucrats and to the judi-
ciary. Although they live and work among the poor, activists are more reluctant to 
grant agency to the poor than the cash transfer advocates (often economists) who have 
little contact with the lives of the poor and analyze poverty only in terms of statistical 
aggregates.

The activists do not all speak with one voice, but many of them are driven by ideal-
ism of a sort that compels them to evaluate economic policies not just by the outcomes 
but also by the perceived purity of the means employed to attain those outcomes. Cash 
transfers are tinged with their association with markets, the World Bank, and neoliberal 
economics. Although the case for cash transfers is just that it gets rid of the incentives 
for corruption, it smacks of a market-based solution and therefore seems distasteful. 
Electronic transfers of cash and the use of biometric identification seem like technical 
fixes that rely too much on the profit-seeking banking and corporate sector.

But the government too is not to be trusted. It has also lost its credibility. It is corrupt 
and incompetent and does not really work for the poor. The role of keeping the govern-
ments accountable has therefore been taken up by the civil society activists. Indeed, this 
arrangement has worked to some extent in India, so far typically by getting progressive 
legislation passed by the parliament that requires government action. However, since 
the government is corrupt, the legislation is monitored using the muscle of collective 
action at the local level. For example, organize the local community to monitor, to make 
grievances, and to picket. A vigilant and alert local community is therefore the favored 
solution of the supporters of PDS to the corruption in the system.

While the notion of a local community has been criticized elsewhere, the concept of 
a village community capable of collective action toward a common goal has immense 
appeal to those who value democratic politics.13 The mobilization of communities 
around their right to food and getting them to collectively police the distribution of gov-
ernment grain supplies builds local organizations and community solidarity that could 
be transferred to other causes as well: the right to health, education, and especially the 
right to their land and water resources (against depredation by the government and cor-
porations). Therefore, in this narrative, the “democratic struggle” is a value in itself. In 
this larger conception of rights and politics, the “narrow” pragmatism of an economist 
does not stand a chance.

A hard-headed look at food subsidies might have, however, convinced some of the 
advocacy groups among the poor that subsidies (in-kind or cash) are primarily distribu-
tive measures, and hence no particular value ought to attach to the means of delivery. 
Only the outcomes ought to be valued. Such a statement would be dismissed, though, as 
deeply ideological by the advocates of in-kind transfers. In their conception, cash trans-
fer marks the retreat of the state from its commitment to the inclusion of the poor and 
the deprived in the democratic process.
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Concluding Comments

The only sorts of arguments that can become compelling against cash transfers are 
whether they are feasible and whether they will indeed reduce corruption. On feasibility, 
one can ask whether cash transfers are possible in the Indian setting where the banking 
network is not widespread in rural areas and most people do not have bank accounts. 
On corruption, one can ask whether cash cannot be siphoned off just as easily as grain. 
Indeed, these two questions are related, since for cash transfers to be able to reduce cor-
ruption they need to be a part of a well-functioning system.

As discussed earlier, new technologies that allow secure biometric identification 
and permit access to bank accounts through cell phone networks hold great prom-
ise. Any potential beneficiary will then be able to have a bank account in which 
the due amount can be directly deposited bypassing the local bureaucracy that is 
often responsible for siphoning off the money. Notice that new technologies also 
can be applied to reform in-kind transfers. Real-time policing of the supply chain 
and secure biometric id can reduce corruption losses. However, these reforms will 
not address the potential adverse impacts of expanded government involvement in 
procurement.

But is it conceivable that a system can create and maintain a databank for over 1.2 
billion people and use it without significant errors? This is a reasonable doubt, and all 
we can hope for is that there will be many pilot projects and experiments so that we 
get to examine whether the system works. The best possible scenario is where states are 
allowed to experiment with different systems including cash transfers, reformed in-kind 
transfers, or hybrid models (e.g., cash transfers in cities and in-kind transfers in finan-
cially underdeveloped regions). We will learn a lot about the strengths and weaknesses 
of various ways to deliver food subsidy, and the most effective ways will sought to be 
emulated across the country.

Notes

 1. For accounts of India’s early food policy, see Bhatia (1970) and Chopra (1981).
 2. This is acknowledged officially. The latest such statement is from the Planning 

Commission (2011, p. 77), which stresses that unless the supply chain is modernized and 
private investment encouraged, “the intermediation process for farm products, especially 
perishable products, will remain antiquated with considerable wastage, low net realization 
to the farmers and high consumer prices.”

 3. There are many such regulations intended for the protection of either producers or con-
sumers. For instance, private players can buy produce only from the so-called regulated 
markets. In particular, they are not permitted to directly buy from farmers or to set up 
their own markets. The reforms of the 2000s aimed to dilute the monopoly of these regu-
lated markets.
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 4. The government did incur the displeasure of farmers and pressure by farm lobby states 
and threats of procurement boycott led to substantial hikes in procurement prices in the 
2008 season.

 5. As might be expected, the aggregate picture masks the variation across states. In general, 
the southern states have a better record in delivering food subsidies.

 6. The local-level politics that accommodate and encourage rent seeking in the PDS is 
described by Mooij (1999, 2001).

 7. Their formal involvement was restricted to the first draft.
 8. This is not to say that identification by local bodies will always fail. Indeed, it could well be 

the preferred option in a set of none too promising alternatives.
 9. That is, if the subsidy was discontinued, per capita grain consumption will not drop below 

2 kg per month.
 10. Paper stamps have now been replaced by debit cards.
 11. Of course, the shortfall this month can be added to the amount sent to the consumer next 

month. In addition, the market prices can go down as frequently as they go up, so over a 
long time it can be a wash.

 12. This includes the farm surplus states as well as the oversized government agencies in 
charge of procurement.

 13. Kotwal, Murugkar, and Ramaswami (2011) cast a critical eye on whether local communi-
ties can discipline the PDS.
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Diets,  Nu trition,  
and P overt y

Lessons from India

Raghav Gaiha1,  Raghbendra Jha,  Vani 
S .  Kulkarni ,  and Nidhi  Kaicker

Introduction

India is currently undergoing a rapid economic and demographic transformation char-
acterized by a sustained and rapid rise in average living standards—increase in GDP per 
capita growth rates, decline in poverty, rising urbanization, and improvements in health 
outcomes. A key feature of this transformation has been the change in the nature of the 
Indian diet, driven partly by the integration of global markets and improvements in 
communication.

According to FAOSTAT, dietary changes in the 1980s included a sharp rise in con-
sumption of both animal and vegetable products, with milk having the largest propor-
tional increase among animal products, and, rice, pulses (dried peas, beans, lentils, 
chickpeas, etc.), wheat, spices, and oils constituting the largest increase among vegetable 
products.2 During the 1990s, significant changes in the pattern of food consumption 
included a marked increase in the consumption of animal products (especially animal 
fats), and a relatively modest increase in consumption of vegetable products. Although 
the consumption of wheat, starchy roots, vegetable oils, sugar and sweeteners, and fruits 
increased, that of rice, pulses and other cereals declined. There was also a sharp increase 
in potato consumption, given its predominance in energy-dense food products (e.g., 
fries and potato chips). A significant change was in the consumption of wheat due to 
a move away from the traditional chapatti to more commercialized and westernized 
bread products.3

 

 



328   Raghav Gaiha, Raghbendra Jha, Vani S. Kulkarni, and Nidhi Kaicker 

Thus, dietary transition was characterized by a substitution of traditional staples by 
primary food products that are more prevalent in western diets. These shifts are reflected 
in higher consumption of proteins, sugars, fats, and vegetables.

Some of the underlying factors behind this dietary transition are expansion of the mid-
dle class, higher female participation in labor markets, emergence of nuclear two-income 
families, a sharp age divide in food preferences (with younger age groups more sus-
ceptible to new foods advertised in the media), and rapid growth of supermarkets and 
fast-food outlets.4

The health implications of the dietary transition are unclear. A  more varied and 
nutritionally balanced diet and higher levels of food hygiene are associated with better 
health. But there is a trade-off as more energy-dense foods are linked to higher inci-
dence of diet-related noncommunicable diseases (NCDs) such as diabetes, coronary 
heart disease, and certain types of cancer. Although India lags behind other develop-
ing countries in the epidemiological transition—decline in infectious disease mortality 
compensated for increasingly by higher mortality from chronic degenerative NCDs—
there is some evidence of this transition taking place. Estimated deaths from NCDs are 
projected to rise from 3.78 million in 1990 (40.46% of all deaths) to 7.63 million in 2020 
(66.70% of all deaths)

The scheme of this chapter is as follows: The second and third sections review the 
evidence on nutrient intake and dietary changes, focusing particularly on the down-
ward shift in calorie, protein, and other nutrient intakes over the period 1993–2004. In 
the fourth section, recent evidence on eating out as an aspect of dietary transition in 
India is reviewed. The fifth section undertakes a demand-theory based explanation of 
the factors driving the downward shifts. In the sixth section, we use a different mea-
sure of undernutrition, based on the calorie share of staples. The seventh, eighth, and 
ninth sections, respectively, focus on poverty nutrition traps, an assessment of whether 
child undernutrition is underestimated; and the links among aging, obesity, affluence, 
expansion of the middle class, urbanization, and noncommunicable diseases (NCDs). 
The tenth section examines the (potential) contribution of National Rural Employment 
Guarantee Scheme (NREG) and Public Distribution System (PDS) toward mitigating 
the extent and severity of undernutrition (including micronutrient deficiency). As cur-
rent debates on food security have veered toward a right to food, a new perspective is 
delineated in the eleventh section, to suggest that food security involves a right to poli-
cies (or a “right to a right”) designed to ensure fulfillment of food entitlements. The final 
section makes some concluding observations from a broad policy perspective.

Nutrient Intake

Various sources—including detailed household consumption expenditure surveys con-
ducted by the National Sample Survey Organisation (NSSO) every five years in India 
(the so-called thick samples)—point to a puzzle. Despite rising incomes, there has been 
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sustained decline in per capita nutrient intake. In an important contribution, Deaton and 
Dreze (2009) (henceforth DD) offer an analysis of the decline in nutrient intake over the 
period 1983 to 2004. Their principal findings are that the average calorie consumption was 
about 10% lower in rural areas in 2004–2005 than in 1983. The proportionate decline was 
larger among the more affluent sections of the population, and negligible for the popula-
tion in the bottom quartile of the per capita expenditure scale. In urban areas, there was a 
slight change in average calorie intake over this period. Proteins and other nutrients also 
experienced a drop in per capita consumption, whereas the intake of fat increased in both 
rural and urban areas. Because incomes rose over this period, these declines are puzzling.

A contentious view offered by DD is that the declines are not attributable to changes 
in relative prices because an aggregate measure of the price of food—treated synony-
mously with the price of calories—changed little during this period. So the puzzle boils 
down to this: Per capita calorie consumption is lower at every given level of per capita 
household expenditure, across the expenditure scale, at low levels of per capita expendi-
ture as well as high, that is, there is a steady downward shift of the calorie Engel curve.5

DD are emphatic that the downward shift of the calorie Engel curve is due to lower 
calorie “requirements,” associated mainly with better health and lower activity levels. 
Specifically, they draw attention to major expansions in availability of safe drinking water, 
vaccination rates, transport facilities, and ownership of various effort-saving durables, 
relying on evidence furnished by the Indian Council of Medical Research (1990).

This section throws more light on the declines in calorie, protein, and fat intake over 
the period 1993–2004, and the explanations offered of this decline. The analysis is based 
mostly on unit record data collected for the 50th and 61st rounds of the NSS (corre-
sponding to 1993–94 and 2004–05, respectively).

Changes in Calorie, Protein, and Fat Intake

Calories
Until recently, a calorie intake of 2400 per day was considered adequate for a typical 
adult engaged in physically strenuous work of a certain duration in rural India. More 
recent assessments have used lower calorie “requirements” (1800 calories).6

As can be seen from Table 13.1, using the higher calorie requirement of 2,400, over 
71% of the rural households were calorie deprived or more generally undernourished in 
1993.7 With the lower norm of 1,800, this proportion falls sharply to about 31%, imply-
ing a large concentration of households in the calorie intake range of 1,800–2,400. The 
proportion of undernourished rises from 71% to nearly 80% in 2004, and the proportion 
below the lower cut-off from about 31% in 1993 to close to 37% in 2004, indicating high 
levels of calorie deprivation. Although the mean calorie intake of those below 1,800 rose 
slightly (from 1,491 to 1,516), the mean intake (overall) reduced from 2,156 in 1993 to 
2,047 in 2004.

In urban India, assuming lower calorie norms of 1700 and 2100 (given less strenu-
ous physical activity in urban areas), about 28% consumed less than 1700 calories in 
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1993 (Table 13.2). About 58% were below the higher calorie norm of 2100. Worse, this 
proportion rose to about 64% in 2004. The proportion of people below the lower cut-off 
changed only slightly. Although less alarming than the calorie deprivation increase in 
rural India, it is nevertheless worrying.

Protein
A cut-off of 60gm of protein intake is used.8 Although protein deficiency is in large 
measure linked to calorie deficiency, we note that well over 57% of rural households 
consumed fewer than the required protein intake in 1993. Just under a quarter of the 
households consumed <45gm of protein. Within both ranges of protein intake, the pro-
portions rose more than moderately (e.g., in the lower range, the proportion of house-
holds rose from about 24% in 1993 to about 29% in 2004). Although the mean intakes of 
protein reduced from 60gm in 1993 to 56gm in 2004, the intake for households in the 
lower range remained unchanged (Refer to Table 13.3).

The share of protein-deficient households in urban India (considering the 60 gm 
cut-off) remained unchanged between 1993 and 2004. Overall mean protein intakes, 
however, reduced (Refer to Table 13.4).

Fats
Although a precise range for fat requirements cannot be specified, a range of 40–60gm 
of fat intake is desirable.9 Even considering the first three ranges of fat intake, an aston-
ishingly high estimate of fat deficient households for rural India (over 85%) is obtained 

Table 13.1 Calorie Intake Distributions in Rural India, 1993 and 2004

Year

Range of Calorie Intake Per Capita Per Day

Total<1800 1801–2400 2401–3000 >3000

1993 31.09 (1491) 40.07 (2084) 19.42 (2650) 9.42 (3636) 100 (2156)

2004 36.68 (1516) 43.11 (2071) 15.07 (2629) 5.14 (3925) 100 (2047)

Source: Authors’ calculations based on the 50th and 61st rounds of the NSS.

Table 13.2 Calorie Intake Distributions in Urban India, 1993 and 2004

Year

Range of Calorie Intake Per Capita Per Day

Total<1700 1701–2100 2101–2600 >2600

1993 28.12 (1426) 29.62 (1900) 25.76 (2320) 16.49 (3107) 100 (2074)

2004 29.40 (1440) 34.52 (1900) 24.67 (2313) 11.41 (3252) 100 (2021)

Source: Authors’ calculations based on the the 50th and 61st rounds of the NSS
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for 1993. As can be seen from Table 13.5, well over one-third of households are under the 
lowest range of <20gm. The corresponding household share with fat intakes <50gm fell 
to over 83% in 2004. The share of households consuming <20gm of fat fell sharply (from 
over 34% to well over 22%). Mean fat intakes increased over the period 1993 to 2004.

Using higher ranges of fat intake for urban areas (Table 13.6), fat deprivation was per-
vasive (about 81% of the households consumed <60gm of fats in 1993). About a quar-
ter consumed <25gm. Over the period 1993–2004, the reduction in the proportion of 
fat-deprived was slight (from 81% in 1993 to 78% in 2004). However, as in rural India, the 
proportion consuming fats <25gm fell sharply. Mean fat intakes increased.

Thus, taking the nutritional norms as valid, the overall picture of nutritional depriva-
tion worsened considerably over the period 1993–2004, despite significantly enhanced 
economic growth in per capita income.

Table 13.3 Protein Intake Distributions in Rural India, 1993 and 2004

Year

Range of Protein Intake Per Capita Per Day (gms)

Total<45 46–60 61–75 >75

1993 23.81 (37.1) 33.79 (52.4) 22.79 (66.8) 19.61 (94.4) 100 (60.3)

2004 28.81 (37.4) 38.05 (52.2) 21.46 (66.3) 11.68 (93.9) 100 (55.8)

Source: Authors’ calculations based on the the 50th and 61st rounds of the NSS

Table 13.4 Protein Intake Distributions in Urban India, 1993 and 2004

Year

Range of Protein Intake Per Capita Per Day (gms)

Total<45 46–60 61–75 >75

1993 24.90 (37.1) 37.77 (52.4) 23.11 (66.5) 14.23 (90.7) 100 (57.3)

2004 29.40 (37.8) 34.50 (52.3) 24.69 (66.2) 11.40 (94.9) 100 (55.4)

Source: Authors’ calculations based on the the 50th and 61st rounds of the NSS

Table 13.5 Fat Intake Distributions in Rural India, 1993 and 2004

Year

Range of Fat Intake Per Capita Per Day (gms)

Total<20 21–30 31–50 >50

1993 34.30 (14.0) 25.08 (24.7) 26.09 (38.3) 14.54 (72.1) 100 (31.5)

2004 22.59 (15.0) 27.21 (24.9) 33.58 (38.3) 16.62 (74.6) 100 (35.4)

Source: Authors’ calculations based on the the 50th and 61st rounds of the NSS
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Changes in Diets and Nutrition

Food composition and diet changed considerably in both rural and urban areas over the 
period 1993–2004.10 Although there was some reduction in cereal intake, there were large 
reductions in the intake of pulses/nuts/dry fruits too. In contrast, intakes of Vanaspati-oil, 
eggs, and fruits rose. Because these are linked to intakes of calories, proteins, and fats 
with varying importance, an investigation of how food consumption patterns changed in 
response to changes in income and relative prices is necessary. We build on the DD analysis 
(2009) of food commodities that contributed to reduction in calories, protein, and fats.

Calories

In rural India in 1993, cereals accounted for about 71% of total calorie intake, which 
reduced to 68% in 2004. Calories from cereals recorded a significant reduction (from 
1,530 calories to 1,383 calories). The contribution of vanaspati-oil rose moderately. 
Altogether, calorie intake declined from 2,156 to 2,047 between 1993 and 2004.

In urban India, calorie intake declined from 2,074 in 1993 to 2,021 in 2004, a reduction 
of about 3%, much of it due to reduction in cereal calories—from 1,213 to 1,133—a reduc-
tion of 7%. Among other calorie sources, milk/milk products/ghee/butter, Vanaspati-oil 
and pulses/nuts/dryfruits/others contributed a slight increase.11 By contrast, the contri-
bution of sugar decreased.

Protein

In rural India, protein intake declined—from 60.3gm in 1993 to 55.8gm in 2004— that is, 
by about 7%. Much of it is reflected in a reduction in protein intake from cereals. Intake 
from other sources remained largely unchanged between 1993 and 2004. Similarly, aver-
age protein intake in urban India fell from 57.3gm in 1993 to 55.4gm in 2004, that is, by 
about 3%, most of it due to a reduction in protein intake from cereals.

Table 13.6 Fat Intake Distributions in Urban India, 1993 and 2004

Year

Range of Fat Intake Per Capita Per Day (gms)

Total<25 26–40 41–60 >60

1993 25.04 (18.2) 29.84 (32.3) 26.15 (48.6) 18.97 (80.2) 100 (42.1)

2004 15.39 (19.4) 31.02 (32.6) 31.56 (48.9) 22.04 (85.8) 100 (47.4)

Source: Authors’ calculations based on the the 50th and 61st rounds of the NSS
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Fats

Between 1993 and 2004, fat intake rose from 31.5 gm to 35.4 gm in rural India, that is, 
by 12%. There was a slight reduction in fat intake from cereals and milk/milk products/
ghee/butter, and the main contributor to the higher intake was vanaspati-oil. Pulses/
nuts/dry fruits also contributed a slightly higher amount.

Urban India also recorded increased intake of fats—from 42.1gm in 1993 to 47.5gm in 
2004, that is, by 13%. As in rural India, much of the increase came from Vanaspati-oil. 
Contribution of pulses/nuts/dry fruits also rose by a small amount.

Changes in Diets

Underlying these changes in nutrient intakes from different food commodities are the 
changes in their consumption. In rural India, there was a sharp reduction in cereal consump-
tion—10% between 1993 and 2004. The intake of sugar decreased by 6% between 1993 and 
2004. Pulses/nuts/dry fruits/others recorded a sharp drop of 44% between 1993 and 2004. 
By contrast, intakes of Vanaspati-oil and eggs rose more than moderately, as did meat/fish/
poultry, fruits and vegetables in 2004. Reduction in cereal intake was lower in urban India 
(7%). Pulses/nuts/dry fruits recorded a sharp reduction of 37%, whereas sugar recorded a 
moderate decline. Milk/ghee/butter, meat/fish/poultry, and fruits and vegetables recorded 
small increases in 2004, and eggs and Vanaspati-oil recorded moderately higher intakes.

Dietary patterns of Indian households changed over this period; relative prices are of 
course important, and elasticities of demand varied across food categories. An increase 
in the price of milk, for example, leads to a negligible reduction in its demand—a case of 
highly inelastic demand. The demand for cereals, meat, and vegetables is highly respon-
sive to price changes; the responsiveness of demand for fruits and pulses is moderate; 
and that of Vanaspati oil and eggs is small. The expenditure elasticity is the smallest for 
cereals. Our analysis is based on the 1993 and 2004 household surveys conducted by the 
NSS.12 The demand for each of the commodities analyzed is inversely related to its own 
price, consistent with demand theory, with varying elasticities.13 These variations reflect 
changing food preferences over time—preferences for taste and variety.

Household characteristics, such as size, proportion of adults, and caste affiliation have 
significant impacts on the demand for various food commodities. The links between 
caste affiliation and demand for food commodities are interesting. In comparison to 
Scheduled Castes, Others (a residual caste group) demanded larger amounts of milk, 
Vanaspati oil, fruits and vegetables, and lower amounts of meat and cereals. This may in 
part reflect cultural differences among these categories. There are also significant differ-
ences between urban–rural samples, pointing to urban lifestyles driving dietary changes 
(fatty and starchy convenience foods).

How do we measure diversity in the diet? One approach is to count the number of dif-
ferent food items consumed. Because this does not allow for their relative importance in 
food expenditure, we have followed a different approach, which relies on their shares in 
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food expenditure. A Food Diversity Index (FDI) is computed.14 In percentages, this lies 
between 0 and 100. The higher the ratio, the lower is the food diversity.15 We use five food 
groups to construct the FDI: (1) cereals and pulses; (2) milk, milk products, eggs, and 
meats; (3) oil; (4) sugar; and (5) fruits and vegetables. We consider a less disaggregated 
classification of food commodities than used before, but there is no more than a slight 
loss of information.

A graphical representation of variation in FDI by per capita expenditure quantiles is 
given in figure 13.1. Diets are more diversified at higher expenditure levels; moreover, 
diet diversification was greater in 2004 than in 1993.

The FDI and its effect on calorie intake are analyzed in two-stages:  The first stage 
focuses on the determinants of FDI and the second on the effects of FDI on calorie 
intake.16 Cereal and relative food prices (ratio of cereal price to that of animal products 
including milk, poultry, and meat price, cereal price to that of Vanaspati oil) influence 
FDI. Specifically, for example, the higher the cereal price, the lower is FDI, and the greater 
is food diversification. On the other hand, given the cereal price, the lower is the price 
of animal products, the greater is the demand for these products and consequently the 
greater is food diversification. Higher expenditure lowers FDI and enhances food diver-
sification. Those belonging to the middle class (identified on the basis of consumer dura-
bles such as TVs) also have more diversified diets, as do those located in urban areas.

In the second stage, controlling for the effects of all these variables (except for that 
of the middle class), dietary diversification reduces calorie intake.17 Although this 
link has been hinted at or simply glossed over in recent studies, this is the first robust 
confirmation.18

How Pervasive is Eating Out in a 
Transitional Economy?

How extensive is the dietary transition in terms of eating outside the household? 
The nationwide household survey, India Human Development Survey 2005 (IHDS), 
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Figure  13.1 Food Diversity Index at Various Levels of MPCE
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conducted jointly by the University of Maryland and the National Council of Applied 
Economic Research permits analysis and answers. Eating out refers to meals or snacks 
served in restaurants, roadside eating places, tea and snack shops, and street vendors. 
Our focus is on the socioeconomic status of households eating out, and their spatial 
distribution.19

Eating out was more common among the metro residents, as one would expect; they 
also spent larger amounts. Yet eating out is pervasive; about 30% of the households did 
so. A large proportion of those eating out (about 42%) spent under rupees (Rs) 99 per 
month, and about a quarter spent over Rs 200 per month (at 2004–2005 prices). Eating 
out is a feature not just of the metros or urban areas, but also of urban slums and rural 
areas, though it is less pervasive in the last two areas. In the six largest metros (Mumbai, 
Delhi, Kolkata, Chennai, Bangalore, and Hyderabad), about 34% of the households ate 
out, as compared to about 27% elsewhere. Over 47% of the former spent Rs 200 or more 
per month on eating out, and less than one-quarter of the latter did so. There are also dif-
ferences by caste. About 25% of the Scheduled Castes (SCs), about 27% of the Scheduled 
Tribes (STs), and about 31% of the Other Backward Castes (OBCs), and Others ate out. 
Even some of the most deprived and socially excluded groups—especially the SCs and 
STs—have switched from traditional staples to fast foods and opted for greater variety 
in food consumption. When the sample is split into the poor and nonpoor households 
using the official poverty line, we find that a much larger proportion of the nonpoor 
households (about 32%) ate out, but about 12.5% of the poor ate out as well.20 A more dis-
aggregated classification of the households into four Monthly Per Capita Expenditure 
(MPCE) classes (less than Rs 300, between Rs 300–500, between Rs 500–1000, and 
greater than Rs 1000) further qualifies the common perception that eating out as a man-
ifestation of dietary transition is mostly a middle-class phenomenon.

Using an econometric model, we obtain additional insights into the marginal contri-
bution of household traits, their (relative) affluence, and locational characteristics.21 The 
results show that location of households, their demographic and caste characteristics, 
and, above all, their relative affluence determine both the decision to eat out, and, con-
ditional on it, the amount spent. Further details are omitted to focus better on the latter.

Amounts spent on eating out vary with location. Households located in both met-
ros and nonmetro urban locations are likely to spend larger amounts on eating out, 
relative to rural areas. Between the metros and nonmetros, households in the former 
are likely to spend much larger amounts. SCs, STs, and OBCs are likely to spend lower 
amounts relative to Others. The higher the number of adult males in paid employment 
in the age-group 25–45, and of females in the older age-group, >45 years, the greater is 
the amount spent. The effect of higher per capita expenditure relative to the poverty 
line is large and significant, confirming that the more affluent are not just more likely to 
eat out but also likely to spend larger amounts. The higher the share of salary in house-
hold income, the lower is the amount spent. By contrast, the higher the share of business 
income, the larger is the amount spent.

Our analysis thus broadly confirms the important role of urbanization, demographic 
changes, expansion of middle class and its growing affluence in eating out, or, more 
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generally, consumption of snacks, beverages, and precooked meals. Nevertheless, even 
more deprived sections of the society are not immune to these evolving dietary patterns.

Demand-Theory Based Explanation of 
Shift in Nutrient Intake

One explanation of a downward shift in the calorie Engel curve relies on lower “require-
ments” due to health improvements, less strenuous activity levels, and more seden-
tary lifestyles (Deaton–Dreze 2009). There is an alternative explanation provided by a 
standard demand-theory framework, with food prices22 and expenditure (as a proxy 
for income) cast in a pivotal role. Demand functions are estimated for each of three 
nutrients, namely calories, protein, and fats. We find -consistently robust food price and 
expenditure effects. We will discuss the results for rural and urban samples separately.23

Rural India

Calories
Our results confirm significant food price effects on calorie demand—negative for 
prices of cereals, and fruits and vegetables, and positive for inferior cereals, milk/milk 
products/ghee/butter, Vanaspati oil, sugar, eggs and pulses/nuts-dry fruits/others. The 
expenditure/income effect on calorie demand is positive and large.24 Household size and 
composition matter too. The larger the number of adult males and females, the greater 
is the calorie demand. Controlling for the number of adults, variation in household size 
reflects variation in number of children. So it is not surprising that household size has a 
significant negative effect on calorie demand.25 Both SC and Others (as a residual caste 
group) demand more calories than the omitted group of STs. Education level matters 
too. Other things being equal, households in which adult males and females have more 
than middle level of schooling demand fewer calories than those with lower educational 
attainments. Over and above these effects, it is found that calorie demand was lower in 
2004 as compared to 1993. This could be in part the combined effect of epidemiological 
improvements, less strenuous activity patterns, and more sedentary life-styles.26

Protein
There are significant food price effects on protein demand too—negative for prices of 
cereals, Vanaspati oil, fruits, and vegetables, and positive for those of milk/milk prod-
ucts/ghee/butter, sugar, eggs, and pulses/nuts-dry fruits/others. Expenditure has a sig-
nificant positive effect. Turning to household characteristics, the larger the numbers of 
adult males and females, the higher is the protein demand, whereas household size has 
a significantly negative effect. In all these cases, however, the effects are negligibly small. 
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The caste affiliations (SCs and Others relative to STs) have significant positive effects, 
but the coefficients are negligibly small. Households with adult males and females pos-
sessing above middle schooling have lower protein demands than those with lower edu-
cational attainments. Of some significance is the fact that the effect of adult males with 
above middle schooling is much lower than that of adult females. There is a positive shift 
of the protein demand curve over the period 1993–2004, implying a residual positive 
effect.27

Fats
Beginning with the food-price effects, cereal, milk/milk products/ghee/butter, 
Vanaspati oil prices have negative effects; whereas prices of sugar, eggs, meat/poultry/
fish, pulses/nuts/dryfruits, vegetables and fruits have positive effects. The elasticity of 
expenditure is significantly positive and large. Most household characteristics other 
than the number of adult females have significant effects, but the magnitudes are neg-
ligible. Over and above these effects, there is a downward shift of the fat demand curve, 
due to factors other than those specified in the demand function over time.28

Urban India

Calories
Prices of cereals, pulses/nuts/others, inferior cereals and fruits and vegetables have neg-
ative but small effects (in absolute value), whereas prices of milk/milk products/ghee/
butter, Vanaspati-oil, sugar and eggs have positive effects. The expenditure elasticity is 
positive. Excluding the caste variables, all other household characteristics have signifi-
cant but negligible effects. As in rural India, the demand function shifted downward 
over time, presumably because of less strenuous activity patterns and more sedentary 
life-styles, among other time-related factors.

Protein
Prices of cereals, inferior cereals, meat/fish/poultry, fruits and vegetables have negative 
coefficients, whereas prices for milk/milk products/ghee/butter, sugar, eggs, and pulses 
have positive coefficients. The expenditure elasticity is positive and high. Except for SCs 
(with a small positive coefficient), all other household variables have significant coef-
ficients but negligible in value. As in the case of rural India, there is a positive shift in the 
demand curve.

Fats
Cereal, inferior cereal, milk/milk product/ghee/butter prices have negative coefficients 
whereas those of Vanaspati oil, sugar, eggs, meat/fish/poultry, pulses, and vegetables have 
positive coefficients. The expenditure elasticity is high. All household variables, with the 
exception of SCs, have significant effects but negligible in value. SCs demand more fats 
relative to STs. As in rural India, the demand function shifted downward over 1993–2004.
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We developed an alternative explanation of changes in the consumption of calories, 
protein, and fats over the more recent period, 1993–2004. Our results show consistently 
robust food price and expenditure effects. Besides, shifts in food price elasticities over 
time are significant, indicating changes in price responsiveness of demand. Over and 
above these effects, there are shifts in demands due to factors other than those speci-
fied in the demand equations. In the context of calories, for example, it is plausible that 
part of the reduction in their consumption was due to health improvements and less 
strenuous activity levels. In conclusion, although the Deaton–Dreze (2009) explana-
tion is not rejected, it is arguable that it is complementary to the demand-theory based 
explanations.29

Calorie Thresholds and 
Undernutrition

There are important conceptual and measurement issues in undernutrition. If the pro-
portions of undernourished people are measured using fixed calorie norms, there is an 
increase in the prevalence of undernutrition (synonymous with calorie-deprivation). 
Even if the calorie norms are taken to be lower, a grim picture emerges. Using fixed calo-
rie norms to measure undernutrition is suspect for familiar reasons.30 A recent study 
(Jensen and Miller, 2011) proposes an alternative measure that relies on consumption 
behavior, as opposed to calorie norms. The basic argument is that individuals tend to 
switch away from the cheapest source of calories (staple food), after surpassing sub-
sistence, and move toward more expensive sources of calories. If this switch occurs 
at a certain share of calories from staples, all those above the threshold are counted as 
undernourished.

Our analysis with the National Sample Survey data for 1993 and 2004 shows that such 
a measure is potentially misleading as it confines variation in the calorie share to a mea-
sure of wealth, ignoring the role of relative prices. We first experimented with “Lowess” 
in which the dependent variable is share of calories from cereals (cheapest and larg-
est source of calories) and the explanatory variable, wealth of a household per capita, is 
approximated by monthly per capita expenditure (MPCE).31

In rural areas, in 1993, counting those above the calorie share threshold (below and 
above the corresponding expenditure cut-off point), the proportion of undernourished 
works out to about a quarter of the rural population, which is below that under the cal-
orie cut-off of 1,800 per capita per day. In striking contrast to our analysis with fixed 
calorie norms, which shows a sharp rise in the proportion of undernourished in rural 
India during 1993–2004, the Lowess results show a substantial reduction. In urban areas 
too, there is a reduction in the proportion of undernourished (from 15% to 9%), due 
to a sharp reduction in the proportion of those above the calorie threshold and above 
the expenditure cut-off. This contrasts with the sharp increase in the proportion of 
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undernourished with the calorie cut-off of 2,100 (the proportion rises from about 58% to 
about 64%).

Following the extant literature establishing the important role of food prices in induc-
ing substitutions between different sources of calories, we explore with the NSS data 
how sensitive calorie shares are to food prices and whether a calorie threshold exists 
and, in case it does, whether estimates of undernourished change substantially.32 For an 
assessment of relative importance of expenditure and price effects, their elasticities were 
computed. To avoid repetition, our comments are selective and brief. Expenditure elas-
ticities for the poor in rural India remained stable at –0.14 over the period 1993–2004. 
By contrast, the elasticity (in absolute value) reduced in urban India (from over –0.20 
to –0.17). Among the affluent, their (absolute) values fell more in urban India than in 
rural India. In both rural and urban India and in both 1993 and 2004, the (absolute) 
expenditure elasticities were lower for the poor.

Confining to food-price elasticities, an important finding is that although they vary 
between food commodities, across different subsamples, and over time, they are sub-
stantially lower (in absolute value) than expenditure elasticities, implying that expen-
diture has a much larger influence on calorie shares. This, of course, does not negate the 
effects of food prices.

The calorie thresholds obtained from Lowess are lower than those obtained from 
robust regressions, whereas expenditure cut-offs are considerably higher. As a result, 
the estimates of undernourished vary greatly. Consider, for example, the estimates for 
rural India. In 1993, the Lowess estimate of the undernourished is 27% of the population, 
whereas the robust regression estimate is 0.3%.33 In 2004, the Lowess estimate was about 
three times greater than the regression estimate. Besides, although the rate of reduction 
with regression is negligible, it contrasts with a sharp reduction in Lowess estimates. 
Similarly, for urban India, the estimate of undernourished from Lowess was about twice 
that obtained from robust regression for 1993 and even greater for 2004.

In sum, our analysis confirms that calorie and associated income thresholds are 
influenced by several other factors—especially food prices—that are omitted. Since 
even the poor substitute in response to changes in food prices, the thresholds change. 
Thus, purely notional adjustments to estimate the extent of undernutrition will not do, 
because their bases are uncertain.

Poverty–Nutrition Trap (PNT)

An assertion by Deaton and Dreze (2009) that poverty and undernutrition are unre-
lated is contentious.

The efficiency-wage hypothesis postulates that, in developing countries, particularly 
at low levels of nutrition, workers are physically incapable of doing hard manual labor. 
Hence their productivity is low, which then implies that they get low wages, have low 
purchasing power and, therefore, low levels of nutrition, completing a vicious cycle of 
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deprivation. These workers are unable to save very much so their assets—both physical 
and human—are minimal. This outcome reduces their chances of escaping the poverty–
nutrition trap (PNT).34

Our analysis is based on a nation-wide household survey conducted by the National 
Council of Applied Economic Research in 1994.35 We test for the existence of a PNT in 
the case of calories and four key micronutrients—carotene, iron, riboflavin, and thia-
mine—for three categories of wages (sowing, harvesting, and other) and for male and 
female workers separately.

PNT exists in one-third (i.e., 10) of the 30 cases analyzed. It exists for female harvest 
wage and female sowing wage for calories. In the case of carotene, male workers engaged 
in harvesting are subject to the PNT, whereas both male and female workers engaged in 
harvesting are subject to PNT in the case of iron. In the case of riboflavin female workers 
engaged in harvesting and sowing and male workers engaged in harvesting are subject 
to PNT. In the case of thiamine, female workers engaged in harvesting and sowing are 
subject to PNT. Since harvesting is physically more demanding than sowing, there is a 
higher incidence of PNT in harvesting.

This analysis shifts the focus to nutritional adequacy as a precondition for participa-
tion in labor market activities. Even if some succeed in participating, their wage earn-
ings will not allow them to escape the poverty–nutrition trap. Indeed, a mild labor shock 
(e.g., associated with a crop shortfall) would worsen their plight, because the risk of loss 
of employment would be considerably higher. In particular, female workers are more 
prone to PNT than male workers, and there is a persistent gender inequality in rural 
India. We find that improving nutrient intakes can have significant effects on rural 
wages and, therefore, on the possibility of breaking PNT as well as reducing poverty.

Is Child Undernutrition 
Underestimated?

Since poverty is multidimensional, money-metric indicators such as minimum income 
or expenditure are not reliable, as these cannot adequately capture all the dimensions. 
Attention has, therefore, shifted to other indicators that are more closely related to basic 
capabilities of individuals, such as health outcomes. In fact, welfare indicators including 
income/expenditure, health, and education reflect a diverse pattern in India. Although 
most indicators have continued to improve, social progress has followed diverse pat-
terns, ranging from accelerated progress in some fields to slowdown and even regres-
sion in others (Sen, 1985, 1999; Deaton and Dreze, 2009).

The most commonly used anthropometric measures of child malnutrition are 
stunting (low height for age), wasting (low weight for height) and underweight (low 
weight for age). Stunting is an indicator of chronic undernutrition, attributable to 
prolonged food deprivation, and/or disease or illness; wasting is an indicator of acute 

 



Diets, Nutrition, and Poverty   341

undernutrition, caused by more recent food deprivation or illness; underweight is an 
indicator of both acute and chronic undernutrition. Children whose measurements 
fall below a certain threshold of the reference population, based on recent WHO stan-
dards, are considered undernourished: stunted, wasted or underweight (WHO, 2004; 
WHO, 2006 a, b).

An important feature of these indicators is the overlap among them, indicating a need 
for a more comprehensive measure of child undernutrition. Following the important 
work of Svedberg (2000, 2007), and application by Nandy et al. (2005), we construct a 
new aggregate indicator that encompasses all undernourished children, based on IHDS 
(Gaiha, Jha, and Kulkarni 2010b). This is the composite index of anthropometric failure 
(CIAF). The details are given in Table 13.7.

The results point to more pervasive anthropometric failure relative to conventional 
indicators of being underweight, stunted, or wasted. The CIAF is about 59%.

Among the subcategories, stunting and underweight and stunting alone account for 
well over half of the CIAF. Children who fail in all three dimensions (simultaneously 
wasted, stunted, and underweight) account for a non-negligible share (13.5%).

The contrast between the poor and nonpoor children is striking. The CIAF is consid-
erably higher among poor children than among the nonpoor. However, the number of 
poor children suffering from any of the anthropometric failures is considerably lower 
than that of nonpoor.

Thus, the CIAF and its disaggregation into subcategories of undernourished 5-year-old 
children reveal a grimmer story of child undernutrition than conventional anthropometric 
indicators do. Not only is the prevalence of undernutrition in its diverse forms higher but 
also simultaneous occurrence of anthropometric failures (e.g., stunting and underweight, 
and stunting, wasting, and underweight) varies from moderate to high. Although poor 
children in general are more vulnerable to these failures, it is nonpoor or (relatively) affluent 
children who account for significantly larger shares of total undernourished children.

Table 13.7 Subgroups of Child Undernutrition and CIAF in 2004–05

Groups Share of under 5 children (%)

 1. No Failure 41.36

 2. Wasting Only 6.86

 3. Wasting and Underweight 9.41

 4. Wasting, Stunting and Underweight 7.92

 5. Stunting and Underweight 19.80

 6. Stunting Only 11.08

 7. Underweight Only 3.57

CIAF (=2+3+4+5+6+7) 58.64

Source: Authors’ calculations based on IHDS, 2004–05.
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Our findings on determinants of CIAF yield new insights. The higher the age of the 
household head, the lower is the composite index. Surprisingly, there is no relationship 
between CIAF and caste of the household, gender of the household head, or the marital 
status of the household head. Maternal education reduces it, because it is linked to better 
child care and healthier diets. Quality of kitchen—whether it has a vent—contributes 
to more hygienic living conditions and thus reduces CIAF. Rural areas and metros had 
higher undernutrition than nonmetro urban areas. Above all, the higher the income, 
the lower is child undernutrition. Food prices affect child undernutrition significantly 
as changes in relative prices induce substitutions between food commodities and in 
nutrient intake. Although prices of cereals and pulses have a negative effect, those of 
sugar and eggs have a positive effect.

Following Svedberg (2000, 2007) and Nandy et al. (2005), our analysis with the IHDS 
focuses on the links between susceptibility to infectious diseases (diarrhoea, acute respi-
ratory infection (ARI)) and CIAF but the results are mixed, as discussed later. Except 
for wasted and underweight, and stunted only, in all other groups the prevalence of 
diarrhea was higher than in the reference group of no failure. The highest prevalence 
rate was among those children who were simultaneously stunted and underweight, and 
those who were wasted, underweight, and stunted. These differences are statistically 
significant.36

The differences in the prevalence of ARI are less striking. The highest prevalence 
occurs among stunted and underweight, followed by wasted and underweight children. 
Somewhat surprisingly, children with the triple failure of wasting, stunting, and under-
weight had a lower prevalence rate than that of no failure. However, only the difference 
between stunted and underweight and no-failure children was statistically significant.

Thus, there is support for the disaggregated classification of undernourished children 
for understanding better the prevalence of infectious diseases. Specifically, those with 
more than one failure were worse-off in this respect than children with no failure. The pol-
icy implications seem clear: There is a strong case for income growth acceleration along 
with food price stabilization. Careful attention must be given also to the overhaul of sup-
plementary child feeding programs such as the Integrated Child Development Services 
(ICDS). Another priority is awareness building for hygienic living while female literacy 
grows.

Affluence, Obesity, and 
Noncommunicable Diseases

Dietary transition involves not just a more varied and nutritionally balanced diet and 
higher levels of food hygiene but also consumption of energy-dense foods—high in 
salts, fats, and sugars— that are linked to higher prevalence of diet-related noncommu-
nicable diseases (NCDs).37 The excess energy from these foods may affect children and 
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adults within the same household differently. Children may use up the excess energy and 
still remain underweight whereas adults are more likely to gain weight. Intrahousehold 
food-allocation biases between adults and children, on the one hand, and, between 
males and females, on the other, compound these effects.

Over half the disease burden (55% including injuries) in India is now attributable 
to NCDs, a larger share than communicable diseases and maternal- and child-health 
(MCH) issues. Ischemic heart disease is the leading cause of both deaths and forgone 
disability adjusted life years (DALYs) in working age adults (15–69 years).38 But commu-
nicable diseases (e.g., tuberculosis, respiratory infections, and water- and vector-borne 
disease) are still prominent in the total population, reflecting a “double disease burden.”

Although India lags behind other developing countries in the epidemiological tran-
sition—decline in infectious disease mortality compensated for increasingly by higher 
mortality from chronic degenerative NCDs—there is some evidence of this transition 
taking place. The estimated deaths from NCDs are projected to rise from 3.78 million in 
1990 (40.46% of all deaths) to 7.63 million in 2020 (66.70% of all deaths).39

NCDs constitute a major economic burden in India, entailing high levels of out-of-
pocket spending by households with members suffering from NCDs, the limited levels 
of insurance coverage (including subsidised public services), and the income losses that 
befall affected households. Associated with these costs are risks of catastrophic spend-
ing and impoverishment, and, of course, macro impacts in terms of lower GDP (Mahal, 
Karan, and Engelan 2009).

Analysis of the prevalence of NCDs can throw new light on the underlying causes, 
including socioeconomic, demographic, and locational characteristics of households. 
Of particular importance are the links among aging, obesity, growing affluence, expan-
sion of the middle class, urbanization, and NCDs.40 We present here a summary of the 
findings on the prevalence of overweight and obesity among the adults (older than 
22 years), based on body mass index (BMI).41

About 9.5% of the adult males were overweight and about 2.5% were obese. The cor-
responding rates among adult females—12.65% and 3.18%, respectively—were higher. 
Although overweight and obesity are largely a core urban phenomenon—about 22% 
of the urban adults were overweight and about 7% were obese—these disorders are 
observed in urban slums and rural areas too. Specifically, the proportion of overweight 
in urban slums (about 15%) was lower but not markedly so. In the rural areas, however, 
the proportion of overweight (above 9%) was a little less than half that in the urban 
areas, and that of obese (about 2%) was just over one-fourth of the figure in urban areas. 
Overweight and obesity are not confined to relatively affluent households. Although 
lower among the poor, their proportions are non-negligible. Our analysis shows that, 
among the nonpoor, the proportions of overweight and obese were about 14% and 
just under 4%, respectively. Among the poor, the shares were 7% and about 1.25%, 
respectively.

Disaggregation of the overweight and the obese by caste and tribe further suggests 
that even socially and economically deprived sections are not immune to such disor-
ders. Among the Scheduled Castes, the proportions of overweight and obese were about 
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9% and a little less than 2%, respectively; among the Scheduled Tribes, the proportions 
were slightly lower—about 6% and above 1%, respectively; among the Other Backward 
Castes (OBCs), the corresponding estimates were above 12% and about 3%, respectively; 
and among the remaining, the estimates were the highest—above 17% and about 5%, 
respectively. Finally, there was a sharp increase in the proportions of the overweight and 
obese over the period from 1998 to 2005. The proportion of the overweight more than 
tripled, whereas that of the obese rose at least six times.

Let us briefly consider the subset of households that contain both underweight children 
(< age 5) and obese adults—or the double burden of malnutrition. Although their share was 
low—about 3.3% in the aggregate sample—it varied slightly between the poor and nonpoor 
(2.35% and 3.75%, respectively). In a more disaggregated monthly per capita expenditure 
classification (<Rs 300, Rs 300–500, Rs 500–1000, and >Rs 1000), there was, however, a 
clear progression, with the obesity rate rising from 2.85% to 6.5%. In the urban areas and 
urban slums, the rate (about 4.86%) was almost twice as high as in the rural areas (2.75%).

As a recent article in The Economist (2012) observes, India has an obesity epidemic in 
cities, as people eat more processed food and adopt more sedentary lifestyles. And with 
obesity, the risk of NCDs (diabetes and heart diseases) rises. Our findings on the corre-
lates of NCDs are summarized next.

In all four cases—prevalence of high blood pressure, heart disease, diabetes, and can-
cer—the majority suffering from these diseases were in the older age group (i.e., above 
45 years). Among those reported to be suffering from high BP and heart diseases, the 
majority were females. In the case of diabetes and cancer, the majority were males. 
A vast majority of those suffering from high blood pressure (90%), heart diseases (90%), 
diabetes (93%) and cancer (83%) were nonpoor. What further corroborates the role of 
affluence is that, in the more detailed expenditure classification, the proportion suffer-
ing from NCDs rises with expenditure interval. For example, the proportion of those 
suffering from high blood pressure rises from 11% in the lowest expenditure interval 
(<Rs 300 per capita per month) to over 36% in the highest interval (>Rs 1000 per capita 
per month). In the case of heart disease, the prevalence rate was considerably higher in 
the highest expenditure interval (over four times that in the lowest). Although a major-
ity of those suffering from high blood pressure (39%) were in urban areas, a majority of 
those suffering from heart diseases (51%), diabetes (54%), and cancer (75%) were in rural 
areas. About 43% of the obese reported to be suffering from high BP. The corresponding 
numbers for heart disease and diabetes are 13% and 25%, respectively.

Our econometric analysis focuses on determinants of average prevalence of NCDs 
(i.e., number of household members suffering from high blood pressure or heart disease 
or diabetes or cancer/household size). The highest elasticity is associated with age; the 
next highest with respect to per capita expenditure; and much lower is the elasticity with 
respect to overweight/obese adults42; metros display slightly higher prevalence, com-
pared to the remaining urban areas.

One obvious policy imperative is to avert the specter of growing disabilities and 
deaths due to NCDs, through awareness building of healthy food choices and physically 
active lifestyles.43
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State Responses to Nutritional 
Deprivation

With spiraling food-price inflation and sluggish employment growth in both rural and 
urban areas, the specter of hunger and nutritional deprivation looms large for millions 
of households.

The government of India redesigned the Public Distribution System (PDS) in 1997 in 
the form of a new Targeted Public Distribution System (TPDS), aimed to reduce subsi-
dies to the nonpoor and enhance those to the poor. Its salient features are summarized 
in the following list, based on Bhalotra (2004), Kochar (2005), Svedberg (2010), Jha and 
Ramaswami (2010), and Planning Commission (2008).

 1. It distinguishes between households that fall below the poverty line (BPL house-
holds) and those above the official state-specific poverty lines (APL).

 2. Food grains are purchased by the central government, through the Food 
Corporation of India (FCI), at predetermined minimum support prices (MSP). 
The government also determines a uniform central issue price at which food 
grains are sold by FCI to state governments for distribution through the PDS.

 3. The TPDS initially fixed the BPL household entitlements at 10 kg of food grains 
per month and gradually raised them to 35 kg. Since 2000–2001, BPL households 
are entitled to purchase rice from fair-price shops (FPS) for Rs 5.65 per kg and 
wheat for Rs 4.15.

 4. APL allocations varied across states and were calculated as the difference between 
the state’s allocation of food grains and BPL allotments.

 5. As market prices rose more than subsidized prices, there were substantial 
increases in BPL subsidies.

 6. As of 2002, a new TPDS window was opened, the Antyodaya Anna Yojana (AAY), 
under which the poorest of the poor are given the option to buy food at even more 
subsidized prices. The prices for AAY households are Rs 3 per kg of rice and Rs 2 
per kg of wheat, respectively (Svedberg, 2010).

(a) Real Income Transfers

The intent and normative underpinnings of public food distribution to the poor are 
clear; but what are the effects on the ground? By far the most comprehensive analysis is 
Svedberg (2010). His findings are summarized next.

Although the BPL and AAY cardholders are allowed to buy 35 kg of subsidized grains 
per month, the actual purchase is just 14.7 kg in rural areas and 17.4 kg in urban areas. 
According to the NSSO 2004–2005 survey, only 37.6% of the rural households below 
the poverty line have BPL cards; the corresponding figure is 25.7% for urban areas. 
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The reasons include long distances to a fair-price shop, irregular availability of grains 
in these shops, participants not being allowed to buy grains in small installments, low 
quality of grains offered, and small difference between TPDS and market prices. As a 
result, the actual subsidy received by the poor is extremely low—less than Rs 4 per per-
son. The income boosts are 1.4% in rural areas and 0.9% in urban areas.

The poverty impacts were also low. Confining to the income gap measure, based on 
the NSS data for 2004–2005, the estimated gap was 20.2% in both rural and urban areas, 
implying that the monthly per capita expenditure (MPCE) for the average poor house-
hold fell short of the poverty line by 20.2%. The reduction in income gap is about 1% as a 
result of the TPDS subsidy.

The extent of leakages is substantial. More than one-third (36.7%) of the sub-
sidized grain intended for poor households ends up as sales to nonpoor house-
holds. About 10% of all grains are spoiled during storage and transportation. The 
Planning Commission (2008) reports that 58% of the subsidized food grains do not 
reach BPL families because of identification errors, nontransparent operations, 
and unethical practices in the implementation of TDPS. Add to it the high cost of 
handling food grains, and the government ends up spending Rs 8.5 to transfer one 
rupee to the poor.

Khera (2011) offers a detailed analysis of profitability of FPS, forms of corrup-
tion at different stages and diversion of PDS supplies to open markets. Although 
restricted to a sample of 388 households in 8 villages in Rajasthan in 2002–2003, 
many of the findings are new and insightful, whereas some corroborate the findings 
of others. The important contribution of this study is to highlight low profitability 
of FPS, corruption at different levels, and extent of diversion of PDS supplies to 
open markets.

Estimates of diversion of PDS supplies, based on comparison of off-take data from 
the Ministry of Food and Consumer Affairs, Government of India, and consumption 
data from NSS (round 61), are alarmingly high. Taking these estimates at face value, 
two-fifths of the official PDS off-take was diverted. Less than one-fifth of rice was 
diverted compared with more than two-thirds of wheat. There is also a clear north–
south divide in these diversions. In mainly rice-eating southern states, the proportion of 
food grains diverted ranged from 11–48%. Wheat eating states concentrated in the north 
had diversions ranging from 43–88% (Khera, 2011).

Wheat diversions for FPS are very profitable. The shopkeeper gets a paltry margin of 
7 paise per kg of wheat sold to a BPL household, as compared with a margin of Rs 1.97 
for selling this amount in the open market and a much higher margin of Rs 4.50 per kg 
of Antyodaya wheat. An honest FPS earns no more than Rs 100 per month, whereas, on 
certain assumptions of amounts diverted, the profit is Rs 7972 (net of transportation 
costs). Hence, the incentive to cheat is irresistible.

Corruption is rampant in obtaining a license; commissions are paid to FCI officials 
for expediting supplies; and amounts supplied are frequently lower than recorded. BPL 
consumers are often turned away on grounds of inadequate supplies, quality sold is 
abysmal, and buying quotas in installments is discouraged. Under TPDS, low margins 
are compounded by shrinkage of sales volume.
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Real income transfers (RIT) through the TPDS in three Indian states (Andhra Pradesh, 
Maharashtra, and Rajasthan), based on primary data collected by the authors, and build-
ing on extant literature provides underscores this rather discouraging assessment (Jha et al. 
2013).44 Table 13.8 provides definitions of acute poverty, moderate poverty, moderate non-
poverty and affluence for the three states.

The mean RIT among participating households per month from wheat is the highest 
in Rajasthan (Rs 93) and lowest in Maharashtra (Rs 60). In Rajasthan, RIT from TPDS 
for wheat to half of the participating households is Rs 100 or less (in fact, about 48% of 
the households have no real income transfer from TPDS), about 28% have between Rs 
100 Rs 200, and 19% have more than Rs 200. By contrast, in Maharashtra, about 34% of 
the households had no real-income transfer, and about 20% had real-income transfers 
of greater than Rs 100—around $2 in 2013 exchange rates.

As an explicitly propoor food policy, the targeted food-distribution system had indif-
ferent results. For wheat, the mean RIT among the acutely poor households (Rs 56) is 
lower than that among moderately poor (Rs 121) and nonpoor (Rs 71 for moderately 
nonpoor and Rs 128 for the relatively affluent) in Rajasthan; and, in Maharashtra, the 
RIT among the acutely poor (Rs 65) is slightly higher than those among other categories 
(Rs 55 among moderately poor and Rs 58 among moderately nonpoor).45

Table 13.8 Definitions of Different Levels of Poverty

Levels of poverty Rajasthan Andhra Pradesh Maharashtra

Acute poverty If per capita 
monthly 
consumption 
expenditure 
<Rs.383

If per capita monthly 
consumption 
expenditure <Rs.299

If per capita monthly consumption 
expenditure < Rs 371

Moderate  
poverty

If per capita  
monthly 
consumption 
expenditure >=383 
but < Rs.450

If per capita monthly 
consumption 
expenditure >=Rs.299 
but <Rs.352

If per capita monthly consumption 
expenditure >=Rs.371 but <Rs.436

Moderate 
Nonpoverty

If per capita  
monthly 
consumption 
expenditure 
>=Rs.450 but  
< Rs.585

If per capita monthly 
consumption 
expenditure >=Rs.352 
but < Rs.458

If per capita monthly consumption 
expenditure >=Rs. 436 but <Rs.567

Affluent If per capita 
monthly 
consumption 
expenditure >= 
Rs.585

If per capita monthly 
consumption 
expenditure 
>=Rs.458

If per capita monthly consumption 
expenditure >=Rs.567
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Turning to RIT from TPDS rice consumption, we observe that mean RIT for partici-
pating households is highest in Andhra Pradesh (Rs 142), followed by Maharashtra (Rs 
54), and then Rajasthan (Rs 25). In Rajasthan, about 63% of the participating households 
have no RIT, and about 32% have mean RIT of Rs 100 or less. In Andhra Pradesh, about 
80% of participating households got mean RIT of more than Rs 100. In Maharashtra, only 
16% households obtained mean RIT of more than Rs 100 from rice consumption; 33% 
obtained no real-income transfer and 50% had real-income transfers less than Rs 100.

Our analysis points to several factors determining real-income transfers through 
subsidized wheat and rice, and variation in these transfers across the three states. Land 
as a proximate indicator of economic status has mixed effects varying by commodity 
and state. Specifically, among households with owned land, real-income transfers are 
lower for rice in Andhra Pradesh, and higher for wheat and rice in Maharashtra, and 
for wheat in Rajasthan, suggesting that those better endowed benefited more in some 
cases. Inequality in land distribution takes different forms (concentrations of landless 
and near landless or of the well-endowed) and influences real incomes in complex ways 
(leakages and larger supply or just leakages). As a result, the effects vary by commodity 
and state (negative for rice in Andhra Pradesh, positive for wheat in Rajasthan, and rice 
in Maharashtra). The extent of price subsidy, in most cases, results in larger real income 
transfers. There is some evidence of transaction cost (e.g., distance to FPS) limiting 
income gains (wheat in Rajasthan and Maharashtra). There is overwhelming support 
for supply inadequacy limiting income gains, given proximate indicators.

(b) Nutritional Deprivation

In November 2005, the Indian government embarked on an ambitious workfare scheme, 
the National Rural Employment Guarantee Scheme (NREGS), which guarantees a hun-
dred days of employment in unskilled manual labor at a minimum wage to every rural 
household each year.46 Some of its features include a time-bound employment guaran-
tee and wage payment within 15 days (otherwise the government is penalized), prohibi-
tion of the use of contractors and machinery (to enhance direct benefits of the program 
to the participants), a 60:40 wage and materials cost ratio, and a mandatory 33% partici-
pation for women. The scheme devolves considerable powers in planning and allocating 
resources to the local village councils (panchayats) and through social audits allows the 
community to monitor the progress.47

Do real income transfers through TPDS and NREGS mitigate undernutrition? Our 
analysis using IHDS48 produces some relevant findings. NREG and TPDS significantly 
increase the intake of protein, carbohydrates, calories, phosphorous, iron, thiamine, and 
niacin in Andhra Pradesh, Maharashtra, and Rajasthan. In Andhra Pradesh, in most 
cases, TPDS had a larger effect than NREG. By contrast, in Maharashtra, NREG had 
larger effects in most cases. Rajasthan presents a more complex picture. For some nutri-
ents (e.g., calories, iron and niacin) TPDS has larger effects than NREG, whereas for oth-
ers (e.g., protein, riboflavin) the latter has larger effects. So a general inference about the 
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greater effectiveness of TPDS or NREG is ruled out. Further, the effects of NREG wages 
on nutrient intake in many cases (e.g., protein, calories, niacin) are larger than those of 
non-NREG income. An implication of these findings is, however, worth emphasizing. 
Cash transfers touted to avoid administrative costs and corruption involved in NREG 
and TPDS are likely to be much less effective if the objective is to enable large segments 
of the rural population to break out of NPT.49

Does a Right to Food Matter?

Prior to the 2009 general elections, the Indian National Congress promised 25 kg of 
foodgrains per month, at Rs 3 per kg, to every poor family in India (Khera, 2010). The 
proposed National Food Security Bill (NFSB) seeks to deliver on this promise.

There are strong advocates of a Right to Food (RTF) Act, given pervasive hunger and 
child malnutrition. Besides, there are legal compulsions. Article 21 (the fundamental 
“right to life”) of the Indian Constitution encompasses the right to food, whereas Article 
47 of the Directive Principles directs the state to “regard the raising of the level of nutri-
tion and the standard of living of its people . . .  as among its primary duties.” Finally, 
the Supreme Court has issued several orders on fulfilment of food entitlements (Khera, 
2010).

We offer a perspective on the RTF that differs from the vast literature that has emerged 
around it in recent years.50

The RTF, as an enforceable claim to a minimum quantity of food of a certain qual-
ity, carries with it correlated duties, particularly of the state.51 These include the duty 
to avoid loss of the means of subsistence, and to provide for the subsistence of those 
unable to provide for their own (Shue, 1980). Much, of course, will depend on the spe-
cific form of the right to food, the corresponding duties/obligations, and the implemen-
tation mechanisms. In practical terms, RTF translates into food entitlements, that is, 
enforceable claims on the delivery of food. These entitlements could be based on trade, 
production and employment.

Since RTF does not involve state provision of food except under special circumstances 
of failures of duties to avoid and protect against emergencies, in an important sense it 
could be viewed as a right to policies (or, as “a right to a right”) that enables individu-
als to produce or acquire minimum food requirements (Osmani, 1999). This may yield 
useful insights into whether nonfulfilment of the right to food is due to insufficiency of 
public resources or due to policies followed or both.

Recent debates on the National Food Security Bill (NFSB/NFSA) have concentrated 
on a rigid interpretation of the RTF as being confined mostly to state provision of food.52 
A selective summary of that debate is given below to identify analytical and policy issues 
addressed by this chapter.53

The National Advisory Council (NAC) proposed subsidized food grains to 75% 
of the total population of the country covering 90% of the rural and 50% of the urban 
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population.54 These groups are subdivided into (a) a “priority” group (BPL), comprising 
46% of the rural and 28% of the urban population, to get 7 kg of food grains per person 
at Re 1 per kg for millets, Rs 2 per kg for wheat and Rs 3 per kg for rice. (b) The second 
group is “general” (APL), covering 44% of the rural and 22% of the urban population, 
with an entitlement of 4 kg per person at 50% of the minimum support price.

There is significant controversy around such proposals. Himanshu and Sen (2011) 
insist that a universal PDS is the only option consistent with RTF and, more conten-
tiously, that feasible alternatives that are more universal and less targeted are more 
likely to be effective in benefiting the poor.55 Second, between 1993–1994 (a universal 
PDS) and 2004–2005 (TPDS), the leakages grew enormously—that of rice from 19% to 
40%, and that of wheat from 41% to 73%. Per capita per month, consumption of PDS 
rice and wheat remained unchanged although PDS off-take doubled and subsidy rose 
even more. There was, however, a slight improvement in access by the poorest 50% of 
the population—from 28% to 30%. But this must be judged a colossal failure, given the 
massive cost of leakages. A recent analysis (Svedberg, 2010) shows that the cost of trans-
ferring Re 1 to the poor is Rs 8.5. A considerable chunk of budgeted food subsidies (81% 
in 2008–2009) goes to the Food Corporation of India (FCI) to cover its expenses for 
procurement, transportation, distribution, and for carrying over huge stocks. The high 
costs reflect inclusion errors, as well as corruption and leakages of grains at all stages in 
the supply chain (Svedberg, 2010).

Cost and leakage are major issues in this debate. Himanshu and Sen (2011) are 
emphatic that the more universal the food subsidy—as in Tamil Nadu, among a few 
other states—the lower would be the leakage. Two issues are conflated in this propo-
sition: one is the huge diversion of PDS food grains to the market, and the second is 
losses during storage in open go-downs. Whether a universal subsidy would reduce 
leakages to the market has little to do with how universal the food subsidy is and more 
to do with the wedge between the market price and PDS price. If procurements are 
higher, market price is likely to rise relative to the PDS price, and the market diver-
sions would be larger. Our analysis corroborates this. As far as wastage is concerned, 
with larger procurements and given storage facilities, wastage is also likely to be larger 
under a universal scheme. Fourth, only a fraction of entitlements is bought by BPL 
households, thus limiting real income subsidy to them. Only 30% of total TPDS pur-
chases of subsidized food grains (rice and wheat) are made by poor households with 
AAY or BPL ration cards.56 Almost two-thirds of the poor (62.4%), however, do not 
possess these cards, limiting their purchases to miniscule amounts. Add to this dif-
ficulty high transaction costs (long distances to FPS and waiting periods) and percep-
tions of poor quality and underweighing, to get a clearer picture of why the poor, on 
average, tend to buy amounts considerably lower than their entitlements. As a result, 
the food subsidy per person among BPL households is abysmally low in both rural 
and urban areas (Svedberg, 2010). So even with existing budget outlays there is con-
siderable scope for better targeting the poor.57

One alternative is to think of integration of development, poverty, and food subsidies 
as these interact. If, for example, a revamped PDS on a much smaller scale were to be 
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combined with more sensible policies that aim to augment low productivity in agricul-
ture, avoid market imperfections that come in the way of remunerative farm gate food 
prices, and expand livelihood options, fulfillment of food entitlements could be far less 
costly. In fact, an analysis of round 61 of the NSS yields two useful insights: The higher 
the agricultural wage rate, the lower is the demand for rural public works; and the lower 
the food price, the lower is the demand for subsidised food (Gaiha et al., 2009). A cru-
cial requirement is a clear enunciation of time-bound objectives and a coherent policy 
framework. Although not specific to the right to food, what really matters is the effective 
use of resources in enforcement. As experience accumulates—both juridical and policy 
related—these costs may decline substantially (Gaiha, 2003).

Finally, Himanshu and Sen (2011) are dismissive of the macroconstraints of food 
availability and fiscal food subsidy under the universal scheme, emphasized by the 
Rangarajan Committee (RC). Their alternative requirements, based on the assumptions 
that 60% of the households access the full 7 kg per person per month under the uni-
versal scheme, are 60 million tons. If the off-take is lower, about 4–5 kg per person per 
month, the total requirements are about 43 million tons, as compared with the actual 
TPDS off-take of 42.4 million tons and the RC’s projected off-take of 41.9 million tons 
if PDS entitlements are restricted to only 40% of the population. On the face of it, the 
Himanshu–Sen endorsement seems persuasive, except that it does not guarantee that 
the benefit to the poor would be substantially greater. In any case, the food subsidy (esti-
mated to be Rs 560 billion in 2009–2010 or about 1% of GDP and 3.3% of government 
expenditure) arguably diverts resources from more productive use.58 The long and short 
of it is that the TPDS cries out for reforms without which more ambitious interventions 
are just as likely to fail.

Hence, contrary to the assertions that “right to food” is both “undefinable” and “unde-
liverable,” we find that the right is evolving slowly into an enforceable right. Its potential 
for enabling governments to do what they should by providing a strong foundation for 
their poverty alleviation programs and policies, and for sharpening the focus of civil 
society organizations as active agents in such programs is substantial. Although realiza-
tion of this right is likely to be slow, difficult, and uncertain, and not synonymous with a 
universal food subsidy, it would be a mistake to discard it on the ground that “too many 
rights may well make a wrong” (The Economist, 2001, p. 20).

Concluding Observations

This chapter focused on dietary changes, their nutritional implications, and policy 
responses to alleviate nutritional deprivation in a rapidly changing economy that retains 
a high degree of poverty. India provides a valuable laboratory for examining compli-
cated relationships too often oversimplified in discussions of food and food security. 
There is a rich database with great variation over time and space, and vigorous debate in 
civil society and the political system over best practices in alleviating malnutrition.
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One important insight is that dietary diversification reduces calorie intake. Downward 
shifts in the calorie and protein intakes over the period 1993–2004 in India were asso-
ciated with both food prices and near stagnant expenditure/income in rural India and 
simultaneous changes in diets. There is then room for compatibility between a view 
of caloric intake exclusively focused on demand, and one allowing for lower calorie 
“requirements” due to less strenuous activity patterns, life-style changes and improve-
ments in the epidemiological environment. Dietary changes are associated with food 
prices, their time-varying effects, income/expenditure changes, rural–urban location, 
household characteristics, and environmental changes reflected in life-style and activ-
ity patterns. Although some of these changes (for example, urbanization and growing 
prosperity) in both rural and urban areas are irreversible, a policy insight from the anal-
ysis in this chapter is that prices and income also shape dietary patterns in important 
ways. Recent evidence on eating out, for example, shows it to be more pervasive than a 
middle-class urban phenomenon. More people in metropolitan areas eat out and spend 
larger amounts, as do the relatively affluent. But others—especially the socially disad-
vantaged—are also prone to eating out and spending moderate amounts.

The most important food questions concerns those at greatest risk of insufficiency. 
Undernutrition has serious welfare implications, not just in the present but also in the 
longer-term. The poverty-nutrition trap (PNT), for example, is a vicious circle in which at 
low levels of nutrition, productivity is low, wages are low, purchasing power is low and, con-
sequently, there is low nutrition. This chapter introduced a new measure of child under-
nutrition, more comprehensive than conventional ones, that indicated much higher levels 
of undernutrition (6 out of 10 are undernourished) and higher risks of infectious diseases. 
The double burden of undernutrition and obesity exacerbates the gravity of malnutrition. 
Aging is a key factor in the growing burden of NCDs. Affluence also has a significant role 
through life-style changes and dietary composition. Because the share of NCDs in the dis-
ease burden is likely to rise and will increase demand on the health-care system and highly 
scarce resources of those least likely to afford the costs of health care, cost-effective inter-
ventions that address tobacco use, alcohol abuse, consumption of unhealthful fats, and 
excessive salt intake are well understood but need careful implementation.

Though noncommunicable diseases represent a major societal problem induced 
by malnutrition, policy imperatives are more readily recognized in cases in which 
individuals face deprivation from structural pressures rather than choice. A range of 
interventions to lessen the vulnerability of those who cannot easily choose their diets 
for want of resources is on the global agenda. This chapter has analyzed two poles 
of intervention: public works in the form of an employment guarantee (NREGA) 
and Targeted Public Distribution System (TDPS) of food. A choice between these 
mechanisms is difficult because their effects varied across states and by nutrient in 
our analysis. Any general inference about the greater effectiveness of TPDS or NREG 
is ruled out. More importantly, the question is not really one of larger allocations to 
the TPDS and NREG, but how to make sure that the transfers intended for the poor 
reach them. Because current debates on food security have veered toward a right 
to food as a major policy initiative, this chapter offers a new perspective: The food 
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adequacy imperative should be articulated as a right to policies (or, as a right to a 
right) designed to ensure fulfillment of food entitlements. Whether it will make a 
difference to the lives of the poor will depend largely on how it is conceptualized and 
implemented.

appendix a: engel curves

Calories

DD drew attention to the downward shift in the calorie Engel curve over the period 
1983–2004. We find that, for the period 1993–2004, the calorie Engel curves for rural 
India (Figure A1) display a downward shift—especially above extremely low levels of 
monthly per capita expenditure (MPCE) at 2004 prices. The proportionate reduction in 
calorie intake is much higher at higher MPCE.

The calorie Engel curve in urban India for 2004 lies above that of 1993 at lower levels 
of MPCE (Figure A2). At MPCE >Rs 500, calorie intake was higher in 1993 than in 2004. 
Thus, there is evidence of a downward shift of the calorie Engel curve in both rural and 
urban India, especially at higher levels of MPCE.

Protein
Figures A3 and A4 show protein Engel curves for rural and urban India during the 
period 1993–2004. The rural–urban contrast in protein intake is striking. In the rural 
areas, protein intake was consistently lower across expenditure classes in 2004 than in 
1993. The gap between 1993 and 2004 intakes widens considerably at higher MPCE. In 
urban areas, the 2004 curve was above the 1993 curve at low levels of MPCE and, after 
the cross-over expenditure of about Rs 500, the former lies below the 1993 curve.
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Figure A1 Calorie Engel Curves, Rural India, 1993–2004
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Figure A3 Protein Engel Curves, Rural India, 1993–2004
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Figure A2 Calorie Engel Curves, Urban India, 1993–2004
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Figure A4 Protein Engel Curves, Urban India, 1993–2004
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Fats
In rural areas, the fats Engel curves for 1993 lies below that for 2004 at lower levels of 
MPCE (Figure A5). The crossover is at approximately Rs650. In urban areas, the cross-
over is at Rs1000 (Figure A6). The curves converge beyond this.

Notes

 1. Much of the research summarized here was conducted by the first author during his stay 
at the Department of Urban Studies, MIT, and subsequently at Harvard School of Public 
Health, in close collaboration with the co-authors. He would like to thank Bish Sanyal, 

2.5

5.5 6 6.5

Fat engel curves
Rural

Log of monthly per capita expenditure
7 7.5

3

3.5

Lo
g 

of
 p

er
 ca

pi
ta

 fa
t 4

4.5 1993
2004

Figure A5 Fats Engel Curves, Rural India, 1993–2004
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Figure A6 Fats Engel Curves, Urban India, 1993–2004
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 2. We follow a more disaggregated classification of vegetables in our analysis with NSS 
household data for 1993 and 2004.

 3. FAO follows a classification different from that used by us. For details of the former, see 
Pingali and Khwaja (2004).

 4. As observed by Popkin, Adair, and Ng (2012), on the global level, new access to technolo-
gies (e.g., cheap edible oils, foods with excessive “empty calories,” modern supermarkets, 
and food distribution and marketing), and. the regulatory environments (the World Trade 
Organization and freer flow of goods, services, and technologies) are changing diets.

 5. This curve denotes a relationship between calorie intake and income proxied by 
expenditure.

 6. Srinivasan (1992) is deeply sceptical of such requirements on the ground that energy 
expenditure adjusts to intake within a range.

 7. Although calorie deprivation is an aspect of undernutrition, we sometimes use them 
interchangeably for expositional convenience, as also undernutrition and malnutrition.

 8. For details, see Gopalan (1992), Gopalan, Sastri, and Balasubramanian (1971), and ICMR 
(1990).

 9. Gopalan et al. (1971) observe: “The quantity of fat that should be included in a well bal-
anced diet is not known with any degree of certainty. However, it appears desirable in the 
present state of knowledge that the daily intake of fat should be such that it contributes 
no more than 15 to 20% of the calories in the diet. A total of about 40 to 60 gms of fat can 
therefore be safely consumed daily, and in order to obtain the necessary amounts of essen-
tial fatty acids, the fat intake should include at least 15 gms of vegetable oils” (p. 8). Also see 
ICMR (1990).

 10. For a rich and insightful analysis of dietary changes in India—specifically, the higher 
fat consumption by the bottom six per capita expenditure deciles over the period 1993–
2004—see Deolalikar (2010).

 11. Often, some of these commodity groups are referred to by their main components (e.g., 
pulses, milk).

 12. A reduced form demand relation (Gaiha, Jha, and Kulkarni 2010 a, 2012) is used in which 
the dependent variable is consumption of a food commodity, and the right side/explana-
tory variables include own and other food prices, income, household characteristics, and 
the general environment. We have pooled the rural and urban samples and over time (1993 
and 2004). To avoid cluttering the text, our remarks are confined to own price effects and 
income. For details, see Kaicker and Gaiha (2012).

 13. Price elasticity of demand refers to proportionate change in quantity demanded divided 
by proportionate change in price.

 14. This builds on Kulkarni and Gaiha (2010), and Nidhi Kaicker et al. (2011).
 15. The FDI is calculated as the sum of the squares of the shares of various food commodities 

in the food consumption basket or food expenditure. This is akin to the Herfindahl index 
which is used to measure the competitiveness of an industry. In particular, given the 0–100 
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range for this index, a high value implies a monopolistic industry (or, in our case, a more 
concentrated diet) and a low value implies a nearly perfectly competitive industry (or, a 
more diversified diet).

 16. An instrumental variable (IV) robust regression is used.
 17. As the middle class is an instrument in the first stage IV regression, it is not used in the 

second stage.
 18. For further confirmation of dietary diversification reducing calorie intake over the period 

1993–2009, see Gaiha, Kaicker, Imai, and Thapa (2013).
 19. For details, see Gaiha, Kaicker, Imai, Kulkarni, et al. (2013).
 20. We use Rs 300 monthly per capita expenditure as the cut-off point.
 21. We use a Heckman model in which two steps are involved: first, the probability of eating 

out is determined and then, conditional on it, the amounts spent on eating out. For details, 
see Gaiha, Jha and Kulkarni, et al. (2013).

 22. The analysis is based on unit record data collected for the 50th and 61st rounds of the NSS 
(corresponding to the years 1993–1994 and 2004–2005, respectively). Price effects cap-
ture both own and cross-price effects through substitutions between food commodities. 
Briefly, as prices change, demands for commodities change and consequently calorie (and 
other nutrients’) intakes. Underlying this is a presumption that food choices are informed 
by their nutritional content. As Deaton and Dreze (2009) emphasize, people do not buy 
calories and other nutrients but food commodities. However, if food choices are informed 
by their nutritional values, it is meaningful to talk about demands for calories and other 
nutrients

 23. For details, see Gaiha et al. (2012).
 24. Comparisons of effects of different variables are based on (absolute) elasticities.
 25. Note that a significant effect is one that is statistically different from 0.
 26. Note that this is a residual time effect. What the graphical representations reflect is the 

combined effect of all factors that varied over time whereas the regressions results relate to 
the residual time effect.

 27. This is not inconsistent with the segments of the protein Engel curve for 2004 lying above 
that for 1993 in figure: 13.3.

 28. This is not inconsistent with segments of the fat Engel curve lying above those of the 1993 curve.
 29. Our explanation is corroborated (with varying food price and expenditure effects) over 

the longer period, 1993–2009 (Gaiha, Kaicker, Imai, and Thapa (2013).
 30. For example, there is lack of a consensus on what the correct minimum calorie threshold 

is, how it should be computed or even whether such a threshold exists (Dasgupta, 1993, 
Srinivasan, 1992, 1994, and Svedberg, 2000). On the related issue of a taste for variety, see 
Behrman and Deolalikar (1989).

 31. Briefly, Lowess is used for locally weighted scatter plot smoothing. For an intuitive exposi-
tion, see Deaton (1995).

 32. For details, see Kaicker and Gaiha (2012).
 33. Recall that Lowess estimates allow for calorie share variation due to expenditure variation 

alone, while our robust regression estimates include the additional effects of food prices.
 34. See Dasgupta and Ray (1986, 1987). Srinivasan (1994) offers a cogent critique.
 35. For details of the survey and methodology for estimating PNT, see Jha, Gaiha, and Sharma 

(2009).
 36. This is confirmed by a t-test of mean differences.
 37. Noncommunicable diseases include cardio-vascular diseases (CVD), cancers, diabetes, 

chronic obstructive pulmonary disease (COPD), asthma, neuro-psychiatric conditions 
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(e.g., mental disorders), eye conditions, skin diseases, diseases of the digestive system 
and genitourinary conditions (prostate disorders), among others (Mahal et al. 2009).

 38. Age-standardized undiscounted DALYs have been widely used to measure the burden of 
disease. These measure the number of years a person would lose due to disability and pre-
mature mortality. An advantage of using DALYs is that it considers years with disability 
and thus includes conditions that, although not fatal, can be a large social and economic 
burden (World Bank, 2011).

 39. For details, see Popkin et al. (2012).
 40. For details, see Gaiha, Jha, and Kulkarni (2010c).
 41. BMI= (weight in kg/height in metres2). Those with BMI in the range 25–30 kg/m2 are clas-

sified as overweight, whereas those exceeding 30 are classified as obese. An expert con-
sultation organized by WHO in 2002 concluded that current WHO cut-off points do not 
provide an adequate basis for taking action on risks related to overweight and obesity in 
many Asian populations.

 42. The relatively small effect of overweight/obesity should not be accepted at face value as it is 
vitiated by selective reporting of BMI by adults.

 43. On the latter, see Ruhm (2012) and Lee et al. (2012).
 44. Real income transfer is measured as the difference between market and TPDS prices mul-

tiplied by the amount bought. For details, see Jha et al. (2013).
 45. For definitions of acute and moderately poor, and moderately non-poor and relatively 

affluent, see Table 13.A.1 at the end of this chapter.
 46. Renamed recently as Mahatama Gandhi National Rural Employment Guarantee Scheme 

(MNREGS).
 47. For a recent assessment, see Shankar and Gaiha (2013).
 48. These are obtained by estimating an equation in which the dependent variable is 

nutrient intake (including micronutrients) and the explanatory variables comprise 
TPDS participation and NREG wage, nonwage income (all three appropriately instru-
mented) and other household characteristics. To compare the effect of a change in 
TPDS participation with that of a change in NREG wage on nutrient intake, we use 
one standard deviation increase in these variables. For details, see Jha, Bhattacharya, 
and Gaiha (2011).

 49. The presumption that Unique Identification or Aadhar will help target these transfers bet-
ter is not just naïve but mistaken (Khera, 2013).

 50. This draws upon Gaiha (2003) and our more recent research on related issues. See also, 
Kotwal and Ramaswami, this volume.

 51. For an elaboration, see Gaiha (2003).
 52. National Food Security Act implies ratification of NFSB by parliament. As the debate con-

tinues unabated and the Bill’s passage without major modifications is not unlikely, we pre-
fer NFSB to NFSA. For amendments proposed to NFSB, see Lok Sabha Secretariat (2013), 
and for a comment on these amendments, see Dreze (2013).

 53. This summary relies largely on Himanshu and Sen (2011) but the critique draws on our 
own research.

 54. There are three different versions of the NFSB: one by the National Advisory Council (NAC); 
another by the Department of Food and Public Distribution; and the third by the Prime Minister’s 
Advisory Council headed by C. Rangarajan (RC). For details, see Kumar and Ghosh (2012).

 55. See Kochar (2005) who argues in favor of a universal food subsidy on the ground that 
under TPDS targeting of BPL has suffered as amounts bought are a lower fraction of their 
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entitlements simply because Fair Price Shops (FPS) are forced to carry lower stocks, as the 
number of customers is lower than under the universal PDS.

 56. Under the AAY scheme, the poorest of the poor are given the option to buy food at even 
more subsidized prices than BPL households.

 57. The case for cash transfers as an alternative to a universal food subsidy is not persuasive, 
as it does not confront the difficulties of identifying the poor and risks of collusion among 
functionaries at different levels. A case in point is Svedberg (2010).

 58. A recent estimate of the cost of the NFSB by Kumar and Ghosh (2012) in the first three 
years, taking into account the costs of covering BPL and APL households in rural and 
urban areas, storage costs for the additional food procurement, leakages, provision of free 
nutritious meals during pregnancy and six months thereafter and an additional maternity 
benefit of Rs 1000 per month, nutritional food to children—especially the malnourished 
and midday meals to those in lower and upper classes—and transportation costs to FPS 
works out to be a staggering Rs 500,000 crore.
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Chapter 14

Fo od Price and Trade 
P olicy Biases

Inefficient, Inequitable, Yet Not Inevitable

Kym Anderson

Introduction

Farm subsidies have been prevalent on both sides of the North Atlantic for decades. 
Despite their high budgetary cost, society seems willing to tolerate them. Some think 
of it as justice for those left behind in rural areas by modern urban-based economic 
growth. Others (most notably in France) see it as a way of preserving the quaint peas-
ant lifestyle they or their forebears left when they moved to the city. It is also argued that 
such policies help farmers preserve the natural environment in rural areas, provide food 
security for the nation, and (in countries such as Norway) help to populate and retain 
social vitality in remote areas.

Laudable though these societal objectives may be, they could be achieved far more 
effectively and efficiently by direct measures than by farm subsidies. This has been 
demonstrated by many economists (including this one, see Anderson 2000), so the 
arguments won’t be repeated here. Instead, this article seeks to show that farm subsi-
dies are just the tip of a huge iceberg of governmental distortions to food markets in 
high-income countries. These distortions are predominantly the result of trade policies 
that, even more than direct subsidies, are not only ineffective and inefficient but are also 
adding to global inequality and poverty.

Moreover, these policies of high-income countries are only half the problem. The 
other half comes from governmental distortions to markets for food and other farm 
products in developing countries. For many decades the latter policies have taxed rather 
than supported farmers, but an anti-agricultural policy bias can be just as inefficient and 
inequitable as a pro-farmer policy bias.
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Pervasive though these policy biases seem to have been, they are not unchanging. On 
the contrary, new data reveal that they have evolved in fairly systematic ways as national 
economies have developed over the past half century. The challenge is to harness that 
capacity for change and direct it toward growth-inducing policy reforms and institu-
tional innovations that also reduce inequality and poverty and thereby enhance global 
food security.

The chapter begins by briefly summarizing the history of thought on the role of agri-
culture in economic development. It then presents evidence from a new study of the 
evolution of price-distorting policies in both high-income and developing countries. 
That new empirical study covers seventy-five countries that account for more than 90 
percent of world’s population and agricultural output. It reveals that, among the high-
income countries, some have been able to rid themselves of farm subsidies, and some 
have at least changed their key policy measures to less inefficient and less inequitable 
forms of support. Among developing countries, much of the earlier anti-agricultural 
bias has been phased out over the past quarter century. A worrying sign, however, is 
that agricultural protection has begun to emerge as the more advanced of those emerg-
ing economies industrialize. The third section reports on the contribution of agriculture 
to the current global welfare cost of distortions to farm and nonfarm goods markets, 
and on the impact of those distortionary policies on income inequality and poverty. The 
chapter concludes with an assessment of what might evolve in the coming decades, of 
the alternative measures available for dealing with the perceived problems associated 
with agriculture’s changing role in economic development, and of their potential for 
reducing inequality and poverty and enhancing global food security.

Agriculture’s Perceived Role in 
Development

Post–World War II development economists had a dim view of the contribution that farm-
ers made to modern economic growth. In contrast to the perceived advantages of manu-
facturing, agriculture was seen as a low-productivity, constant-returns-to-scale activity 
whose producers were not very responsive to incentives. In addition, the real interna-
tional prices of farm products were known to be volatile and thought to be in permanent 
long-term decline (Singer 1950; Prebisch 1950). This led Prebisch and others to argue that 
developing countries should strive to diversify their economies and reduce their depen-
dence on a small number of primary commodity exports. To do this, they encouraged 
developing countries to develop their manufacturing sectors through import-substituting 
industrialization aided by manufacturing protection policies (Prebisch 1959). A corollary 
to this was the taxation of agricultural exports that, like import tariffs on manufactures, 
had the perceived additional benefit of raising government revenue in settings where 
there were still very high costs associated with collecting income or consumption taxes. 
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Agricultural production also was effectively taxed through requiring farmers to deliver 
some of their crop to parastatal agencies that paid them below-market prices. Meanwhile, 
agricultural development economists such as Johnston and Mellor (1961) saw the farm 
sector’s contributions mainly as a market for manufactures and as a supplier of low-wage 
labor to nonfarm sectors. This view drew on Arthur Lewis’s (1954) closed-economy model, 
which assumed unlimited supplies of agricultural labor.

An assumption implicit in much of this early thinking was that farmers were not very 
responsive to price incentives. This assumption was first challenged by T. W. Schultz 
(1964), who argued that farmers in developing countries were “poor but efficient.” 
Schultz believed that farm output would respond positively to improved incentives, and 
he suggested there would be high returns from removing price distortions and boosting 
public investment in rural public goods, both physical (e.g., transport and communica-
tions infrastructure) and human (e.g., rural health and education, agricultural R&D).

Over time this Schultzian view was embraced, especially as and when economists and 
then policymakers came to understand the high cost of an anti-agricultural, anti-trade, 
import-substituting industrialization strategy. By the late 1960s, comprehensive empirical 
evidence of the huge extent of the distortions to incentives associated with manufacturing 
protectionism in developing countries had emerged (Little, Scitovsky, and Scott 1970; Balassa 
and Associates 1971). It was already clear that much faster industrial and overall economic 
growth was occurring in the few cases where import-substituting industrialization had been 
replaced by a more open-economy strategy, notably in East Asia. Development economists 
gradually abandoned their former support for intervention in favor of freer trade and flexible 
exchange rates, but it took other developing countries a decade or more to heed those policy 
lessons—prodded from the early 1980s on by loans from international financial institutions 
that were conditional on the adoption of structural adjustment programs.

Meanwhile, the densely populated East Asian economies, like Europe before them, wor-
ried that industrialization was eroding their former agricultural comparative advantages 
and causing farm household incomes to lag behind incomes in the rapidly growing cit-
ies. Their policy responses did not focus on ways of boosting farmer productivity; instead, 
they focused on increasingly protecting farmers from import competition (Anderson, 
Hayami, et al. 1986). This occurred despite the clear arguments and evidence presented 
by D. Gale Johnson in his seminal 1973 book, World Agriculture in Disarray, on the costly 
national economic folly and the international public “bads”—in the form of lower and 
more volatile international agricultural prices—that such a policy development entails.

Evidence of Evolving Distortions to 
Agricultural Incentives

To gauge how changes in farmer incentives have evolved over time, a recent World 
Bank study compiled evidence from seventy-five countries and five decades of policy 
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experience (Anderson and Valenzuela 2008, summarized in Anderson 2009). That 
study reports a nominal rate of assistance (NRA), defined as the percentage by which 
government policies have raised producer returns above what they would be without 
the government’s intervention (or the percentage by which government policies have 
lowered returns, if the NRA is less than zero). Since farmers are affected by the prices 
of not just their own outputs but also those of nonagricultural producers who compete 
with them in the common national markets for mobile labor and capital, the World 
Bank study also estimates a relative rate of assistance (RRA). The RRA is defined as the 
percentage by which government policies have raised prices of tradable farm products 
relative to prices received by producers of nonfarm tradable products (most of which are 
manufactures—see Anderson et al. 2008).

Historically, national nominal rates of assistance to agriculture (and relative rates 
of assistance even more so) have tended to be higher when a country’s per capita 
income is higher, and RRAs have tended to be negative for developing countries and 
positive for high-income countries (Anderson 1995). However, since the 1980s the 
anti-agricultural policy bias in developing countries and the pro-agricultural bias in 
high-income countries have diminished, so that the two groups’ average RRAs have 
converged toward zero since the mid-1980s (Figures 14.1 and 14.2). The extent and 
speed of that movement toward zero varies across regions, however: among develop-
ing countries it has been greatest for Asia and least for Africa, and among high-income 
countries it has been greatest for the European Union and not at all for other Western 
European countries, apart from the dip in the most recent period (2005–2007), when 
international food prices rose steeply (Figure 14.3). Australia and New Zealand are 
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exceptional in that they had an anti-agricultural policy bias for most of the twenti-
eth century, and their manufacturing tariff protection exceeded agricultural supports. 
Both sectors’ distortions were reduced in the final third of that century and are now 
close to zero, however, not unlike the average developing country (Anderson, Lloyd, 
and MacLaren 2007).

Those averages hide the fact that there is still much variation across developing coun-
tries in both the level and rate of change in distortion indicators. National RRA esti-
mates for 2000–2004 varied from around -50 percent for several African countries to 
nearly 150 percent for a few high-income countries (Figure 14.4).

Within the agricultural sector of each country, whether developed or developing, 
there is a wide range of product NRAs (Figure 14.5). Some product NRAs are positive 
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Figure 14.2 Nominal rates of assistance to agricultural and non-agricultural tradable sectors 
and relative rate of assistance,a developing and high-income countries, 1955 to 2004

a The RRA is defined as 100*[(100+NRAagt)/(100+NRAnonagt)−1], where NRAagt and NRAnonagt are the 
percentage NRAs for the tradables parts of the agricultural and non-agricultural sectors, respectively.

Source: Anderson (2009, Ch. 1), based on estimates in Anderson and Valenzuela (2008).
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and high in almost all countries (sugar, rice, milk), others are positive and high in devel-
oped economies but highly negative in developing countries (most noticeably, cotton), 
and yet others are relatively low in all countries (feedgrains, soybean, pork, poultry).
An important aspect of this dispersion of NRAs is that the agricultural policy regime of 
each country still tends to have an anti-trade bias. This bias has declined over time for 
the developing country group, mainly because of cuts in agricultural export taxation 
and in spite of growth in agricultural import protection. For the high-income group, the 
anti-agricultural trade bias has shown a lesser decline over time (Figure 14.6), mainly 

–70

–60

–50

–40

–30

–20

–10

0

10

1965–69 1970–74 1975–79 1980–84 1985–89 1990–94 1995–99 2000–04

Pe
rc

en
t

Asia  Africa LAC

(a) Developing countries

–50

0

50

100

150

200
(b) High-income countries

19
55

–5
9

19
60

–6
4

19
65

–6
9

19
70

–7
4

19
75

–7
9

19
80

–8
4

19
85

–8
9

19
90

–9
4

19
95

–9
9

20
00

–0
4

20
05

–0
7

Japan/Korea
Non–EU WE
EU
Canada
US
Australia/New Zealand

Figure  14.3 Relative rates of assistance to agriculture, by region, 1955 to 2007
Source: Anderson (2009, Ch. 1), based on estimates in Anderson and Valenzuela (2008).



–60

–10 40 90

140

Zimbabwe
Cote d 'iv oire

Tanzania
Nigeria
Zambia

Ethiopia
Argentina

Senegal
Bangladesh

Ukraine
Egypt

Pakistan
Sri Lanka

Nicaragua
Madagascar

�ailand
Cameroon

South Africa
Bulgaria

New Zealand
Australia

Dominican
Brazil

Uganda
Vietnam
Malaysia

China
Chile

Sudan
Ecuador

Poland
Mexico
Kenya
Ghana

Indonesia
Russia

Slovakia
US

Canada
India

Mozambique
Philippines

Estonia
Turkey

Colombia
Czech Rep

Hungary
Spain

France
Lithuania
Portugal

Italy
Denmark

Latvia
Germany

Finland
Sweden

UK
Austria

Netherlands
Romania

Ireland
Taiwan

Slovenia
Japan

Norway
Switzerland

Korea

Figure  14.4 Cross-country dispersion in RRAs, 2000–04
Source: Anderson (2009, Ch. 1), based on estimates in Anderson and Valenzuela (2008).



Food Price and Trade Policy Biases   369

because the rise and then decline in agricultural export subsidies has been matched by a 
similar trajectory for import protection.

The fall in assistance to producers of nonfarm tradable goods has contributed to 
just over half the rise in the RRA for developing countries between 1960–1984 and 
2000–2004.

Up to the 1980s, and in some cases into the early 1990s, it was not uncommon for 
government interventions in the market for foreign exchange in developing countries to 
add to the overall anti-trade bias in policy regimes. Those interventions had all but dis-
appeared by the mid-1990s, however, as part of overall macroeconomic policy reform 
initiatives.

The phasing out of export taxes by most developing countries, shown in Figure 14.6(a), 
is particularly striking. There have been some reversals of that policy reform in a few devel-
oping countries, though, with Argentina being the most important example. Meanwhile, 
with the growth in assistance to the agricultural import-competing subsector of develop-
ing countries (upper line in Figure 14.6(a)), the relative importance of import taxes has 
increased substantially (Figure 14.7).
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In high-income countries, the growing use of somewhat decoupled, more direct 
income support measures by some high-income countries, and the virtual abolition 
of all support measures in Australia and New Zealand, contrast with the continu-
ing dominance of border measures of support in East Asia’s high-income countries 
(Figure 14.8).

Yet even when decoupled payments are included in total support estimates, trade 
policy instruments (export and import taxes, subsidies or quantitative restrictions, plus 
dual exchange rates) account for no less than three-fifths of agricultural NRAs glob-
ally. Hence they account for an even larger share of their global welfare cost, since trade 
measures also tax consumers, and welfare costs are proportional to the square of a trade 
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tax (see also Anderson, Martin, and Valenzuela 2006). That is, domestic subsidies to or 
taxes on agricultural outputs and inputs make only minor contributions. In particular, 
subsidies to farm inputs and support for public agricultural research have added little to 
overall farmer assistance in high-income countries, and they have done relatively very 
little in the past to offset the effective taxation of agriculture in developing countries, 
with the important exception of India (Anderson 2009, Ch. 10). Public agricultural 
research investments in 2000–2004, for example, amounted to less than 2 percent of 
the gross value of agricultural output at undistorted prices in high-income countries, 
and to only 1 percent in developing countries (Anderson 2009, Table 1.11), with similar 
percentages in earlier decades. That is very minor compared with the percentage NRAs 
delivered through national governments’ product price distortions.

Impacts of Distortions on Economic 
Welfare, Inequality, and Poverty

Using the above estimates of price distortions, recent estimates have been made of the 
impacts of past reforms and remaining policies on their global welfare cost, and of the 
impact of the current distortion pattern on income inequality and poverty. Consider 
first the aggregate economic welfare effects.

National and Global Economic Welfare Effects of 
Price-Distorting Policies

Valenzuela, van der Mensbrugghe, and Anderson (2009) provide a combined retro-
spective and prospective assessment of how far the world has come, and how far it still 
has to go, in rectifying the disarray in world agriculture. That is, their economy-wide 
modeling exercise seeks to quantify the impacts of both past reforms and current poli-
cies. It does so by comparing the effects of the recent World Bank project’s distortion 
estimates for the period 1980–1984 with those of 2004, making use of the World Bank’s 
global Linkage model (van der Mensbrugghe 2005) to estimate the effects on individual 
countries as well as on country groups and the world as a whole.

Several key findings from that modeling study are worth emphasizing. First, the 
policy reforms from the early 1980s to the mid-2000s are estimated to have improved 
global economic welfare by $233 billion per year, and removing the distortions remain-
ing as of 2004 would add another $168 billion per year. This suggests that, in a global 
welfare sense, the world moved three-fifths of the way toward global free trade in goods 
over that quarter century.

Second, developing countries benefited proportionately more than high-income 
economies (1.0  percent compared with 0.7  percent of national income) from those 
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past policy reforms, and would gain nearly twice as much as high-income countries 
by completing that reform process (an average increase of 0.9 percent compared with 
0.5 percent for high-income countries). Of those prospective welfare gains from global 
liberalization, 70 percent would come from agricultural and food policy reform. This is 
a striking result given that the shares of agriculture and food in global GDP and global 
merchandise trade are only 3 and 6 percent, respectively. The contribution of global 
farm and food policy reform to the prospective welfare gain for just developing coun-
tries is even slightly greater, at 72 percent.

Third, the share of global farm production exported (excluding intra-European 
Union trade) in 2004 was slightly smaller as a result of those reforms since 1980–1984, 
because of less farm export subsidies: the 8 percent share of production exported for 
agriculture in 2004 contrasts with the 31 percent share for other primary products and 
the 25 percent for all other goods. If the policies distorting goods trade in 2004 were 
removed, the share of global production of farm products that is exported would rise 
from 8 to 13 percent, thereby “thickening” international food markets and thus reducing 
the instability of international prices and the quantities of those products traded.

Fourth, the developing countries’ share of the world’s primary agricultural exports 
rose from 43 to 55 percent between 1980–1984 and 2004, and its farm output share rose 
from 58 to 62 percent, because of those reforms, with rises in virtually all agricultural 
industries except rice and sugar. Removing remaining goods market distortions would 
boost their export and output shares to 64 and 65 percent, respectively. That is, the past 
and current pattern of price distortions means there has been far more farm production 
in high-income countries, and less in developing countries, than would have been the 
case without those distortionary policies in both sets of countries.

Fifth, for developing countries as a group, net farm income (value added in agricul-
ture) is estimated to be 4.9 percent higher than it would be without the reforms of the 
past quarter century, which is more than ten times the proportional output gain for 
nonagriculture.

Consequences for Income Inequality and Poverty

To assess the effects of the world’s agricultural and trade policies as of 2004 on income 
inequality and poverty within and between individual countries and country groups, 
Anderson, Valenzuela, and van der Mensbrugghe (2010) also used the World Bank’s 
global Linkage model. Their results suggest that developing countries would gain nearly 
twice as much as high-income countries in welfare terms if 2004 agricultural and other 
trade policies were removed globally. In this broad conception of the world as just two 
large country groups, global trade reform would reduce international inequality. The 
results also indicate that net farm incomes in developing countries would rise by 5.6 per-
cent, compared with 1.9 percent for nonagricultural value added, if those policies were 
eliminated. This suggests that inequality between farm and nonfarm households in 
developing countries would fall. By contrast, in high-income countries, net farm incomes 

 



374   Kym Anderson

would fall by 15 percent on average, compared with a slight rise for real nonfarm value 
added. That means inequality between farm households in developing countries and 
those in high-income countries would fall substantially. If only agricultural policies were 
removed, these results do not change much, which underscores the large magnitude of 
the distortions from agricultural, as compared with nonagricultural, trade-related poli-
cies. True, agricultural protection policies may lower the gap between average urban and 
rural household incomes, but the gains tend to get capitalized into the value of land, and 
thus they benefit farm households in proportion to their farm output and land holding—
a highly inequitable outcome within rural areas (Johnson 1973, Ch. 9).

That study also reports that unskilled workers in developing countries—the majority 
of whom work on farms—would benefit most from reform (followed by skilled workers 
and then capital owners). The average change in the real unskilled wage across develop-
ing countries would rise by 3.5 percent. However, the most relevant consumer prices for 
poor people relate to food and clothing. This includes those many poor farm and other 
rural households who earn most of their income from their labor and are net buyers of 
food. Hence deflating by a food and clothing price index rather than the aggregate CPI 
provides a better indication of the welfare change for those workers. The real unskilled 
wage across developing countries would rise by 5.9 percent with that deflator. That is, 
inequality between unskilled wage earners and the much wealthier owners of capital 
(human or physical) within developing countries would fall with full trade reform. So 
too would the incidence of poverty: under the full merchandise trade reform scenario, 
there would be 2.7 percent fewer people living on less than US$1 a day in developing 
countries. Using the more moderate definition of poverty—people living on no more 
than US$2 per day—the number of poor in developing countries would fall by nearly 
90 million compared to an aggregate baseline level of just under 2.5 billion in 2004, or by 
3.4 percent.

Anderson, Cockburn, and Martin (2010, 2011) report results from ten more-detailed 
individual country case studies and compare these with the above results from a global 
model. As with the global modeling, these individual country case studies focus on 
price-distorting policies as of 2004, but they include more sectoral and product disag-
gregation than the global models, and they are able to consider multiple types of house-
holds and types of labor. The national results for real GDP and household consumption 
suggest that GDP would increase from full global trade reform in all ten countries, but 
only by 1 or 2  percent. Given falling consumer prices, real household consumption 
would increase by considerably more in most cases. Generally, these numbers are some-
what larger than those generated by the global Linkage model. When all merchandise 
trade is liberalized, the poverty reduction ranges from close to zero to about 3.5 per-
centage points, except for Pakistan, where it is more than 6 points. On average, nearly 
two-thirds of the alleviation is due to nonfarm trade reform, and the contribution of 
own-country reforms to the reduction in poverty appears to be equally important as 
rest-of-world reform.

The estimated poverty alleviation is also subdivided into rural and urban sources. In 
every case, rural poverty is reduced much more than urban poverty. This is true for both 
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farm and nonfarm trade reform, and for own-country as well as rest-of-world reform. 
Since the rural poor are much poorer on average than the urban poor, this would lead 
one to expect trade reform to also reduce inequality. That is indeed what the results show 
for this sample of countries: inequality declines in all three developing country regions 
following full trade liberalization of either all goods or just agricultural products, and 
for both own-country and rest-of-world reforms. The effect of nonfarm trade reform on 
its own is more mixed, providing another reason to urge trade negotiators not to neglect 
agricultural reform in trade negotiations. Inequality within rural or urban household 
groupings are not altered very much by trade reform compared with overall national 
inequality, which underlines the point that trade reform would tend to mainly reduce 
urban-rural inequality rather than inequality within regions.

In summary, the benefits for the world’s poor from the full liberalization of global 
merchandise trade would come more from agricultural than nonagricultural reform; 
and, within agriculture, more from the removal of substantial support provided to farm-
ers in developed countries than from developing country policy reform. According to 
the economy-wide model used in Anderson, Cockburn, and Martin (2010, 2011), such 
reform would raise the real earnings of unskilled workers in developing countries, most 
of whom work in agriculture. Their earnings would rise relative to both unskilled work-
ers in developed countries and other income earners in developing countries. This 
would thus reduce inequality both within developing countries and between develop-
ing and developed countries, in addition to reducing poverty. The studies all find global 
trade liberalization to be poverty alleviating, regardless of whether the reform involves 
only agricultural goods or all goods, with the benefit to developing countries coming 
roughly equally from reform at home and abroad. They also find that rural poverty 
would be cut much more than urban poverty in all cases.

Policy Implications

These empirical findings have a number of important policy implications. First and 
foremost, the attractive poverty- and inequality-alleviating effects of unilateral and 
multilateral trade policy reforms provide yet another argument for countries to seek 
further liberalization of national and world markets. The potential benefits are gener-
ally much greater for global reform than from just own-country reform. The results of 
this set of studies also show that the winners from trade reform would overwhelmingly 
be found among the poorer countries and the poorest individuals within these coun-
tries. However, even among the extreme poor, some will lose out. Hence the merit of 
compensatory policies, ideally ones that focus not on private goods but rather on public 
goods that reduce underinvestment in pro-growth areas such as rural human capital 
formation.

Second, the strongest prospective benefits come from agricultural reform. This under-
scores the economic and social importance of securing reforms for the agricultural 
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sector in particular, notwithstanding the political sensitivities involved. There are more 
direct, and hence more efficient, domestic policy instruments than trade policies for 
meeting governments’ Millennium Development Goals of poverty, malnutrition, and 
hunger, but generally they are more of a net drain on treasury finances. This is particu-
larly true for governments of low-income countries, which still rely heavily on trade tax 
revenue. One solution for this is to expand aid-for-trade funding as part of official devel-
opment assistance programs (Hoekman and Wilson 2010). Another is to make (more) 
use of value added or consumption taxation measures.

Third, most of the national case studies show that domestic reform on its own can 
be a way of reducing poverty and inequality. This suggests that developing countries 
should not hold back on domestic reforms while negotiations in the World Trade 
Organization’s Doha Round and other international forums continue. It also suggests 
that from a poverty alleviating perspective, developing countries have little to gain, and 
potentially much to lose, from negotiating exemptions or delays in national reforms in 
the framework of WTO multilateral agreements.

Most commentators believe that Asia’s developing economies will keep growing rap-
idly in the foreseeable future, provided they remain open and continue to practice good 
macroeconomic governance. Their growth is expected to be more rapid in manufacturing 
and service activities than in agriculture. In the more densely populated economies of the 
region, the growth in labor-intensive and manufactured component exports will be accom-
panied by rapid increases in the per capita incomes of low-skilled workers (Baldwin 2011). 
Agricultural comparative advantage is thus likely to decline in these economies (Anderson 
and Strutt 2012). Whether these economies become more dependent on imports of farm 
products, however, depends on what happens to their RRAs. The first wave of Asian indus-
trializers (Japan, and then Korea and Taiwan) chose to slow the growth of food import 
dependence by raising their NRA for agriculture even as they were bringing down their 
NRA for nonfarm tradables, so that their RRA became increasingly above the neutral zero 
level. A key question is: Will later industrializers follow suit, given the past close association 
of RRAs with rising per capita income and falling agricultural comparative advantage?

The progress of lower-income countries relative to first industrializers can be found 
by mapping the RRAs for Japan, Korea, and Taiwan against real per capita income, and 
superimposing a graph of the RRAs for lower-income economies onto this. Figure 14.9 
does this, and it shows that the RRA trends for China and India (and ASEAN countries to 
a lesser extent) over the past three decades are similar to those of richer Northeast Asian 
countries. True, the earlier industrializers were not bound under GATT to not raise their 
agricultural protection, but the WTO legal bindings on China, India, and ASEAN also 
are unlikely to constrain the governments very much in the next decade or two. One can 
only hope that China and South and Southeast Asia will not make use of the legal wiggle 
room they have allowed themselves in their WTO bindings and follow Japan, Korea, and 
Taiwan into high agricultural protection. If they do, Anderson and Nelgen (2011) esti-
mate that the future cost of agricultural protection policies will rise substantially.

A much more efficient and equitable strategy would be to instead treat agriculture in 
the same way many developing countries have been treating nonfarm tradable sectors 
in recent decades. That would involve opening the sector to international competition 
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and relying on more efficient domestic policy measures to raise government revenue 
(e.g., income and consumption or value-added taxes) and to assist farm families (e.g., 
public investment in rural education and health, rural infrastructure, and agricultural 
research—see Fan 2008). Even if just one-twentieth of the current NRA provided to 
Asian farmers via farm price-support policies was replaced by agricultural R&D expen-
diture, that would more than double their current public spending on R&D—and the 
latter would increase economic welfare, whereas price-distortionary policies reduce it. 
Such a boost to Asian R&D could generate another green revolution of the same order 
of magnitude of the one in the 1960s, especially if it took full advantage of the new devel-
opments in biotechnology (as shown for rice, for example, in Anderson, Jackson, and 
Nielsen 2005). The example of Brazil’s R&D-led agricultural revolution over the past 
two decades also points the way for others to follow, not only in Latin America but also 
in sub-Saharan Africa—where again the potential for yield and food-quality improve-
ments via transgenic crop development is enormous (Anderson and Jackson 2005).

In short, the world’s food price and trade policy biases are still very wasteful of 
resources. They lead to food production occurring in higher-cost settings than is nec-
essary, and they contribute to global poverty, to income inequality between countries, 
and to income and wealth inequality within rural areas of protective countries. Yet 
the historical data summarized above indicates that these policy biases have declined 
somewhat over the past quarter century. Thus, even though it may seem like farm sub-
sidies and import protection are fixtures too politically difficult to move, this evidence 
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suggests those measures—like export taxes on farm products in developing countries—
are not inevitable.

Unfortunately, the same cannot yet be said for policies that insulate domestic food 
markets from international price fluctuations. While not discussed above (but see 
Anderson and Nelgen 2012), both high-income and developing countries alter their 
trade barriers in an attempt to protect consumers from food price spikes. It turns out, 
though, that both food-surplus and food-deficit countries tend to so respond, and to a 
similar extent. Hence they tend to cancel out each other’s ability to stabilize their home 
markets—but at the same time they exacerbate the instability in international food 
prices (Martin and Anderson 2012). Beggar-thy-neighbor food policy actions are thus 
a long way from being a thing of the past, and they are likely to continue until enough 
countries get together and agree multilaterally to desist from protecting and insulating 
their domestic food markets.
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Chapter 15

Intellectual Propert y 
Rights and the P olitics 

of Fo od

Krishna Ravi  Srinivas

Introduction

The linkage between food and plant genetic resources needs no great elaboration; 
plants provide genetic material that has been modified over millennia to meet human 
food needs by creation of specialized cultivars suited to particular human needs (see 
McHughen, this volume). But the linkage between intellectual property rights and 
food is not obvious; intellectual property rights are typically not considered either as 
an important issue in the politics of food or as an issue of ethical concern. Intellectual 
property rights are state-granted monopolies for a limited number of years for incentiv-
izing inventions and creation of works of art and to promote innovation and technology 
transfer. The FAO Panel of Eminent Experts on Ethics in Food and Agriculture observed 
that most innovation in food and agriculture does not depend upon intellectual prop-
erty rights, yet acquisition and exercise of intellectual property rights raises a variety of 
ethical concerns. It expressed concern, for example, about patenting of merely isolated 
genes that are essentially part of nature and not inventions. It is not clear what consti-
tutes an invention or what can become property. Something like a global intellectual 
property rights regime is provided by the Trade Related Intellectual Property Rights 
(TRIPS) agreement. Under the TRIPS agreement, intellectual property (IP) refers to 
seven categories, including patents and plant varieties rights as well as copyright and 
related rights. An exhaustive analysis of the relationship between intellectual property 
and politics of food would include issues relating to copyrights and intellectual prop-
erty protection for cuisines and geographical indication.1 Such an analysis is beyond the 
scope of this entry.
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The Evolution of Global Regimes of 
Plant Genetic Resources

A good portion of the food we consume is derived from plants, directly or indirectly. 
Crop plants are estimated to contribute more than 80 percent of our calories and the 
edible dry weight. Most of the food humans consume is based on less than twenty spe-
cies and just three staple crops— rice, wheat, and maize—account for about 60 percent 
of the calories and about 56 percent of the proteins (Lenné and Wood 2011, 9). Plant 
genetic resources2 constitute the core of this agricultural biodiversity and agricultural 
biodiversity itself is the outcome of continuous interaction among humans, nature, 
and evolution. Humans took to farming and, since doing so, they have developed and 
derived many thousands of varieties of plants. Domestication of food crops started 
about 11,000 years ago, first with rice, then maize, and later wheat. Crop improvement 
is a cumulative process and the plant genetic resources found in nature are modified by 
humans into germplasm, which can be used for further improvement and/ or for culti-
vation. Germplasm

refers to the sum total of all hereditary material in a plant, as coded in its DNA. For 
a crop, it reflects the compounding nature of sequential improvements carried out 
by breeders over a long period of time, all of which, of course, is encapsulated in the 
seed. (Moschini 2010, 5)

The origin and distribution of crops is a fascinating story; the introduction of crops 
played an important role in spreading access to new plant varieties and thereby enabling 
their use in the development of new varieties for crops and other purposes. Migration, 
trade, interaction among communities, colonial expansion, and other factors ensured 
that varieties bred and domesticated in one region spread to other regions.3 Newly intro-
duced plant varieties had significant advantages that went beyond enhancing diversity. 
According to Kloppenburg, the crops that now dominate the agricultural economies of 
the advanced industrial nations are not, for the most part, indigenous species. They have 
been introduced from elsewhere, principally from what is now the Third World.

 . . .  If the United States now has a food weapon, as former Secretary of 
Agriculture Earl Butz so bluntly put it, it is because nations such as Nicaragua, 
Ethiopia, Iran, and China have supplied, respectively, the corn, wheat, alfalfa, 
and soybean for its arsenal.4

In many countries botanical gardens were established to receive, classify, and transfer 
the species received from elsewhere. Scientific breeding emerged after the rediscovery 
of Mendel’s law in the early twentieth century, and this helped in searching for material 
on the basis of genetic features. Public-sector breeders developed pools of germplasm 
based on these collections, and the relatively open system of exchange made avail-
able germplasm for varietal development without many restrictions among breeders 
(Byerlee and Dubin 2010). In the early decades of the twentieth century Russian botanist 

 



Intellectual Property Rights and THE Politics of Food   383

Nicolay Vavilov identified major centers of crop diversity and collected thousands of 
samples for genetic study. His efforts helped in mapping the geographical origins of 
crops and their diversity.

While germplasm pools were created, they were often ad hoc efforts and for short-
term purposes. In the post–World War II period, exchange of plant genetic resources 
received a boost with advances in genetics and the realization of the need for a sys-
tematic global approach for exchanging and storing materials. In 1948 the Food and 
Agricultural Organization (FAO) set up a global clearinghouse to advance the shar-
ing, and the cataloging, of resources to facilitate their use in breeding programs. FAO 
delivered samples often through plant introduction stations that were based mostly in 
Europe, Australia, the Soviet Union, and the United States.

The advent of the Green Revolution and the development of plant breeding programs 
in many parts of the world resulted in more demand for accessing the genetic diversity 
among the stored plant genetic resources. At the same time, concerns grew about ero-
sion and loss of genetic diversity because of the spread of modern varieties (Fowler and 
Mooney 1990). FAO convened the first technical conference on plant genetic resources 
in 1967, with collective conservation emerging as an important theme. At the same 
time, many centers for agricultural research in different parts of the work were contrib-
uting to, and working for, the Green Revolution with support from governments, the 
World Bank, and private foundations (see Harriss and Stewart, this volume). In 1971 the 
Consultative Group on International Agricultural Research (CGIAR) was established; 
many of the research centers were brought under CGIAR, which operated officially 
outside the UN system. CGIAR gave more importance to ex situ conservation, that is, 
storing samples under controlled conditions, than to in situ conservation, that is, con-
servation through their use on the farm as practiced by farmers and farming communi-
ties historically. The centers under CGIAR were dedicated to a single crop or to a limited 
number of crops and had access to germplasm collections held at universities. They 
have engaged in exchanging collections and, thus, over the years they have succeeded 
in building up a huge, diversified collection of germplasm of crops that are important 
for global food security. The varieties they developed were based on this collection and 
from germplasm received from elsewhere.

The establishment of the International Board on Plant Genetic Resources (IBPGR) 
marked a step forward in global efforts to collect, classify, exchange, and conserve 
plant genetic resources. By the early 1980s, a global pool of plant genetic resources 
housed in different centers and repositories had emerged. The exchange and use of 
materials available under this pool was based on the Common Heritage of Mankind 
(CHM) approach. This approach was grounded in the notion that plant genetic 
resources constitute a commons that should be accessible to all with very few or no 
restrictions on collection, exchange, use, and classification. Plant genetic resources 
were considered a global resource not subject to restrictions under national sover-
eignty. This enabled CGIAR centers and the FAO to freely collect, exchange, store, and 
share materials with many stakeholders, including plant breeders, researchers, and 
private-sector breeders.
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At the 1981 FAO biennial conference, developing nations called for drafting a legal 
convention on plant genetic resources; this was opposed by developed countries. In 1983 
FAO established a Commission on Plant Genetic Resources for Food and Agriculture 
(CPGR). The CPGR adopted the International Undertaking on Plant Genetic Resources 
(IUPGR) that same year. IUPGR is a nonbinding agreement that dealt with rules and 
standards for conservation and exchange of plant genetic resources. It was based on 
the position that plant genetic resources are the “common heritage of mankind.” Plant 
genetic resources subject to the IUPGR included plant varieties and elite breeding lines; 
it treated traditional landraces, wild plants, and commercial plant varieties protected by 
plant breeders’ rights to be on the same footing.

This position was contested by the United States and some European govern-
ments, which argued that this position conflicted with the International Union for the 
Protection of New Varieties of Plants (UPOV) Convention and national patent laws. 
IUPGR was a nonbinding undertaking; nevertheless, its position was considered con-
troversial because it did not differentiate between “raw” germplasm and “modified/
improved” germplasm. While the former was considered to be a product of nature and, 
hence, could not be subject to the grant of intellectual property rights, the latter could be 
subject to intellectual property protection through patents and/or plant breeders’ rights. 
The controversial position of treating plant genetic resources as the “common heritage 
of mankind” was based on the principles of open access and reciprocity, which had gov-
erned the international transfer, exchange, and storage of plant genetic resources. A use-
ful summary is provided by Brush (2004, 221–222):

Common heritage refers to the treatment of genetic resources as belonging to the 
public domain and not owned or otherwise monopolized by a single group or inter-
est. Common heritage is similar to common property regimes that anthropologists 
and other social scientists have described for nonmarket economies. Neither com-
mon heritage nor common property implies lack of rules (res nullius). . . . Rather they 
imply community management (res communes) that involves regulated access to 
common resources and reciprocity among them.

Critics of this approach pointed out that developed nations had used this open-access 
model throughout history to justify free transfer of plant genetic resources for devel-
opment, and they had simultaneously granted plant breeders’ rights and patents on 
“improved/modified” germplasm—in effect, privatizing open-access genetic commons. 
This put developing nations in a doubly disadvantageous position as they benefited nei-
ther from the Common Heritage approach nor from the grant of intellectual property 
rights on plant varieties and seeds.

As developing nations were also the centers of origin for many crops, it was claimed 
that the “gene rich” South contributed to the development of agriculture and industry 
in the North through transfer of plant genetic resources, but they did not gain anything 
in return. Most of the gene banks were in developed nations, and the North benefited 
greatly from the transfer of germplasm. But interdependency among the regions of the 
world in plant genetic resources was an undisputed fact; both North and South benefited 
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from the transfer and exchange of plant genetic resources. Moreover, as improved vari-
eties were genetically uniform and were vulnerable to new pests and blights, the need for 
accessing germplasm, which could help in developing new varieties with better traits, 
underscored the need for transfer and exchange among countries.

But the Common Heritage approach was not acceptable to South and North alike; the 
status of plant genetic resources, particularly those stored in CGIAR centers, became 
a contentious issue. The United States refused to participate in the IUPGR. Developed 
nations were generally unwilling to accept the Common Heritage principle as applicable 
to all plant genetic resources, especially those protected under plant breeders’ rights. 
After negotiations, it was agreed that the Common Heritage concept would not be 
applicable to plants protected by plant variety or under the UPOV convention. It was 
also agreed that applying Common Heritage or the open-access principle to landraces 
and wild and weedy crop relatives did not mean that access would be free of obligation 
or that access was free of charge. Plant breeders or collectors could be asked to pay for 
what was collected in a country’s territory.

Negotiations through subsequent years weakened the Common Heritage approach, 
which was then abandoned. In 1989 FAO adopted a new interpretation of IUPGR that for-
mally recognized “farmers’ rights.” Given the contributions made by farmers in conserv-
ing plant genetic resources and domesticating crops and varieties over thousands of years, 
farmers’ rights should be recognized. Although farmers’ rights were indicated as a normative 
principle, no rights in the legal sense of the term were established. These compromises in 
FAO dealt a blow to the Common Heritage approach; in the early 1990s two important devel-
opments changed global norms. At the 1992 United Nations Conference on Environment 
and Development (also known as the “Rio Conference 1992” or the “Earth Summit”) the 
Convention on Biological Diversity (CDB) was adopted. It subsequently became the single 
most important international convention on conservation and sustainable use of biodiver-
sity. CBD’s coverage of genetic resources broadened the field of coverage to agricultural bio-
diversity in emphasizing both sustainable use and conservation of biodiversity.

In the negotiations on CBD, the North-South divide in the debates in FAO on IUPGR 
resurfaced. In the final document, the CBD rejected the Common Heritage approach 
and recognized national sovereignty over biological resources occurring within 
national boundaries, though biodiversity was recognized as a common concern (Jaeckel 
2013). CBD provided for regulated access and state control. Moreover, CBD included 
provisions that facilitated access and benefit sharing (ABD) based on the principles of 
prior informed consent (PIC) and equitable benefit sharing. It contained provisions that 
emphasized transfer of technology and it recognized availability of intellectual property 
protection. The erosion of the Common Heritage of Mankind approach culminated in 
the TRIPS agreement of 1994. That agreement sought to harmonize intellectual property 
rights globally; it included intellectual property protection for plant varieties. Regarding 
collections held by centers under the CGIAR, as per the agreement between CGIAR and 
FAO, designated germplasm is held in trust, and CGIAR is required to ensure that their 
dealings do not undermine the interests of stakeholders. According to article 3(a) and 
(b) of the agreement:
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(a) The Center shall hold the designated germplasm in trust for the benefit of the 
international community, in particular the developing countries in accordance with 
the International Undertaking on Plant Genetic Resources and the terms and condi-
tions set out in this Agreement.
(b) The Center shall not claim legal ownership over the designated germplasm, nor 
shall it seek any intellectual property over that germplasm or related information.

In 1994 FAO launched intergovernmental negotiations for revision of IUPGR so that 
it could be made a legally binding treaty and its provisions could be harmonized with 
CBD. After many rounds of negotiations, in 2001 the International Treaty on Plant 
Genetic Resources for Food and Agriculture (ITPGR) was signed. ITPGR affirmed 
farmers’ rights; one of its objectives was to create a multilateral system (MLS) for facili-
tating access to, and sharing of, plant genetic resources. ITPGR came into effect in 2004 
and established a “multilateral system of access and benefit sharing” for sixty-four spe-
cifically identified crops and forages. ITPGR has a long way to go to fulfill its objectives 
as there are many unresolved issues, but it is considered an important step in global 
efforts to conserve and share plant genetic resources.5

Thus in the course of two decades the status of plant genetic resources changed dra-
matically. Negotiations and treaty-making have resulted in plant genetic resources 
that are today subject to the provisions of more than one agreement or treaty, and they 
are dealt with by overlapping regimes (CBD, UPOV, TRIPS, and ITPGR). As a result, 
inconsistencies and tensions have emerged even as attempts are made to achieve global 
harmonization. The picture gets more complex when nations implement the provisions 
of CBD and TRIPS in many different ways. The legal status of plant genetic resources 
has undergone major changes since the 1980s, resulting in the demise of the Common 
Heritage approach and the increasing use of intellectual property rights. As a result, the 
North- South divide on access to, and utilization of, genetic resources continues to be 
a contentious issue in many international for a, including the WTO, CBD, and ITPGR.

Though the Common Heritage approach is no longer in favor, open-source oppor-
tunities and conceptualization of plant genetic resources as a global commons, as well 
as sharing under licenses based on copy left principles, are now discussed as options 
that could strike a balance between the free for all that characterizes the Common 
Heritage approach and the proprietary norm of intellectual property rights. In fact, 
ITPGR itself creates a sort of commons in plant genetic resources with regulated access 
and benefit-sharing principles.6 This does not mean free for all access. Rather, it calls 
for appropriate institutional mechanisms to develop, protect, and promote commons in 
PGR. The development of licenses is one important issue; the extent to which the gen-
eral public license (GPL) or its core principles could be applied for developing relevant 
licenses in the case of plant genetic resources has yet to be addressed. This approach uses 
intellectual property rights not to enclose or to monopolize but to share, exchange, and 
facilitate further innovation.7 Development of commons in plant genetic resources can 
be useful for public-sector institutions to work together; they can use the open inno-
vation model to develop new plant varieties and release these varieties under licenses 
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that respect both breeders’ rights and farmers’ rights. But as of now these models and 
approaches are yet to be tested and validated.

Farmers’ Rights

The term farmers’ rights was a term coined by Pat Mooney and Cary Fowler of Rural 
Advancement Fund International (RAFI) to highlight the contributions of farmers and 
farming communities for global plant genetic resources and food diversity. In one sense 
it served as a term to counter the argument that promoted plant breeders’ rights and 
other intellectual property rights that disregarded the contributions of farmers. The 
1989 FAO conference adopted Resolution 5/89, which defined farmers’ rights as “rights 
originating from past, present and future contributions of farmers to conservation, 
development and availability of plant genetic resources, particularly from centers of ori-
gin/diversity”; these rights were nominally vested with the international community. 
In 1991, Resolution 3/91 proposed that farmers’ rights would be implemented by estab-
lishing an international fund to support conservation in developing countries. But this 
never took off. While CBD did not mention farmers’ rights, Article 8(j) dealt with local 
communities and indigenous populations.

Although many international instruments mention farmers’ rights, no consensus 
exists on its meaning and on the ways to implement it. In the negotiations over ITPGR, 
farmers’ rights became a hotly contested topic, finally affirmed in its preamble. Article 
9.2 states:  “The contracting parties agree that the responsibility for realizing farm-
ers’ rights, as they relate to plant genetic resources for food and agriculture, rests with 
national governments.” It specifies what rights could be protected and promoted as 
farmers’ rights. But this is not a mandatory provision and ITPGR did not provide a com-
prehensive list of rights. As a result, while farmers’ rights are mentioned in many inter-
national legal instruments, no binding treaty or convention has been enacted. While 
consensus exists on rights, leaving enactment at the national level has resulted in diver-
gent interpretations and implementations. Farmers’ rights can be construed as a set of 
narrow rights pertaining to the rights of farmers and farming communities to access 
plant genetic resources or it could be construed as a set of broad rights that go beyond 
the role of these actors in conservation of genetic resources so as to promote their par-
ticipation in decision making and development of new varieties.

One important aspect of farmers’ rights is the right to save and reuse seeds and to 
exchange and sell farm-saved seeds. As developed later in this entry, this right has been cir-
cumscribed by intellectual property claims on plant varieties. Rights granted to plant breed-
ers and patent holders often limit or eliminate farmers’ rights to sell, reuse, and exchange 
seeds. On the ground, however, it often proves difficult to enforce such claims, or enforce-
ment is prohibitively expensive or cumbersome. This is especially true in large developing 
countries, such as Brazil, India, and China, where farmers cultivate unauthorized varieties 
and “stealth” seeds are widely exchanged (Herring 2007; Herring and Kandilkar 2009).
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Internationally ITPGR is the only treaty that has resulted in some form of benefit 
sharing for farmers, but its scope and funding are limited. An important question is 
how to harmonize intellectual property laws with farmers’ rights and the right to food. 
Haugen (2014) points out that states can adopt a number of measures on public health 
and nutrition in such a way that they are compatible with TRIPS and still promote ben-
efit sharing and provide exceptions in provisions relating to intellectual property rights. 
It has been suggested that ITPGR is not sufficient to realize farmers’ rights internation-
ally and that a global coalition of stakeholders should take efforts to alter the situation 
(Winter 2010).

Commitment to farmers’ rights is often reduced to providing a few exemptions 
and rights over seed use rather than a comprehensive approach that recognizes farm-
ers as innovators and promotes their involvement in participatory plant breeding. 
Agreements have also failed to create a policy space that promotes farmers’ empower-
ment. The absence of an international treaty and the weak provisions in ITPGR ensured 
that while farmers’ rights are widely discussed, little is done to promote and protect 
them. The irony is that while the rights of plant breeders and the private seed industry 
are well protected, the rights of farmers and farming communities who have nurtured 
diversity in plant genetic resources, developed countless varieties of crops with different 
traits, and contributed to exchange and conservation of plant genetic resources are left 
to the discretion of the states without any binding global commitment.

Plant Variety Protection and 
Intellectual Property Rights

Plant varieties and seeds were once considered outside the purview of the industrial 
mode of production. They were considered to be products of nature and, hence, not eli-
gible for intellectual property protection.8 Farmers had all the rights over seeds, includ-
ing the right to reuse, sale, and exchange; today the very right of farmers to save seeds 
and reuse them is under dispute. Traditionally, plants could be multiplied and a handful 
of seeds were enough to (re)create plantations or fields filled with plants. This reproduc-
ibility is a feature that resisted commodification through the grant of intellectual prop-
erty rights on germplasm/plant genetic resources. Colonial expansion, the transfer of 
exotic germplasm, and the introduction of new crops and varieties in distant lands went 
hand in hand. Colonial expansion also resulted in establishing botanical gardens in 
many places and the use of germplasm brought from elsewhere for varietal development 
or for use as new crops. The biological limitation of reproducibility was overcome by 
both scientific discoveries and legal regimes that gave intellectual property rights over 
seeds and plant varieties.

With the rediscovery of Mendel’s work in genetics in the first decades of the twenti-
eth century, plant breeders acquired a better understanding of the transmission of traits 
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across generations. Thus it was possible to improve existing varieties by back crossing 
with germplasm from other countries’ varieties that possessed the desired traits. In the 
1930s, hybridization was established as a new technique to develop new plant varieties. 
The hybrids produced high yields when first employed; however, in subsequent seasons 
the farmer had to buy seeds again to get the same or higher yield.9 In the United States, 
based on demands from the private-sector plant-breeding and seed industry, the Plant 
Patent Act was passed. The key feature of this legislation was the grant of patent-like pro-
tection to asexually propagating species.

A historic decision given by the U.S. Supreme Court in 1980 gave a new understand-
ing about what could be patented. In Diamond v. Chakrabarty, the products-of-nature 
bar on patenting living products was overturned. The Court ruled that a human-made 
microorganism is patentable subject matter as a “manufacture” or “composition of 
nature.” The majority opinion held that the genetically modified microorganism was 
“not nature’s handiwork, but his own; accordingly it is patentable subject matter.” This 
radical concept of human agency as enunciated in Diamond raised many questions and 
the decision was widely debated. The reverberations are heard even today, particularly 
in the context of patenting genes. Although the judgment was very clear about patenting 
criteria, the PVPA office rejected applications for nonhybrid plants based on the reason-
ing, or the understanding, of the separate protection regimes for plants. But a ruling 
given in 1985 clarified the matter, one that was further affirmed in another ruling given 
in 1987. In Ex parte Hibberd the issue was whether a patent could be issued covering the 
tissue culture, seeds, and whole plant of a maize line selected from that tissue culture, as 
applied by Kenneth Hibberd. The Appeals Board gave the opinion that as long as the cri-
teria for patents (i.e., novelty, utility, and non-obviousness) were met, there was no bar 
in granting patents, and PVPA and PPA do not limit such claims [Ex parte Hibberd, 227 
USPQ 443 (Bd. Pat. App. & Inter. 1985)]. Thus the board concluded that patents could 
be issued for all plants, including open-pollinated seeds. The utility patent offers a very 
strong protection when compared to plant breeders’ rights. The breadth of the patent 
claim could include plants, modified genes, and seeds; thus, the former differentiation 
between sexually reproducing and asexually reproducing was irrelevant. If the technol-
ogy could produce anything that could meet the criteria for patentability, there was no 
bar in patenting inventions relating to plants. Patent rights are extensive. Without the 
permission of the patent holder, no one can make, sell, or use a product covered by a util-
ity patent. Thus, farmers would be violating the law if they were to engage in selling or 
exchanging seeds for consideration if the seeds were the outcome of a plant covered by 
a utility patent. The PVPA provided for what is known as a “farmers exemption,” under 
which farmers are permitted to sell or exchange seeds; such sales are known as brown 
bag sales. But when plant varieties are covered by patents and PVPA, dual protection is 
available to the developer. The farmers’ right to sell or reuse the seeds is not permissible, 
as that would amount to an infringement of the patent right.

In J.E.M. Ag Supply, Inc. v. Pioneer Hi-Bred Int’l, Inc., the U.S. Supreme Court affirmed 
that dual protection—i.e., patent protection and plant variety—was permissible for 
plant varieties. As germplasm could be protected under trade secrets for plant genetic 
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resources, three modes of protection are available in the United States. In 2013, in 
Bowman v. Monsanto Co., the Supreme Court held that the patent exhaustion doctrine 
was not applicable to patented seeds, meaning that the farmer did not have the right to 
reproduce patented seeds through planting and harvesting without the permission of 
patent holders. Thus, farmers in the United States, under this ruling, do not have the 
right to replant or sell the produce as seeds to others unless those activities are done with 
the permission of the patent holder.

As we see from the cases discussed above, the strongest position on intellectual 
property rights in plants has evolved in the United States. The position is summarized 
as below:

Plant Variety Protection Act—Applicable for species that undergo sexual reproduc-
tion and for tuber propagated plants and first generation (F1) hybrids

Patent Act—Protection for inventions that meet the requirements of utility, novelty, 
and inventive step is available. This facilitates patenting of biotechnological inven-
tions and genetically modified organisms (GMOs).

Plant Patent Act—Applicable for species of vegetative and asexual propagation 
excluding edible tubers. This is used widely in the case of ornamentals, fruit, and 
forest trees.

In Europe, the Union for the Protection of New Varieties (UPOV) was established in 
1961.10 In 1970 the Plant Variety Protection Act (PVPA) was enacted in the United States. 
Under this act, protection is given if it is proved that the three criteria (“novelty,” “uni-
formity,” and “stability”) are met.11 If the conditions are met, a certificate of protection is 
given and this gives the holder the exclusive right to use the variety for seventeen years 
from the date of issue. Significantly, PVPA also provides for exemptions to farmers and 
for research purposes. Similarly, the UPOV Convention defines norms for protection 
and exemptions. Both the PVPA and UPOV Convention were amended later, resulting 
in strengthening the rights of plant breeders with restrictions on both the farmers’ rights 
to reuse seeds and the plant breeders’ exemption, thus enabling use of germplasm for 
varietal development.

According to the 1991 UPOV Convention, the right to save seed is classified as a farm-
ers’ privilege, and it is an option for members to consider “within reasonable limits and 
subject to the safeguarding of the legitimate interests of the breeder” (Article 15(2)).12 
The rights granted the plant breeder for a protected variety, generally, are the exclusive 
rights to do or to permit (normally by licensing) the following acts in relation to the 
propagating material of the protected variety:

 1. Produce or reproduce the material
 2. Condition the material for propagation
 3. Offer the material for sale
 4. Import/export the material, and
 5. Stock the material for the above-mentioned purposes.
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Thus, the rights available are extensive while exceptions are limited for two purposes—
if permitted by law. That is, a country can frame its laws under the framework provided 
by the 1991 UPOV Convention and specify the limits of exemptions to plant breeders’ 
rights. It can restrict the so-called farmers’ exemption or eliminate it altogether.

Article 53(b) of the European Patent Convention excludes plant varieties from patent 
protection. Article 4(1), Paragraph 2 of the European Biotechnology Directive allows 
patenting of plants where “the technical feasibility is not confined to a particular plant 
variety.” The Enlarged Boards of Appeal of the European Patent Office in the Novartis 
case held that GM plants can be granted patent protection when the invention is not 
limited to a single variety. This exception to patentability is narrow, as inventions are not 
limited to any single plant variety per se.13 Plant variety protection in the United States 
and in Europe differs, partly due to the issue of differentiating plants and plant variety/
varieties in the intellectual property laws. In addition, variations are found among coun-
tries within Europe in implementing plant variety protection.

In the Uruguay Round negotiations, intellectual property rights became a matter for 
vigorous debate. Developed nations were determined to push for a global agreement 
that would expand the subject matter of intellectual property rights. The resulting 
TRIPS agreement mandated intellectual property protection for plant varieties. With 
the advent of the TRIPS agreement, a global shift in plant variety protection occurred 
as countries had to adhere to the norms specified in TRIPS. Article 27.3(b) states that 
members may exclude from patentability

plants and animals other than micro-organisms, and essentially biological processes 
for the production of plants and animals other than non-biological, and microbiolog-
ical processes. However, Members shall provide for the protection of plant varieties 
either by patents or by an effective sui generis system or by any combination thereof.

The rules of the UPOV Convention have served as the basis for plant variety protection 
in many countries. But some countries opted for stronger protection even before the 
revision of the UPOV Convention in 1991. Since only a small percentage of the popula-
tion is engaged in farming as the primary occupation, the expanding scope of intellec-
tual property rights did not provoke a very intense response, although some opposition 
was registered. Farmers were used to hybrids and they have been fully integrated into 
the industrial mode of production, in which seeds are just another input. In contrast, 
many developing nations had no laws to offer protection to plants, nor very well defined 
intellectual property regimes. They had no option but to change their intellectual prop-
erty regime to make it compatible with TRIPS. So the choice before them was not one 
of whether or not to provide protection for plant varieties; rather, it was which option to 
choose. More important is that member states cannot establish legal concepts of inven-
tion that exclude any living or non-living material from intellectual property protection 
as novelty, non-obviousness, and usefulness, i.e., the relevant requirements for patent-
ability can be met by inventions relating to living material as well.

The obligation under 27.3(b) is for granting protection to plant varieties only. Hence, 
defining plant variety is essential. But TRIPS does not elaborate on this. One can define 
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plant variety in a scientific sense, based on taxonomy, or in a legal sense, based on spe-
cific criteria to be met for protection. A plant variety can also be defined as a combina-
tion of both. It can be argued that the term plant varieties is more a legal construct than 
a scientific fact. With the advent of biotechnology the legal construct has also under-
gone changes as claims have been made for protection of genes and hybrid plants. Thus, 
although a wide scope appears to exist both for flexibility in defining plant varieties and 
for intellectual property, protection has to be balanced with other objectives, such as 
farmers’ rights and promoting research in plant breeding.

TRIPS does not define what is meant by “effective protection” under Article 27.3(b). 
Countries have responded in many ways, so much so that many types of varieties are 
defined by the laws differently. For example the Plant Variety Protection and Farmers 
Rights (PVPFR) Act of India defines four types (new variety, extant variety, farmers’ 
variety, and essentially derived variety) with different criteria, rights, and durations.14 
Many countries, particularly developing countries, have opted for a sui generis system 
of protection for plant varieties.15

A TRIPS compatible system of protection can be one of the following:

 1. Exclude plants and plant varieties and set up a sui generis system, which can be 
under patent law or a separate system;

 2. Cover plants and plant varieties under patentability;

Table 15.1 Comparison of TRIPS Compatible Patent Law, UPOV 1978, UPOV 1991 
and “Sui Generis”

Feature
TRIPS Compatible 
Patent Law UPOV 1978 UPOV 1991 “Sui Generis”

Eligibility for 
Protection

Novelty, Inventive 
Step and utility

Novel, Distinctive, 
Uniform and Stable

Novel, Distinctive, 
Uniform and Stable

Novel, 
Distinctive, 
Uniform and 
Stable but other 
criteria also for 
some types of 
varieties

Exclusive Rights Patent like 
protection

Plant Breeders’ Rights 
with exemptions

Plant Breeders’ 
Rights and Patents, 
exemptions optional

Plant Breeders’ 
Rights with 
exemptions for 
Breeders and 
Farmers

Minimum Term of 
Protection

20 years 18 years for trees and 
grapevine, 15 years 
for all other plants

25 years for trees 
and grapevines, 
20 years for all other 
plants

Varies—no 
uniformity
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 3. Provide for dual protection under patent law and under another system or law, as 
in the United States;

 4. Exclude plant varieties only from patentability and establish a sui generis system.

The UPOV convention is the relevant convention on plant varieties but TRIPS does not 
mandate joining UPOV and it did not specify the UPOV Convention as the model to 
be followed. Whether countries should join the UPOV Convention or not depends on 
many factors. The major advantage is that countries can readily use its rules and provi-
sions and need not extend protection to all varieties.

In TRIPS Plus agreements, which are negotiated under bilateral trade agreements, 
countries are to provide stronger protection for plant varieties by providing patent pro-
tection or adhere to the 1991 UPOV convention norms, with very few exceptions.16 This 
provides “effective” protection for plant varieties from the perspective of the United 
States and the European Union. However, in the changing intellectual property land-
scape, patents are preferred to mere plant breeders’ rights or a combination of both is 
sought. The UPOV Convention also allows dual protection. Hence, in the United States 
and Europe, effective protection means dual protection with virtually no exemption or 
little exemption for farmers and plant breeders. Countries that are joining UPOV now, 
although they may start with a sui generis system in applying protection to a limited 
number of varieties, may have little option later. But whether they can retain a farm-
ers’ exemption is an important question as the UPOV Convention is being revised and 
countries have to adhere to the 1991 UPOV Convention if they join now.

Large developing countries, such as India, China, and Brazil, have taken differ-
ent approaches in plant variety protection. While China has adopted the UPOV 
Convention as the model, India opted for a sui generis system that gives effect to plant 
breeders’ rights and farmers’ rights through a separate law. In developed nations, patent 
protection is emerging as the de facto standard for protecting plant varieties, while in 
many developing countries a balance is struck between plant breeders’ rights and farm-
ers’ rights to use the variety for varietal development without permission of the intellec-
tual property right holder.

Legally the patent holder can deny access to plant genetic resources necessary to 
develop new varieties and this can become a constraint in developing varieties using 
biotechnology. The European Community Directive 98/44 on the Legal Protection 
for Biotechnological Inventions enables breeders to apply for a compulsory license for 
nonexclusive use of the patented invention; the patent holder is entitled to royalties. In 
implementing this provision, France and Germany have provided for a flexibility that 
enables exemption for scientific research and breeders (Santilli 2012, 98–99).

Irrespective of the 1991 UPOV Convention and the TRIPS agreement, some European 
countries have enacted laws to safeguard and promote the use of local varieties and to 
provide farmers with the opportunity to choose varieties. Norway has adhered to the 
1978 UPOV Convention. In some countries, including Brazil, many types of varieties, 
such as local varieties and conservation varieties, are recognized by law, and the provi-
sions on seed saving and use and exemptions from registration and other provisions 
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enable them to strike a balance between TRIPS/UPOV norms and the rights of farmers 
and breeders.

What constitutes a “balanced” plant variety protection regime and how to develop 
a “sui generis” system that is “balanced” and still is TRIPS compliant is an important 
issue.17 Seed industry development and providing incentives for innovation in plant 
breeding cannot be separated from intellectual property rights concerning plant variety. 
Striking a balance to safeguard different interests of various stakeholders is not an easy 
task. The sheer diversity in implementing the provisions of the TRIPS agreement and 
the UPOV Convention indicates that intellectual property protection for plant varieties 
is contested terrain, and it will remain so for years to come.

Plant Biotechnology and Intellectual 
Property Rights

Since the 1990s transgenic technology has transformed the development of new vari-
eties with desired traits. Areas under genetically modified (GM) crops have expanded 
dramatically. Patenting of plant biotechnology innovations has increased rapidly; it is 
estimated that more than a thousand patents have been granted for transgenic plants 
in the United States alone. In agricultural biotechnology, different components, such 
as vectors, genes of interest, selectable marker genes, and methods of gene transfer, are 
deployed. Many of these have been patented; as a result, the patenting of seeds, plant 
varieties, and processes and components used in plant transformation technology has 
resulted in a proliferation of patents related to plant biotechnology.18

In the case of Golden Rice—transgenic rice developed to overcome Vitamin A defi-
ciency—commercialization necessitated access to seventy-two patents held by forty 
different organizations (see Stein, this volume). This constraint was overcome by 
agreement by patent holders to the use of technology for humanitarian purpose with 
some conditions; the Golden Rice Humanitarian Board was formed for this purpose. 
Otherwise the technology would have encountered difficulty in gaining access to pat-
ented technologies or would have become expensive as patent holders are entitled to 
royalties.19 But Golden Rice should be considered an exception; in most cases, the tech-
nology is commercialized by the private sector or licenses are provided to seed compa-
nies for using the technology. Seed companies can then incorporate the patented genes 
in the varieties developed and released by them.

In contrast, when the Green Revolution was launched, plant breeding and seed 
production were mostly done by public-sector institutions, including International 
Agricultural Research Centers (IARCs). The private sector provided agrochemical 
inputs. Public-sector institutions developed and provided open pollinated varieties 
(OPVs) that could be replanted without any reduction in the yield in subsequent gen-
erations. While hybrids were also developed, public-sector institutions did not behave 
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as a monopolist seeking control by using intellectual property rights. In the case of agri-
cultural biotechnology—or the “gene revolution” in agriculture—the private sector is 
the dominant player with the public sector paying more attention to basic research and 
provision of germplasm (see Pray and Naseem, 2007; Harriss and Stewart, this volume). 
Moreover, the private sector has built a strong patent portfolio covering many technolo-
gies; the public sector’s share in such patents is much less than that of the private sector. 
For example, in the case of patents related to Bt cotton in India, it was found that the 
private sector had a major share while the public sector had a limited share.20 But the 
availability of seeds of unapproved varieties containing patented genes and their rapid 
diffusion among farmers demonstrate the difficulty in enforcing intellectual property 
rights and in regulating genetically modified crops. In India, this has been the case with 
Bt cotton, which has been a favorite with farmers for more than a decade (Herring and 
Rao 2012).

India does not allow patents on plant varieties and explicitly allows farmers to replant 
seeds or exchange seeds saved by them. But the bar on patenting plant varieties does 
not prevent the patenting of genes, DNA fragments, research tools, processes, and other 
technologies required for creating genetically modified plant with desired traits. Under 
TRIPS, patents should be available for all technologies; interpreting exceptions is a con-
tentious issue. Technically, genetically modified plant varieties with desired traits can 
be sold as hybrids and farmers will have to buy seeds for second and later generations if 
they want to get good yields. Thus, patenting of technologies, materials, and processes 
and selling the cultivars as hybrids make the bar on patenting plant varieties irrelevant 
to a great extent.

Globally, public-sector involvement in the seed sector has also diminished. In 
China, the public sector competed with the private sector (Monsanto) in Bt cot-
ton; it developed and delivered Bt cotton varieties, resulting in lower seed prices for 
farmers.21 In India, the public sector failed to produce Bt cotton, but private firms 
developed over a thousand legal hybrids, which now dominate cotton farming in 
India. Monsanto became the dominant player by licensing technology to different 
seed companies for incorporating it in many hybrids. In Latin America, Monsanto’s 
efforts to seek royalties on GM crops became a contentious issue. Monsanto failed 
to get patents for transgenic soy in Argentina, but the company had obtained pat-
ents in Europe. Monsanto argued that it was entitled to receive royalties from 
Argentinean exports of soya meal to Europe as it had patents on GM soya in Europe, 
but this claim was rejected. In Monsanto Technology LLC vs. Cefetra BV (2010), the 
European Court of Justice ruled that Monsanto could not bar the imports of the 
soya meal from Argentina. Since 1996 Monsanto has held a European patent relat-
ing to a DNA sequence, which, when inserted into the DNA of a soya bean plant, 
confers resistant to the herbicide glyphosate. This herbicide is widely used in agri-
culture. But the DNA in the soya meal was not performing this function, i.e., pro-
viding resistance to herbicide glyphosate. The European court ruled that the patent 
could be enforced only in cases where DNA was performing the function that was 
covered by the patent.22



396   Krishna Ravi Srinivas

The TRIPS agreement has provisions that include compulsory licensing to pro-
mote competition, protect public interest and prevent anti-competitive measures. 
But their scope is limited and any policy has to be compatible with the provisions 
of the TRIPS agreement. Compulsory licensing has hardly been used in agricul-
tural biotechnology, although it has been used by many countries to facilitate 
access to intellectual property in pharmaceuticals. Vitamin A deficiency among the 
poor has not been considered a health emergency that would compel compulsory 
licensing, but that option is legally available to governments, as is the case with all 
technologies.

Since the 1980s the agrochemical and seed industries have undergone a mas-
sive transformation, including horizontal and vertical integration. The result is 
increased market power in the hands of a few players. It is estimated that the top 
four pesticide firms control about 60  percent of the global market, and the top 
four seed firms control 56 percent of the global seed market (based on sales of the 
branded seeds). Global expansion of private seed companies has been facilitated by 
globalization of intellectual property regimes through TRIPS and other agreements 
and by the decline of public-sector activity. In the United States, it is estimated that 
85 percent of transgenic cotton patents and 70 percent of non-corn transgenic plant 
patents are held by the top three companies. Cross-licensing of transgenic technol-
ogy and acquisition of seed companies have helped the dominant players to consoli-
date and expand their hold.23

This trend was predicted by Jack Kloppenburg in First the Seed, which traces the his-
tory of commodification of germplasm and chronicles the rise of the agricultural bio-
technology sector. According to Moschini (2010, 9):

For some of the main US crops, the consolidation that has occurred in the seed 
industry over the last 15 years has been accompanied by remarkable changes 
driven by the advent, and strong adoption, of GM crops and by the increased 
role of IPRs.

This consolidation has raised concerns about abuse of monopoly position and devel-
opment of cartels in the agriculture input industry (Matson, Tang, and Wynn 2012). 
In many developed countries today, farmers are more dependent on external inputs 
than they were a century ago; seeds are no exception.24 The quantum of saved and 
reused seed is likely to decline further with continued consolidation in the seed 
industry and the farm sector. For some this is a welcome trend; farm sector output 
has grown many times over even with fewer farmers and farms. The story is different 
in developing and least developed countries, where the farm sector is still a major 
sector in terms of employment and livelihood and serves as an important contribu-
tor to GDP.

The impact of intellectual property rights on food security and small and medium 
farmers is a much debated issue. Linkages to questions of human rights and food secu-
rity, the right to food, and the right to enjoy the benefits of science have been prominent 
(De Schutter 2011, 2014; Helfer and Austin 2011). This debate should be seen in the broad 
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context of debates over the role of intellectual property rights in fulfilling developmental 
needs and providing access to technologies and germplasm that are vital for food secu-
rity. The major positions can be summed up below:

 1. Intellectual property rights have an impact on food security and the right 
to food but are not the determining forces. Countries have many options to 
address the negative impacts and thereby can balance their obligations under 
the TRIPS agreement and public policy objectives on food security and the 
right to food.

 2. Intellectual property rights adversely affect access to seeds and the right to reuse 
seeds, and they make food more expensive; the spread of commercial seeds 
adversely affects crop diversity. To address these and other issues many corrective 
measures, such as making agricultural research more responsive to the needs of 
the poor, protecting farmers’ rights, and protecting innovation through alterna-
tive approaches, have to be undertaken by governments.

 3. Intellectual property rights do not adversely affect food security or human 
rights. Protecting intellectual property rights is essential for promoting innova-
tions and for technology transfer. Addressing issues in food security calls for 
better application of science and technology; advances in biotechnology and 
other technologies are necessary to meet the challenges in food security and to 
increase food output.

Suggestions have been made, including reorienting the agricultural research sys-
tem, encouraging more involvement of the public sector in agricultural biotechnology 
research, and developing and using the flexibilities in TRIPS—particularly the provi-
sions that enable promotion of competition and restricting anticompetitive behavior 
(De Schutter 2009, 2011).

Using open source models as an alternative has been suggested, although this 
has not been tested widely so far.25 CAMBIA—based in Australia—has used the 
open-source approach to license some technologies in agricultural biotechnology 
and has used Biological Open Source (BiOS) license to ensure that any improvements 
made will be shared. Public Intellectual Property Resource for Agriculture (PIPRA), 
an alliance of more than forty public institutions in twelve countries, has been formed 
with the objective to facilitate technology transfer, reduce barriers created by intellec-
tual property rights, and develop mechanisms such as clearing houses for providing 
access. PIPRA helps in capacity building and provides intellectual property– related 
services. In recent years, initiatives under Public-Private Partnerships (PPP) have 
been formed for specific research and development purposes (e.g., African Orphan 
Crops Consortium). As public-sector institutions have access to, or have collected, 
vast quantities of valuable germplasm, getting access to them is an incentive for the 
private sector, although such access raises questions of commodification.

Using intellectual property rights in agricultural biotechnology has been an especially 
contentious issue, particularly regarding the effects on small farmers and restriction on 
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further research. Nevertheless, enforcement of intellectual property rights has not been 
easy in developing countries, as farmers have found ways to evade formal regulations 
(Herring 2007).

New Technological Options, Climate 
Change, Intellectual Property Rights

Traditional plant breeding combined with new technologies can hasten the develop-
ment of new varieties or can result in the development of transgenic plants with desired 
traits.26 For example, marker assisted selection (MAS) in breeding has reduced the 
number of generations needed to evaluate breeding materials. But MAS has not been 
used effectively by public crop improvement projects due to high costs and restrictions 
imposed by intellectual property rights. Patents on many selectable markers used in 
transgenics have been granted (e.g., genetic markers associated with drought tolerance 
in maize). New techniques like reverse breeding, cisgenesis and intragenesis, and syn-
thetic genomics are useful in introducing traits such as male sterility, modified starch 
content, and bacterial resistance, but there are many patents on these techniques. What 
is important is not just the number, but also the scope of patent claims. Obtaining mul-
tiple related patents could effectively block access to newer techniques.27 When many 
related patents are granted to many parties with none of them able to use the technolo-
gies without the consent or license from others, a situation known as anti-commons can 
emerge: fragmented ownership can result in increased transaction costs and restricted 
access to patented technologies. The proliferation of patents on techniques, parts of 
DNA, and biological materials may then hamper access to technologies or raise costs 
prohibitively.

Climate change is likely to affect agriculture adversely, particularly in developing 
countries, and result in significant reductions in food output. The need for developing 
varieties that could be useful in climate change mitigation and adaptation is clear (see 
Watson, this volume). Varieties have to be developed and deployed within the next few 
decades. These varieties are needed most in countries in Africa, Asia, and Latin America 
that are less likely to have the capacity to develop and deploy them. Brazil, India, and 
China have strong national agricultural research innovation systems, and they are giv-
ing importance to this problem. Research centers under CGIAR (Consultative Group 
on International Agricultural Research) are likewise developing such varieties. While 
many traditional varieties have the desired traits such as drought, flood, and salinity 
tolerance, developing modern varieties with such multi-gene traits and good yields is 
a daunting challenge, requiring access to germplasm and state-of-the-art techniques 
(Newell-McGloughlin, this volume).

Patenting of genes relating to plant varieties relevant for climate change adaptation 
and mitigation has become a contentious issue. In 2008 the ETC Group released a study 
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that claimed that multinationals such as BASF, DuPont, and Monsanto have sought 
many patents related to “climate ready” genetically modified crops. Another study in 
2008 identified thirty patents related to drought tolerant genes. In an update in 2010, the 
ETC Group claimed that it has identified 262 patent families. Claims related to abiotic 
stress tolerance such as drought, salinity, heat, and cold have increased within a short 
period. Furthermore, the group claimed that while public-sector institutions owned 
9 percent of the patent families, three companies accounted for about 66 percent of 
the total.28 While these claims have been contested and the number of patents granted 
might turn out to be much smaller with changes in the scope of the claims, this trend 
indicates that the private sector will be an important player in developing genetically 
modified varieties that are useful in meeting the climate change challenge.

A study done for the Organisation for Economic Co-operation and Development 
(OECD) pointed out that, while patent applications in adaptation related biotechnol-
ogy have increased substantially from 1995 to 2007, more than 80 percent of the pat-
ent applications were related to inventions in OECD member countries. Moreover, 
researchers observed that the private-sector plays a key role in adaptation-related bio-
technology innovation as four of the five most active patenting organizations, which 
together account for 23 percent of all patent applications, are from the private sector, 
although in some countries, such as Japan, China, and Korea, the public sector has had a 
significant role (Agarwala et al. 2012).

In 2013 Monsanto’s patent application for a method of “enhancing stress tolerance 
in plants and methods thereof ” was rejected by India’s Intellectual Property Appellate 
Board (IPAB), which stated that the technology was merely a discovery of a new prop-
erty of known substance and, hence, could not be considered as an invention under 
Section 3(d) of the Indian Patent Act. The IPAB cited Section 3(d) and for the first time 
this section has been invoked in the case of plant patents; under Section 3(j) patents 
and animals could not be patented. While Monsanto was successful in obtaining patents 
in Europe and the United States, the rejection in India raises questions both about the 
validity of such claims as inventions and about the possibility for any single system of 
intellectual property rights applying across the globe.

While studies based on patent data cannot predict application of technologies, the 
increase in patenting activities in agricultural biotechnology has implications for the 
transfer and application of technology. Whether the private sector and the public sector 
will work together to meet the challenges of climate change in agriculture or whether 
intellectual property rights will become barriers to the transfer of technology is not yet 
known. The Public-Private Partnership (PPP) model can be used to balance the interests 
of the private and public sectors and governments should provide more incentives for 
the public sector to develop relevant technologies (Kolady and Lesser 2008). The Green 
Revolution constituted a successful example of the application of science and technology 
through international partnerships to avert famines and enhance food security (Harriss 
and Stewart, this volume). Many models exist in theory. Much discussion is ongoing 
concerning how CGIAR centers and public-sector institutions in developing countries 
might work together and develop varieties that could be licensed under agreements that 
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promote further innovation without restricting research through the exercise of rights 
conferred by intellectual property. To the extent new traits and varieties involve genetic 
engineering, a significant political obstacle constrains development and deployment of 
climate resilient crops (Newell-McGloughlin, this volume). Intellectual property rights 
are typically justified as an incentive for innovation; it is also possible that governments 
can explore options such as prizes and advance marketing commitments.29 Strong intel-
lectual property rights do have externalities: primarily the anti-commons that restricts 
access for use and research. The AIDS crisis in Africa demonstrated this point in regard 
to pharmaceuticals; in the context of climate change, strong and enforceable intellectual 
property claims in plant germplasm could become significant barriers in technology 
development, transfer, and diffusion.

Conclusion: The Regime Complex in 
Plant Genetic Resources and the Role 

of Intellectual Property Rights

The increasing importance of intellectual property rights in accessing, sharing, and 
exchanging plant genetic resources—and the politics of challenge and contestation of 
these claims—constitutes a salient feature of the global politics of food. Contestation over 
intellectual property claims and efforts to minimize their impacts are continuous and 
they apply across various forums. One reason is that the global regime for plant genetic 
resources has become more complex and less coherent since the early 1980s, in the pro-
cesses analyzed in this entry. The idea of regime complex has been developed by schol-
ars working on international relations and global environmental governance. The idea 
is to capture the dynamic overlay and interplay among institutions and actors (includ-
ing states) interacting in different forums (Raustiala and Victor 2004). Evolution of the 
regime complex in plant genetic resources has introduced more complexity with overlap-
ping treaties, conventions, and agreements. This institutional and legal outcome offers 
scope for both developing nations and developed nations for forum shopping, coalition 
building, and use of various multilateral settings to press their agenda. Who has gained 
most in the negotiations, how effective have been efforts by developing nations to safe-
guard their interests in the context of the growing importance of intellectual property, 
and how effective has been agricultural biodiversity governance in developing nations 
given the evolving global regime complex and commitments made under different trea-
ties and conventions is a matter of debate. There are no easy answers to these questions.

Bièvre and Thomann (2010) argue that while developing nations have been able to 
secure the adoption of agreements favorable to them in global arenas, these agreements 
do not have effective enforcement. In WTO/TRIPS, the enforcement mechanism is 
strong, but developed nations have managed to prevent issues that are of importance to 
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developing nations from being negotiated in these forums. Although developing nations 
achieved some success in forums other than the WTO, developed nations registered 
gains as many new members joined the 1991 UPOV Convention. Baumgartner’s (2011) 
study of regime complexity and fluidity found that weak actors had more influence and 
power in biodiversity-related intellectual property rights than plant genetic resources 
used in agriculture. The elements that make up the regime complex consist of residues 
of multiple agreements, treaties, and conventions with different objectives; harmoniz-
ing these protocols at different levels (national and global) remains a distant dream. The 
Nagoya Protocol on Access to Genetic Resources and the Fair and Equitable Sharing 
of Benefits Arising from their Utilization was negotiated in 2010 under the framework 
convention of the Convention on Biological Diversity; what “fair and equitable” means 
in practice and how enforcement of provisions will harmonize with other elements of 
the regime complex governing intellectual property remain unclear. Moreover, the chal-
lenges of climate change and the impact of synthetic biology both present conceptual 
and political challenges for the Nagoya Protocol, which remains only one part of the 
complex. The fragmented and unstable nature of the regime complex renders more dif-
ficult any search for solutions to global food security and farmer welfare.

A certain irony is evident in the long-term evolution of this regime complex. In the 
progression from a property framework of “Common Heritage” to one of “Common 
Concern of Human Kind,” rights over plant genetic resources were settled on sovereign 
states, but without creating noticeably better governance or more effective coordination 
at the global level. The decades to come will almost certainly make cooperation more 
consequential than ever before, as the challenges—both political and technical—fac-
ing food security and sustainability of agriculture are daunting.30 What role intellec-
tual property rights per se will play, and how property claims will affect the politics of 
food in the years to come, are open questions. Extension of intellectual property rights 
to plant genetic resources is not an unmixed blessing. While strong property rights 
have spurred innovation and incentivized development of agricultural biotechnology, 
there is strong political opposition to extending rights down the genomic chain. If plant 
genetic resources are treated as a public good with no restrictions on access and use, 
sharing is facilitated, but the effect has not always been beneficial for those develop-
ing countries that are significant centers of origin for many crops. Commodification of 
genetic resources through intellectual property rights, then, does promote innovation, 
but simultaneously it raises questions of access and use of these rights to restrict further 
innovation—the problem of the anti-commons. Striking a balance between these two 
poles is a challenging task facing international agencies, national governments, and rel-
evant organizations.

Notes

 1. See Raustiala and Sprigman (2012) on copyrights and cuisines; see Barham and Sylvander 
(2012) on geographical indications.
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 2. There is no universal definition for genetic resources. Article 2 of the Convention on 
Biological Diversity defines them as “genetic material of actual or potential value”; genetic 
material, in turn, is defined as “any material of plant, animal, microbial or other origin 
containing functional units of heredity.” Although “biological material” is often used as a 
synonym for “genetic resources,” the EU Directive on Legal Protection of Biotechnological 
Inventions defines biological material as “material containing genetic information and 
capable of reproducing itself or being reproduced in a biological system.” Article 2 of the 
FAO International Treaty on Plant Genetic Resources for Food and Agriculture defines 
plant genetic resources as “any material of plant origin including reproductive and veg-
etative propagating material, containing functional units of heredity.” Article 2.1(a) of the 
FAO International Undertaking on Plant Genetic Resources (1983) provides an expansive 
definition that includes wild and weed species (Blakeney 2011).

 3. See Kloppenburg and Kleinman (1988), Crosby (1972), and Wood (2011) for details.
 4. Kloppenburg (1988, 49).
 5. See Halewood, Norigea, and Louafi (2013) and Frisoon, Lopez, and Esquinas (2011) for 

extensive analysis of the treaty and its implementation.
 6. Oguamanam (2014) and Aoki (2008) have examined this in detail.
 7. See Srinivas (2006S) and Marden and Godrefy (2012) for details.
 8. See Kloppenburg (2004) for an extensive analysis.
 9. Lewontin and Berlan (1986) and Ramey (2010) provide a Marxist analysis of the develop-

ment of hybrids and the expansion of the seed industry. See also Fitzgerald (1993).
 10. See Dutfield (2008) for details on the origins of UPOV and its growth.
 11. Under UPOV 1991 the criteria are distinctness, uniformity, and stability (DUS), which are 

defined as:
Distinctness (Article 7): The variety must be “clearly distinguishable from any other vari-
ety whose existence is a matter of common knowledge” at the time when protection is 
applied for; Uniformity (Article 8): The variety must be sufficiently uniform in its distin-
guishing characteristics, such that different individuals of the same variety are reasonably 
similar; and Stability (Article 9): The variety must be stable in its distinguishing character-
istics, that is, it remains “unchanged after repeated propagation or, in the case of a particu-
lar cycle of propagation, at the end of each such cycle.”

 12. http://www.upov.int/upovlex/en/conventions/1991/act1991.html.
 13. For an in-depth analysis of plant variety protection and in Europe, see Llewelyn and 

Adcock (2006).
 14. See Rangnekar (2013) for an analysis of the Indian PVP system.
 15. See Santilli (2012) for details.
 16. See Maskus (2012) and Drexl, Ruse-Khan, and Nadde-Phlix (2014) for details.
 17. See Narasimhan (2008) for an analysis. To what extent countries have been able to 

implement such systems is an important question; for a case study on Thailand, see 
Lertdhamtewe (2012).

 18. See Dunwell (2010) for details with examples.
 19. http://www.wipo.int/edocs/mdocs/mdocs/en/wipo_ip_rio_13/wipo_ip_rio_13_

www_247930.pdf
 20. See Sastry, Rashmi and Badri (2011) for details. See also Ramasundaram, Kurup, and 

Chand (2011).
 21. See Linton and Torsekar (2010) for details and a comparative study of the role of the public 

sector in China and India, and Spielman et al. (2011) for an analysis of the private sector 
and public sector in the seed sector in India.

http://www.upov.int/upovlex/en/conventions/1991/act1991.html
http://www.wipo.int/edocs/mdocs/mdocs/en/wipo_ip_rio_13/wipo_ip_rio_13_www_247930.pdf
http://www.wipo.int/edocs/mdocs/mdocs/en/wipo_ip_rio_13/wipo_ip_rio_13_www_247930.pdf
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 22. The European Directive on the Legal Protection of Biotechnological Inventions (Directive 
98/44/EC of 6 July, 1998 in Article 9) states that the protection conferred by a patent on 
a product containing or consisting of genetic information shall extend to all material in 
which “the genetic information is contained and performs its function.” See http://europa.
eu/rapid/press-release_CJE-10-73_en.htm?locale=en and http://www.ippt.eu/files/2010/
IPPT20100706_ECJ_Monsanto_v_Cefetra.pdf for details of the ruling. See Hansson 
(2011) for an analysis of this ruling.

 23. See Howard (2009) for details.
 24. See Parday et al. (2013) and Janis and Smith (2007).
 25. See Adenle et al. (2012), Kloppenburg, (2013) Oldham, Hall, and Forero (2013), Deibel 

(2012), and Srinivas (2006) for details.
 26. See Tuberosa, Graner, and Frison (2014) [Vol. 1 and Vol. 2]; Newell-McGloughlin, this volume.
 27. See Yadav et al. (2014) for examples of patents on various plant genetic transformation 

technologies, selectable markers, and innovations in plant biotechnology.
 28. See Blakeney (2013) for an analysis.
 29. See Srinivas (2013) for an analysis of the use of these options and various “push” and “pull” 

mechanisms for creating incentives to innovate and share.
 30. See entries in this volume by Watson, Herring, McHughen, and Newell-McGloughin in 

particular.
According to Raustila and Victor (2004)
“Rather than a single, discrete regime governing PGR, the relevant rules are found in at 

least five clusters of international legal agreements—what we call elemental regimes—as 
well as in national rules within key states, especially the United States and the European 
Union (EU.) These elemental regimes overlap in scope, subject, and time; events in one 
affect those in others. We term the collective of these elements a regime complex: an array of 
partially overlapping and nonhierarchical institutions governing a particular issue-area.”

Brand et.al. (2008) provide an excellent overview of the responses of the states to devel-
opments on plant genetic resources at various international fora. See also the recent litera-
ture on the analysis of regime complex in plant genetic resources, e.g., Morin and Orsini 
(2014) and literature on global environmental regimes e.g., Orsini, Morin, and Young 
(2013) to understand how scholars analyze the regime complexity
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Chapter 16

Is  Fo od the Answer to 
Malnu trition?

David E .  Sahn

Introduction

Widespread hunger and malnutrition are perhaps the most egregious manifestation 
of deprivation. The fact that approximately one billion people, primarily children, suf-
fer from undernutrition is not only an affront to notions of social justice, but also repre-
sents an entitlement failure with large economic and social costs (Behrman, Alderman, 
and Hoddinott 2004). These costs are not just contemporaneous, in terms of compro-
mising productivities of those currently affected by the ravages of malnutrition, but 
inevitably persist across the entire life course of individuals and from one generation 
to the next.

Although there is little disagreement on the magnitude and importance of the global 
malnutrition problem, its causation and control continue to be the subjects of debate 
and research. Part of the search for solutions to alleviate malnutrition emanates from 
confusion over terminology, for example, incorrectly defining malnutrition as synony-
mous with the problems of food shortages and food insecurity. There has also been a 
general failure in terms of response by governments, international organizations, and a 
range of stakeholders; their efforts to purportedly reduce malnutrition have often been 
inconsistent with existing evidence on what is really required in terms of policy and 
programs. In this chapter, I will argue that the persistence of the global reach of mal-
nutrition results, in part, from the distorted response to this enormous challenge; and 
even worse, the growth of institutions and programs that have failed to address the root 
causes of the problem. This misallocation of resources may have indirectly contributed 
to the perpetuation of malnutrition, especially among the most vulnerable groups—
women and children.
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Malnutrition and 
Undernourishment: Some Terminology

This chapter focuses on the problems of malnutrition, as distinct from other terms such 
as poverty, food insecurity, and food shortages. Of paramount concern is the widespread 
undernutrition, primarily found in developing countries. Undernutrition is generally 
assessed by examining anthropometric indicators, which are the most general indicators 
of health and nutritional status, especially among young children (Beaton et al. 1990; 
de Onis, Frogillo, and Blossner 2000). For infants and children, there are three widely 
used anthropometric indicators. The first, stunting, or below normal height-for-age, is a 
failure to reach an expected level of stature at a given age. It is generally associated with 
long-term undernutrition that results from chronic episodes of illness and inadequate 
nutrient intake, and feeding and care practices. The second is wasting, below normal 
weight-for-height, which is a measure of acute malnutrition that usually results from 
dramatic deficits in intake and/or serious illness. This is often associated with acute 
inadequacies in nutrient intakes from events such as famines and severe economic 
shocks, as well as ravages associated with diseases such as measles, HIV/AIDS, and diar-
rheal disease. The third is underweight or below normal weight-for-age. This is a com-
posite indicator of undernutrition that can be caused by any combination of stunting 
and wasting. In all three cases, the individual’s anthropometric outcomes are compared 
with norms used to define a healthy population, where the norms are developed based 
on readily available and widely adapted international reference standards (WHO 1983).

Among adults who have achieved their full stature, the primary anthropometric indi-
cator of general nutritional status is the body mass index (BMI), defined as weight in 
kilograms (kg) divided by height in meters (m) squared (kg/m2). A BMI of less than 18.5 
is considered an indicator of wasting or being too thin for good health. Low BMI can be 
caused by deficits in any of a range of nutrients, but also by infection that contributes to 
poor absorption of consumed nutrients. For example, undernutrition or wasting among 
adults is widely observed among adults with AIDS or acute episodes of diarrheal disease 
and respiratory infections in high-risk populations.

Beyond using anthropometric indicators to assess nutritional status, there is also a 
wide range of more specific mineral and vitamin deficiencies that have various clinical 
and functional consequences. Among these are vitamin A deficiency that contributes 
to stunting, disease and death, and blindness, as well as reproductive health problems; 
iodine deficiency that results in a range of deleterious outcomes that range from goiter 
to impaired neurological and mental function to stillbirths and unwanted abortion; and 
anemia, often caused by iron deficiency or related absorption problems that can con-
tribute to impaired cognitive development, reduced ability to work, and increased risk 
of maternal and child mortality.

To make matters a bit more complicated, we must also consider that the broader 
concept of malnutrition includes an abnormal physiological condition caused by 
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imbalances, not just deficiencies in energy, protein, and/or other micronutrients. 
Malnutrition thus applies to intake that is greater than physiological needs for good 
health and performance, not just deficiencies. The most obvious manifestation of these 
excesses is the global epidemic of overweight and obesity. The same anthropomet-
ric indicators such as weight-for-height and body mass index that are used to define 
wasting and acute undernutrition are employed as indicators of overweight and obe-
sity. Specifically, a BMI in excess of 25 is an indicator of overweight, and a BMI over 30 
defines obesity.

Although the focus of this chapter is on malnutrition, this should be distinguished 
from another concept, that of food security. Although there are myriad definitions 
found in the literature, one that perhaps comes closest to a consensus is from the Food 
and Agriculture Organization, which states, “Food security [is] a situation that exists 
when all people, at all times, have physical, social and economic access to sufficient, safe 
and nutritious food that meets their dietary needs and food preferences for an active 
and healthy life” (FAO 2002). As will be discussed next, the use of these terms synony-
mously with malnutrition can indeed be misleading, as the underlying notion of access 
to food is only one input into the production of good nutritional outcomes.

Dimensions of Malnutrition

The stark reality of the global scale of undernutrition is illustrated in Table 16.1. The 
prevalence of underweight remains at around 40% in the most affected region, South 
Asia, despite the success in reducing these levels over the past three decades. Africa’s 
prevalence of underweight children, 30%, although lower than in South Asia, has, in 
fact, not declined over the same period. Owing to population growth, the number of 
undernourished children in Africa is on the rise.

The figures on the prevalence of micronutrient deficiencies are equally staggering. 
For example, nearly 25% of the general population suffers from anemia, which corre-
sponds to over 1.6 billion people. The highest rates are found among preschool age chil-
dren where the share of those with anemia are 47.4%, a number that is nearly as high for 
pregnant women globally. In fact, the prevalence rate is 57.1% among pregnant women in 
Africa and nearly 50% in Southeast Asia. There are additionally 468 million nonpregnant 
women globally who suffer from anemia (de Benoist et al. 2008). The number of indi-
viduals in the general population who are estimated to have insufficient iodine intake 
is two billion. And over one-third of school age children suffer from low iodine intake. 
The hardest hit region is South East Asia where around 100 million children have iodine 
intakes below what is required (de Benoist et al. 2004). In the case of vitamin A, the 
World Health Organization indicates that deficiencies are a significant health problem in 
60 countries, with one-third of the preschool-aged population at risk of vitamin A defi-
ciency. Among the serious manifestations of vitamin A deficiency is night blindness, 
which affects 5.2 million preschool-aged children and 9.8 million pregnant women.1
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The preceding figures illustrate the enormity of the global problem of undernutri-
tion. They also illustrate that malnutrition is multidimensional. As will be discussed 
further later, the causation and control of these various dimensions of malnutrition 
differ; this has important implications in terms of how we think about the role of, and 
scope for, agriculture and food policy in addressing these problems. Furthermore, 
the choice of indicators to assess the degree of undernutrition are age and gender 
specific, which again adds complexity to describing the problem, understanding 
its causation, and seeking solutions and opportunities to alleviate the burden of 
undernutrition.

Beyond the problems of undernutrition, recent estimates indicate that 1.6 billion 
adults are overweight and 400 million are obese. Additionally, 150 million school-aged 
children are overweight, with nearly one-third of this group being clinically obese, and 
20 million children under age 5 are also overweight.

The high prevalence of obesity is traditionally considered to be synonymous 
with the affluence and excesses of the wealthier countries in North America and 
Europe. However, this is no longer the case. Obesity and overweight has emerged 
as a major public health challenge on all continents and in low- and middle-income 
countries as well. The latest World Health Organization figures indicate that well 
over one-quarter of all women in low-income countries are overweight. And the 
situation is far worse in many countries. For example, more than two-thirds of the 
adults in Egypt and Panama are overweight, with the comparable number being 
48% in Malaysia and 38% in Zimbabwe.2 Projections are that there will be a contin-
ued and rather dramatic increase over the next decade in the share of the popula-
tion who are overweight and obese in developing countries, contributing to large 
increases in deaths from chronic diseases such as heart and cardiovascular dis-
ease, hypertension and stroke, diabetes, and some forms of cancer. Recent esti-
mates, for example, indicate that globally more than 17.5 million people will die of 

Table 16.1 Percent Prevalence of Underweight Preschool Children (0–60 Months) 
in Developing Countries, 1975–2005

Region 1975 1980 1985 1990 1995 2000 2005

Sub-Saharan Africa 31.4 26.2 26.7 27.3 27.9 28.5 29.1

Middle East/North 
Africa

19.8 17.5 16.4 15.6 14.8 14.0 13.2

Latin America and  
the Caribbean

19.3 14.2 12.2 10.2 8.3 6.3 4.3

South Asia 67.7 58.1 54.5 50.9 47.3 43.6 40.0

East Asia 43.6 43.5 39.9 36.2 32.6 28.9 25.3

Source: The Fourth Nutrition Situation Report, SCN
(http://www.unsystem.org/SCN/archives/rwns04/index.htm)
The 1975 data is from the First Nutrition Situation Report, SCN

http://www.unsystem.org/SCN/archives/rwns04/index.htm
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cardiovascular disease in 2005, making it the main cause of death on a global scale. 
As a point of comparison, 2.8 million people will die from HIV/AIDS during the 
same period. Estimates are that overweight and noncommunicable diseases com-
prise approximately 60% of the global burden of deaths, and out of this, 79% occur 
in developing countries (WHO https://apps.who.int/infobase/).

One further paradox is the coexistence of undernutrition and overnutrition in 
the same countries, communities, and even households, making clear that afflu-
ence is not the direct or even primary cause of overconsumption leading to over-
weight; conversely, poverty and the inability to command adequate access to food 
(i.e., food security) is not necessarily the direct or primary cause of undernutrition. 
This phenomenon, often referred to as the “dual burden” of overnutrition and under-
nutrition, is presented by displaying the high share of stunted children that exists 
alongside the large numbers of overweight women. For example, in Cameroon, 29% 
of the women are overweight, and 35% of the preschool-aged children are under-
nourished. In Bolivia, where nearly one-half of the women are overweight, nearly 
one in four children are stunted.3

This phenomenon of undernutrition and overnutrition is not merely a story of 
inequality in distribution across households—that is, the wealthier food secure, over-
consuming households residing in the same country or communities as the food inse-
cure poor households where undernutrition is present. Indeed, undernutrition and 
overnutrition exist simultaneously within the same households. For example, in the 
case of Malawi, among households where mothers were underweight, 47% of the chil-
dren were stunted; but 35% of the children were stunted in households in which the 
children’s mothers were overweight. In Burkina Faso, in 2003, in a household in which 
the mother was overweight, nearly one in five of her children were stunted. Although 
the share of stunted children was higher when the mother was of normal weight or 
underweight, it is not unusual to find households in which children are suffering from 
long-term and chronic malnutrition, despite the fact that their mothers are over-
weight or obese. Again, this pattern illustrates the multidimensionality of malnutri-
tion and the complex etiology that contributes to these deleterious outcomes. This, in 
turn, has important implications for thinking about the role of food and food policy 
in the production of, and as a solution to, the problem of malnutrition. It also sug-
gests the need to consider a more formal conceptual model for understanding these 
relationships.

The Nutrition Production Function

A simple model of malnutrition is useful for understanding its causation and possi-
ble pathways to improving nutritional outcomes. Following Grossman’s (1972) model 
of health as a stock variable, and the discussion of the nutrition production function 
by Strauss and Thomas (1995), assume that nutritional status is both produced and 

 

https://apps.who.int/infobase/
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maintained by investments made in the current period, which, when combined with the 
previous period’s nutrition stock, generates current nutritional status:

 N N N Z Z C T E M BF HB Sit it it
f

it
nf

it it
H

it it it it t= −( , , , , , , , , , )1  (1)

The time subscripts are intended to demonstrate the dynamic nature of nutrition out-
comes. In addition to the previous period’s nutrition stock or status, an individual’s cur-
rent nutrition is a function of the vector nutrient consumption from foods, Zit

f ; nutrient 
consumption from nonfood, for example, in the form of micronutrient supplementa-
tion programs such as the distribution of vitamin A capsules, Zit

nf ; other consumption 
goods, such as shelter and the general living/housing environment, Cit; time devoted 
to the maintenance of health, Tit

H ; the education of person, Eit (or her/his caregivers); 
consumption of medical and related preventative health services, Mit; the duration/
intensity of breastfeeding (for children under 36 months) BFit; a range of other health 
behaviors such as smoking, alcohol consumption, and sex (generally for adults) HBit; 
and the sanitary environment, including water quality and access to latrine and toilets, 
St. Through backward recursion, current nutrition is, therefore, a function of all previ-
ous values of these inputs as well as the genetically determined initial endowment of 
health and other physical attributes, ηi.

Closely related to the production of nutrition, as represented in Equation (1), is the 
production of the vector of nutrients, a key input into the nutrition production function:

 Z Z C E T Si
f

i m m
p

i= ( , , , , )η  (2)

In Equation (2), TM
P  denotes the caregiver’s time spent in home production, including 

the preparation of food. Although nutrient production is primarily a function of food 
consumption, the mother’s skill or education level, time spent processing and prepar-
ing food, and food storage and sanitation facilities, captured by S, all affect her ability 
to extract nutrients from raw food inputs. The food preparer’s skills and time also enter 
into nutrient production functions of other household members.4

As elaborated by Meyerhoefer and Sahn (2006), nutrition of household members is, 
thus, the outcome of a series of behaviors and decisions that the household makes, given 
a set of prices, assets, and community and individual endowments. These decisions 
affect the range of inputs that affect nutrition, such as nutrients consumed from food, as 
shown in Equation (2), or participation in programs such as vitamin A supplementation 
as represented by Znf. Although not shown, a series of other input demand functions, as 
in Equation (2), apply to other parameters in the nutrition production function. Thus, 
inputs such as the use of curative and preventative health care; levels of activity from 
work and leisure; time inputs in terms of child care; health-related behaviors such as 
decisions regarding smoking, alcohol consumption, and breastfeeding; and household 
public goods such as shelter characteristics, water, and sanitary facilities are a function 
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of community-level factors affecting the nutritional environment, ranging from public 
investments in schools and latrines to the efforts to control communicable disease to 
public information campaigns regarding healthy food choices. Education also enters the 
model, both directly and through its impact on how inputs are used to affect nutritional 
outcomes. Likewise, individual characteristics, such as gender and age, are also repre-
sented in the model. There are also “unobservables,” such as genetic makeup or innate 
healthfulness that influence nutritional outcomes. Some of these unobservables are ran-
dom. Others, however, may be correlated with observed factors that represent a major 
challenge for modeling this production function.

There are several salient features of this production function that merit closer con-
sideration. First, the vector of nutrients is one of a long list of inputs that affect nutri-
tional outcomes. Too often, consumption of food, and even nutrients, is confused with 
nutritional status. This is a serious mistake that has contributed to considerable confu-
sion in terms of the relationship between food security and intake, on the one hand, and 
nutritional outcomes, on the other. In fact, as expanded on below, the conflating of food 
consumption, or nutrient inputs, as described earlier in the production function, with 
nutritional outcomes has often led to distortions and inefficiencies in policies that are 
purportedly designed to reduce malnutrition. It is not uncommon for policymakers to 
talk about improving nutrition, when they really are focused on food consumption, or 
even worse, food availability or production. Thus, the concept of food security is two 
steps removed from nutritional outcomes: (1) food security is about access, not actual 
consumption of food. Behaviors at the household or individual level may contribute to 
inadequate nutrient intake in a food secure household; and (2) as pointed out, even if 
food security translates into increased or adequate nutrient consumption, it is just one 
of many inputs that determine nutritional outcomes.

Second, although the nutrition production function can be estimated at any specific 
point in time, as noted earlier, it is a dynamic construct and characterized by consider-
able path dependency. That is, this production function is not fixed, and changes over 
the life course. And similarly, a properly specified nutrition dynamic production func-
tion incorporates the fact that current nutritional status depends on all current and 
prior inputs.

The reason that I emphasize this point is illustrated by appreciating the role of pre-
natal events in terms of nutritional health across the life course and generations. In the 
short-term, the impact of prenatal health and, thus, nutrition of the fetus is critical in 
determining the nutritional status of the newborn and during its first couple of years 
of life. The fact that stunted mothers, for example, are far more likely to have stunted 
children suggests that far greater attention be accorded to the provision of prenatal 
care and the prevention of maternal morbidity. However, the problem of malnourished 
mothers giving birth to underweight children who are more susceptible to the ravages of 
undernutrition is not the entire story. There is now a great deal of evidence that chronic 
nutrition-related diseases such as obesity, diabetes, and cardiovascular diseases that 
appear late in life are, in part, a consequence of nutritional deficits in utero and early 
in life. More specifically, increasing attention has been given to the Barker hypothesis, 
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which basically describes the association between health in utero and the first weeks of 
life with health outcomes during adulthood (see Barker (1994), and Godfrey and Barker 
(2000)). The epidemiological evidence in this regard is explained by what is often 
referred to as the thrifty phenotype concept (Hales and Barker 2001). It posits that poor 
nutritional status in utero will contribute to impaired development and function of β 
-cells and insulin-sensitive tissues. In combination, this will result in increased insulin 
resistance later in life and subsequent deleterious outcomes such as diabetes and cardio-
vascular disease.

A number of recent studies have elucidated this relationship, including the work of 
Almond (2006), Almond and Chay (2006), Barker (2006), and Godfrey and Barker 
(2000). It is a challenge to disentangle the mechanisms or causal components of these 
correlations, because issues such as genetic endowment and unobservables may partly 
explain these relationships. But what is quite clear is that there are intergenerational 
determinants of health status, and that fetal malnutrition is an important factor deter-
mining health deficits later in life. Although food intake, and specifically, diseases of 
affluence associated with a diet high in calories, refined sugars, and saturated fats, may 
affect the probability of nutrition-related chronic disease of adults, it is the interaction 
of the diet in the more immediate term with health inputs that go back to the prenatal 
period that will be critical in determining nutritional outcomes later in life. Again, fail-
ure to appreciate this has potentially serious implications for our understanding of the 
relationship between food consumption and nutritional outcomes.

An important implication of taking this life-course perspective is that it highlights 
the particular importance of nutritional outcomes early in childhood. This point has 
been forcefully made in a number of recent academic and policy documents, including 
a recent series of papers in The Lancet that emphasizes that the period of greatest vulner-
ability to becoming malnourished and suffering short- and long-term functional conse-
quences, is just before birth and during the first two years of life (Black et al. 2008). This 
has led to a rethinking of nutritional strategies by a range of international organizations, 
such as the World Bank who has refocused their nutrition initiatives on the period from 
in utero through the child’s first 24 to 36 months of life. Consequently, and consistent 
with the nutrition production function presented earlier, the design of programs and 
interventions gives primacy to inputs such as breastfeeding behavior, the quality of child 
care and nurturing behaviors, the sanitary and home environment, and provision of 
micronutrients through supplementation programs, all of which are of critical impor-
tance in determining nutritional outcomes of this most vulnerable group. This contrasts 
with the reduction in efforts such as school feeding programs, that might be effective 
incentives for getting children to enroll and remain in school, but which are unlikely to 
be effective in combating malnutrition and its short- and long-term consequences.

Another lesson that can be gleaned from the production function is that the inputs in 
the production of nutrition are substitutes. Likewise, changes in prices, such as for health 
care and food, will affect the household choices regarding the availability of inputs, oper-
ating through the input demand functions such as those for nutrients in Equation (2). 
One price, which is of particular importance and often not fully appreciated in terms of 
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how it affects nutrition, is the shadow cost of time. Thus, labor market conditions, par-
ticularly employment opportunities, will affect the demand for nutrients, the demand 
for health care, the demand for leisure, and the time allocated to child care and other 
“home-produced” inputs that affect the health and nutrition of children. Thus, there will 
be important nutritional consequences of a range of public policies that go beyond the 
impact of the more obvious ones such as interventions in food prices or food availability, 
including instead a range of investments that will raise the shadow wage of women. We, 
therefore, need to be cognizant of the cross-price elasticities or patterns of substitution 
between the consumption of food, nonfood goods, leisure, and health care.

To amplify, the production function framework emphasized the importance of health 
services, time inputs of mothers, and nutrient consumption on health and nutrition out-
comes. Government involvement in the health care sector has traditionally been high in 
developing countries, with public expenditures financing large portions of health care 
networks. Similarly, there is no shortage of examples in which government intervenes 
in the food sector, particularly using food price policy as a means to maintaining low 
and stable food prices. And, of course, active labor market policies are a hallmark of gov-
ernment intervention in their economies. In practice, there are the obvious trade-offs 
in terms of government spending on health versus food subsidies, which will, in turn, 
have differential impact on nutrition. Likewise, money spent on food subsidies may 
displace resources to sustain government spending on jobs. The direct comparisons of 
the impact of spending on health inputs or food subsidies or labor market policies are 
difficult enough to make. However, there is the additional complication that involves 
substitution effects in the production function:  food price policy that affects food 
consumption decisions will also affect demand for other goods, labor supply, and the 
demand for health care through substitution. A similar story can be told for the impact 
of spending on health services. The implication is that there are a series of potential 
complementarities and trade-off policies that affect the price of food, health care, and 
other nonfood goods, as well as the price of labor that will affect nutritional outcomes.

There is a serious paucity of research that addresses the joint demand for health care, 
leisure, food, and nonfood goods. One of the few examples of which I am aware is the 
work by Meyerhoefer, Sahn, and Younger (2007), using data from Vietnam, where the 
conventional commodity demand framework is expanded to incorporate the demand 
for health through an empirical model derived from a flexible representation of pref-
erences. Subsequent estimation of a mixed continuous/discrete choice commodity 
demand and provider choice model allows the derivation of own and cross-price elas-
ticities for health care, leisure, foods, and nonfood goods, quantifying the substitution 
patterns between health and other goods at various income levels. The results provide 
interesting insights into the potential impact of various health care financing mecha-
nisms, as well as allowing for the calculation of substitution effects that can be used to 
forecast the impact of commodity (including food) taxes and subsidies and/or labor 
market policies on health care utilization. Among their interesting results is that the 
demand for health care is found to be responsive to changes in the price of nonfood 
goods, rice, and wages. The strong cross-substitution effect between health care and 
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leisure is indicative of significant trade-offs between the treatment of illness and house-
hold labor supply, and suggests the opportunity cost of travel to treatment centers plays 
an important role in establishing visitation patterns. The fact that nonfood goods emerge 
as a substitute for health care leads to the consideration of a tax on these goods as an 
alternative health care financing mechanism. Such a tax could be used to cross-subsidize 
the public provision of health services and reduce regressive user fees without providing 
a disincentive to health-seeking behavior. Although the findings in this study provide 
important baseline estimates of substitution effects existing between health care pro-
vider choice, food, nonfood goods, and leisure, more research is necessary to character-
ize these substitution patterns under varying socioeconomic conditions and to generate 
consensus on the observed magnitudes of cross-price elasticities. This is particularly 
important in considering the impact of a range of intervention programs that have dual 
objectives, one of which is improving food and nutritional outcomes. One such example 
is food for work schemes that have objectives including employment generation, infra-
structure creation and nutritional improvement (see Kotwal and Ramaswami, this vol-
ume). There are myriad complexities in terms of behavior responses to such programs 
that will have uncertain and conflicting impacts on the health of particularly vulnerable 
children and women. These range from potential changes in intrahousehold allocation, 
because bargaining power may be altered in ways that depend on which members par-
ticipate in the scheme, to changes in allocative choices as a result of changes in labor 
supply-altering energy output and, thus, relative needs of family members, to shifts in 
time use and the price of leisure that may affect demand for health care and the nature of 
infant care practices. A similar set of complexities apply to other interventions such as 
conditional cash transfer programs, in which food is provided as a condition for activi-
ties ranging from girls attending school to receiving prenatal care.

Yet another related issue that emerges from the production function is that income 
itself is not included; rather, the model includes consumption goods that are pur-
chased with earned and nonearned income. Nonetheless, reduced form results using 
household-level data sets show a relatively modest short-term impact of income on nutri-
tional outcomes (Alderman, Hoogeveen, and Rossi 2006). This finding is mirrored in the 
literature that finds that the impact of income on calorie consumption is quite modest, 
as measured by the low-income elasticities of demand. For example, Bouis and Haddad 
(1992) estimate that, in the Philippines, the elasticity is around 0.1, whereas Behrman and 
Deolalikar (1990) suggest that it may be close to zero among poor villages in South India. 
Subramanian and Deaton’s (1996) estimates for India are at the high end of the spectrum, 
being 0.5. In all cases, the food expenditure elasticities are much higher—perhaps on the 
order of two times higher—because consumers alter the composition of their food pur-
chases as incomes increase. This latter process is, in part, a consequence of households 
valuing dietary diversity, both for reasons of taste and variety. Thus, as incomes rise, even 
when overall dietary requirements are not met, households switch into “higher quality” 
foods and food groups, such as meat instead of cereals, or rice instead of cassava. Likewise, 
there is a pattern of purchasing higher quality foods within relatively homogenous com-
modities, such as rice or meats. Indeed, this search for diversity and quality (measured 
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in terms of appearance, palatability, and other nonnutrient characteristics) in combina-
tion contribute to a higher unit cost per calories as incomes rise. This increased diversity 
may also help address nutrient deficits other than calories, such as proteins, although the 
evidence about income elasticities of nutrients other than calories is much less clear. The 
important point we can glean from this discussion is that at least at the household level, 
even the poorest households in the most underdeveloped economies will spend most of 
any increment in income in ways other than increasing the quantity of food and calories 
consumed. This reinforces the importance of targeted nutrition programs, beyond efforts 
to raise income and reduce poverty, to reduce levels of malnutrition at a pace that is con-
sistent with achieving the Millennium Development Goals for 2015.

It is noteworthy that this household level data is consistent with the macro story of 
relatively modest short-term impact of GDP growth and poverty reduction on alleviat-
ing malnutrition. Although there is strong evidence that health improves with income 
(see, for example, Pritchett and Summers (1996) and Sala-i-Maartin (2005)), the accu-
mulated evidence over the past nearly 40 years suggests that even if there is rapid GDP 
growth, malnutrition in developing countries will persist (Berg 1981; Reutlinger and 
Selowsky 1976; Alderman et al. 2003).

At the same time, there are other important global implications of the move to “higher 
quality” of food as incomes rise. Most obvious is the spectacular rise in global demand 
for meat and dairy products, as well as processed food. The implications of these changes 
are profound. They range from the more proximal effects on food prices for staple grains 
and the supply chain that affects both the earnings of, and prices paid by, small and sub-
sistence farmers as well as net consumers of their products, to the implications for the 
demand for fossil fuels and thus the potential for climate change. In addition, as I dis-
cuss later, the dietary shifts that are occurring, as populations in India, China, and else-
where adapt western diets and are integrated into the global food marketing chain of 
large retailers and restaurateurs, will have direct health implications as a result of dietary 
change, which will lead to increased burden associated with chronic disease.

In sum, the short-term efforts to raise incomes and promote improved food security 
are not likely to be effective means of reducing malnutrition. Indeed, over the long-term, 
broad-based economic growth that reduces poverty and food insecurity is crucial. But, 
as illustrated by the figures on the dual burden of disease, the reality is that malnutri-
tion is widespread in environments with high levels of food security and even where 
poverty is relatively low. This reflects problems such as failure of mothers to get appro-
priate care and take appropriate measures to ensure their health during pregnancy; 
failure to exclusively breastfeed for children under six months of age; the late introduc-
tion of complementary solid foods; high prevalence of infectious disease; inappropriate 
care for children suffering from diarrheal disease and other infections; poor hygiene 
and lack of access to clean water; mothers being too busy to provide for the proper care 
of their newborns and young children, and so forth. Thus, the micro and macro story 
also suggests the paramount importance of nonfood-related direct measures to allevi-
ate malnutrition, ranging from immunizations and micronutrient supplementation and 
fortification to other targeted health and nutrition services.
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Food: A Resource in Search of a Cause

The first thing that governments and international organizations think of in their efforts 
to combat undernutrition is food. Quite simply, the history of public action to com-
bat malnutrition, in developed and developing countries, has frequently conflated the 
problem with issues of food security and access to food, and more generally the per-
formance of the agricultural sector and related issues such as food delivery, distribu-
tion, and subsidy programs. This is not entirely irrational since food, as noted earlier, 
is a potentially important constraining input in the nutrition production function. But, 
certainly, food is not always the answer. Nonetheless, consider the institutions that are 
primarily responsible for raising nutritional standards: the United States Department of 
Agriculture in the United States, and the Food and Agricultural Organization and the 
World Food Programme of the United Nations among the U.N. agencies in the develop-
ing world. Or, historically, the Office of Food for Peace in the United States Agency for 
International Development was an agency purportedly motivated by the objective of 
better nutrition among the most needy populations. Programmatically, these institu-
tions have one thing in common: the imperative of responding to the needs of their pri-
mary constituents: farmers, those engaged in the marketing of food, and agribusiness, 
as well as achieving the humanitarian goal of promoting access to food and improving 
food security. The reality is that the “need” that food aid donors and food distribution 
and subsidy programs are responding to is not reducing malnutrition, and their pri-
mary constituents are not the malnourished; instead, food surpluses was a resource in 
search of a “cause,” and fighting malnutrition has proven quite convenient in that regard.

A first case to consider is the U.S. Food Stamp Program.5 The modern Food Stamp 
Program has its genesis in the Food Stamp Act of 1964, although earlier iterations of the 
program date back to the period of the Depression in the 1930s. Much of the political 
rhetoric that justified and sustained this program revolved about improving nutrition. 
Even in its enabling legislation and earliest years of application, however, there was an 
understanding that the objectives of supporting agriculture and agribusiness were given 
primacy over the needs of improving nutrition among the poor. Thus, the initial Food 
Stamp legislation and the political support necessary for its passage was garnered from 
U.S. farmers and the agribusiness lobby primarily concerned with supporting the agri-
cultural sector (Paarlberg 1963).

Regardless of its origins, the question has been and remains whether the Food Stamp 
Act and subsequent modifications of the legislation constitute an effective nutrition 
program, consistent with the stated objective of the program. Economists, nutritionists, 
and other social scientists have searched for the answer for decades. The preponderance 
of the evidence seems to point to the stark reality that the Food Stamp Program has not 
been a cost-effective modality for combating malnutrition. This is not something that 
has been realized only in recent years. Among the seminal studies was the early work 
of Kenneth W. Clarkson (1975), who concluded that, “the failure of the food stamp pro-
gram comes generally from the inability of a single policy instrument to solve two or 
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more potentially competing objectives . . . ” and that “if problems of malnutrition are to 
be reduced, an alternative solution appears to be necessary” (67).

This early sentiment has been echoed time and again in years since. Again, to illus-
trate, a recent review by Townsend (2006) argues that there is a need for a “redesign 
of the existing Food Stamp Program to a health and nutrition intervention” (35). In 
large measure, this call is not based only on the potential inefficiency of the program 
in meeting nutritional objectives, but also on the potential that there are deleterious 
consequences of participation. In particular, the concern in recent years is that food 
stamps contribute to obesity. This possibility revolves around two contested ques-
tions: first, whether the marginal propensity to consume food purchased with food 
stamps is any different than it would be from cash or an income transfer. Among the 
most comprehensive reviews of the subject, studies by Fraker (1990) and Levedahl 
(1991) suggest that food stamps will increase food consumption more than an equiv-
alent value of cash. Although these results still remain the subject of considerable 
debate, and, at least initially, a larger marginal propensity was considered evidence 
that food-related transfers are more efficient than cash transfers in meeting nutri-
tional objectives. With the rise in obesity, however, the potential that food stamps will 
contribute to overconsumption, especially of foods that are high in calories and fat, 
has been given new urgency. Since there have not been any randomized control trials 
or even opportunities for quasi-experimental designs to address this question, there is 
certainly still some debate and a paucity of rigorous studies. Nonetheless, recent stud-
ies tell a somewhat consistent picture. Gibson (2003), for example, finds a correlation 
between receipt of food stamps and obesity among low-income women. This finding 
is also reported by Meyerhoefer and Pylypchuk (2008), who, using more sophisticated 
econometric techniques to try to get at the issue of causality, find that the use of food 
stamps contributes to obesity among low-income women but not men. The review 
by Ver Ploeg and Ralston (2008) suggests that although there is little evidence that 
most demographic groups in households receiving food stamps witness an increase 
in body mass index as a result of program participation, nonelderly women are the 
exception. They comprise 28% of the Food Stamp Program caseload. Other less direct 
evidence suggests that food stamps may worsen the obesity epidemic. For example, 
Wilde, McNamara, and Ranney (1999) find that households receiving food stamps 
consume significantly more sugar and fat than a comparison group of nonrecipients 
who nonetheless meet the eligibility criteria. Townsend et al. (2001) find that there 
may be a form of binge or excessive consumption at the beginning of the food stamp 
cycle that contributes to obesity.

The consensus is that a major redesign would be required to transform the Food 
Stamp Program from a food intervention, where the interests of the agricultural and 
food processing industry are given primary emphasis, to a health and nutrition pro-
gram where concerns over improving diet quality and even reducing the number of 
calories consumed is considered paramount (Townsend 2006). Indeed, this is not a 
new challenge, but rather one that dates back to the program’s inception during the 
period of the 1930s.
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One important caveat is worth highlighting in considering the calls for overhauling 
the Food Stamp Program to make it an effective nutrition program. There is evidence 
that the use of food stamps is an effective antipoverty measure (Winicki, Gundersen, 
and Joliffe 2002; Rank and Hirschl 2009). In fact, the recession that began in 2008 
served to highlight the importance of food stamps as a safety net. Therefore, I want to be 
clear that any critique of the Food Stamp Program in reference to achieving nutritional 
objectives must be considered in the context of how well it achieves other goals, such as 
protecting the poor during periods of economic downturn.

The story of the Food Stamp Program having conflicting objectives wherein nutrition 
has been accorded secondary importance is, in fact, quite similar to comparable initia-
tives in the international arena. Perhaps, the most egregious example is the much her-
alded and sometimes vilified U.S. PL 480 Food for Peace Program. Like the Food Stamp 
Program, Food for Peace was an outgrowth of the food surpluses that resulted in part 
from the distortions in agricultural markets and incentives that arose from generous 
subsidies to producers in the United States and Europe. A broad constituency that con-
sisted of farmers, corporations who owned the shipping lines that transported the grain 
under federal regulations that stipulated the use of U.S. vessels, and nongovernmental 
agencies charged with programming and distributing the food represented a powerful 
lobby. The original motivation of the food aid program was unambiguously to facili-
tate surplus disposal and market development, not to improve the nutrition of the poor. 
Additionally, food aid programming has a long, and some would argue, sordid history 
of being driven by foreign policy objectives that rewarded our friends and punished our 
adversaries (Gustafsson 1976; Wallensteen 1976; Wallerstein 1980).

Over the past few decades, changes in the legislation governing food aid has resulted in 
some needed reforms, including eliminating some of the more overt mention of political 
goals, such as prohibitions against food aid going to communist countries. Likewise, the 
diminution of global surpluses over the past decade has reduced the importance of the 
food aid program’s surplus disposal objectives (Uvin 1992; Hopkins 1992). Food aid ship-
ments have also declined dramatically, and the role of, and advantages of relying on, multi-
lateral aid agencies, such as the World Food Programme of the United Nations has reduced 
markedly the size of the Food for Peace Program and bilateral U.S. food aid programming.

Beyond the fascinating story of the politics and evolution of food aid policy, the most 
essential point is that origins of food aid were tied to the extensive interference of gov-
ernment in food markets, market failures that led to enormous surpluses in developed 
countries, and the pursuit of food and agricultural policies in the United States which 
contributed to policies that discriminated against agriculture and farmers in developing 
countries where crippling distortions in food markets were endemic. Indeed, hunger 
and the humanitarian crises were side effects of the very policy distortions that food 
aid encouraged and helped perpetuate; and ironically, these market failures were used 
to advocate for the legitimacy of food aid to address the malnutrition, which, in part, 
resulted from the same policy failures to which food aid had contributed. The vicious 
circle arose wherein food aid only exacerbated bad policies and delayed needed reforms 
in the food and agricultural sectors that discriminated against producers.
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Over the decades, food aid programs have continued to evolve from their origins to 
place greater emphasis on humanitarian relief and development programs. In fact, as 
expected in light of the enormity of the resource, there are examples of positive impact 
of food aid programs, particularly in response to drought, on nutritional outcomes (See, 
for example, Yamano, Alderman, and Christiaensen (2005), and Quisumbing (2003)). 
Nonetheless, the fact remains that there rarely is a compelling rationale to rely on food 
aid rather than financial aid. The common perception that malnourished people need 
food aid, not cash aid, is an idea no longer in good currency. Nonetheless, many non-
governmental organizations and food distribution organizations continue to perpetuate 
such myths, even if well intended. Indeed, a range of actors involved in food aid pro-
gramming espouses the imperative of feeding the hungry and reducing malnutrition 
through food distribution programs. But there is little evidence that they have done so 
in a cost-effective manner that avoids deleterious unintended consequences, such as 
disincentives to local producers and discouraging needed policy reforms and invest-
ments in the agricultural sector. Indeed, a range of stakeholders are reliant on food aid 
as a resource to sustain their programs, and, thus, have been complicit in promoting 
food aid and food-based assistance programs as the answer to the hunger problem. This 
will not change until many misconceptions that underlie food aid programs are dis-
pelled. These include that poor people are less likely to waste food than money, and that 
food aid, instead of financial aid, will help households avoid making bad consumption 
choices; that food aid is a way of avoiding market inefficiencies that arise from greedy 
monopsonist traders; and that when you give people food aid, they eat it instead of sell-
ing it to get cash that they need for a range of other purposes, such as schooling, health 
care, and investment in small enterprises.

The lack of consistency between rhetoric and reality is not limited to the institutional 
behavior of the U.S. government and aid agencies, where food programs have conflicting 
objectives and are often promoted as nutrition programs despite that not being their pri-
mary purpose. The United Nations Food and Agricultural Organization (FAO) serves as 
another example of what could be characterized as an organization that espouses a pri-
mary focus on nutrition to motivate its work but, instead, has a number of other over-
riding objectives. According to its mission statement, “FAO’s mandate is to raise levels 
of nutrition, improve agricultural productivity, better the lives of rural populations and 
contribute to the growth of the world economy.”6 Despite this laudable statement, by all 
indications, FAO falls far short of one of its central organizing themes of prioritizing 
improved human nutrition.

Organizationally, the concern with human nutrition is primarily the domain of the 
Nutrition and Consumer Protection Division (NCPD), which is organized into three 
major groups. The first is Human Nutrition, whose mandate revolves around promot-
ing sustainable improvements in nutritional status, particularly of poor households, 
through “actions to address local causes of malnutrition, improvements in national and 
sectoral policies and programmes; support to civil society institutions . . . and enhance-
ment of education and public information.” The second is Food Safety and Quality, 
which is charged with maintaining and improving food safety by establishing regulatory 
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frameworks. And the third is the related role of Codex Alimentarius, which is focused 
on protecting consumers and ensuring fair trade practices in food trade and developing 
and promoting food standards (http://www.fao.org/ag/agn/index_en.stm). Although 
the latter two roles are certainly of great importance, the focus of the work on human 
nutrition is the domain of the Human Nutrition group. The question is how much pri-
ority FAO accords to direct measures to improve nutritional status is indeed a difficult 
question to address. It is possible to gain some insights from looking at staffing and the 
organization’s budget. In 2006, the most recent year for which I could get reliable data, 
the NCPD consisted of a staff of 21 members and 10 consultants. The overall budget for 
the unit was less than $2.5 million. This number needs to be put into perspective, given 
that FAO’s budget exceeds $1 billion. Thus, only a couple of tenths of 1% of the total bud-
get is allocated to the nutrition division.

Of course, this does not mean that other units throughout the organization ignore 
nutrition-focused programming and research. For example, there is the Special 
Program on Food Security (SPFS) that was started in 1994/1995. The motivation for set-
ting up this special unit, however, was to address problems of food insecurity by assisting 
farmers to increase the intensity of production and raise productivity. Similarly, there 
are research units within FAO, such as the Agricultural and Development Economics 
Division, which have an interest in issues related to nutritional improvement but whose 
main focus tends toward issues of food production and food security. Perhaps the unit 
that has paid most attention to nutrition at FAO is the small Global Perspective Studies 
Unit which has been tracking dietary changes and examining the implications, espe-
cially in terms of the emerging epidemics, obesity, and chronic disease. Although this 
is, again, a rare example of a unit that has gone beyond a focus on the supply side of the 
food and agricultural system and related issues of marketing and the supply chain, it 
is a very small group that does not reflect the mainstream programming and research 
efforts of FAO.

The fact that improving nutritional status is not the core mission of FAO does not in 
any way denigrate the institution’s possible contribution to promoting a more robust 
agricultural sector and achieving food security. This is similar to the story of programs 
like the Food Stamp Program, which may indeed be very effective in improving the 
economic well-being of the poor, an objective that is of paramount importance. My 
highlighting of examples such as food stamps and the activities of FAO is intended to 
underscore the general point that although raising incomes and promoting food secu-
rity are instrumentally valuable in the longer-term efforts to alleviate malnutrition, 
including overnutrition that is often the result of poor food choices, these activities are 
not synonymous with cost-effective strategies to reduce malnutrition over the near-term 
horizon. Instead, there is a shorter and more direct path to improving nutrition, which 
is often neglected at the expense of other initiatives that have captured the attention 
and resources of a range of governmental institutions and stakeholders in interna-
tional and nongovernmental organizations. Instead of a continued focus on meeting 
the needs of producers, agribusiness, and the farm lobby first, we need to understand 
that the fight against malnutrition begins with a set of principles that have, in fact, been 

http://www.fao.org/ag/agn/index_en.stm
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recently enunciated by the World Bank (2006) in their new strategy to fight hunger and 
undernutrition in the developing world. More specifically, there is a need to dispel some 
myths that have underscored the inadequate and inappropriate global efforts to reduc-
ing malnutrition. These include, first, the myth that malnutrition is primarily a matter 
of inadequate food supply. Second, the myth that improved nutrition is a by-product of 
other measures of poverty reduction and economic advance. Instead, the focus is cor-
rectly put on the need to invest in the youngest children who are most likely to become 
malnourished and suffer the ravages across their entire life course, including dramatic 
losses in cognitive ability and productivity. Food security is indeed an input into achiev-
ing the vision of nutritional improvement. And, a food and agricultural system that is 
consistent with both providing employment opportunities and low costs wage goods is a 
necessity for economic growth and development. However, a large share of the activities 
required to reach the Millennium Development Goals for nutrition are to be found in 
realms outside of the food sector.

A final point that I would like to highlight in considering the future prospects for 
food-related intervention programs, regardless of whether their espoused or real objec-
tives are to reduce malnutrition, is that the architecture of the world food system is 
changing rapidly. The paradigm of food being a resource in search of a cause is rap-
idly receding into the annals of history. Instead, the prospects of food shortages and 
increased global demand driven by China, India, and other growing economies is an 
emerging challenge. Likewise, the increased emphasis of organizations such as the 
World Food Programme on local procurement and combining cash with, or as a sub-
stitute for, direct distribution of food, will undoubtedly change the face of food-related 
transfers in the future in developing countries. Although these changes may be posi-
tive in terms of agricultural incentives, in and of themselves, they will not necessarily 
contribute to reducing the dual burden of undermalnutrition and the emerging crisis of 
overmalnutrition.

Conclusions

As global institutions, including governments, nongovernmental organizations, and 
bilateral and multilateral international aid agencies consider how to most effectively 
combat the burden of global malnutrition, perhaps the most intractable misperception 
is that food insecurity and inadequate access to food are the exclusive, or even primary, 
causes of malnutrition. Likewise, national and regional food self-sufficiencies are often 
incorrectly viewed as critical to the fight against malnutrition, especially insofar as they 
ignore the role of trade and the importance of well-developed food markets.

Instead, it seems quite clear that with the exception of situations such as famines and 
acute crises, which contribute to what Amartya Sen (1983) has characterized as dra-
matic entitlement failures, far too little attention has been given to the inappropriate or 
insufficient care behaviors during pregnancy and early childhood. More specifically, the 
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long-term functional and human consequences of malnutrition in utero and in the first 
months of life are particularly devastating. The damage from undernutrition at these 
critical periods will persist across the entire life course, as manifested in deficits in cog-
nitive abilities, physical work productivity, as well as susceptibility to disease later in life, 
including chronic diseases such as diabetes and cardiovascular disease.

The question then becomes how to address undernutrition in these most critical peri-
ods. Although the answer is not simple, one clear reality is that women too often do 
not follow best practices in terms of breastfeeding, and families do not take appropriate 
measures to prevent infection and disease. This may be either due to ignorance of the 
importance of behaviors such as boiling water and washing hands and ensuring a more 
hygienic and healthier environment for infants and young children, or a lack of material 
resources to purchase critical inputs such as clean water, soap, and primary health care. 
Similarly, food consumption choices are often inappropriate and fail to recognize, for 
example, the importance of dietary diversity to achieve adequate intake of micronutri-
ents. There is also an overall lack of knowledge or attention to the preventative and pri-
mary health care needs of pregnant women, infants, and children. By implication, these 
factors can be viewed as a market failure, not of food markets, but instead of health care 
markets, and more generally, the market for information and knowledge.

The focus on promoting health services and related behavioral change is not to 
diminish the paramount importance of building on the amazing success of the green 
revolution and the new technologies that are to be credited with preventing widespread 
famine. Complacency, in terms of continued research and investment in agriculture, 
food markets, supply chains, and so forth would be a tragic mistake. This is especially so, 
since a robust agricultural sector is often a critical pathway for countries and households 
to rise out of poverty. However, when we think about combating the global malnutri-
tion problem, we must be equally cognizant that many traditional strategies, such as 
food aid distribution programs, school feeding programs, and food stamps, as well as 
interference in food markets through food subsidies and ration programs, are likely not 
to directly address the most direct and immediate causes of undernutrition and micro-
nutrient deficiencies.

Why such programs have been sold as cost-effective nutrition interventions and are 
widely accepted as such, in developed and developing countries is an interesting ques-
tion. The answer is likely to be found in the fact that food was a resource looking for 
a purpose, and nutrition seemed to be a cause that the food and agricultural lobby, as 
well as institutions such as the United Nations and volunteer agencies from developed 
countries, were eager to embrace. Similarly, governments seem all too eager to showcase 
feeding programs and other food-based initiatives as a sign of commitment to nutrition 
problems. In practice, such externally financed projects may be easy on the budget of 
poor countries, but they are also short on results, which, in part, explains the seeming 
intractability of providing for what is arguably the most basic human right—the right to 
health and adequate nutrition.

Another underlying theme of this chapter is the potential for unintended deleteri-
ous health consequences of food-related interventions that are purportedly designed 
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to improve nutrition. I have discussed the emerging obesity epidemic and emphasized 
that it is no longer confined to the wealthy countries of North America and Europe. 
Although there is worrisome evidence that programs like food stamps may contribute 
to increased obesity in the United States, there is far more limited evidence of studies 
suggesting that feeding programs and the like may have similar consequences in devel-
oping countries. It is certainly advisable, however, to remain vigilant to this possibility. 
Similarly, other negative consequences of food-based nutrition programs, particularly 
those based on the use of food aid, are also well documented. These include the nega-
tive impact on the policy environment where aid contributes to a complacency on the 
part of policymakers, the potentially deleterious consequences on farmers and producer 
incentives, and the changing of consumers’ patterns of demand for commodities, some 
of which are less healthy or that are less likely to be produced locally, increasing the reli-
ance on procurement on international markets. The potential that food aid would be 
used as a weapon of foreign policy with the consequent harmful effects on recipients 
seems to have declined in recent years, but such policy certainly was a widespread prac-
tice for several decades. Indeed, careful programming of food aid and its propitious 
deployment can avoid or mitigate these potential negative consequences.

As we consider the way forward, I  am intrigued by a question that was posed by 
Ian Darton-Hill, Senior Adviser, Child Survival and Nutrition at UNICEF; Martin 
W. Bloem Chief, Nutrition, World Food Programme; and Mickey Chopra, Director, 
Health Systems Research Unit, Medical Research Council of South Africa: “When will 
nutrition stop being the Cinderella of health interventions when it comes to global fund-
ing priorities?” (Darton-Hill, Bloem, and Chopra 2006). Why, for example, is there 
no Global Fund for broad-based nutrition programming (as there is for HIV/AIDS, 
tuberculosis, and malaria)? Part of the answer may lie in a lack of understanding of the 
complexity of the causes of malnutrition as well as the appropriate interventions to alle-
viate the problem. Nevertheless, there is an emerging evidence base that points the way 
forward, in terms of promoting the types of actions discussed here for investing in the 
health of women, infants, and children.

Notes

 1. See http://www.who.int/vmnis/vitamina/prevalence/report/en/index.html.
 2. http://apps.who.int/bmi/index.jsp
 3. Author’s calculations from the Demographic Health Surveys.
 4. In the developed country context where markets are more complete and nutrient avail-

ability is less constrained, the framework just given would likely be considered sufficient 
to model health production, nutrition, and fertility with the household’s other consump-
tion decisions. Such separability between consumption and production, or factor markets, 
may not apply in certain African contexts for two main reasons: (a) many rural households 
in Africa engage in both own-account agriculture and the cultivation of cash crops, so 
their food consumption and production decisions are jointly determined; and (b) nutri-
ent availability is more variable and often reaches levels at which health and labor market 
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productivity are adversely affected. In these circumstances, labor market productivity 
and agricultural production will ideally be modeled jointly with household consumption 
decisions.

 5. In 2012, the Food Stamp Program was given a new name:  the Supplemental Nutrition 
Assistance Program (SNAP). It gives recipients an electronic benefit card, similar to a 
bank debit card or credit card that can be used like cash to purchase food at authorized 
retail food stores. In the remainder of this paper, the use of Food Stamps should be taken to 
include SNAP as well.

 6. See http://www.fao.org/about/mission-gov/en/
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Fighting Mother Nature 
with Biotechnolo gy

Al an McHughen

Introduction

Some two hundred years ago, Thomas Malthus (1766–1834), in thinking about the growth 
of the global human population and the various restraints on such population growth, 
predicted that humans would sooner or later run out of food and other resources and then 
suffer a catastrophic population crash (Malthus 1798). He may have predicted “sooner” 
due to ravages of disease, pestilence, and war, but humanity’s creative capacity for innova-
tion drove such technological advances as irrigation, fertilizers, plant breeding and ani-
mal husbandry, food preservation storage and transport, along with contaminant control 
technologies, modern medical interventions, and other subsequent human manipula-
tions to tweak the food/feed/fiber and fisheries supply to push the “sooner” into “later.” 
Nevertheless, Malthus’s fundamental argument is sound. We humans inhabit a physically 
limited planet with finite resources constraining and denying our fervent desire for or—at 
least history of—continued human population growth. The “later” is nigh.

More than 6.8 billion living humans currently occupy Earth. The natural carry-
ing capacity of the planet—that is, Earth’s ability to sustain a human population with-
out human technical intervention and without depletion of sustaining resources—is 
vigorously debated, but most experts cite 3 to 4 billion or so (see, e.g., Cohen 1995; 
Ehrlich and Ehrlich 1990; Ehrlich and Holdren 1971; Pulliam and Haddad 1994) with 
the techno-optimists saying we could sustain perhaps 10 billion humans, but only with 
massive technological intervention combined with global dietary belt tightening (Smil 
2001). The human population and eating habits are, therefore, already unsustainable. 
More than a billion humans are chronically malnourished; more than 1,000 humans die 
every hour attributable to lack of sustenance (http://www.afaceaface.org/blog/2011/01/
facts-on-world-hunger/). And yet the human population continues to rise, with an 
expected peak of more than 9 billion before leveling off around 2050.
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In addition to the immense and increasing pressure on the food supply, one of six 
humans now lacks reliable regular access to clean water. We’ll also have to contend with 
climate change altering our environment, usually to the detriment of food production 
by making arable farmland too hot or dry for efficient productivity. Creeping urbaniza-
tion displaces our most productive farmland with homes, roads, factories, and shop-
ping centers, none of which converts sunlight to food. Pollution worldwide degrades 
soil, water, and air, all negatively impacting the productivity of farms. So we have an 
increasing human population, many demanding high maintenance nutriments (a sim-
ple bowl of rice doesn’t cut it anymore, as increasing affluence—especially in China and 
India—drives increasing demand for animal protein and perturbing the entire dietary 
source framework [Braun 2007]) at the same time dealing with diminishing resources. 
Similarly, in the technologically advanced countries, while the current “eat local” loca-
vore food fad resonates loudly, actions do not seem to indicate consumers are willing to 
give up imports of distantly grown fruits and veggies, nor other highly traveled comes-
tibles as Kobe beef, Belgian chocolate, or Canadian maple syrup. Yet a return to natural 
lifestyles necessitates living off the local land, much as pre-contact Native Americans or 
Australian Aborigines. And, within twenty years, we need to somehow generate 50 per-
cent more food than we do currently.

Clearly, doing what we’ve been doing got us into the mess we’re now in, and doing 
nothing is certainly not sustainable. So what do we do?

Some argue that we should use our human ingenuity and whatever technologies are 
available to exploit the remaining resources and feed as many people as possible for as 
long as possible. Such technologies would not exclude genetic engineering and other 
biotechnologies along with whatever else may arise from the fertile minds of motivated 
(albeit malnourished, perhaps) men and women.

Others argue that our mistake was in adopting human technologies that interfere with 
natural processes in the first place, thus rejecting Mother Nature, and so we should now 
eschew industrial agriculture, especially biotechnology, and return to her benevolent succor.

We have some tough decisions. We can either return to Mother Nature and follow her 
rules or continue to use human ingenuity and innovation to fight her desire to keep our 
human population within the limits of the Earth’s carrying capacity.

Let’s follow each path to its logical conclusion, starting with the “return to nature” route.

Humans in Harmony with  
Mother Nature

Mother Nature’s Replacement Rule

Mother Nature is usually portrayed as a benevolent and kindly overseer, ensuring a 
nurturing, healthy, and sustainable environment for us all to thrive, cradle to grave. 
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But these come at a price; Mother Nature demands strict adherence to some tough 
rules. According to one such rule, from the realm of biology, every individual of every 
species gets to reproduce, on average, just one progeny surviving long enough to also 
generate progeny. Nature’s 1:1 replacement ratio ensures relatively stable populations 
of each species. Obviously, any population generating less than 1 reproductively suc-
cessful progeny per individual will eventually succumb to extinction. Indeed, spe-
cies extinction has occurred many times over the period of life on Earth. Conversely, 
any species successfully reproducing to generate a replacement ratio higher than 
1 will eventually inundate the planet. Unlike extinction, such inundation has not 
happened—yet.

A popular high school thought experiment to illustrate this inundation through 
exponential reproductive growth shows how a pair of fertile cockroaches (some-
times the hypothetical species will be flies, other insects, or even bacteria), given 
unlimited resources and assuming a stated gestation period, number of fertile eggs 
per litter, and breeding lifespan, will quickly smother the Earth (for a fascinat-
ing look at insects and how they’ve influenced human society over the years, see 
Berenbaum 1996). Fortunately, Mother Nature ensures cockroaches—and all other 
species—do not enjoy unlimited resources, and she keeps the cockroach popula-
tion in check with numerous constraints, including food and water scarcity, dis-
eases, insectivorous predators, and even cockroachphobic humans with thick soled 
shoes. Taken as a whole, Mother Nature’s replacement rule holds that in spite of the 
potential to take over the Earth, each cockroach will, on average and calculated over 
the course of many generations, leave behind exactly one reproductively successful 
progeny. All other progeny will succumb to starvation, disease, predators, or, in at 
least some cases, shoes.

Mother Nature metes out harsh punishment for violating her replacement rule. 
The punishment for those populations falling below the 1:1 replacement—for other 
than short periods—is extinction. All extinct species, from dinosaurs in ancient times 
to dodos more recently, had a replacement ratio of less than 1:1 during their downfall, 
and they paid the ultimate price for their lack of fecundity. If the species dies out due to 
lack of food, or water, and those resources later replenish, well, by then it’s too late. The 
resources might return, but extinct species do not.

Certainly, many species diverge from the replacement ratio trajectory for short peri-
ods, and some do it with almost predictable frequency. Consider the population dance 
of predators and their prey, such as hares and lynx or lions and gazelles, fluctuating 
together almost in lockstep (the relationship is close but not perfect as other factors can 
also influence either or both species). But averaged over several generations, the ulti-
mate ratio remains the same: 1:1 replacement for each species.

Species also exist that enjoy temporary reproductive capacity above 1:1, enjoying a 
population boom giving rise to a sustained, long-term total population increase. We 
see this in what population biologists call a sweepstakes route, such as when mammals 
first discovered Australia. Plenty of food, no predators, and few limits to growth pre-
vailed, so the population expanded above the 1:1 replacement ratio until food and other 
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resources became limiting and the population leveled off at the 1:1 replacement ratio. 
Another example of divergence is in ordinary ecological successions, such as seen along 
the shoreline of an aging lake, where a sequence of successive species invades, expands 
to dominate the area, and then gradually dies off, giving way to the next order of species 
until eventually the area that was once lake becomes forest. But again, over the period 
of several generations, the number of individuals of any given species in the planetary 
ecosystem remains remarkably stable.

Species have been identified with a long-term replacement ratio below 1:1 (i.e., all spe-
cies that are now extinct) and many with fluctuations around the 1:1 ratio. But no spe-
cies has sustained a long-term ratio above replacement, so we’re not sure how Mother 
Nature will punish such impudence. But we’re about to find out. One arrogant species 
has been increasing at above replacement ratio for many generations. If left unchecked, 
that presumptuous species will ultimately cover the planet, thus destroying itself and 
everything else still here. That species is, of course, Homo sapiens.

Humans as Unnatural Species

Ordinarily, Mother Nature restricts population growth of any species by any of sev-
eral limiting factors, such as food availability, predators and diseases (e.g., myxo-
matosis in rabbits, bubonic plague in humans), famine, and pestilence and other 
plagues. But human ingenuity and technology has effectively overcome many of 
these strictures. Modern humans rarely succumb to large-scale famine, to preda-
tors, or to tuberculosis, diphtheria, smallpox, measles, malaria, or even cancer 
(curiously, wars and other human conflicts do not effectively reduce long-term 
human population growth as the victims are primarily males. In human reproduc-
tive biology, males are readily substituted, with one fecund (lucky?) male able to 
compensate for many males lost in battle. If, instead, young females were the pri-
mary casualties of war, human populations would suffer much more. And in any 
case, war is a human construct, not a “natural” population control mechanism). So 
far, we are the only species to maintain a reproductive replacement ratio above 1:1 
for a substantial number of generations.

Mother Nature also uses physical and geographical measures to limit species dis-
tribution. The natural niche for humans is tropical and temperate subtropical parts 
of the globe in nondesert areas where water and nutriments are plentiful. But human 
ingenuity has overcome these conditions, too, with innovations ranging from warm 
clothing (starting with animal furs involuntarily donated by other creatures of Mother 
Nature) and central heating (starting with fire, one of the first technologies adapted by 
human ingenuity to serve humanity) that allow us to live in cold climates. Irrigation, 
a human innovation to divert the natural flow of water, and agriculture, a human arti-
fice to replace those natural species inhabiting a given plot of land with those few spe-
cies important as foodstocks for humans, allowed us to thrive in arid and barren areas. 
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Again, we’re the only species to use unnatural, artificial means to expand our geo-
graphical range.

As well, we’re the only species to have literally changed the face of the Earth, as our 
human activities have altered the physical appearance of the planet. A quick look at 
Google Earth or other satellite views show man-made features, such as cities, farms, and 
open pit mines, all of which are unnatural and none of which would exist if our early 
ancestors had remained in their natural niche. Although Homo sapiens are natural as 
biological and physical entities, human behavior consistently repudiates Mother Nature 
and her attempts to keep us in line with other of her species.

In a very real sense, we humans have not just rejected Mother Nature, we’re constantly 
fighting against her efforts to reign in our burgeoning population. We’re exploiting nat-
ural resources to our exclusive benefit and at the expense of other species. If we don’t like 
human domination of the planet’s resources, the option is to reject human technology 
and return to Mother Nature.

Consequences of Returning to Mother Nature’s Fold

Having Mother Nature look after us in a sustainable way may be a warm and comforting 
thought, but the cold reality is decidedly discomforting, and it carries some frightening 
consequences.

First, Mother Nature has no answer to the expanding human population, not unless 
we revert to her ways and shun human interference in natural processes altogether. 
Humanity is already so far removed from Mother Nature that she might not recognize 
us. After all, we spent 10,000 years defacing and polluting her planet and enslaving her 
species to the benefit of only ourselves. Assuming she was merciful enough to take us 
back, it would be on the condition, of course, that we follow her rules to keep all species 
in balance and harmony.

Second, we’d have to say good bye to our grandparents and grandchildren. As with 
other species, our natural role is fulfilled when we raise our children to reproductive 
independence. After our biological replacements are capable of looking after them-
selves, somewhere around the mid to late teen years, we proud parents become not only 
expendable but also an actual drain on resources. Every additional day beyond—let’s be 
generous—our fortieth birthday, we eat food, drink water, and breathe air that is right-
fully due to someone else, someone not yet completing their natural, biological duty. 
Mother Nature is kicking us out of the nest. But don’t worry, we’re still useful to her, 
as our corpses provide nutrients for other of her hungry creatures—unless, of course, 
we render our cold carcasses useless through embalming or cremation. And during our 
forty years or so of natural lifespan, we have to accommodate yet other natural inhabit-
ants. Various parasites, bacteria, fungi, and vermin have long been denied their natural 
due, their pound of human flesh, or at least their domicile inside or alongside humans, 
all because of our interference with their doing what comes naturally. We’ll just have to 
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get over our arrogant repugnance to germs, bugs, and vermin and get used to living with 
creepy-crawlies, as there are no synthetic antibiotics, miticides, dewormers, or even 
mechanical rat traps in Mother Nature’s dwelling place that we call “Earth.”

Third, in returning to Mother Nature’s fold, we humans, having abandoned such 
human technologies as irrigation, plant breeding, animal husbandry, central heat-
ing, air conditioning, long distance transport, refrigeration, and other means of pres-
ervation of foodstuffs, would have to relocate to our natural geographical regions 
and reoccupy our “natural” niches. Naked humans are not naturally adapted to 
survive in high latitudes or deserts, so we’d have to pack ourselves into those few 
temperate areas with mild winters and sufficient fresh water. Say goodbye to Canada 
and Chicago as well as most of California, China, and Europe. The ones remaining 
behind perish.

Fourth, far more humans would have to return to basic agrarian lifestyles. Not that 
there’s anything wrong with a more simple existence; farming can be a highly satisfy-
ing and rewarding vocation. But too many urbanites have a dreamy romantic vision 
of farming; they are often the ones espousing a return to “traditional” or natural 
farming. But the reality is more sanguine—just ask any of the farmers surviving the 
dust bowl of the “dirty thirties” just how romantic pre-industrial agriculture actu-
ally is. Even with modern technologies, farming is invariably hard work and often 
financially unrewarding and frustrating. As Dwight Eisenhower noted, “Farming  
looks mighty easy when your plow is a pencil, and you’re a thousand miles from the 
corn field.”

There’s also a difference between making a conscious decision to practice to 
work the land and an involuntary directive forcing people to become farm labor-
ers. During China’s cultural revolution of the late twentieth century, now invari-
ably considered a resounding failure, millions of urban Chinese were forced out of 
the cities and back to the farm, where they were largely unhappy and unenthusi-
astic, unmotivated, and unproductive workers. But that was predictable and even 
expected. Traditional, nonindustrial agriculture is labor intensive, and a return to 
traditional farming will necessitate more human labor. A hundred years ago, about 
one-third of the US population labored on US farms (http://www.agclassroom.org/
gan/timeline/farmers_land.htm). Today, only 2 percent of the US population lives 
on a farm and only about half of those claim farming as their occupation (http://
www.epa.gov/agriculture/ag101/demographics.html). A  return to “traditional” 
farming in the USA means roughly three out of ten humans currently working else-
where will be required to move to a farm and labor there. Volunteers are preferable, 
of course, as they are more motivated and more efficient workers. But those who 
voluntarily choose farming are already doing it; they are accounted within the 2 per-
cent of the American population now farming. Who gets to choose and send the 
three out of ten unwilling workers?

Fifth, those espousing a return to natural or traditional lifestyles presume those 
lifestyles to be natural, stable, sustainable, and equitable. They are not. They may 
have been at one time, many years ago, but again the reality of the current human 
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population dashes the illusion. Farming, even as practiced by our ancestors 
10,000 years ago, is not natural. Our human ancestors tilled—that is, plowed—the 
soil, disturbing the land in a manner disruptive to the species living there in order 
to plant seeds of a single or few species to serve the needs and wishes of the humans 
alone and without regard for the other species thus displaced. Tillage also results in 
loss of a nonrenewable resource, topsoil, by exposing the valuable sand, silt, and clay 
particles to erosion by wind and water.

Some naïve Europeans may talk with a straight face about the “natural agricul-
tural environment,” but I consider that expression an oxymoron. Certainly, Europe 
encourages farmers to serve two masters—one being agricultural production and 
the other preservation of biodiversity and, by implication, “Nature.” But the biodi-
versity being nurtured on European farms is a far cry from the plant, animal, and 
microbial species occupying the same land prior to early European humans tilling 
the soil. Human stewardship of the environment, even for sublime goals, does not 
accurately reflect Mother Nature’s plan. Our human biases ensure certain species 
would get preferential treatment, usually by interfering with a natural dynamic that 
would favor a different set of species, ones less interesting (or more threatening)  
to humans.

All kinds of “natural” farming destroys biodiversity; whenever soil is tilled, the rich 
native biodiversity is disrupted and replaced with a small number of species, especially, 
in recent history, non–native plants grown as crops. Where is Mother Nature’s “balance 
and harmony” respecting the multitude of species previously resident in that soil? In 
actuality, because of the massive loss of biodiversity and erosion of soil, tillage remains 
the cause of the greatest environmental degradation the planet and biosphere has ever 
suffered (Sparrow 1984). And it’s 100 percent the fault of human activity engaged in “tra-
ditional” farming.

The concept described as the Red Queen hypothesis assures that a technologically 
unchanging regime, as under the traditional or natural lifestyle, will deteriorate to even-
tual extinction of the population refusing to adapt. The Red Queen, Lewis Carroll’s char-
acter in Alice in Wonderland, was constantly running but found herself going nowhere. 
The analogy is that one must continue moving just to stay in place, relative to others, 
because the others are moving. In biological terms, stability means, paradoxically, con-
stant evolution. For example, in the dance of host and disease, the host is constantly 
changing, trying new genes and gene combinations to thwart the pathogen, while the 
pathogen, in turn, is constantly modifying its own genes in trying to overcome the host’s 
new defenses, like a biological version of our arms race. After a period of many genera-
tions, both host and pathogen remain locked in the dance but both are genetically dif-
ferent from their respective ancestors. After all these generations and genetic changes, 
the net result, relative to one another, is stasis (to appreciate the added titillation of sex 
appeal to the Red Queen, see Ridley 1993).

Applying the Red Queen hypothesis to farming and human sustenance, farmers 
and farming must similarly continue to improve just to maintain relative produc-
tivity. We know, for example, that farmers can control certain weeds using certain 
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herbicides, but that eventually the weeds will evolve a resistance to that herbicide. 
The farmer then must replace the no-longer-useful herbicide with a new one or pro-
ductivity will decline from the increasing presence of the weeds competing with the 
crop plants for nutrients, water, sunshine, etc. Of course, management techniques 
are available to delay the onset of such weed populations with resistance to the old 
herbicide, but those weed management strategies may themselves be innovations 
violating the “traditional” practice. In any case, those strategies are merely stopgap 
measures to delay the inevitable. Sooner or later, the weeds will change sufficiently 
to overcome any management strategy. New strategies must constantly be developed 
and implemented.

For another example, consider traditional farmers growing “heritage” plant variet-
ies. Although even these varieties are invariably of modern breeding provenance, some 
consumers believe growing these older varieties under traditional farming methods 
promotes sustainability in agriculture. Unfortunately, reality shows that the older vari-
eties, perhaps elite and productive when first bred, are not particularly productive now 
as they have not evolved to keep up with the genetic changes in their natural pest and 
disease species. In actuality, the foods eaten by our pre-industrial agriculture ances-
tors are much more limited and are of poorer quality than many consumers believe. 
The human-derived innovations in plant breeding during the era of industrial agricul-
ture include seedless watermelons and other fruits, exotics such as kiwifruit, and even 
entire new artificial species, such as triticale, now grown across millions of acres world-
wide as animal feed. Triticale was developed by humans combining genes from different 
species by forcing wide crosses in the 1950s (for more on the history and development 
of this synthetic, artificial, unnatural man-made species, triticale, see Mergoum and 
Gomez-Macpherson 2004).

Popular Misconceptions: “Species Barrier” and  
Proprietary Genes

A popular misconception holds a natural “species barrier” prohibits genes moving 
from one species to another. This misconception is built upon another misconcep-
tion, that genes are somehow proprietary to their respective species. No doubt, these 
misunderstandings arose due to an apparent human desire to categorize or pigeon-
hole things into discrete boxes, as we humans seem uncomfortable conceptualiz-
ing blended continua; however, Mother Nature prefers ranging across spectra. For 
example, humans like to talk about colors as separate entities—orange, blue, red, etc. 
Mother Nature, in contrast, provides a rainbow where each color gradually blends 
into the next. Undoubtedly, if humans designed a rainbow, each color would be sepa-
rate, discrete, and delineated with a distinct border. The same is true in biology, as 
many species (itself, a human-derived discrete categorization concept that we seem 
to find comforting) are so similar that human taxonomists and systematists have 
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difficulty keeping them separate. Genomic analyses often support the view that such 
distinctions that split close relatives are artificial contrivances. To illustrate, consider 
two clearly distinct species, corn and wheat. They cannot successfully cross pollinate 
to produce hybrid progeny so some people fabricate an artifice—“species barrier”—to 
explain why corn genes don’t mix with wheat genes. But molecular analyses show that 
the genetic makeup of the two species is actually very close. And not only is there a 
high degree of similarity between individual genes (aka “homology,” see discussion 
below) but also the arrangement of the genes along chromosomes is similar. This 
phenomenon, called “synteny,” is true for several cereal species: The chromosomes 
of rice, millet, sugar cane, wheat, sorghum, and corn can be lined up in parallel, and 
the specific genes will (with some exceptions) follow the same order in all. Skeptics 
will, of course, argue that this is no big deal; after all, the species are all related grassy 
cereals, so seeing an alignment of genes along chromosomes should come as no sur-
prise. But what about genetic synteny shared between humans and fish? Yes, genetic 
similarity is sufficient to arrange chromosomes of humans and fugu fish such that 
genes will appear in the same order (for details, see http://www.ncbi.nlm.nih.gov/
pubmed/15141032).

Perhaps more convincing, let’s consider chromosome architecture, comparing 
human chromosome 21 with a fellow mammal, the mouse. Observation of the respec-
tive chromosomes shows hundreds of shared genes between man and mouse, and the 
ordered sequence of the genes is also preserved along the chromosome. For example, 
segments of three mouse chromosomes could be snapped together to reconstruct the 
long arm of human chromosome 21 without significant loss of genetic information 
or even the order of gene arrangement (http://www.nature.com/scitable/content/
regions-of-synteny-between-human-chromosome-21-5849). Clearly, the chromo-
some blueprint/plans for mice and men were laid down long before Steinbeck or even 
Burns, but that reality still may leave us nothing but grief and pain if we fail to recog-
nize and exploit—for the sake of human and planetary sustainability—such natural 
phenomena. The synteny is not as complete as with the cereals, but these examples of 
genetic similarity and chromosomal structure across species should suffice to make 
the point that DNA, genes, and chromosomes are not unique or proprietary to the 
species that contain them.

Sloppy language by scientists certainly contributes to the “species barrier” popular 
misconception, as scientists often speak of “fish genes” or “tomato genes” or “human 
genes” as if each species owned a set of unique genes. In fact, most genes are com-
mon across many species, a phenomenon called genetic homology. They may dif-
fer slightly in their DNA base sequence; consequently, the protein may have slightly 
different amino acid sequence, and so the resulting protein may show slight differ-
ences in performance. For example, all mammals (including humans) carry an insulin 
gene, and they do so for the same reason—to regulate blood sugar content. The DNA 
sequence of the human insulin gene—and the consequent amino acid sequence of 
the insulin protein—differs from the bovine or porcine insulin genes only slightly, 
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which is why human diabetics were able to use insulin extracted from farm animals 
to treat their own diabetes. Today, diabetics use insulin produced by microbes genet-
ically engineered to carry and express the human insulin gene. Although microbes 
do not ordinarily produce insulin (they have no blood, thus no need for blood sugar 
regulation), they are able to read the human origin DNA and from that genetic recipe 
make the same protein as is made in humans. This ability shows the universality of 
the genetic code, disproving the uniqueness or species proprietary aspect of genes. 
Without the commonality of the genetic code across all species, genetic engineering 
simply wouldn’t work.

This common language of the genetic code, the homology of genes, and synteny in 
the order of genes in chromosomes should bury the arrogant concept of proprietary 
genes belonging to a given species. The human insulin gene can be read and insulin 
synthesized by bacteria. Mice and other mammals carry insulin genes as well, and 
they produce insulin sufficiently similar to human insulin as to satisfactorily treat dia-
betics. In humans, the insulin gene recipe is located on the short arm of chromosome 
11. In mice, the insulin recipe is located on chromosome 7. And the DNA sequence is 
very similar. But this is not unexpected, as mice, unlike bacteria, do have blood and do 
need to regulate blood sugar. As the functions are so similar, it’s not surprising to find 
the DNA base sequence is also similar. But let’s take a different approach. Genes are 
arranged in a linear fashion along a chromosome, so consider the nearest neighbors 
to the human insulin gene on chromosome 11: on one side, upstream—in the par-
lance of genomics—of the insulin gene in humans is a tumor suppressor gene called 
TSPAN 32. On the other side, downstream, is TNNT, a gene for a protein facilitating 
fast muscle contraction. These three genes are functionally unrelated, they just hap-
pen to be geographical neighbors. What about our vermin relative? The closest gene 
upstream of the mouse insulin gene is TSPAN32. On the other side is—you guessed 
it—TNNT. (These genetic comparisons are available online at: http://www.ncbi.nlm.
nih.gov/IEB/Research/Acembly/.)

At what point is a human gene no longer “human”? If we take the human insulin 
gene, for example, and change one or two bases in the DNA, which are so insignifi-
cant that the resulting insulin is identical to the original insulin, is the modified gene 
still “human”? Let’s go a step further. Let’s change a few bases in the DNA, such that 
the resulting insulin molecule shows two or three amino acids changed but still fully 
functional in regulating blood sugar. Is the modified gene still human or is it syn-
thetic? Finally, what if it turns out that the human insulin gene with a few base changes 
is identical to the insulin gene of a musk ox? Have we violated the proprietary genetic 
rights of the big beast?

To finally refute the concept of the “species barrier,” consider that transfer of 
genetic material from one species to another is actually not unusual in nature. 
While fish do not pass their DNA to tomatoes directly, that’s due only to physical 
barriers, not genetic, as a gene copied from a fish and transferred to a tomato could 
settle amid the tomato genome and be treated by the tomato as any other segment of 
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DNA in its genome. And many examples of gene transfer from one species to oth-
ers can be cited. Different bacterial species do it regularly without any human help, 
and Agrobacterium species transfer DNA to higher plants, inserting bacterial DNA 
into the plant genome, where it is read and expressed by the plant machinery. Closer 
to home, recent research shows that even the human species, Homo sapiens, carries 
DNA originally from other species, from viruses to a now extinct relative, Homo 
Neanderthalis.

On this latter point, it seems our genetic ancestors, H. sapiens and H. Neanderthalis 
met and carried out some early cross species gene transfer experiments shortly after 
the great migration out of Africa (Green et al. 2010; Yotova et al. 2011)) some fifty to 
eighty thousand years ago. Unfortunately, we have no contemporaneous sociological 
data on the social mores or propriety of such early interspecies fraternizations from 
either of the species involved. However, some of these early mating experiments not 
only disproved the “species barrier” concept (by successfully producing fertile and 
fecund progeny) but also they were so successful that virtually all subsequent human 
populations still carry genetic remnants—as much as 4 percent—of those early inter-
species trysts. Perhaps even more interesting, the DNA of humans remaining in Africa 
was not thusly contaminated with nonhuman Neanderthal genes, so their descen-
dants, modern Africans, are, scientifically, the genetically “purest” of the human races, 
a fact undoubtedly disputed by those humans carrying a larger than normal propor-
tion of Neanderthal features.

Many other species analyzed also show the presence of DNA originating in foreign 
species. This “horizontal gene transfer,” while not all that common in higher species, is 
also not all that rare. Wheat, the “staff of life” and source of “our daily bread,” is itself a 
complex hybrid of genes from at least three distinct species. Both Mother Nature and 
human plant breeders, even those using “traditional” breeding methods, regularly 
transfer genes across the mythical species barrier.

Paradoxically, “sustainable agriculture” cannot succeed if based on pre-industrial 
farming practices but must continually change, adapt, and evolve to match the corre-
spondingly evolving challenges. This doesn’t mean we should continue the current prac-
tice of industrial agriculture, as that trajectory is clearly nonsustainable as well, with its 
reliance on nonrenewable petroleum supplies for so many aspects of modern farming, 
from tractor fuel to raw material for synthetic fertilizers. Instead, it means recognizing 
current challenges (such as diminishing petroleum reserves) and adopting appropriate 
innovations. It means more judicious application of technological innovations, with the 
goal not to maximize food production but to optimize food production. Optimizing 
production integrates efficiency and sustainability into the calculus, as opposed to 
maximizing production, where there is no consideration of any factors beyond vol-
ume. Optimizing food production means deliberative analysis of differing options and 
judicious selection of adopting the options giving the best balance of food quality, food 
quantity, and preservation of input resources along with minimal environmental and 
ecological degradation.
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Nowhere is optimizing of food production more apparent than in plant breed-
ing.  Humans have been genetically modifying plants to generate new improved 
genetically novel varieties of various crops for thousands of years. Apart from 
occasional or regional crop failures, famines, and civil unrest, the food supply has  
been generally adequate to sustain the human population— that is, up until the 
twentieth century.

Plant breeding includes not only traditional crossing (what most people think of 
exclusively as “plant breeding”) but also a spectrum of other methods to alter the genetic 
makeup of a plant to generate improved varieties (see discussion below).

These innovations in breeding and animal husbandry, combined with more powerful 
fertilizers (especially those from Haber Bosch processes invented in the early twentieth 
century to produce synthetic nitrogen-based fertilizers), extensive irrigation systems, 
and food storage, preservation, and transportation methods led to dramatic increases in 
food availability and security, both in quantity and in quality.

However, these advances were matched by dramatic increases in human demand for 
food—both quantity and quality—from increased numbers of humans (the popula-
tion explosion of the twentieth century, burgeoning from 1.6 billion humans to the cur-
rent 6.8 billion), increased longevity of humans already present (average world human 
lifespan doubling from about 30 in 1900 to over 64 years today) and expanding dietary 
demand for more animal protein and less grain, driven by increases in economic afflu-
ence and social stability (Braun 2007).

Borlaug’s Green revolution of the mid-twentieth-century illustrates the power 
of judiciously adopting and adapting selected technologies. Combining modern 
mutated wheat varieties with irrigation and careful farm management, previously 
poor countries of Asia suddenly became better able to feed their populations of hun-
gry humans.

Advocates for a return to pre-industrial agriculture, when a third of the US popula-
tion was required to work on a farm to generate enough food for 76 million Americans, 
will have to explain how the current 300  million Americans will be fed with farms 
staffed by just 2 percent of the population, all in the absence of modern crop varieties, 
fertilizers, pesticides, and machinery. In a very real and literal sense, stasis in agriculture 
means starvation for humans.

Thomas Hobbes in Leviathan recognized this natural state of mankind, describ-
ing human life under “natural” conditions as “ . . . nasty, brutish and short.” Those who 
advocate a return to Mother Nature’s bosom will have a hard time garnering sufficient 
political support once people realize what it actually entails. If this difficulty is not evi-
dent from a scientific perspective, consider the political angle: Human intervention is 
required to control the population, and politically mandated human population control 
is feasible only in totalitarian states. The same problem exists with resource manage-
ment: Capitalist democracies will have to agree to have a centrally controlled economy 
to dole out dwindling global resources in what the central committee (or dictator) 
determines to be a fair and equitable manner. In my opinion, long before that eventual-
ity, we’ll see genetically engineered flying pigs.
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Let’s turn to investigate the alternate path, namely, dependence on judicious applica-
tion of human ingenuity.

History of Agriculture

Homo sapiens are, under Mother Nature, nomadic hunter-gatherer omnivores. 
About 10,000 years ago, our ancestors first threw down Mother Nature’s gauntlet by 
putting down roots, both figuratively, by settling on one spot, and literally, by sow-
ing seeds of local plants chosen as having “desirable” (in the eyes of our ancestors) 
attributes.

In the intervening millennia, human ingenuity developed additional technologies to 
increase agricultural productivity, many of which continue in use today. For example, 
irrigation—the diversion of rivers and streams from their natural courses to provide 
water to otherwise naturally arid farmlands—was a very early human interference that 
is still being exploited and expanded today.

Techniques of plant breeding and animal husbandry were explored, adapted, 
expanded, and honed long before Mendel described genetics, and they involve far more 
unnatural and intrusive technologies than simple mating between male and female of 
the same species. The result is an ever-increasing “tool box” of breeding technologies 
offering a spectrum of options that breeders continue to use and adapt today. Grafting, 
for example, was recorded as early as 7,000 years ago in China when courtier Feng Li 
took scions (small branches) from various fruit trees and attached them to rootstocks of 
others (Wheeler 2011). Today, grafting is standard practice for many fruit, nut, and other 
crops to gain, for example, better disease resistance or water and nutrient delivery than 
is available naturally.

Hybrid crops can increase yields substantially via the robust vigor known as hetero-
sis. Hybrid seed technology, less than one hundred years old, now claims the majority 
of corn and many other crop acreages, even though the technology requires farmers 
to purchase fresh seeds each year, a sea change from traditional seed-saving practice 
in which farmers set aside a portion of the harvested grain to use as seed the following 
season.

A more recent innovation, mutation breeding with irradiation or chemical mutagens, 
arose out of the atomic “Atoms for Peace” program following World War II. What muta-
tion breeding does is disrupt the natural DNA of a plant sufficiently to result in nonle-
thal heritable changes, some of which are useful to human consumers (if not to the plant 
species itself). More than 2,700 registered crop varieties were developed using mutation 
breeding in the last half century, including many major crops used by conventional and 
even traditional and organic farmers (Ahloowalia et al. 2004 and website at http://mvgs.
iaea.org/default.aspx).

Curiously, mutation breeding is known to cause disruptions to the DNA, from minor 
changes, such as single base “point” mutations, through more substantial physical cyto-
genetic mutations, inversions, and translocations to massive destructions, deletions of 
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chromosomes, etc. The latter are almost invariably lethal, as the plant cannot survive 
such gross genetic disruptions. Of the crop cultivars developed using mutation meth-
ods, none are characterized at a genetic level, apart from the new trait, so we have no 
idea what additional mutations may have occurred.

Like all other non-GMO forms of plant breeding, not only are the features of new 
mutated cultivars not investigated or described at a molecular level but also they 
undergo no safety testing. Instead, new cultivars need be described only as Distinctive 
from other cultivars, Uniform, meaning a field full of plants of the new cultivar must 
appear similar, and Stable, meaning the genetic features must pass from one genera-
tion to subsequent generations. This “DUS” system is a worldwide requirement of all 
new plant cultivars under the International Union for the Protection of New Varieties of 
Plants (UPOV), including genetically modified cultivars. In the USA, new crop cultivars 
are administered by the USDA under the Plant Variety Protection Act (PVPA); details 
are available online at http://ams.usda.gov/science/PVPO/PVPO_Act/PVPA2005.pdf. 
Perhaps surprisingly, in most jurisdictions—including the USA—the new crop cultivars 
undergo no food or environmental safety assessments prior to commercial release; only 
the GM cultivars additionally undergo food and environmental safety assessments.

The question of when “traditional” agriculture gave way to “industrial” agriculture 
is thus not a simple or trivial one, as the historical agricultural enterprise is a temporal 
sequence of innovation upon innovation; there is no obvious starting point for “mod-
ern” farming. Most of our fruits and veggies were not known to our ancestors. What 
we know today as corn was developed by early plant breeders from the grass-like teo-
sinte several thousand years ago. Broccoli and cauliflower were derived from cabbage 
(itself only about 2,000 years old) in the fifteenth and sixteenth Centuries, with Brussels 
sprouts coming in the 1700s. Carrots were developed around the same time, with the 
now familiar ubiquitous orange color bred, according to legend, by human plant breed-
ers in Holland in honor of the reigning House of Orange, although the veracity of this 
latter colorful story is now being challenged (http://www.carrotmuseum.co.uk/history.
html). Kiwifruit, hybrid plants, and seedless fruits were all developed in the twentieth 
century. Plant breeding, enhancing plants by changing their genetic makeup, is an unin-
terrupted stream of innovations that dates back 10,000 years, so no clear temporal point 
exists to serve as a division between “traditional” and “industrial” agriculture, at least 
not using breeding as the sole criterion.

However, the transition is often arbitrarily pegged with the development of synthetic 
fertilizer, the Haber Bosch process of 1909, that made nitrogen fertilizer available on 
a large scale at affordable prices (Smil 2004). Subsequent innovations accelerated after 
this development, especially in farm mechanization, breeding, and agronomy (includ-
ing soil and farm management).

In the last one hundred years, we’ve dramatically improved the production of 
crops and domesticated animals to provide more food—more nutritious and safer 
food—than that supplied by Mother Nature alone. In spite of some popular miscon-
ceptions that modern agriculture produces food that is inferior, less safe, or devoid 
of nutrients (see, e.g., Pawlick 2006) food produced using modern technologies is 
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the safest and most nutritious ever. Most pathogens and vermin are almost eradi-
cated, the nutritional quality of today’s produce is at least equivalent to traditional 
or heritage varieties, and increased quantities mean nutritional consumption is 
enhanced.

Modern Technologies to Sustain Humans

We humans will likely continue this approach, using both traditional and modern tech-
nologies, including genetic engineering (GE or rDNA technologies) to further push 
back the time of human demise to perhaps long enough for clever humans to devise a 
true long-term sustainable solution.

Genetic engineering arose in the early 1970s and generated considerable anxiety, 
even among the scientific community developing the application of the technology. 
The Asilomar conference of 1975 was a gathering called by scientists themselves, 
who publicized the potential risks in applying GE (Berg et al. 1975). The meeting 
and subsequent discussions led to a code of conduct and regulatory scheme to over-
see GE research and researchers. In the USA, applications of GE to agriculture came 
under the watchful eye of the White House Office of Science and Technology Policy 
(OSTP) coordinating the regulatory offices of the FDA, EPA, and USDA in evaluat-
ing the safety of new foods and feeds bred using GE technologies. The first govern-
ment regulated field trials in the US were conducted in 1988, with the number of 
such trials, the crop species developers, and traits all expanding rapidly in the fol-
lowing years.

The first GE food on the commercial market was cheese made with chymosin, pro-
duced by GE microbes. The first whole food was the now defunct FlavrSavr tomato, 
from Calgene, in 1994, followed soon after by approved GE cultivars of corn, soy, cotton, 
canola, papaya, squash, flax, and others.

Over the years, various groups and individuals have expressed their fears concerning 
the safety of GE-derived foods. The US National Academy of Science conducted a series 
of studies into the basis of the fears (see, e.g., National Academy of Science 1987, 1989, 
2002, 2004, 2010) as did similar scientific authorities in other countries, such as the UK’s 
Royal Society (2002, 2009) and the French Academy of Sciences (ADSF 2002). In addi-
tion to these august national bodies, other professional medical and scientific bodies 
undertook investigations into the charges of potential hazards associated with geneti-
cally modified organisms. In these studies by professional scientific and medical groups 
such as the American Medical Association (American Medical Association Council on 
Scientific Affairs 1991), the Organisation for Economic Cooperation and Development 
(OECD, 1986) and the American Dietetic Association (2006), the basic conclusions 
were the same: GE is not inherently risky, and the risks associated with specific applica-
tions are the same as those risks seen with conventional technologies. Worthwhile not-
ing here is the fact that conventional technologies are not without risk. Several examples 
exist where potentially hazardous crop varieties had to be recalled at various stages in 
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the breeding process, including after commercial release, due to the presence of tox-
ins. Among the best known are celery, with excessive amounts of psoralen, and potato, 
with novel glycoalkaloid content (see National Academy of Sciences 2004 for additional 
information on problems from new varieties from traditional breeding methods).

In the intervening years, more and more commercial farmers began growing GE 
crops on a large scale, and consumers began eating foods derived from genetic engi-
neering. By 2009, GE crops were being grown in twenty-nine countries and consumed 
by billions of humans (James 2010). Not one case of harm to either humans or environ-
ments caused by GE crops or foods has yet been documented.

Notwithstanding the relative safety of GE, or, to put it colloquially, “so far, so good,” 
an argument has been made that GE has not, in spite of its successful invasion of world-
wide acreage, increased food production (see, e.g., Gurian-Sherman 2009). That is, the 
traits in current GE crops are fairly simple, offering improved insect resistance or weed 
control, but, Gurian-Sherman argues that GE has not enhanced overall yield, a highly 
complex trait, so there’s no “real” food production benefit from the technology.

It is true that the current GE crops were not directly engineered for yield increases, 
and it’s true that yield is a highly complex combination of traits; there’s no such thing 
as a “yield” gene. There are GE plants in various stages of development that have been 
modified to enhance yield directly, by increasing, for example, the efficiency of photo-
synthesis. However, those plants are still in testing stages and not yet commercialized. 
But to say the current GE crops have not improved yield or increased food production 
is misleading if not disingenuous. While the GE crops do not directly increase yield, 
they indirectly increase yield by reducing the constraints to yield potential. That is, in 
ordinary farm systems, crop yields are reduced, sometimes substantially, by the ravages 
of disease, depredation by insects, or the competition from weeds. Current GE crops, 
protected from those constraints, are better able to perform up to their natural yield 
potential. This is most readily illustrated in poorer countries, as US farmers ensure 
high-yield potential in conventional cropping by using sufficient pesticides to limit the 
pests causing the yield reduction. In poorer countries, farmers often cannot afford suffi-
cient chemical to give this high degree of control so they end up harvesting whatever the 
diseases, insects, and weeds leave behind. In the Philippines, for example, when Bt corn 
was first introduced, the reported corn yields increased from about 4 tons per hectare to 
12 tons per hectare (Deshpande 2009). In South Africa, the introduction of GE Bt corn 
since 2000 is resulting in yield increases ranging from 5 percent to 32 percent (Brookes 
and Barfoot 2011).

And in the United States, a more recent study on the impacts of genetic engineering 
on sustainability of US agriculture from the National Academy of Sciences concluded 
that in the United States alone, farmers, society, and the environment were all beneficia-
ries of agricultural biotechnology (National Academy of Sciences 2010).

In considering issues related to sustainability, current targets of agricultural bio-
technology include such traits as drought tolerance or water use efficiency, nutritional 
enhancements (such as provitamin A enriched “Golden” rice), and removal of allergens 
or other toxic substances from various foods. And, with the current specter of climate 



Fighting Mother Nature with Biotechnology   447

change, genetic engineering is the only tool able to respond to such rapidly changing 
environments by quickly breeding and releasing new crop cultivars able to produce 
efficiently in the new conditions. That is, traditional breeding requires twelve or more 
years of breeding effort to bring a new variety to market (depending on species, trait 
sought, etc.), but genetic engineering can shave several years off the overall process. 
New GE crop cultivars with enhanced water use efficiency genes are nearing commer-
cial readiness and will undoubtedly be watched closely for possible expansion to other 
crop species and regions where water is an increasingly expensive resource. The same 
gene constructs developed to help corn farmers in Texas or California remain produc-
tive in spite of diminished water availability will be attractive to farmers of other crops in 
drought-prone regions worldwide. Similarly, genes offering improved heat protection, 
transient flooding protection, or other rapid climate change–related traits will be highly 
sought as traditional sources of such genes are either already exploited or unavailable.

Hunger and Poverty

An oft-stated argument against using biotechnology to help a growing population is that 
we don’t need any more food, that current world food production is sufficient to feed 
everyone, but that the problem is, instead, one of food distribution. If we properly man-
age food distribution, hunger would be eradicated. Therefore, if we focus attention on 
food distribution, we could obviate the need for industrial agriculture, especially agri-
cultural biotechnology, altogether. While this position carries some emotional appeal, 
we must set aside emotion and instead invoke rational, critical thinking to challenge the 
underlying assumption that we already produce enough food globally to feed everyone. 
While this was a truism historically, when the human population was within the Earth’s 
carrying capacity, it is less obvious today. And it is ironic that those arguing that bio-
technology is unnecessary because we already produce sufficient food fail to recognize 
that current food production is largely due to human manipulation of nature through 
technical innovations such as irrigation, artificial fertilizers, genetic manipulation via 
modern, unnatural—but non rDNA—breeding methods, crop rotations, etc.

Distribution

But even if we accept, for argument’s sake, that sufficient food is produced to feed every-
one today, the glossed-over problem of “distribution” remains today as it has been 
throughout human history, when we’ve always had to contend with local or regional 
famines or other natural disasters resulting in mass starvation. If simple redistribution 
was the answer to feeding everyone, why haven’t we humans simply redistributed sur-
plus food whenever a need to do so arose? A moment’s thought will illustrate the fatal 
flaw. The redistribution of food as a solution to world hunger requires an assumption 
that food is grown and delivered to the hungry free of charge. It is not. Think of a farmer 
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in the US Midwest who grows corn and soybeans to sell to the market. The farmer is 
not going to grow the crops in the first place if he or she must hand it over (after keep-
ing just enough to satiate the family), gratis, to the hungry. This is especially true if the 
farmer must deliver it to hungry populations who inconveniently happen to live over-
seas. The simplistic redistribution argument fails to account for the cost of transport, 
among other things.

Hunger is, in essence, an economic problem. Access to food is a function of wealth. 
If hungry people had enough money, they would not be hungry. I doubt anyone would 
challenge my assertion that, of the billion hungry humans on the planet today, not one 
of them is financially wealthy. Hungry people, invariably, have insufficient financial 
resources to purchase food; the cost of food is beyond their financial resources. Penury 
and hunger are proxies for each other; they are so inextricably linked that we could erad-
icate starvation by providing the hungry with either food or money. Given food, the 
hungry would eat it directly; given sufficient cash, they’d be able to buy food to satiate 
their hunger.

This brings us to a more compelling illustrative analogy. There is plenty of wealth in 
the world, so we can eradicate poverty simply by redistributing wealth from the rich 
to the poor. Poverty has also been with us throughout recorded human history, as has 
hunger, and the apparently simple solution to both problems has always been avail-
able: redistribution. But never in our human history has this solution been adopted, at 
least not on a large scale. This is another example of a relatively straightforward techni-
cal solution, but one that is politically impracticable.

So until someone figures out a way to get the rich to hand over their excess money, 
and farmers to produce food without getting paid to do so, we will have to contend with 
hunger and poverty, fighting them as best we can. This is unlikely to include waiting 
around for someone else to figure out how to redistribute the wealth and food.

An alternative to solving the hunger problem by redistributing either money or food, 
which—as we’ve seen—may be a technical solution but politically impossible, could 
instead involve approaching the problem economically and in a politically palatable 
manner: reducing the cost of food. An axiom of a functional free market economy holds 
that supply and demand dictate price. The price rises when demand exceeds supply, the 
price drops in times of plenty. In a given market, hungry people cannot buy food because 
the relationship between food supply and consumer demand sets a price too high for 
the impoverished hungry to afford. We can reduce the price, without political interven-
tion, by either reducing the demand for food or increasing the supply of food. Reducing 
the demand is impracticable wherever there is poverty, as the penurious cannot simply 
ignore their hunger as easily as they might suppress their wish for a new yacht.

The more pragmatic and realistic option is to increase the food supply. Increasing 
the amount of food in this market will quench demand and the price will drop, allow-
ing more people to buy more food and satiating the hunger of at least some of the 
impoverished.

Taking action to reduce hunger and poverty means using every available tool until 
that tool is shown unequivocally to cause more harm than good. Biotechnology has not 
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(yet) been shown to cause more harm than good, in spite of considerable effort to iden-
tify actual harms to food or environment (see, e.g., European Commission 2010; Stein 
2009). And biotechnology has been shown to increase food, both in quantity and in 
quality (National Academy of Sciences 2010). In basic economics, increasing the sup-
ply of any given commodity will lead to a decrease in price. So using biotechnology to 
increase food production will lead to reduced cost to consumers. And, as impoverished 
people by definition lack wealth, a reduction in food cost will enable them to purchase 
more and better food with their limited money. And we can achieve this without taking 
excess wealth away from rich people or forcing farmers to hand over their crops.

Conclusion

In the final analysis, genetic engineering is no more than an additional tool added to 
the plant breeder’s toolbox. The biotechnology tool has no intrinsic value; the tool itself 
is neither “good” nor “bad.” Those values are placed on the specific application of the 
tool. Indeed, the biotech tool when used to produce pharmaceuticals, e.g., insulin for 
diabetics, attracts almost no controversy whatsoever; the same technology to develop 
a crop that delivers lifesaving nutrients, e.g., vitamin A in rice, is used by some activ-
ist groups to incite unwarranted public fear and anxiety. Using the biotech tool wisely 
can provide more food, healthier food, and more nutritious food in a more sustainable 
manner. Alternatively, of course, we humans might use the tool irresponsibly to create 
crops that merely drain resources more quickly, accelerating the rate of diminution of 
water, soil, and other resources without offering offsetting compensation to humanity. 
Perhaps humans will reject the biotech tool entirely and, instead, continue with what 
we’re currently doing, the status quo, until we exhaust the planetary resources entirely, 
accelerating the inevitable mass human starvations. Or we could eschew all of the 
“unnatural” tools of industrial agriculture and reclaim our natural niche as nomadic 
hunter-gatherers under Mother Nature’s guidance.

All of these options are open. But before we reject biotechnology or choose to return 
to our “natural” ecological niche, we should contemplate the Malthusian consequences. 
The status quo is not a viable, let alone sustainable, option; the historical disorganized 
and injudicious application of technology has brought us to where we are, on a fast track 
to catastrophic planetary collapse. The awareness of our trajectory has led some to call 
for a rejection of human technology altogether, with a return to “natural” systems and 
our place in the biosphere, one species among many others, all with an equal right of 
access to resources.

But that option is politically impossible when people realize what that choice entails 
in terms of abandoning almost all “modern” comforts and conveniences. And Mother 
Nature may not welcome us back. The costs certainly are high—the loss of at least half 
the current human population and abandonment of most of the technologies that 
have allowed us to slip the natural constraints on our species and expand our rather 
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limited niche and geographic territory. This route, too, may not work because the dam-
age already done may continue apace, even without additional human interference. For 
example, in the current debate over anthropogenic climate change, the suggested rem-
edies (mainly that we humans cease carbon release in various forms) do not address 
the likelihood that rapid climate change is now self-perpetuating. If that is the case, the 
deterioration in climate will continue in the absence of major human intervention to 
reverse it. That approach is, of course, anathema to those campaigning for a return to 
Mother Nature’s fold.

But reverting to Mother Nature’s plan, in which humans are merely one species 
among many, means catastrophic collapse of the human population sooner rather than 
later. Judicious human management of global resources provides the only option for a 
sustainable future.

Judicious application of biotechnology, integrating food production with environ-
mental sustainability, is the only option offering a long-term human future. Critics of 
using technology to overcome natural limits to population growth argue that doing 
so just delays the inevitable crash by some years. But careful and deliberative applica-
tion of technology does not mean supporting human population growth indefinitely 
but only to the point where human population naturally levels off, as it is expected 
to do in the mid-twenty-first century. At that point, the resources depleted in sus-
taining the then-stable human population will be balanced by resources replen-
ished. However, the future planet Earth will not look as pristine and natural as she 
did in times past. The evidence of human activities will be evident everywhere since 
humans will have to manage planetary resources on a global scale to optimize effi-
ciency and sustainability. Fortunately, it will not require politically impracticable 
policies, such as mandated reproductive control or mass euthanasia, but rather 
benign policy encouragement based on principles of agronomically, environmen-
tally, socially, and economically sustainable development.

Barring some unforeseen catastrophic event such as a wayward giant asteroid attack, 
the Earth should remain intact until the Sun expands in its old age and engulfs our 
planet in some five billion years. Whether humans will be around to experience that will 
depend on the policy decisions we make now.
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Chapter 18

Climate Change and 
Agriculture

Countering Doomsday Scenarios

Derrill D.  Watson I I

Introduction 

Climate change threatens agriculture on multiple levels; agriculture in turn has a signifi-
cant role to play in mitigating climate change and helping humans adapt to its impacts.1 
Food systems will not be sustainable or fulfill their primary mission of providing human 
health and nutrition without an adaptive agriculture in tune with its natural resource 
base and resilient to climate changes. The worst impacts of climate change are expected to 
fall on the poorest, who are the least well-equipped to adapt to it. Most climate-change lit-
erature focuses on difficult trade-offs generated by these interdependences. For example, 
environmental preservation depresses economic growth and, thus, reproduces or exacer-
bates poverty. At the extreme, these fateful trade-offs converge on doomsday scenarios.

This chapter posits that significant positive complementarities between improving 
agricultural production, mitigating and adapting to climate change, and reducing pov-
erty. This is a slightly different claim from the classical argument that there are synergies 
between them. The idea of synergies between the three posits, for instance, that reduc-
tions in poverty can help mitigate some forms of environmental degradation. Synergies 
imply that improvements in one sector can provide additional spillover benefits to 
other sectors, creating multiple-win policy options. The evidence for such synergistic 
multiple-wins was reviewed in Lee and Barrett (2001) and found to be incomplete.

Complementarity claims that these multiple-win synergies increase with the esti-
mated impacts of climate change. Thus, the worse you believe the effects of climate 
change will be, the more valuable it will be for governments and nongovernmental 
actors to invest in sustainable agricultural growth and poverty reduction. Sassi and 
Cardaci (2012) are among the few to explicitly take into account the fact that the triple 
burden of poverty, food insecurity, and climate change interact nonlinearly. They con-
clude that policy coordination between poverty, food, and climate will be essential in 
dealing with any of them. Ongoing investment in agriculture and poverty reduction are 
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essential to mitigate and adapt to climate change, whereas policies to mitigate and adapt 
to climate change can themselves be tools to improve food security and reduce poverty.

This approach differs from much of the current thinking in taking an integrated, 
holistic, systems approach to dealing with the nexus of climate, agriculture, and poverty. 
Failure to consider the entire system—as, for example, by crop scientists focusing on 
increasing yield without regard for environmental constraints and changes, or by natu-
ral and environmental scientists ignoring hunger and nutrition in their quest to reduce 
agriculture’s environmental damage—will lead to ineffective research, ill-informed pol-
icies, and less than optimal outcomes.

Agriculture will better support climate goals to the extent that positive and negative exter-
nalities are internalized by market participants. That is, producers and consumers should 
reap the benefits or bear the costs, respectively, that they impose on others who are not party 
to the transaction. This is essential not only as part of meeting current obligations toward 
improving countries’ environmental standards, but also to ensure that agriculture can sus-
tainably meet the food security needs of current and future generations. The “polluter pays” 
principle (PPP) imposes a cost on those doing something contrary to public interest as 
determined by government policy. Providing “payments for environmental services” (PES) 
rewards those whose actions promote a larger public good. Together PPP and PES form a 
continuum we refer to as full-costing. Although government is the only organization likely 
to be involved in PPP, nongovernmental organizations have also established networks to 
facilitate PES. There are different approaches to internalization, such as taxes and subsidies, 
creating markets for environmental services, and assigning Coasian property rights.

This approach has deliberate conceptual biases. It takes an explicitly anthropocen-
tric viewpoint: climate change matters only insofar as human welfare is affected, either 
today or in the future. It follows the Brundtland Commission’s definition of sustain-
ability: Processes are sustainable if they meet the needs of current generations without 
weakening the ability of future generations to meet their needs. Substitution between 
natural and human-made resources is also permitted in order to achieve this. After this 
brief introduction of the issues, the second section explores these complementarities 
between climate change, agriculture, and poverty in detail. The third section examines 
the relationship between economic growth and the environment. The fourth section 
discusses the practical application of full costing and considers how it may be used to 
generate multiple wins. The fifth concludes the chapter.

Exploring Complementarities

Climate Change Impacts Food Security and Poverty

How does climate change impact agriculture? The effects of climate change on agricul-
ture, food security, poverty, and indeed all of humanity may work subtly and gradually 
until their combined weight reaches a tipping point, releasing a torrent of irreversible 
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change. That is one possible scenario. However, in less apocalyptic scenarios, climate 
effects grow much more linearly and with increasing obviousness, as better data on 
temperature shifts and the frequency of extreme weather shocks become available. The 
cumulative impacts of climate change could occur in gradual proportionality, meet up 
against unexpected, irreversible thresholds, scale up geometrically, or follow even more 
chaotic patterns (Brown 2009; Pinstrup-Andersen and Watson 2011).

The larger and more dramatic we expect climate change to be, the more important it 
will be to invest in improving agricultural productivity and reducing poverty. Consider 
the food price spikes in 2006–2008. Did changes in weather, soil, and air lead directly 
to the sudden increase in food price volatility starting in 2006, spiking as the climate 
and planet passed a critical threshold? Or did its effects come much more indirectly, as 
anticipations of climate change encouraged legislatures to mandate the pursuit of biofu-
els, just as speculators and investors alike turned their attention to food crops at a time 
of low stocks? In some ways, it is very difficult to separate these intertwined stories, yet 
they have profoundly different implications for the kind of policy that should be pur-
sued going forward. If the former is more accurate, then these biofuel policies may be 
an essential ingredient in mitigating global warming; if the latter, the policies should 
be abandoned before greater harm is done (see Pimentel and Burgess, this volume). In 
either case, investments in long-term agricultural productivity would ameliorate local 
price fluctuations, and reductions in poverty would enable more people to cope with 
(direct and indirect) climate shocks.

The uncertainties surrounding how much climate will change and what its effects 
will be have led to many varying estimates of what to expect from climate change in 
the twenty-first century, ranging from doomsday scenarios to the relatively benign. 
Schwartz and Randall (2003) predict climate change will lead to nuclear war and Roberts 
(2008) foresees “The End of Food” with climate change playing a participatory role. 
Ereaut and Segnit (2006) show that alarmism is the most frequent rhetorical device used 
to discuss climate change. More measured reports that predict severe climate-induced 
outcomes include Willenbockel’s (2012) estimations of extreme weather events leading 
to a doubling and trebling of food prices from their 2006–2008 food crisis levels and 
World Bank (2012) that warns that even moderate warming could lead to irreparable 
harm, mass exodus, further deforestation, and famine. The prominent Stern Report2 
(Stern 2007) estimated that it would cost roughly 1 percent of global production to make 
the investments necessary to avoid significant damage.

One thing each of those studies shares is a deliberate selection of unlikely negative 
outcomes. IPCC (2007 and 2012) has, in part, justified this by highlighting that past esti-
mates of how much some variables would change (e.g., arctic temperatures) have con-
sistently underestimated reality by significant margins. There is evidence, however, that 
newer models designed to address this are instead becoming more precise and less accu-
rate in measuring global mean temperatures and the frequency of extreme temperatures 
(Swanson 2013).

Studies that examine the full range of possible climate outcomes tend to support the 
notion that negative outcomes for sub-Saharan African agricultural productivity before 
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2050 are highly probable. However, the impacts are fairly small in most countries and 
over most specifications. It is generally only in the worst predictions that climate change 
has dire consequences before 2050 (e.g., Lobell, et al., 2008; Schlenker and Lobell, 2010; 
Chinowsky, et al. 2012, IFPRI 2013). Such a generalization glosses over a great deal of 
variance and uncertainty, particularly for crops that are more reliant on historic rainfall 
patterns (Lobell et al. 2008). As only one example, IFPRI’s (2013) two models of rainfall 
in West Africa disagree on whether Liberia will see an increase in annual rainfall of 200–
400 ml or a decrease of over 400 ml; the Sahel might see only a small change (+/− 50 ml) 
or rainfall might increase by 100-200ml. One of the most important areas for future cli-
mate research as far as sub-Saharan agriculture is concerned is improving our estimates 
of future rainfall patterns.

Although this chapter emphasizes our current uncertainties, we can claim to under-
stand which aspects of climate change will matter most for agricultural production 
going forward. Rising temperatures change crop growing periods, relative performance 
of different varieties of the same crop, and in extreme cases even what crops can be 
grown at all (IFPRI, 2009). Rainfall patterns matter most in the rain-fed agricultural 
regions of the world. Because climate change alters where the rains will come and when, 
how predictably, how much on average, and how intensely they fall, it can destroy crops 
and lead to large-scale food insecurity and malnutrition (IPCC, 2012; IFPRI, 2009). 
Increasingly frequent extreme weather events grab the attention of policymakers bet-
ter than slowly developing and observationally doubtful global warming and increase 
the likelihood of extreme food price shocks recurring (Willenbockel 2012). Whether sea 
levels rise by one meter or by only one-half and whether that occurs by 2050 or 2100 is 
of vital importance to island nations and those whose most fertile or populated lands 
lie near the coast (UNU-WIDER, 2012). Increasing atmospheric CO2 levels will help 
many plants, but some will benefit more than others, altering ecosystems around the 
world (Taub, 2010). Increased soil degradation caused by soil-nutrient mining and ero-
sion, deforestation and desertification, water logging, falling water tables, oversaliniza-
tion, and, potentially, climate change render barren the marginal cropland the poor had 
counted on for survival (Davidson and Janssens, 2006; Pinstrup-Andersen and Watson, 
2011).

As investments in agriculture (e.g., research, roads, human capital, fertilizer, irri-
gation) reduce other capacity constraints, the climate and weather constraints will 
become increasingly important. This is an example of how the concept of complemen-
tarities differs from that of synergies. Weather plays the largest role where productiv-
ity is already high, as in Zimbabwe and South Africa (Schlenker and Lobell 2010). In 
other countries—where fertilizer, infrastructure, or other, structural constrains mat-
ter most—variations in weather are less of a determining factor. At the same time, the 
worse climate change impacts are expected to be, the more complementary investment 
is needed in agriculture and poverty. Butt et al. (2005) expect higher temperatures and 
soil degradation alone to result in reduced supply, leading to vastly higher prices by 
2030. They expect net producers to be slightly better off, but consumers would be signif-
icantly worse off as the incidence of hunger increases by 20 percentage points. Multiple 
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estimates reviewed by de la Fuente and Villarooel (2013) for Mexico predict an increase 
in poverty by roughly two percentage points from climate shifts and another two per-
cent from climate shocks. In all cases, larger changes are associated with more poverty.

Ultimately, the impacts of climate change on food security and poverty depend 
on how households respond. The food system is a dynamic, behavioral system 
(Pinstrup-Andersen and Watson, 2011). As the external environment changes, food 
system actors are certain to change their actions in order to pursue their various goals. 
These goals include meeting income and dietary needs and wants both now and in the 
future, fulfilling social obligations, and producing environmental services that are val-
ued by the household.

Climate change poses at least two types of challenges to which households must 
respond. One is the gradual change of environmental factors such as shifts in average 
rainfall and average temperature; the other is the increasing variance of those factors 
(e.g., rainfall), increasing the chance of large shocks (e.g., drought and natural disasters). 
Households are likely to adapt differently to these “shifts” and “shocks” of climate change 
(Baez, Kronick, and Mason 2012). Increased shocks will make agricultural conditions 
in the coming season more uncertain, reducing farmers’ ability to recognize, evaluate, 
and respond to weather signals. This is likely to increase precautionary savings, but not 
in forms that would lead to increased investment (Meza, Hansen, and Osgood 2008; 
Ackerman, et al., 2009;). Yet it is investment that could potentially increase capacity to 
adapt to future changes in climate. Linear projections, and many academic treatments, 
do not account for agent responsiveness or social learning. To the extent climate change 
leads farmers to adopt techniques that successfully mitigate its impacts, this adapta-
tion will lead researchers to overestimate its impact on agriculture. On the other hand, 
as will be argued in more detail later, to the extent that increasing climate stress and 
extreme weather events lead farmers to adopt more myopic strategies in order to survive 
today’s challenges, despite the costs they realize those events will impose on them in the 
future—if they survive—they may be underestimates.

Agricultural Activities Impact the Environment and Poverty

It is obvious that agricultural activities impact the natural resources involved in produc-
tion. Agricultural activities also impact their external environment. The most impor-
tant impacts of agricultural activities on the environment include carbon sequestration, 
deforestation, soil degradation, water usage, and methane production. Carbon seques-
tration refers to capturing atmospheric carbon in plants and soils. Some agricultural 
practices naturally increase carbon sequestration (e.g., growing crops), whereas oth-
ers release that stored carbon (e.g., harvesting crops). Since soils contain twice as much 
carbon as the atmosphere or vegetation, agriculture is an essential part of humanity’s 
impact on greenhouse gasses. Deforestation releases the carbon sequestered in forests 
into the atmosphere. Nearby, poor people who depend on forests for their livelihoods 
and the women and children who must travel further in search of firewood are likely 
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to suffer, whereas farmers and developers who gain access to the newly cleared land 
benefit.

Soil degradation reduces potential production. Removing more nutrients from the 
soil than are returned through fertilization is called soil mining. High levels of soil min-
ing can lead to desertification and can be very expensive to reverse. In sub-Saharan 
Africa, 85  percent of agricultural land loses at least 30  kg/ha in nutrients annually, 
and half of that land loses more than 60, varying from 9 kg/ha in Egypt to 179 kg/ha in 
Uganda (Henao and Baanante 2001; Nkonya et al. 2008). In addition to the problems of 
soil mining, overuse or poor fertilizer-application technique can result in burnt soils and 
water pollution. Because of the high organic matter content of top soils, even low levels 
of soil erosion lead to large yield losses. Poor irrigation practices lead to waterlogging or 
salinization. These problems plus overgrazing and deforestation have caused more than 
two-thirds of global soil degradation since 1945 (de Haen 1997). Pinstrup-Andersen 
(2002) argues that soil degradation is caused or worsened by a variety of factors, many 
of which are beyond farmers’ control:  poor property rights and land tenure issues; 
population pressure; government policies; poor market access; and technologies and 
techniques that are not sustainable. Fifteen percent of manmade greenhouse gas emis-
sions come from agriculture, with methane from livestock a leading contributor (Popp, 
Lotze-Campen, and Bodirsky, 2010).

The Green Revolution provided a mixed bag of positive and negative externalities 
for environmental quality (Harriss and Stewart, this volume). On the negative side was 
the greater reliance on monoculture cropping (which decreased farmer interest in pre-
serving biodiversity on their lands) poor water management, and improper pesticide 
and fertilizer-application practices. These were not necessary features of the Green 
Revolution per se, but certainly accompanied the increased reliance on irrigation, fertil-
izer, and pesticides. Most of these negative effects could have been prevented by incor-
porating social costs into private prices. On the positive side, however, the increased 
productivity made possible by improved seed varieties and agricultural intensification 
reduced demands on human expansion onto marginal lands. Goklany (1998) estimates 
it would have required 80 percent more land to provide the increased food produced 
between 1961 and 1993 without the spread of Green Revolution technologies. Preserving 
the marginal lands that would have otherwise been cleared and plowed simultaneously 
preserved biodiversity, reduced soil erosion and deforestation, and preserved environ-
mental services to the nearby communities. Costanza, et al. (1997) estimate that global 
environmental services are worth between $16 and $54 trillion, which, at the time of the 
study, was one to three times the value of all human production.

Improving agricultural productivity is essential for both preservation of environ-
mental services and for poverty reduction. Schlenker and Lobell (2010, p. 7) agree with 
World Bank (2007): “There is arguably little scope for substantial poverty reductions 
in SSA [sub-Saharan Africa] without large improvements in agricultural productivity.” 
Making land, water, and labor more productive is essential for poverty reduction and 
feeding a growing global population while preserving marginal lands and biodiversity. 
Current practices fall well short of those that would simultaneously ensure sufficient 
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food production and environmental sustainability. Rice production in China leads 
to soil erosion, damage of forest ecosystems, and degradation of grassland, causing 
between $9.8 and $21.2 billion of damage in 1990 alone (Smil, 1997). Two-thirds of tropi-
cal deforestation is done to prepare land for agriculture, nearly half of which degrades 
to only half its initial quality within three years (Pinstrup-Andersen and Pandya-Lorch, 
1994). That land then quickly moves from forest to farm to livestock pasture. However, 
agricultural intensification does not necessarily, as often claimed, reduce environmental 
quality (Pinstrup-Andersen and Pandya-Lorch 1994; Lee and Barrett 2001; Bouwman, 
et al. 2011). Rather, input mismanagement both harms the environment and reduces 
farming efficiency; overgrazing, erosion, poor irrigation processes, and excessive, insuf-
ficient, or poorly timed fertilizer and pesticide applications are the problem, not these 
resources’ proper usage.

Steady, reliable, clean sources of water are essential for the food system. Ground and 
surface water depletion (partially caused by agricultural mismanagement) and chang-
ing rainfall patterns discussed earlier are significant binding constraints, particularly 
where irrigation has not been properly developed. IPCC (2007) predicts that nearly half 
the world’s current population could face a shortage of clean water by 2080, whereas 
the Bonn Declaration (GWSP, 2013) warns that more than half will face a severe water 
shortage within a generation. Most fresh water is consumed by agriculture. However, 
use efficiency is generally low and significant amounts evaporate or leak from poorly 
maintained irrigation channels. Obtaining more food from less water is essential to feed 
growing global and local populations without depleting or harming water resources. 
This challenge is exacerbated by the growth of demand for livestock, which consumed 
8 percent of all fresh water in 2000 and is expected to reach 16 percent by 2050 (Steinfeld 
et al. 2006; see also Mehta-Bhatt and Ficarelli, this volume). The uncertainties about 
how climate change will affect future rainfall patterns make this challenge even greater.

These inefficiencies stem in large measure from a failure to internalize the social value 
of water in private costs and large public water subsidies. When farmers are forced to 
pay the same market prices for irrigation water as industry and housing, they invest in 
techniques that increase water-use efficiency. These include drip irrigation, consistent 
irrigation channel maintenance, and mulch layers or zero tillage that reduce evapo-
ration and soil erosion while improving water saturation and carbon sequestration. 
Brown (2009) discusses successful initiatives in India and Mexico that devolved control 
of water resources to local farmers associations. Although local farmers bore the costs of 
their own water use, the gains from greater control and management of those resources 
were greater.

Each of these impacts from agriculture to poverty and climate change is more 
amenable to public policies of specific national governments than is mitigation of 
global climate change. Responding to these pressures through smart investments 
in agriculture will be part of a package of responses to help poor farmers adapt to 
climate change and escape poverty (ILO, 2005; World Bank, 2007; IPCC 2012; 
Pinstrup-Andersen and Watson 2011). With most poor people in rural areas, increas-
ing food access, farm incomes, and labor productivity can have a significant impact 
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on people’s livelihoods and well-being. Numerous studies have found significant 
multipliers from agricultural growth to other sectors of the economy as well (sum-
marized in Pinstrup-Andersen and Watson, 2011). Drought and heat resistant crops 
are particularly well positioned to help farmers adapt to climate change (Butt et al. 
2005; Kamara et al. 2006; La Rovere et al. 2010). Increasing labor productivity in 
rural areas spills over to the landless as well in increased wages and work oppor-
tunities. India’s policy initiatives to introduce high-yielding varieties with comple-
mentary investments in irrigation and transportation networks during the Green 
Revolution increased the real incomes of smallholders by 90  percent and of the 
landless by 125  percent (ILO, 2005). Further, increased agricultural productivity 
lowers food prices, which will benefit the landless poor. Although investments in 
labor-using technology increase wages for the landless, investment in labor-saving 
technologies can be used to free up women’s time for other activities, promoting 
greater gender equality and empowerment.

Among the proposals to make agriculture more sustainable is the organic movement 
(see Larsson, this volume). There are several areas, however, where organic production 
is not synonymous with sustainable production. In practice organic farming focuses 
farmers’ attention on restoring soil fertility better than traditional methods in develop-
ing countries, leading to a lessening of soil mining and improvements in crop produc-
tivity. This is not, however, a complete restoration. Gosling and Shepherd (2005) find 
that organic management has benefitted from previous investments in soil fertility on 
modern systems, drawing down phosphorous and potassium from the soil. By disal-
lowing chemical fertilizers it becomes more costly in time and land to properly fertilize 
crops and replace the nutrients used in farming. This can lead to—and in Gosling and 
Shepherd’s (2005) opinion has led to—soil mining. Any removal of nutrients from the 
soil that is not replaced—either naturally or by substitutable manmade capital—is, by 
definition, unsustainable. Hole, et al. (2005) show that organic production has been no 
better at preserving biodiversity than modern agriculture with targeted land set-asides. 
Though there is great political support for organic agriculture, it is not clear that sus-
tainability is enhanced by ideological approaches (Edwards-Jones and Howell 2001; 
Milestad and Darnhofer 2003).

The definitions of organic agriculture currently used by the United States and EU 
governments reflect ideology and politics. Sustainability, on the other hand, requires 
pragmatic approaches, which may well include technical change that protects the 
environment, reduces risks, and increases yields. There is no reason in principle that 
a sustainable approach cannot blend the best of practices to improve nutrient cycling, 
nitrogen fixing, soil regeneration, and protecting the natural predators of unwanted 
pests as developed by today’s organic farming. Sustainable approaches would likely 
incorporate nutrient additives that include both green fertilizer and limited inorganic 
fertilizers, limited and timely pesticide applications, and scientific plant breeding 
advances that are safe for human consumption and biodiversity (Dima and Odero 1997; 
Pretty and Hine 2001; Pinstrup-Andersen and Watson 2011; Newell-McGloughlin, this 
volume).



Climate Change and Agriculture   461

Expanding the Environmental  
Kuznets Curve

The most controversial of the links in the argument for synergies between desir-
able outcomes in environmental protection, agricultural improvements, and poverty 
reduction is from reduction of poverty to improved environmental outcomes. Early 
empirical evidence identified a decidedly nonlinear relationship between economic 
growth and a number of pollutants in the early 1990s (reviewed in Grossman and 
Krueger 1995). Graphing pollution or damage against income produced an inverted 
U-shaped curve: For poorer countries, economic growth appears to lead to increases 
in some forms of environmental damage. As growth continues, however, the damage 
begins to reverse itself so that increased income is associated with better environmen-
tal outcomes. Because of its similarity with Kuznets’ hypothesized relationship between 
inequality and income—in which inequality increases at lower levels of national income 
but improves with higher levels of income—this relationship has been called the 
Environmental Kuznets Curve (EKC).

The EKC generated considerable controversy. Even as this relationship was being 
introduced, Grossman and Krueger (1995) were quick to emphasize that this is not 
an automatic relationship. Although greener technology has a clear role to play and is 
connected with economic growth, they argue, policy changes are the more important 
factor. A number of other hypotheses will generate similar dynamics. It may be that 
environmental quality is a luxury good that people invest in through consumer and 
political advocacy, being willing to pay higher prices for goods and service delivered 
in eco-friendly ways, and accepting higher direct and indirect taxes to reduce environ-
mental externalities (Jaeger, 1998). Andreoni and Levinson (2001) demonstrate that 
the inverted U-shaped curve can be generated by increasing returns to abatement tech-
nology; that is, it is cheaper to abate one unit of pollution the more pollution there is. 
A hypothesis that the phenomenon is caused by exporting polluting industries to devel-
oping countries was discounted by Cole’s (2004) evidence. Yet another possibility is that 
people’s discount rates depend on their income and particularly chances of survival; the 
more likely it is that I will not live to see the future, the less concern I give for long-run 
concerns like environmental sustainability. Improvements in income lead to improve-
ments in survival and, therefore, lower discount rates.

Since the early work, numerous papers have tested the EKC. Some, such as Fodha 
and Zaghdoud (2010) in Tunisia, find support for the EKC in some pollutants but not 
others. Others support the EKC in some geographic areas but not others, such as Culas 
(2012) who finds an inverted U-shaped relationship between deforestation and growth 
in Latina America and Africa, but a U-shaped relationship in Asia. Most do not find 
a turning point for carbon dioxide (e.g., Fodha and Zaghdoud 2010, He and Richard 
2010). Webber and Allen (2010) conclude that the relationship between income and pol-
lution differs by pollutant and process. Consequently, this section of the chapter focuses 
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on soil degradation and deforestation among the poorest subpopulations within a coun-
try. Most of the existing literature on the EKC focuses on national average incomes 
rather than activities among the poorest citizens. Activities among the poorest are likely 
to differ from the population average because of marginalization from markets, lack of 
public safety nets that effectively reach them, and fewer chances to invest in human and 
physical capital. Although most research that focuses on national average incomes finds 
that higher incomes generate more deforestation, one study dealing with regions within 
Costa Rica found faster deforestation in lower income areas than higher from 1963 to 
2000 (Prates and Bacha 2012).

We have argued elsewhere that the poorest—predominantly subsistence farmers in 
rural areas of developing countries –seek to avoid downside risk rather than to maxi-
mize profit (Pinstrup-Andersen and Watson 2011). They are also more likely to face 
negative shocks with fewer coping mechanisms. Facing these constraints, the poorest 
will likely prioritize current survival over long-term environmental sustainability. They 
recognize that by removing more nutrients from the soil they are reducing their land’s 
future productivity, and that by clearing more marginal lands or harvesting unsustain-
ably many fish or trees, they similarly reduce their livelihoods options for the future. 
However, they view unsustainable natural resource management as sacrifices that are 
necessary in the present. Severe poverty can thereby cause environmental degradation. 
They may also face technical and market constraints because of their poverty, which 
prevents them from choosing more efficient and sustainable production processes.

The complementarities between climate change, agriculture, and poverty are, thus, 
likely to create environmental poverty traps:  farmers will be unwilling to borrow to 
invest in better technologies such as high-yielding seeds and proper fertilizer use 
because of the risk of being unable to pay the loan back; that risk increases as climate 
change reduces the certainty of rainfall coming in good time; the lack of investment in 
fertilizer reduces the productivity of the land, sinking farmers deeper into poverty and 
increasing their withdrawals from the soil nutrients. Reducing poverty would argu-
ably reduce such environmental degradation (Pinstrup-Andersen and Pandya-Lorch, 
1994; Nkonya et al., 2008). As discussed earlier, soil mining is endemic in marginal 
rural areas with unreliable rainfall patterns. Reductions in poverty and improvements 
in agricultural productivity would presumably enable farmers to invest more in fertil-
izers and thus reduce the necessity of withdrawals from the natural resource base. This 
dynamic would produce a sideways-S relationship between soil mining and income 
(Pinstrup-Andersen and Watson, 2011). Figure 18.1 depicts this relationship.

During Stage 1, technologies that are inefficient both from a production and envi-
ronmentalist perspective, poverty, and negative shocks from climate change or idio-
syncratic factors leave farmers few options other than degrading their natural resource 
base. In Stage 1 there are very strong synergies between poverty, agricultural production, 
and the environment. Policies, investments, or interventions that reduce poverty will 
enable farmers to purchase more fertilizer and avoid the necessity of harvesting more 
from the land than is sustainable. Safety nets that reassure farmers of their survival will 
similarly reduce the pressures on farmers and can produce multiple wins (Barrett 2008). 
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Investments in agricultural productivity, particularly investments that improve soil qual-
ity or require less water (e.g., crop rotation and mulching), will increase farmer incomes 
and reduce environmental pressures. Improving soil fertility, increasing forest cover, and 
improving access to other environmental goods will increasingly relax the constraints 
farmers face, increasing agricultural productivity and reduce poverty. The Nkonya et al 
(2008) meta-analysis and study in Uganda provides empirical evidence that this is not 
merely wishful theorizing, but an empirical reality. They conclude that modernizing 
African agriculture can produce these triple wins. Additional evidence suggests that pub-
lic goods such as education and social capital assets may also succeed in accomplishing 
multiple goals simultaneously (Granja e Barros, Mendonça, and Nogueira 2002).

The top line in Stages 2 and 3 follow the typical EKC stories. Greater market access 
reduces the costs of deforestation; increased incomes encourage farmers to overuse 
or misuse chemical inputs resulting in soil and water degradation. Eventually higher 
income levels reach the point that policy changes, consumer demand, or increasing 
returns to scale lead to reducing environmental impacts. However, there is no reason to 
expect that the current EKC in a country for a particular pollutant is fixed permanently. 
As technology processes improve in developed countries, better technologies become 
cheaper for developing countries to acquire, lowering the peak of the EKC (as in the 
middle line of Figure 18.1 labeled “Knowledge”). Increased international public goods 
and political pressure from developed countries may also succeed in lowering the peak 
or shifting it to the left. Lomborg (2001) demonstrates that these factors are already at 
play: environmental degradation is peaking out at a lower level in today’s developing 
countries than in developed countries’ past.

The trade-off between growth and the environment can be reduced by investment 
in agricultural productivity. There are numerous technocratic fixes that would produce 
considerable and consistent triple wins. Water quality can be improved and water use 
lowered by improving irrigation systems that reduce in-transit evaporation and leak-
age, installing sprinkler and drip systems, and introducing mulch to reduce on-farm 
evaporation (Bruns and Meinzen-Dick 2000; Knox, Meinzen-Dick, and Hazell 2002). 

Degradation

Stage 1 Stage 2

Knowledge

Full costing

Stage 3 Income

Figure  18.1 Hypothetical Relationships between Farmer Income and Soil Degradation
Source: Pinstrup-Andersen and Watson (2011)
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SRI, the System of Rice Intensification introduced in the 1980s, can reduce the water 
needs by over half while increasing production (Mishra and Salokhe 2011; see Uphoff, 
this volume). Organic production methods, such as integrated pest management and 
green manure, significantly reduce water run-off, potentially doubling land productiv-
ity and halving soil erosion (Wani et al. 2003). Nitrogen-fixing trees and other crops that 
lower chemical fertilizer demand and increase food production can be planted (Pretty 
and Hine 2001). Pesticide use can be lowered by push-pull pest control systems3 and 
integrated pest management, providing additional sources of income as well as lowering 
costs and increasing productivity (Cook, Khan, and Pickett 2007).

Biogas plants are an increasingly attractive option to reduce greenhouse gas emissions 
from livestock by harnessing energy from animal waste. Xu, Xiang, and Higano (2012) 
show that investing in biogas plants in Jiaxing, China, would significantly reduce the 
economic damage (measured in gross regional product) from tougher environmental 
regulations. The authors further argue that “it is impossible to achieve the dual targets 
of economic development and environment conservation when we don’t treat the pig 
farming waste properly” (p. 12). Without such investment, limiting water pollution lev-
els significantly lowers economic growth and stifles the region’s pig farms; with a biogas 
plant, even pig farming can grow while improving water quality. Other possible invest-
ments not considered by Xu, Xiang, and Higano (2012) include improved feed grains 
that reduce the ecological damage from animal waste (Chen, et al. 2008) and animals 
bred to emit fewer harmful chemicals (e.g., Forsberg, et al. 2003 and Yang, et al. 2008). 
Popp, Lotze-Campen, and Bodirsky’s (2010) model indicates that although improve-
ments in technology can reduce livestock’s production of methane, changing consumer 
diets can have a far larger impact on total methane production.

Full-Costing

Even improvements in technology and knowledge will likely be insufficient to com-
pletely remove the trade-off between growth and environmental outcomes in Stage 
2.  This is because the fundamental negative/positive externalities have not been 
addressed:  Firms that produce and consumers that purchase goods and services 
that damage or improve the environment affect other people who are not party to 
the transaction. This imbalance between “private costs” (what the firm and con-
sumer pay) and “social costs” (which include the costs to others) leads to overprovi-
sion of products that harm the environment. The other side of the same coin is that 
there are positive externalities in the production of environmental services, which 
benefit others who are not party to the transaction and those who bear the cost of 
producing them receive no benefit. This leads to the underprovision of environ-
mental services (Kumar and Managi 2009; Mankiw 2011). Degradation and lack 
of environmental services are liable to continue until social and private costs are 
aligned in some way.
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One of the primary solutions that economists have long proposed to this conundrum 
is to ensure that social costs and benefits are internalized into economic actors’ deci-
sion making. Equalizing social and private costs is generally referred to as the polluter 
pays principal (PPP). Doing the same for benefits is providing payments for environ-
mental services (PES). The distinction between PPP and PES is a small one, however, 
because governments could punish for not doing approved things (e.g., a fine for fail-
ing to set aside land for forestry) and reward for not doing disapproved actions (e.g., a 
payment for reducing deforestation) (see also Engel, Pagiola, and Wunder 2008). Game 
theory suggests in this regard that PPP will serve better to prevent an action and PES 
to incite action (Dixit and Skeath, 2004). We thus regard both principles as part of the 
same continuum, which we term full-costing. The usefulness of considering both can be 
seen in the case of the Green Revolution. Although it succeeded in protecting marginal 
lands, biodiversity, and forests, the subsidies for fertilizer use in Asia led to their overuse 
and misapplication. Overuse, in turn, harmed water resources, a harm that was never 
directly compensated. Full-costing policies would have encouraged further land pres-
ervation and either prevented the overuse of fertilizer or provided funds to repair the 
damages it created.

There are three primary classes of policy action put forward by economists to effect 
full costing: imposing Pigouvian taxes and subsidies, creating a market where limited 
permits to pollute are traded, and establishing Coasian property rights (see additional 
readings for more information). Each of these options encounters technical, practical, 
and political challenges in implementation. Even Pigou (1954), the father of the PPP, 
argued toward the end of his career that governments will rarely have the information 
necessary to identify the optimal level of tax (or subsidy) that would ensure perfect full-
costing. The practical challenges deal with implementation, assuming we knew the right 
target. As with Pigou, Coase (1991) likewise argued that the point of his theorem was 
to highlight how central the transaction costs are that prevent the mutually beneficial 
trades it envisions. Even if we know the right target and how to get there, obtaining 
political permission to do so may be a stumbling block.

On the other hand, understanding the weaknesses of each method can help pol-
icy analysts identify which will be most conducive to solving different problems. For 
instance, consider the shape of the relationship between human action and environ-
mental quality discussed earlier. To the extent that human activities impact the environ-
ment approximately linearly, fixed per-unit taxes/subsidies or cap and trade with a fixed 
price will be sufficient. If the price of environmental harm/benefit is fixed and impacts 
are nonlinear, however, any price will sometimes underincentivize and sometimes 
overincentivize adjustment inefficiently. In such a case, policies that reduce Coasian 
transaction costs in order to encourage private deals will be most beneficial. If there are 
significant threshold effects, such as the extinction of a species, cap and trade will be far 
more appropriate than a simple tax. Programs are more likely to be enacted in situations 
in which it is most favorable, both politically and environmentally, so it is likely that new 
programs will have smaller impacts ceteris paribus and a lower chance of being enacted 
than those currently in place.
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Without strong enforcement of international agreements, full-costing is unlikely 
to occur on a global scale. Lack of agreement at environmental conferences and lack 
of compliance when agreements are made severely limit what the current global gov-
ernance structures can accomplish. Cramton and Stoft (2012) propose one very note-
worthy solution: Have each country “vote” for the level of commitment it would like to 
establish universally, with the lowest vote becoming international law. They continue:

While accepting the least-strict commitment may sound weak, the result is the glob-
ally-optimal price for carbon. Voting succeeds because each country realizes that, 
if its vote is accepted, its vote will determine abatement in every country. So, unlike 
with global cap and trade, adopting a stronger policy does not just impose a national 
burden that mainly benefits others. Instead, adopting a stronger policy causes all 
others to abate more, which benefits the voting country. Hence voting for a collective 
commitment succeeds, where choosing individual commitments fails.

They also demonstrate how the Green Climate Fund (established in 2010 and with fund-
ing expected in late 2013) could further increase participation and make bids higher and 
more binding.

Even if full-costing is not adopted in entirety, it is still possible for national and local 
governments to move in a direction that is closer to full-costing without causing sig-
nificant harm to domestic industries. Current subsidies that lead to the overuse of water, 
fertilizer, and pesticides could be removed and replaced with environmentally neutral 
income support. Deforestation could be slowed or halted by appropriately penaliz-
ing overlogging or rewarding deforestation abatement. Decentralized PES schemes in 
which users pay for the services tend to be more efficient than when government pays, 
because the latter schemes are poorly targeted, often include other goals that lower 
environmental efficiency, and feature less enforcement of conditions (Wunder, Engel, 
and Pagiola, 2008). Water scarcity in southern Australia and the southwestern US led 
to experiments with limited trading of water entitlements since the 1980s. Between 5 
and 20 percent of the total water flow in each area was traded in 2007–08. Grafton et 
al. (2011) indicate that schemes are more successful where water rights are decoupled 
from land rights, water storage capacity is large and able to facilitate both upstream 
and downstream trade, and there is significant institutional support. Indeed, they cite 
institutional support and third-party concerns as the primary constraints in current 
systems. Porras (2013) argues that Costa Rica’s reforestation PES encouraged NGOs pro-
liferation around environmental issues, often creating additional PES schemes. Cassin, 
et al. (2011) catalogue a growing number of NGO-sponsored PES programs through-
out sub-Saharan Africa that are successfully reducing deforestation, improving soil and 
quality, and conserving biodiversity.

Alix-Garcia, et  al. (2009) give a detailed description of the political processes 
involved in Mexico’s forestry and hydrology PES, which give a cautionary tale about 
neglecting the political economy. The program was plagued from beginning to end by 
intra- and interdepartmental conflict. Its funding rules, terms, and goals were changed 
multiple times as it moved between organizations and met with resistance from other 
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government factions. After moving to another group, the program had to be sold to 
higher and higher levels of government in order to overcome obstacles from lower 
levels. Even after the National Congress approved it, conflict during the budgeting 
process cost the program more than one-third of potential revenues. The delays and 
changes severely hampered project efficiency and equity. Policymakers will have to be 
aware of and attempt to prevent leakages—for example, instances in which the regula-
tion protects one forest and the logging activity only moves to another forest (Wunder, 
Wertz-Kanounnikoff, and Ferraro 2010).

Putting these factors together, it is likely that perfect full-costing will not be an 
attainable reality in the near future. However, it is possible to take steps in that direc-
tion to bring private and social costs/benefits into greater alignment. Doing so will take 
advantage of the synergies between climate change, agriculture, and poverty and has 
the potential to increase system resiliency, improve market efficiency, and enhance food 
system sustainability. Regardless of what the final impacts of climate change are, these 
are investments worth making. The worse we believe climate change will be, the greater 
is the urgency to do them and the potential benefits to be derived from them.

Conclusions

Much of the literature on climate change, poverty, and the environment is quite depress-
ing for anyone hopeful about the human condition. Difficult trade-offs seem inevi-
table. In these choices among poor options, most research recognizes that the most 
deleterious impacts of climate change are expected to fall on the poorest, who are least 
well-equipped to adapt to it. There is, however, an alternative conceptual lens for looking 
at the intersections. This chapter has explored significant complementarities and syn-
ergies between agricultural production, climate change, and poverty. These synergies 
imply that multiple wins exist and that complementary investments will be increasingly 
necessary as the estimated impacts of climate change rise. This leads to the conclusion 
that ongoing investment in agriculture and poverty reduction are essential parts of 
efforts to mitigate and adapt to climate change, whereas policies to mitigate and adapt to 
climate change are themselves tools to improve food security and reduce poverty.

Food systems cannot be sustainable without proper natural-resource management. 
Agriculture has a significant role to play in preventing climate change and helping 
humans adapt to its impacts. Adaptations will inevitably involve some mix of individual 
learning and change, technological progress and the incentive structures produced by 
public policy. On the latter, this chapter examined as an example an expansion of the 
Environmental Kuznets Curve to explain the dynamics that produce soil mining and 
deforestation at very low-income levels when farmers make difficult choices in order to 
survive in the face of negative shocks.

Individual farmers and land managers operate in systems over which they individu-
ally have no control. It is cheaper and more effective for individuals and governments 
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to anticipate the impacts of climate change and prepare for them than to wait for the 
problems to develop and respond after the fact. Incentives that now produce perverse 
consequences will have to change if the multiple-wins that are theoretically available are 
to be achieved. Changing incentive structures is, in turn, largely a matter of government 
policy. We have demonstrated how a shift toward greater internalization of positive and 
negative externalities would alter behavior on the part of the most important actors. 
This change is called “full-costing.” Without shifts of the nature explored here, it is dif-
ficult to see how current obligations toward improving environmental standards can be 
met. Nor is it clear that without these changes agriculture can sustainably meet the food 
security needs of current and future generations.

Even though complete full costing at a global level may be out of reach for techni-
cal, practical, and political reasons, exploring the possibilities illustrates that numerous 
options exist to bring current policies and market prices closer to socially optimal values. 
Socially optimal values in turn are those that are consistent with reducing the impact of 
agriculture on the environment and climate change’s impact on agriculture and poverty. 
To the extent that full-costing generates additional revenues, the repairing of environ-
mental damage and constructing of new productive possibilities becomes more feasible. 
This is the meaning of sustainability: meeting the needs of today’s generations in ways 
that do not impair the ability of future generations to meet their needs. Full-costing is 
one way toward incentivizing significant structural and behavioral change in dynamic 
food systems, moving them closer to long-run sustainability.

Notes

 1. This paper owes a great debt to Per Pinstrup-Andersen who worked with me in the devel-
opment of the sideways-S curve concept for Pinstrup-Andrsen and Watson (2011). I grate-
fully acknowledge comments from Charles Reith and Ron Herring that improved the 
chapter, as well as the outstanding research assistance of Omorogbe Omorogiuwa.

 2. Noteworthy criticisms of the Stern Report include: Nordhaus, William (2007). “A Review 
of the Stern Review on the Economics of Climate Change. Journal of Economic Literature 
XLV, 686–702; Lomborg, Bjørn (November 2, 2006). “Stern Review, The Dodgy Numbers 
behind the Latest Warming Scare.” Wall Street Journal; and Varian, Hal. (December 14, 
2006). “Recalculating the Costs of Global Climate Change.” New York Times.

 3. Push-pull systems mix the main crop with two other plants, one designed to push pests 
away from the main crop and the other to pull the pests toward it instead of the main crop.

Additional Readings on Pigovian Taxes, Cap and Trade, 
and the Coase Theorem

Ackerman, Frank, Stephen J. DeCanio, Richard B. Howarth, and Kristen Sheeran. 2009. 
“Limitations of Integrated Assessment Models of Climate Change.” Climatic Change 
95:297–315.
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Chapter 19

Wild Fo ods

Jules  Pret t y and Zareen Pervez Bharucha

Introduction

Wild foods lie at the nexus between biodiversity conservation, food security, and pov-
erty alleviation. The evidence reviewed in this chapter shows that for agricultural com-
munities worldwide, and particularly those most vulnerable to hunger and poverty, wild 
biodiversity on and near farms provides a vital source of food security and income.

In parallel with the much-publicized global food crisis, the year 2010 marked the UN’s 
International Year of Biodiversity. Biodiversity contributes to food security via the thou-
sands of uncultivated, wild edible species that still form a part of the diets of roughly 
a billion people (Aberoumand 2009). It also contributes to poverty reduction through 
improvements to public health, income generation, and adaptive capacity. In this way, 
species conservation is linked with wider development goals (Emerton 2009).

The global discourse on food security is overwhelmingly concerned with increasing 
agricultural productivity. However, despite considerable progress over several decades, 
a large number of people remain undernourished. By recent estimates (Foresight 2011), 
the global undernourished population currently numbers about one billion. In addi-
tion, some two billion people are estimated to suffer from micronutrient malnutrition 
(Bouis and Welch 2010, Tulchinsky 2010). The nutritional status of children is a particu-
lar concern—those from the poorest households are twice as likely to be underweight 
as those from the richest, and rural children are more likely to be underweight than 
urban (UN 2013). Globally, 26 percent of children under five in the developing world are 
underweight (UN 2009). This is of special concern, since the effects of micronutrient 
deficiencies, particularly in early life, ultimately “foster persistent poverty, reinforcing 
the consequences of food insecurity” (Barrett 2010, 827). Globally, the provision of forti-
fied foods and nutrient supplements has been the foremost strategy for the alleviation 
of micronutrient malnutrition. Several nutritional analyses of wild foods have docu-
mented their current and potential role in providing valuable nutritional supplements 
to those who depend on them.
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Recent food and economic crises made matters substantially worse (FAO 2009; UN 
2009). Especially hard-hit have been countries of sub-Saharan Africa and East Asia 
(excluding China).

Of those who have inadequate access to food, many are primarily involved in the pro-
duction of food. It is partly for this reason that the literature on vulnerability, food secu-
rity, and ecosystem services has tended to emphasize the value of food production from 
agriculture (MEA 2005; Ericksen et al. 2009), and tends to neglect the contribution of 
wild foods. At the regional and national level, food balances (calculated from data on 
household-level food production and consumption) guide policies on food trade, the 
declaration of food crises, and food aid. Notably absent from such balances is the con-
tribution made by the on- and off-farm collection of wild foods for either consumption 
or sale. Yet, for some communities and social groups, wild products constitute a vital 
resource, especially during times of food shortage. It is clear from these studies and pre-
vious assessments (Scoones et al. 1992; Etkin 1994; Pretty 1995; Heywood 1999; MEA 
2005; Kuhnlein et al. 2009; Bharucha and Pretty 2010) that nonfarmed and apparently 
wild biodiversity deserves inclusion in food security assessments and policy.

Around one billion people use wild foods in their diets (Aberoumand 2009). Forests 
provide livelihoods and food for some 300 million people in the form of non-timber for-
est products (NTFPs). In general, food security and NTFPs are strongly interlinked in 
rural communities, especially for the most vulnerable groups (Belcher et al. 2005), even 
among agricultural communities (Vincetti et al. 2008). Urban communities also rely on 
wild foods. For instance, affluent urban households are willing to pay 43 to 157 percent 
more for bushmeat in Zambia and Mozambique (Barnett, 2000). In Rajasthan, India, 
wild foods benefit both urban and rural children (Rathore 2009). Titus et  al. (2009) 
explored the importance of wild game in Alaska, where 80 percent of the population is 
urban, and found urban households routinely consuming significant amounts of wild 
game. Jaarsveld et  al. (2005) cite estimates on the largely underreported role of wild 
foods in food and nutritional security across the southern African region. These range 
from 0.1 percent in South Africa to 8.5 percent in the Democratic Republic of the Congo. 
Ninety percent of all African off-take occurs through subsistence hunting and gathering.

The reliance on forest products for food or income is greatest for those most at risk of 
malnutrition and hunger, even among agricultural communities (Vincetti et al. 2008). 
In general, the rural poor are found to have a “disproportionately high” dependence 
on NTFPs under certain conditions (Belcher et al. 2005). Within the sixty-one cases of 
NTFP use examined by Belcher et al., “even commercial NTFP producers tend to be 
poor or very poor compared to national averages” (2005, 1443).

With the routine underestimation of the role of wild edible plants in diets comes the 
danger of not recognizing the importance of provisioning ecosystems and support-
ive local knowledge systems that sustain these food chains (Grivetti and Ogle, 2000; 
Mazhar et al. 2007; Pilgrim et al. 2007, 2008). A more comprehensive understanding of 
the combined use of cultivated and uncultivated species has led some to call for a revi-
sion of the current understandings of terms such as “agriculture,” “food security” and 
“common property resources” (Mazhar et al. 2007).
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The role and importance of wild foods requires the development of explicit linkages 
between policies for species conservation and food security. For communities depen-
dent on wild species, conservation policies result in trade-offs with food security. The 
combined success of conservation agendas and development policy requires that these 
trade-offs be confronted and minimized.

The Continuum between “Wild” and 
Domesticated Food

A key insight from the literature on wild foods is that there are no easy distinctions 
between farmed and nonfarmed species, nor between farmers, foragers, and hunter-
gatherers. Wild and cultivated species exist along a continuum, with varying levels of 
domestication and management, rather than as a simple dichotomy. Since “domestica-
tion grew out of food gathering, which almost imperceptibly led to cultivation,” many 
wild edible species can be considered to be “in various stages of domestication as a result 
of human selection, however slight” (Heywood 1999). Thus, wild food species exist along 
a continuum, with no management interventions on one extreme, progressing to vari-
ous degrees of transplanting, propagation and other management practices designed to 
support their use (Harris and Hillman 1989; Thomas and Van Damme 2010).

Similarly, the livelihoods of those who depend on wild foods might be more properly 
thought of as variants of cultivator-hunters or farmer-foragers, in recognition of the fact 
that foraging and farming can be viewed as “overlapping, interdependent, contempora-
neous, coequal and complementary” (Sponsel 1989, 37).

It was long supposed that cultures progressed, in distinct phases, from hunter-gatherer 
to agricultural to industrial. Each of these was viewed as superior to the one that pre-
ceded it. Beginning with Hobbes’s 1651 observation that the life of “natural man” was 
“solitary, poore, nasty, brutish and short,” cultural evolutionary views—distinguishing 
between “natural” and “civilized” peoples—persisted from the eighteenth to the late 
twentieth centuries (Meggers 1954; Lathrap, 1968).

However, evidence from across the world shows that communities are more com-
plex and varied. Some horticulturalists move, some hunter-gatherers are sedentary 
(Vickers 1989; Kelly 1995). Some groups maintain gardens for cultivated food as well 
as to attract antelopes, monkeys, and birds for hunting (Posey 1985). Many apparently 
hunter-gatherer and forager cultures farm; many agricultural communities use large 
numbers of nondomesticated resources. The Hohokam are well-known as sophis-
ticated canal irrigators and desert farmers of the American Southwest, yet they were 
hunters, gatherers, and foragers, too. Szuter and Bayham (1989) thus observed that the 
labels of hunter-gatherer and farmer are not valuable, as the two activities are in fact 
complementary. Hypotheses generated in the 1980s questioned the assumption that 
hunter-gatherers could ever subsist in tropical forest environments without access to 

 



478   Jules Pretty and Zareen Pervez Bharucha

domesticated food species (Headland 1987; Bailey et al. 1989). The “wild yam question” 
led to debate and assorted studies within ecological anthropology. Some of these have 
indicated that some tropical forest sites support hunter-gatherer communities without 
recourse to any cultivated food. In others, communities rely on both entirely “wild” as 
well as semidomesticated food species (Headland 2002).

With no easy distinctions between the cultivated and the wild, or between farmers 
and hunter-gatherers, it becomes clear that there is a huge variety of subsistence strate-
gies that vary spatially as well as over time (Kelly 1995). These strategies allow for the 
management of nonfarm landscapes in order to increase the productivity and stability 
of useful plants and animals.

The Management of Nonagricultural 
Environments

What is also clear is that farmers, hunters, gatherers, fishers, and foragers do not simply 
take resources from a compliant environment. They manage and amend resources in 
much the same way as is standard practice on a farm (Table 19.1). Foragers maintain 
resources by intentional sowing of wild seeds, irrigation of stands of grasses, burn-
ing to stimulate plant growth, selective culling of game animals and fish, replanting of 
portions of roots, enrichment planting of trees, and extraction of only parts of honey-
combs so sites are not deserted by bees (Steward 1938; Lawton et al. 1976; Woodburn 
1980; Kelly 1995).

Many cultures and groups directly manage trees on and off the farm. The forest 
islands of Amazonia were found by Posey (1985) to have emerged as a result of Kayapo 
directly planting-up mounds. In the lower Amazon, smallholder farmers enrich the 
forests with desirable fruit, timber, and medicinal trees, often broadcasting seeds when 
cutting timber (Brookfield and Padoch 2007). In dryland Kenya, Acacia tortilis tree 
recruitment occurs on the sites of abandoned pastoralist corrals that are high in organic 
matter and nutrients from the penned livestock. Acacia seedpods are a favored fodder, 
and some pass through the animals to then germinate in the next season. The result is 
circular woodlands of dense Acacia (Reid and Ellis 1995; Berkes 1999). In China there is 
widespread use of wild trees in integrated systems of land management, and wild plants 
and animals are gathered from a variety of microenvironments, such as dykes, woods, 
ponds, and irrigation ditches (Li 2001).

Farmers also widely transplant species from the wild. In northern Nigeria, they plant 
Hibiscus on field boundaries; in South Africa, wild fruit trees and edible herbs are grown 
on farms; and in northeastern Thailand, a quarter of all the 159 wild food species gathered 
from field boundaries, irrigation canals, swamps, and roadsides are transplanted and prop-
agated by rice farmers (Price 1997; High and Shackleton 2000; Harris and Mohammed 
2003). Home gardens are particularly important for many rural smallholders, and are 

 



Table 19.1 The management of nonagricultural ecosystems by farmers, 
hunter-gatherers and foragers

Practice Detail
Agricultural 
equivalent Examples

Harvesting and hunting Hunting of particular 
species or individuals, at 
particular times

Sparing young animals 
and fish

Rotational hunting and 
no-take zones

Closed fishing areas and 
closed season

Allowing portion of fish 
catch to escape

Taboos and rituals for 
certain people and 
animals

Nomination of stewards 
to regulate hunting

Crop harvesting
Livestock raising

Muttonbird (sooty 
shearwater) gathering by 
Māori

Aboriginal caretakers

Beaver bosses of Cree, 
rested hunting and 
trapping areas

Sparing lead caribou 
individuals (as have 
knowledge of migration 
routes)

Pacific island closed 
fishing areas and seasons

Planting Enrichment planting of 
fruit and medicinal trees 
in forests and home 
gardens

Scattering seeds and roots

Replacing portions of 
roots

Replanting of propagules

Selectively tended wild 
gardens

Agroforestry on- and 
off-farms

Planting of 
domesticated seeds

Tree, palm and bamboo 
enrichment by Amazonian 
cultures

Aboriginal wild gardens

Distribution and 
reproduction of mongongo 
nut trees by San

Transplanting willow for 
basketry by Shoshone

Raising animals Selective culling and 
sparing

Transplanting eggs and 
young

Feeding young animals

Raising domesticated 
animals

Managing wild pigs in 
Papua New Guinea

Nutrient additions Human and animal  
wastes near settlements

Mulching and charcoal as 
soil amendments

Feed for fish and wild pigs

Fertilizer, compost, 
animal manure

Pastoralist corrals in 
sub-Saharan Africa leading 
to Acacia woodlands

Wild pig management in 
Papua New Guinea

(Continued)
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notably diverse, sometimes containing more than two hundred useful species (Eyzaguirre 
and Linares 2004). In northeast Thailand, 88 percent of home gardens contain wild spe-
cies. Home gardens are often a refuge for wild species threatened by deforestation and 
urbanization, and in periods of drought when the wild relatives suffer, those surviving in 
the home gardens provide considerable additional value to farm households.

Practice Detail
Agricultural 
equivalent Examples

Pest management Protection by removal of 
weeds, pests, or  
predators

Pest management Management of oyster 
beds in UK

Habitat amendment and 
creation

Coppicing and thinning 
of trees to increase yields 
and biodiversity

Creation of ponds and 
fleets

Creation of maize and 
sorghum game cover

Clearing of forest glades

Creation of rock cairns to 
attract lizards

Creation of hunting 
gardens

Habitat amendment 
for agriculture

Swidden agriculturalists

Farmers creating ponds for 
fishing or wildfowling in UK

Farmers maintaining 
woodland and game cover 
for shooting

Water management Diversion of streams to 
irrigate wild strands of 
grasses

Channel diversion for fish 
trapping

Clearing of streambeds for 
fish spawning

Irrigation
Drainage

Irrigation by Hohokam in 
USA

Fire use Burning to increase 
grass yields to encourage 
game, reveal burrows 
and tracks

Broadcasting seeds of 
annuals and perennials 
after burning

Burning crop 
stubbles and straw

Clearing swiddens

Burning heather 
moors

Firestick farming by 
Australian Aborigines

Creation of parklands 
by Native Americans 
(Yosemite and Vancouver 
Island)

Burning of prairies by 
Blackfoot to improve 
grasses for wild herds

Sources: Bharucha and Pretty (2010); Kent (1989); Rosman and Rubel (1989); Kelly (1995); Bird Rose 
(1996); Balée (1998); Fowler and Turner (1999); Kehoe (1999); Pretty (2002, 2007); Harris and Mohammed 
(2003); Anderson and Nuttall (2004); Berkes (1999, 2009); Brookfield and Padoch (2007); Stephenson and 
Möller (2009); Heckenberger (2009)

Table 19.1 Continued



Wild Foods   481

Burning is a widespread management practice. Australian Aborigines call it “firestick 
farming,” and they used fire to make the “country happy,” to keep it “clean” (Bird Rose 
1996). Burning allowed people to walk without fear of snakes and the nuisance of grass 
seeds; it created new food for kangaroos and wallabies; and it made it easy to see animal 
tracks and burrows. The observation of smoke is still taken to be a sign that the country 
is healthy. Burning was also common in North America, helping to create the “park-
land” type environments of Yosemite and Vancouver Island, and it was used by plains 
groups to increase herd size on the prairies (Berkes 1999; Lee and Daly 1999).

To many cultures, the ideas of wild, wildlife, and wilderness remain problematic. The 
term wild is commonly used today to refer to ecosystems and situations where people 
have not interfered, yet we now know that people influence, interfere with, and manage 
most if not all ecosystems and their plants and animals. In Papua New Guinea, wild and 
domesticated pigs are central to many subsistence strategies (Rosman and Rubel 1989). 
Wild pigs are hunted and managed in various ways: boars and sows are brought together 
to breed, females are followed to their nests, litters and piglets removed for raising, and 
wild pigs are fed with sago and roots. Some groups raise extra gardens of sweet potatoes 
just for pigs. Forest-dwelling cassowaries are never bred, but their chicks are captured, 
tamed, and raised. Similar merging of the wild and raised occurs in reindeer (caribou) 
herding and hunting communities of Siberia (e.g.Anderson 1999).

What is common in all cases is that people pay close attention to what the land is telling 
them. Such knowledge and understanding is then encoded into norms, rules, institutions, 
and stories, and thus forms the basis for continued adaptive management over generations 
(Basso 1996; Pretty 2007; Berkes 2009). This knowledge is an important capital resource.

Many farmers continue to blur distinctions between cultivated and uncultivated 
foods (Mazhar et  al. 2007), reinforcing the lack of a simple dichotomy between 
agricultural and hunter-gatherer livelihoods, or wild and cultivated species. Food 
research and policy, in contrast, do not take account of these linkages. Yet wild food 
species are also actively managed. Farmers transplant species onto or near fields. In 
northeastern Thailand, a quarter of the 159 wild food species gathered are deliberately 
propagated (Price 1997; High and Shackleton 2000; Harris and Mohammed 2003). 
Smallholders’ home gardens are another example of wild food interactions—these are 
notably diverse, sometimes containing more than 200 useful species (Eyzaguirre and 
Linares 2004).

Farming communities have long benefited from a “hidden harvest,” using co-evolved 
species and other wild biodiversity in and around their farms to supplement their foods 
and earnings (Harris and Hillman 1989; Scoones et al. 1992; Heywood 1999; Grivetti 
and Ogle 2000). Many species are found within the fields themselves. The harvesting 
of wild species from paddy fields is an excellent example. In Thailand, farmers harvest 
wild herbs, insects, trees, and vines (Price 1997; Halwart 2008); in Bangladesh, 102 spe-
cies of greens and 69 of fish (Mazhar et al. 2007) are collected. In Svay Rieng, Cambodia, 
wild fish from in and around paddies contribute up to 70  percent of total protein 
intake as well as being a source of income. Their relevance as a buffer against hunger 
is considerable in this area, since rice yields here are amongst the lowest in Southeast 
Asia (Guttman 1999). Table 19.2 summarizes the range of species used by rice-based 
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agricultural communities in four Asian countries, with total use varying from 51 to 102 
species (overall mean, 83; plants, 17; animals, 66). Boxes 1 and 2 summaries the impor-
tance and use of wild foods in two particularly vulnerable agricultural systems: tropical 
swidden cultivation, and dryland agriculture.

Evidence suggests that wild food species are declining in many agricultural landscapes 
(MEA 2005). The spread of agriculture and the homogenization of agricultural landscapes 
increasingly limit the availability and use of wild foods of nutritional importance to agri-
cultural communities, but most of all to the landless poor and other vulnerable groups 
(Scoones et al. 1992; Pretty 2002). Their continued availability depends on the maintenance 
of synergies between farming and wild biodiversity (Pretty 2007; Royal Society 2009).

The Diversity of Wild Foods Used

Food security has come to depend on a small handful of widely cultivated species. 
Over 50 percent of the world’s daily requirement of proteins and calories comes from 
just 3 crops—wheat, maize, and rice (Jaenicke et al., 2006), and 12 species contribute 
to 80 percent of total dietary intake. Of 200,000 seed plant species, just 30 provide 
90 percent of the world’s food products (Hammer 2004), and only 150 crops are widely 
commercialized. Yet, ethnobotanical surveys of wild plants indicate that more than 
7,000 species have been used for human food at some stage in human history (Grivetti 
and Ogle 2000; MEA 2005) and at present, wild foods continue to provide great 
dietary diversity to those who rely on them. Some communities use 200 or more wild 
species for food (Kuhnlein et al., 2009); in India, 600 plant species are known to have 
food value (Rathore, 2009); DeFoliart (1992) records 1,000 species of insects used for 
food worldwide, with 600 of these in Africa; 80 have been reported in Thailand alone 
(Morris 2008). Wild edible fungi are important sources of food and income for some 

Table 19.2. The diversity of aquatic wild food species within rice agroecosystems 
in four Asian contexts (from Halwart 2008)

Cambodia China Laos Vietnam

Plants 13 20 20 15

Amphibians 2 3 10 3

Crustaceans 6 4 5 3

Fish 70 54 26 14

Molluscs 1 5 8 7

Reptiles 8 1 7 3

Insects 2 - 16 6

Total 102 87 92 51
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rural communities (Boa 2004). A total of 1,069 species of wild edible fungi are used as 
food worldwide (820 of them for food alone; 249 for food and medicine combined).

Edible non-timber forest products (NTFPs) are a particularly important food 
resource in tropical and subtropical regions (MEA 2005). Bushmeat and fish, for 
example, provide 20 percent of protein in at least sixty developing countries (Bennet 
and Robinson, 2000), and in rural areas there is a significant relationship between food 
security and the contribution of NTFPs to households.

Ethnobotanical surveys of even relatively small samples of respondents can yield sur-
prisingly high numbers of species used. In addition, researchers also note that wild species 
have diverse uses: 80 percent of 62 wild food plants consumed in Nepal have multiple uses 
(Shrestha and Dhillon 2006). Johns et al. (1996) found that the 44 edible species reported 
by the Batemi, a group of agro-pastoralists in Tanzania, are used variously as food (31 spe-
cies), as thirst quenchers (6 species), for chewing (7 species), as flavorants (2 species) and 
for the preparation of honey beer (1 species). A further 35 wild food and beverage plants 
are cultivated. In the Mekong Delta and central Vietnamese Highlands, several wild food 
species are also used as medicine and livestock feed—a fifth of them are used for all three 
purposes (Ogle et al., 2003). Within a group of five wild plants traditionally used by tribal 
communities in India’s Satpura hills, Jagtap et al. (2010) identify six different uses: medi-
cine for a variety of ailments, food, tonics, aphrodisiacs, fodder, and green manure.

Estimates of numbers of species used should be subject to two caveats. First, averages do 
not reflect differences in wild food use between social groups, between individuals of dif-
ferent ages, or seasonal differences in availability. Second, numerical estimates of diver-
sity do not fully capture the social and cultural value that such diversity entails. Jain (2000, 
459) states, “Faith, tradition, taboos and several such associations with forests and particular 
plant species have helped in conservation of plant diversity. The richness of plant diversity in 
any area is not evaluated merely by the number of species occurring there, but by the inten-
sity of associations and dependence of the indigenous communities on that plant wealth.”

We summarize evidence on the use of wild species in Tables 19.3 to 19.5. From 31 
studies in 20 countries of Asia and Africa (Tables 19.3 and 19.4), the mean use of wild 
foods (discounting country- or continent-wide aggregates) is 92 species per place and 
community group. Individual country estimates can reach 300–800 species (India, 

Table 19.3 The diversity of species of wild foods used in selected countries of Asia

Country Area characteristics Number of species References

Bangladesh Floodplain rice farming 
communities

171 Mazhar et al. 2007

Cambodia Rice field agroecosystem, 
lower Mekong basin

20 Shams et al. (n.d. )

Cambodia Rice field agroecosystem, 
Tonle Sap, Mekong basin

102 Balzer et al. 2002

(Continued)



Country Area characteristics Number of species References

China Rice field agroecosystem 
in Xishuangbanna, Yunan 
Province

92 Halwart 2008

India General countrywide 
estimate

600 Rathore 2009

India Tribal/nontribal; cultivation 
& livestock, deciduous 
forest

73 Kala 2009

India Tribal and nontribal, 
transhumance and rainfed 
agriculture, temperate 
forests

21 Misra et al. 2008

India Mornaula Reserve Forest in 
western Himalaya

114 Pant and Samant 2006

India Sikkim Himalaya 190 Sundriyal and Sundriyal 
2001

India Rainfed agricultural 
community of Deccan 
Plateau; 79 species of 
plants used, plus hunting of 
monitor lizards, wild pigs, 
rabbits and fish

79 Mazhar et al. 2007

Jordan Arid, countrywide estimate 56 Tukan et al. 1998

Lebanon Dry Mediterranean, rural 6 Jeambey et al. 2009

Mongolia Steppe, nomadic 
pastoralists

77 Huai and Pei 2000

Nepal Rural, forest dwelling 62 Shrestha and Dhillon 2006

Nepal Chepang community, 
shifting cultivation

85 Aryal et al. 2009

Palestinian Authority Rural agricultural 
communities (irrigated and 
rainfed) on West Bank

100 Ali-Shtayeh et al. 2008

Thailand Irrigated rice in NE and 
tropical/sub-tropical forest

159 Price 1997

Thailand Pwo Karen community; 
swidden cultivation in dry 
mixed deciduous forest

134 Delang 2006

Turkey Western and central 
Anatolia

121 Dogan et al. 2004

Vietnam Cultivation & livestock, 
Mekong Delta and Central 
Highlands

90 Ogle et al. 2003

* Only plant species listed.
Source: Bharucha and Pretty (2010)

Table 19.3 Continued



Table 19.4 The diversity of species of wild foods used in selected countries of 
Africa

Country /Region
Summarized area 
characteristics Number of species References

Africa Continent-wide estimate 
(insects only)

600 DeFoliart 1992

Africa Sub-Saharan Africa  
(insects only)

250 van Huis 2003

Africa Central and West Africa 
(plants only)

1500 Chege 1994

Botswana Tyua grow crops and use 
wild plants, animals, birds, 
fish and insects

171 Hitchcock 1999

Congo Mbuti Pygmies of 
forest: cultivators of 
cassava and plantain plus 
users of 230 animal and 
100 plant species

330 Ishikawa 1999

Ethiopia Subsistence agriculture, 
animal husbandry, 
semi-arid to humid

44 Fentahun and Hager 2009

Ethiopia Countrywide estimate 203 Asfaw and Tadesse 2001

Ethiopia Countrywide estimate 300 Asfaw 2009

Ethiopia Agricultural, arid, open 
woodland (50% of plants in 
region edible)

25 Becker 1983

Ethiopia Humid to semi-arid; forest 
to savannah, 3 ethnic 
groups in south Ethiopia

66 Balemie and Kebebew 
2006

Kenya Countrywide estimate for 
agricultural communities 
(plants only)

800 Maundu 1996

Kenya Turkana agro-pastoralists 
and rural fishing 
communities, arid and 
semi-arid

14 Levine and Crosskey 2006

Madagascar Forest-dwelling, swidden 
cultivation in tropical forest

150 Styger et al. 1999

Namibia Agriculture and livestock; 
tropical wetland, swamp 
and woodland in Caprivi

21 Mulonga 2003

Nigeria Agricultural, savanna, 
semi-arid

121 Harris and Mohammed, 
2003

Tanzania Agricultural, tropical forest, 
East Usambara mountains

28 Kessey, 1998

(Continued)



Country /Region
Summarized area 
characteristics Number of species References

Tanzania Agricultural, tropical  
forest, East Usambara 
mountains

46 Hårkönen and 
Vainio-Mattila 1998

Tanzania Batemi agropastoralists, 
semi-arid (with 35 wild 
species cultivated)

44 Johns et al. 1996

Uganda Agricultural households 
in SW Uganda (some wild 
species cultivated and 
gathered from the wild)

94 Musinguzi et al. 2006.

Zambia Countrywide estimate 15–25 Pegler and Pearce 1980

Source: Bharucha and Pretty (2010)

Table 19.5. The diversity of species of wild foods used by 12 indigenous 
communities (adapted from Kuhnlein et al. 2009)1

No.

Study area

Ecosystem Flora Fauna

Total 
species 
usedCultural Group Region

1 Awajan Peruvian Amazon Tropical 
forest

93 113 206

2 Bhil Gujarat, India Tropical forest 68 23 91

3 Dalit Andhra Pradesh, India Semi-arid 179 40 212

4 Karen Thungyai Naresuan 
National Wildlife 
Sanctuary, Thailand

Tropical; 
paddy 
cultivation

252 63 315

5 Mand 
(Pohnpei)

Pacific Ocean, 
Federated States of 
Micronesia

Tropical 67 162 229

6 Igbo Southern Nigeria Tropical 171 45 216

7 Ingano Colombian Amazon Tropical forest NA 2 92 (92 + NA)

8 Ainu Saru River Valley, 
Japan

Riverine 10 3 13

9 Maasai Kajiado District, 
Kenya

Semi-arid 33 21 54

10 Inuit Canadian Territory  
of Nunavut

Polar 15 64 79

11 Nuxalk Bella Coola, British 
Columbia

Polar 42 25 67

12 Tetlit Gwich’in Canadian Arctic Polar 15 35 50

1 Communities 1–7 are formally seen as farming communities.
2 NA = total cannot be accurately ascertained from original text as named traditional species are a mix 
of wild and cultivated.

Table 19.4 Continued
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Ethiopia, Kenya). Among indigenous communities (Table 19.5) the mean use of wild 
species is 120 per community, rising to 194 for those 7 communities formally desig-
nated as agricultural.

The Nutritional Value of Wild Foods

Malnutrition is a major health burden in developing countries, and the recognition that 
nutritional security and biodiversity are linked is fundamental for enlisting policy sup-
port to secure wild food use and preserve habitats for wild edible species, which make 
significant contributions to dietary diversity and nutritional security (Ogle et al. 2001; 
Smith and Longvah 2009). This might be especially important for some groups; for 
example, women are at high risk of micronutrient malnutrition in regions that depend 
on a small number of dietary staples (Arimond et al. 2010).

Understanding the micro- and macronutritional properties of wild foods currently 
lags behind that of cultivated species (Vincetti et al. 2008). Comprehensive food compo-
sition data and information on the bioavailability of nutrients for commonly used wild 
food species is a critical first step (Flyman and Afolayan 2006; Frison et al. 2006), and 
is of especial importance for communities most vulnerable to malnutrition (Misra et al. 
2008; Afolayan and Jimoh 2009). Also important is spreading awareness among farm-
ers and policymakers of the potential nutritional importance of “weeds.” For example, 
negative perceptions of plants as “weeds” could entail reduced consumption, as in the 
case of farmers’ perceptions of the nutritive Corchorus spp. in fields of Ethiopia (Benor 
et al. 2010).

Though the energy density of wild foods is generally low (with the exception of honey 
and high-fat organs or in-season fat deposits) (McMichael et  al. 2007; Samson and 
Pretty 2006), some wild species can still contribute significantly to total dietary energy 
in certain communities. Kuhnlein et al. (2009) find that it can range from 30–93 percent 
in twelve indigenous communities spread across the world.

In the Sahel, several edible desert plants are sources of essential fatty acids, iron, zinc, 
and calcium (Glew et al. 1997). In the arid Ferlo region of Senegal, some 50 percent of all 
plants have edible parts, and those that are commonly consumed are critical suppliers 
of vitamins A, B2, and C, especially during seasonal lean periods (Becker 1983). Lockett 
et al. (2000) found that among the plants used by the Fulani in Nigeria, those available 
during the dry season (and thus important for ensuring nutritional security during 
potential food shortages) were superior in energy and micronutrient content to those 
from the wet season.

For many indigenous communities, traditional wild foods outweigh mod-
ern store-bought items in terms of nutrient content. Their gradual replacement by 
store-bought produce causes discernable and significantly negative impacts on nutri-
tional security at household and community levels (Samson and Pretty 2006; Raschke 
and Cheema 2008).
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The Economic Value of Wild Foods

There is no comprehensive global estimate of the economic value of wild foods. 
Quantitative analyses face two methodological difficulties. First, case studies using 
different valuation methods and diverse scales are rarely comparable. Second, sales 
may be missed by conventional accounting mechanisms when it is informal, occur-
ring at local markets, or underreported because it is illegal (Jaarsveld et al., 2005). 
What is not in dispute is that trade in and use of wild foods provide an important 
supplement to general incomes and are especially critical during economic hardship.

Households reliant on the mangroves of the Bhitarkanika Conservation Area in 
India derive 14.5 percent of their total household income from resources extracted from 
the mangroves. Goods sold in the market (forestry products and fish) are estimated to 
have a market price of $107 per household per year (Hussain and Badola 2010). Among 
the Tsimane’ of Bolivia, only 3 percent of goods consumed in the household come from 
the market; a significant proportion comes from freshwater and forest (Reyes-García 
et al. 2008). In the Democratic Republic of the Congo, almost 90 percent of harvested 
bushmeat and fish is sold rather than consumed (de Merode et al. 2003).

Bharucha and Pretty (2010) summarize estimates of direct use values for wild foods in 
selected African countries. From the limited data available, it is clear that wild plants and 
animals can provide between $170 to $900 worth of value to rural households in South 
Africa and Tanzania. In Ghana, the bushmeat market is worth $275 million annually.

A central aspect of wild food use is its relative importance poorer households. 
The conventional understanding is that poorer households depend more on 
wild foods. However, detailed analyses do not show simple correlations between 
wealth and use of harvested resources (de Merode et  al. 2003; Allebone-Web 
2009; Kamanga et al. 2009). A range of context-specific social and economic fac-
tors (e.g., price, individual or cultural preference, and wealth) are also relevant. 
Consumption is also influenced by household wealth (Roe et al. 2002; de Merode 
2003; McSweeny 2003).

Drivers of Change in Wild Food 
Availability and Use

There are a number of important drivers for wild food availability and use. While some 
clearly increase or decrease the use of wild foods, the impact of others is ambiguous 
and context-dependent. The importance of understanding current trends for wild foods 
is underscored by the recognition that food insecurity is a particular problem among 
indigenous populations (Ford and Berrang-Ford 2009). For some of these communi-
ties, problems of species loss, hunger, and poverty overlap.
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Wild Foods in a Changing Climate

Forecasting the precise impacts of the changing climate on the availability of wild foods 
is difficult (MEA 2005; Woodruff et al. 2006). Studying resilience and vulnerability in 
two communities in Tanzania and Niger, Strauch et al. (2009) concluded that there was 
insufficient evidence to predict the impacts that climate change would have on both 
human foraging and the interlinked processes of local ecological knowledge transmis-
sion, cultural continuity, and land-based subsistence livelihood.

At a regional level, White et al.’s (2007) study of the effects of a changing climate on 
wild food supplies in the Arctic described multiple impacts as a result of hydrological 
changes. These stresses are compounded by rapid sociocultural change in the region 
(Samson and Pretty 2006; Loring and Gerlach 2009). Although wild food use is poten-
tially affected by these changes, wild species might also play a critical role in buffering 
against food stress caused by climate change. “The innate resilience of wild species to 
rapid climate change, which is often lacking in exotic species,” means that they could 
play an increasingly important role during periods of low agricultural productivity 
associated with climate events (Fentahun and Hager 2009, 208).

Land Use Change and Degradation

Current trends in land use, including expansion of intensive agriculture, limit the 
capacity of ecosystems to sustain food production and maintain the habitats of wild 
food species (Foley et  al. 2005). The commercialization of agriculture potentially 
implies decreased reliance on wild foods (Treweek et al. 2006). Agricultural and land 
use policy, infrastructure development, and widened access to markets all drive land use 
change, and are implicated in declines of wild species in Thailand (Padoch et al. 2007; 
Schmidt-Vogt 2001) and China (Xu et al. 2009).

Biodiversity in intensely managed swidden (shifting) fallows has traditionally 
provided communities with the means to increase incomes, improve diets, and 
increase labor productivity. Most of the wild food species utilized by swiddeners 
come from fallows, rather than mature forests. With the replacement of swidden 
farming by annual or perennial crops (Bruun et al. 2009), wild foods that accompa-
nied fallows are being lost, leading to decreased diversity, and with it downgraded 
nutritional status, health and income, and the removal of a vital “safety net” for the 
rural poor (Rerkasem et al. 2009). Somnasang et al. (1998) report that in twenty vil-
lages surveyed in Thailand, deforestation had led to a decline in wild food species. 
Efforts by the local community to stem this loss by domesticating important species 
were unsuccessful, since many species do not survive outside their natural forested 
habitat.
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Overall, the challenge of feeding a growing world population, if it does not focus on 
sustainable intensification (Royal Society 2009), will further threaten naturally biodi-
verse landscapes. These landscapes host species that are important for ensuring dietary 
diversity and associated nutritional security. This calls for a biodiversity-focused strat-
egy in food, public health, and poverty alleviation policies (Johns and Sthapit 2004).

Unsustainable Harvesting

Sixteen of the world’s biodiversity hotspots correspond with areas of malnutrition and 
hunger, placing pressure on biodiversity for food provision (Treweek et al. 2006). In 
these locations, unsustainable harvests have led to declines in wild food species.

The illegal use of and trade in bushmeat is well documented. In the long-term, over-
harvesting will have a negative impact on wild food availability, and thus on nutritional 
security for those communities who rely on bushmeat for protein. An important driver 
is the widespread availability of firearms (Jaarsveld et al. 2005). Nevertheless, despite the 
threat to wildlife, Cowlishaw et al. (2005) found some evidence of sustainable harvesting 
after the extinction (through historical hunting) of key species. After vulnerable species 
had been depleted, robust species (fast reproducers) were then harvested and traded at 
sustainable levels. Management policies might therefore benefit from according stricter 
protection to key species but allowing robust ones to continue being traded sustainably.

Where species have traditionally been harvested sustainably, the commercializa-
tion of species can result in overharvesting (Kala 2009). Brashares et al. (2004) found 
links between unsustainable harvesting of bushmeat and fish stocks in Africa: years of 
poor fish catches coincided with increased hunting over a thirty-year period. Policies 
to restrict unsustainable exploitation of landscapes have often sought to restrict local 
users. Yet those who dwell on the land depend vitally on access to the resources it pro-
vides. Restricting access may therefore have negative implications for food security 
and livelihoods, and can worsen income inequalities (Kamanga et al. 2009).

Deepening Poverty, HIV/AIDS  
and Conflict

In Africa, climate-induced vulnerabilities combined with HIV/AIDS have produced 
such significant declines in food security that they have spurred new thinking on the 
origins of famine (e.g., new variant famine (NVF) hypothesis; de Waal and Whiteside 
2003). A Hlanze et al. (2005) state, “increasingly it is becoming difficult to separate the 
food security impact of drought from that of HIV/AIDS. The two work in tandem to 
cause poor harvests and reduced incomes.” For households afflicted by HIV/AIDS, 
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wild foods offer nutritious dietary supplements at low labor and financial costs. This is 
important when considering the negative impact of a household’s HIV/AIDS status on 
income and food security (Kaschula 2008), together with the fact that deficiencies of 
micronutrients (in which many wild foods are rich) critical to immune-system function 
are “commonly observed in people living with HIV in all settings” (Piwoz and Bentley 
2005, 934). Food stress associated with HIV/AIDS can drive households to intensify 
wild food use, putting unsustainable pressure on local resources, especially when com-
bined with deepening poverty or indeed conflict (Dudley et al. 2002). In South Africa, 
Kaschula (2008) found that wild food use was significantly more likely in households 
afflicted by HIV.

However, use of wild foods could also decline due to HIV/AIDS. For example, at one 
site, it was found that “households suffering the loss of a head of household were actu-
ally less likely to gather from the bush” (Hunter et al. 2009, 29). Further relevant drivers 
include the loss of ecological knowledge as adults die (Ansell et al. 2009), declines in 
household labor (de Waal and Whiteside 2003; Kaschula 2008), and the stigma attached 
to HIV/AIDS (Kaschula 2008).

Armed conflict and associated internal displacement are associated with heavy sub-
sistence use of wild foods by refugees, combatants, and resident noncombatants, and 
with the sale or barter of wildlife for food (Loucks et al. 2009) or other goods. Conflict—
often positively correlated with areas of high biodiversity—is generally associated with 
landscape degradation (Loucks et al. 2009). It is conceivable that this could lead to a 
decline in the long-term use of wild food species. Climate change is also predicted to 
increase armed conflict in some developing countries (Buhaug et al. 2008).

Loss of Local Ecological  
Knowledge (LEK)

Local ecological knowledge is required for the identification, collection, and prepara-
tion of wild foods (Pilgrim et al. 2008). The distribution of LEK between individuals 
in a community is usually differentiated by gender, age, or social role. Several studies 
show women score higher on food-related knowledge (Price 1997; Somnasang 1998; 
Styger et al. 1999). In one Nepalese site, women above thirty-five years of age were able 
to describe the uses of 65 percent of all edible species, whereas young men could only 
describe 23 percent (Shrestha and Dhillon 2006). Somnasang et al. (1998) found that 
while men had more knowledge of hunting and fishing, women had more knowledge of 
wild food plants, insects, and shrimp. In Ethiopia, children gather fruit for consumption 
by the whole community, and unsurprisingly, those under thirty had the most knowl-
edge of wild fruits (Fentahun and Hager 2009).

Research has pointed to declines in LEK (Pilgrim et al. 2008) as communities rely 
increasingly on store-bought foods and move away from land-based livelihoods. 
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Somnasang et al. (1998) found that young people working outside the village did not 
have the chance, and in some cases the desire, to acquire food-relevant LEK. It is thus 
possible that as young adults leave land-based livelihoods, knowledge transmission 
to younger generations will be diminished. In Zambia, the intergenerational transfer 
of LEK related to wild foods and famine coping strategies is disrupted by HIV/AIDS 
(Mason et al. 2010), providing an example of how the drivers and impacts of changed 
wild food use interact. In other cases, individuals’ preferences change as they grow, 
and thus their stock of LEK changes, even if they remain within their community. In 
Ethiopia, Fentahun and Hager (2009, 215) found that “grown-ups succumb to the cul-
ture of the society which regards the consumption of wild fruits [commonly consumed 
by children] as a source of shame” (insert added). As climate change alters habitats, so 
knock-on effects are expected on LEK (Strauch et al. 2009).

Socioeconomic Change and the 
Expansion of Markets

The replacement of wild foods with store-bought products is linked to reduced dietary 
diversity, rising rates of chronic lifestyle-related conditions such as obesity and type II 
diabetes, poor intake of micronutrients (Batal and Hunter 2007; Hawkes et al. 2009) 
and malnutrition (Erikson et al. 2008). Food advertising and promotion are associated 
with the globalization and simplification of diets (Hawkes et al. 2009). As exotic spe-
cies and new processed products become available, traditional species are undervalued 
and underutilized, as has been found in India (Rathore 2009) and the Amazon (Byron 
2003). Yet the importance of wild foods to nutritional security means that they are not 
necessarily replaced by store-bought foods that provide the same amount of calories, 
and their replacement has been associated with concomitant rises in the incidence of 
diabetes and obesity (Hawkes et al. 2009). Global trends indicate that more people will, 
however, come to depend solely on store-bought, cultivated foods (Johns and Maundu 
2006), thus marginalizing wild foods. With the disappearance of traditional foods from 
diets comes the gradual loosening of people’s bonds with landscape, rituals, and ele-
ments of their culture.

In regions isolated from sweeping transformations, traditional food systems can per-
sist. Pieroni (1999) suggests that the geographical isolation of the upper Serchio valley in 
northwestern Tuscany has enabled popular knowledge of wild foods to be maintained. 
Here, over 120 wild species continue to provide food and medicine. Likewise, 123 edible 
species are still used in Spain (Tardío et al. 2003); and in many Mediterranean countries, 
wild foods are still prevalent enough to be considered an important part of local diets 
(Leonti et al. 2006).

In the Arctic, changing climatic and sociocultural conditions have resulted in the 
increased dependence on store-bought foods, with significant negative effects to 
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physical and mental health at the community level (Samson and Pretty 2006; Loring 
and Gerlach 2009). In the Canadian Artic, children now obtain more than 40 percent 
of their total energy from store-bought processed foods (“sweet” and “fat” foods). In 
adults, however, the benefits of continuing to consume traditional wild foods are clear, 
as “even a single portion of local animal or fish food resulted in increased (p < 0.05) lev-
els of energy, protein, vitamin D, vitamin E, riboflavin, vitamin B-6, iron, zinc, copper, 
magnesium, manganese, phosphorus, and potassium” (Kuhnlein and Receveur 2007, 
1110). Although wild foods have always played a critical role in circumpolar communi-
ties (Ford 2009a, 2009b; Ford et al. 2009; Titus et al. 2009), public health policy across 
many countries tends to operate within a model of food security that discounts the tra-
ditional food practices of these communities (Power, 2008).

Securing the Future for Wild Foods

The Millenium Ecosystem Assessment (MEA 2005) lists 250 mammalian, 262 avian, 
and 79 amphibian species as threatened from overexploitation for food. Mechanisms 
such as CITES regulate cross-border trade in wild species, but they require international 
cooperation. At national level, however, trade is generally poorly regulated and moni-
tored, and lack of sufficient data and inadequate management regimes pose challenges 
to sustainable harvesting (Schippman et al. 2006).

Policy support for wild foods contributes to both nutritional security and biodiversity 
conservation, and it is crucial for both. Lack of policy support has been implicated in 
the continued overharvesting of African bushmeat (Scholes and Biggs 2005). By con-
trast, support for agroforestry systems has potentially ensured sustainable harvests from 
indigenous tree species in areas otherwise prone to deforestation (Sileshi et al 2007).

Management of common forests has become successful with the emergence of 
joint forest management and community-managed forest groups (Molnar et  al. 
2007). Worldwide, some 370  million hectares (m ha) of various habitats are esti-
mated to be under community conservation, including 14 million hectares managed 
by 65,000 community groups in India and 900,000 hectares managed by 12,000 
groups in Nepal. A recent report by an ad-hoc working group for the UN’s conven-
tion on biological diversity referred to the fact that the FAO has “estimated that the 
total area of planted forest has increased from 209 million ha in 1990 to 271 million in 
2005, equivalent to 7 percent of the total forest area. Furthermore, “trees outside for-
ests” (e.g. open woodlands and agroforestry systems) also provide tree products and 
services that support the livelihoods of more than one billion smallholders” (Koskela 
et al. 2010, 2).

Such cases provide the basis for the inclusion of food security provisions within 
regimes aimed at conservation. Overall, a concern for preserving the habitats 
and land uses that yield wild food species could be of immense value to the effort 
to “reduce poverty while increasing food supplies and maintaining functional 
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ecosystems” (Herrero et al. 2010, 824). In Italy, Vitalini et al. (2009) linked the con-
tinued use of wild food and plants with a sites’ EU designation of “Site of Community 
Interest.” The preservation of habitats bodes well for species conservation, but there 
are also concerns that protected area status might exclude local people from access 
and use.

However, the clear importance of wild foods implies potential conflict with two 
streams of policy: the conservation of landscapes by restricting local use and habi-
tation, and the conversion of land to farmland to raise agricultural productivity. 
Kamanga et al. (2009) comment on the possible implications of both these initia-
tives in Malawi, where some 21 percent of land is designated as protected, and there-
fore unavailable for use by local people. On the other hand, there is a trend across 
Africa to raise agricultural productivity by converting landscapes to farmland, 
which implies a potentially significant loss of availability of wild foods and other 
provisioning services. There is, so far, a lack of proper evaluation on how these dif-
ferent policies interact to produce particular outcomes for the well-being of both 
landscapes and the people who depend upon them (but see, for example, McElwee 
2009 2010).

The extent to which habitats are converted to farmland and the intensification of 
cultivation have clear implications for the continued availability of wild food spe-
cies. Encouragingly, it is also increasingly recognized that while agricultural produc-
tivity will need to rise, “sustainable intensification” is needed (Royal Society 2009; 
Foresight, 2011). There is also recognition of the importance of smallholders to cur-
rent and future food security, especially for the world’s poor (Herrero et al 2010). 
The vulnerability of small crop-livestock systems and their centrality to food security 
means that more attention must be paid to the wild species that farmers in these sys-
tems are already using as staples, supplements, and famine foods. In environments 
where LEK is being lost, it is important that it be recorded. Local communities might 
themselves desire to preserve wild food species through, for example, the establish-
ment of community enterprises based on wild food resources, as in Nepal (Shrestha 
and Dhillon 2006), or through strengthening traditional community sanctions 
against overuse and enlisting the support of state law, as in northeastern Thailand 
(Price 1997).

Conclusions

Wild food species form a significant portion of the total food basket for households from 
agricultural, hunter, gatherer, and forager systems. However, the focus on the contribu-
tion of cultivated species to food security has resulted in the routine undervaluation of 
wild food species. The continued contribution of wild species to food and nutritional 
security is threatened by some of the very processes that seek to increase agricultural 
production and enhance economic development.
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Although wild foods cannot entirely bridge existing supply and demand gaps, without 
them these gaps would be much wider. Edible species provide more than just food and 
income. Important stakeholder groups depending on wild foods include some of the most 
vulnerable groups in terms of poverty and hunger: women, children, subsistence farmers, 
and those in areas prone to conflict, drought, and famine. In communities with a tradition 
of wild food use, it is part of a living link with the land, a keystone of culture (Pretty 2007; 
Pilgrim and Pretty 2010). The decline of traditional ways of life and decreased wild food 
use are interlinked. Recent initiatives to revitalize traditional foods aim to reverse both 
declines, and the are being used to provide health and cultural benefits to traditional com-
munities otherwise subject to the nutrition transition (Pilgrim et al. 2009).

Research needs are twofold: There is a need for (1) standardized, accessible, and com-
parable studies on the nutritional and toxicological properties of currently underutilized 
wild species on a broad scale; and (2) the identification of priority areas for conservation 
of wild food species and the recording of food-relevant local ecological knowledge.

While policies to conserve habitats and increase agricultural productivity can them-
selves act as drivers for decreased wild food use, the crucial need is for integrated poli-
cies that deliver conservation, food security, and sustainable intensification. The FAO 
recognizes that “nutrition and biodiversity converge to a common path leading to food 
security and sustainable development,” and that “wild species and intraspecies biodiver-
sity have key roles in global nutrition security” (FAO, 2009). Effective biodiversity con-
servation, too, depends on a recognition that wild species contribute to food security, 
are actively managed for food provision, and are therefore affected by policies (or lack 
thereof) to protect habitats and species.
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Introduction 

Spikes in world food prices since 2007–2008, combined with the global financial crisis 
generated deep concern, as well as social and political unrest, in both the Global South and 
in the North (Torero 2011). Anxiety concerning 2012 was significant in this context, and 
unlikely to go away. The World Bank’s Food Price Index, which tracks the price of interna-
tionally traded food commodities, estimated a 7% leap in global food prices in comparison 
to the previous year, consolidating the threat of increased hunger for the planet’s poorest 
(Wroughton 2012). Food prices hit international headlines again and again.

Food, climatic and economic turbulences have signalled the beginning of a seemingly 
irreversible trend of global instability, which will affect livelihoods of the weakest mem-
bers of many societies. The most affected by this turmoil are the 1.3 billion poor, living in 
fragile nations, developing economies, and in remote areas of Africa and Asia. Ensuring 
global food security is not only a political priority for the public sector, but above all the 
most basic human right.

The means to these universally endorsed ends, however, are subjects of considerable 
controversy. Despite the importance of livestock to mixed farming strategies of small-
holders and to pastoralists who are among the most vulnerable of the world’s poor, polit-
ical conflict and policy indifference threaten this vital sector. Pressing questions posed 
by politicians, stirred by the public concerns on food safety and animal welfare in the 
last 10 years challenge the raising of animals for human use. More recently, climate sci-
entists have demonstrated concern for livestock emissions as one of the major drivers of 
global warming. These political, ethical, and policy concerns are influencing and often 
limiting support to the global livestock sector by development agencies. The vocal con-
cerns of the overfed are silencing the feebler voices of the undernourished. We seek in 
this chapter to explain the role of livestock in supporting and supplementing agriculture 
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in sustaining nutritional security and sustainable development, while explaining the 
basis for trenchant critiques in current politics.

Livestock “agriculture”

Agriculture remains the primary source of food production. Mechanization of agricul-
ture and optimization of the production factors (labor, land, and capital) have been able 
to respond to the food demands of the burgeoning world population. Increases in grain 
and farm animal productivity have contributed to a net increase of global food availabil-
ity per person. According to the World Resources Institute’s data and the FAO (2006), the 
average food production per capita index 1961–2005 had been steadily rising worldwide, 
and, with the exception of Africa, food production growth had been greater than popula-
tion growth. Agriculture will continue to play this role for the foreseeable future and feed 
the increasing world population, which is expected to peak at 9.3 billion in 2050 (Evans 
2009). Yet, systemic turbulences have shown to increase barriers to access and distribu-
tion of food for the hundreds of millions of vulnerable households in the South and an 
increasing number of urban poor in the North, falling victims of recurrent national eco-
nomic crisis. Access to food of animal origin is undergoing changes, presenting different 
challenges in terms of agricultural development policies and practices. Projections based 
on the continuation of current policies and practices indicate that global demographic 
changes and income distribution over the next 50 years will lead to different patterns of 
food consumption and increased demand of livestock products. Most of this increase will 
take place in the middle-income countries: Brazil, Russia, India, and China, the so-called 
BRIC countries (World Bank 2008; Smith 2008; Dijkman 2013).

Through the millennia, livestock rearing and food of animal origin have played 
a crucial role in agriculture. Farm animals, despite their relevance for the survival of 
almost 2 billion people in the developing world, often miss a key position in the agri-
cultural development debate, whereas the contribution of livestock to global food 
security remains underestimated. Livestock as a sector is also often targeted in the 
climate-change debate, together with fossil fuel power plants. Although the latter enjoy 
government and industry support, farm animals are often scapegoated as a cause of the 
ecological collapse generated by dominant models of economic growth.

Livestock is an integral part of agriculture and a prominent source of food. Livestock 
contributes 40% of the global value of agricultural output and supports the livelihoods 
and food security of almost two billion people (Delgado 2008). Animal products pro-
vide one-third of human protein intake and are a critical component of a balanced diet. 
Mainly, liver, egg, and dairy products provide, on average, 61% of Vitamin A (USDA 
2008). In the 2000s, in an average Western diet, 63% of the total protein intake, and 27% 
of the calories come from animal based sources (meat, eggs, and animal fats) Looking 
back at the 1960s, there have been relatively small decreases of these values—3% and 8%, 
respectively.1
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Farm animals are part of the culture and world life of all rural societies and have 
co-evolved for the past 11,000 years (FAO 2007a, b; Smith 2013; Ficarelli 2009). Cows 
are a symbol of wealth and prosperity the world over. In India, since the ancient Vedic 
period (1500–900 BCE), the cow has been an important religious symbol in Hinduism, 
as the lamb is in Christianity (Patton, 2004).

Although pigs and poultry have been reared for their ability to provide a large array 
of products by scavenging around rural homesteads, cattle, sheep, and goats, transform 
inedible fibres of green grasses and standing hays of grasslands into milk and meat. 
Organic manures produced with their excreta maintain soil fertility, supplying, in a 
natural way, organic matter and nutrients to the soil. Buffaloes and oxen have been pro-
viding essential power for tilling soils and preparing land for crop production all along. 
Livestock agriCulture has a consistent share in achieving the Millennium Development 
Goals (Smith 2008; 2013). Livestock provides a vital, and often the only, source of income 
for the poorest and most marginal of the rural poor, such as pastoralists, sharecroppers, 
female-headed households, and the landless in rural and urban areas.

A Wealthy-driven Livestock 
Revolution

Thomas Malthus famously warned that the growth of human population would out-
strip its ability to produce food. The extraordinary increase of agricultural yields and 
efficiency of agricultural value chains (from field to fork) remains one of the greatest 
achievements of humankind, averting the Malthusian scenario (Martin 2006). This has 
been achieved primarily through technological innovations and off-farm inputs pro-
vided by agro-industry and publicly funded research, enabling food supply to match 
increasing demand.

Food consumption has risen, of course, but with significant differences across coun-
tries and food types. Average yearly growth rates for global animal products in the last 
25 years have been more than double those of cereals. Production of fruits and vegeta-
bles has grown more than cereals but not at the same pace as pork and poultry (6% and 
7% per year, respectively; Delgado 2008).

Global meat production has reached 302 million tons by the end of 2012, accord-
ing to new research published by the World Watch Institute. Between 1995 and 2012, 
per capita meat consumption has increased 15% especially in developing countries. 
Economic growth in developing countries led to increased consumption of 25% during 
the same period, whereas in industrialized countries it increased just 2%. Over the last 
decade (2000–2011), meat production grew nearly 26% in Asia, 28% in Africa, and 32% 
in South America. These changes reflect a dramatic shift in production from industrial-
ized to developing countries over the last decade. In 2000, for example, North America 
led the world in beef production, at 13 million tons, whereas South America produced 
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12 million tons, and Asia 10 million tons. By 2011, North America had lowered its beef 
output by 200,000 tons and was overtaken by both South America and Asia, which pro-
duced 15 million and 17 million tons, respectively.

Even though the disparity between meat consumption in developing and industrial-
ized countries is shrinking, differences remain large: the average person in a develop-
ing country ate 32.3 kg of meat in 2011, whereas in industrialized countries people ate 
78.9 kg on average. Pork was the world’s most popular meat in 2011. At 110 million tons, 
it accounted for 37% of both production and consumption. 50% of the total production 
occurred in China, 10% in the United States, and 5% Germany. Vietnam, the largest pro-
ducer in South East Asia and the sixth largest in the world, accounted for only 1% of the 
world pork market (Best, 2013). Pork was followed closely by poultry meat, with 101 mil-
lion tons produced. Yet, pork production decreased 0.8% from 2010, whereas poultry 
meat production rose 3%. About 40% of the poultry meat comes from the Asia-Pacific 
area (Watt 2010). The average daily 36 calorie rise in Western diets due to animal food 
sources has to be attributed to an increased consumption of poultry meat and not red 
meat, eggs, and butter, which have decreased or remained the same in the past 40 years.2 
Poultry is expected to become the most-produced meat in the next few years (Nierenberg 
& Reynolds 2012) and the most consumed the world over. World milk-consumption pat-
terns have been somewhat different in the same period. The developed world still had the 
largest share of the world consumption with EU-27 countries having the absolute high-
est milk volumes produced in 2012 (150 million tons of milk, from 22.7 million cows). 
(http://www.euromilk.org) High-income countries, thus, continue to consume dispro-
portionate amounts of milk, with very high yields, but milk consumption has doubled 
in developing countries, where consumption is also rising. India had the biggest relative 
production and consumption share (127 million tons produced in the year 2011–2012 
from 72 million cows and 54 million female buffaloes) (NDDB 2013).

Global egg production in 2012 was of almost 1.1 billion eggs. Since 1990, there has been 
a tenfold increase in egg production in developing countries. At the end of 2012 there were 
approximately 6.4 billion egg-laying hens in the world, each capable of producing up to 
300 eggs per year. People in industrial countries eat about twice as many eggs as people in 
developing countries, approximately 226 eggs per person per year. Egg consumption gen-
erally is either stable or falling in most countries. Notable exceptions are China, India, and 
Mexico, where the highest increase has been registered. China has the lion share in world 
egg consumption and production. In 2011 China alone produced nearly 36% of the world 
eggs—23.6 million tons—more than four times as many as the next largest producer, the 
United States and more than seven times the number in India, the third largest; FAO 2012).

The Price of the Plenty

The opportunities offered by the livestock revolution have not been equally distributed 
among agricultural producers. Only a small number of better-off farmers have seized 
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the economic advantages of a growing industry, driven by market forces and consumer 
demand. Large numbers of smallholder farmers, both in the developed and developing 
world have been left out from the food revolution (Catley 2008). Especially in develop-
ing countries, livestock production remains a small-scale, low input-low output produc-
tion system. The transition from agrarian to industrial society in developing and many 
emerging economies has been markedly uneven, with consequences for nutritional 
insecurity and health. The gap between rich and poor has assumed a new dimension. 
Because of the plenty, the global number of overweight people has surpassed the num-
ber of the undernourished. Global nutritional inequality is rising; the world—including 
poor nations—is increasingly faced with a double burden of malnutrition co-existing 
with obesity (FAO, 2012a). The industrialization of food production fills granaries and 
stomachs of the wealthy but leaves those of the poor empty (Sahn, this volume).

The livestock sector has undergone radical structural changes in the last 30 years, 
especially in developed nations. Animal rearing practices have been shaped by consum-
ers` demands not only for quantities but also affordability and quality, such as lean and 
safe meat. Intensive animal production has been divorced from its natural environment 
and concentrated in industrial animal farms, in order to increase land use efficiency, 
and leave space for expanding cities and crop fields. This is the industrialization of the 
livestock sector.

Some of the slighting of the sector in developing countries and development planning 
result from the inefficiency of the preindustrial ways of managing livestock. Production 
of animal products and draft power is a very inefficient process (Trivedi 2008). Given 
the attention increasingly being paid to a global food crisis, inefficient use of scarce agri-
cultural lands is harder to defend. Even if the average price at a United States super-
market of 1L of high quality pasteurized whole milk (0.62–0.75/pint) does not differ 
from the one of a 1kg of carrots (0.66–0.75/lb.) or yellow onions (0.75/lb.), there is a 
basic difference between vegetables and animals. Based on a purely input-output ratio, a 
field of cows produces fewer nutrients than a field of vegetables—or, more importantly, 
grain, such as that used to feed animals. Animal breeding offers partial answers. Like 
car manufacturers, animal breeding keeps making engines more efficient. But certain 
engines are more efficient than others. For instance, chickens are more efficient than 
pigs and pigs are more efficient than beef and dairy cattle. Animals farmed intensively 
are subject to the same efficiency limitations posed by the second law of thermodynam-
ics. Only part of the energy contained in feeds is converted into a useful produce, the 
rest is wasted as heat, much like an incandescent light bulb.

Biological inefficiency, market prices, consumers´ demand for lean meat, quality milk 
and safe food have forced animal keepers first in the North, and now increasingly in 
middle-income economies of countries such as Brazil, Russia, and China to: (1) inten-
sify production to benefit from economies of scale along the value chains, (2) concen-
trate animals in large units, to reduce land costs and space, and energy-using animal 
movements, and to improve disease control, (3) move close to urban centers to save on 
transport for input supply and marketing of the produce, (4) focus on a few highly effi-
cient breeds of animals to maximize the food conversion into meat, milk, and eggs. This 
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strategy has created an “animal-based” food industry that has little in common with 
traditional animal-rearing practices used in smallholder farming on mixed farms or by 
pastoralists grazing on grasslands in Africa and Asia. With the only exception of West 
Africa and North Africa, where grazing provides half of the meat produced in these 
regions, it is through industrial systems that animal food is produced in the rest of the 
world, driven by consumer demand and cost considerations (Smith 2008).

Livestock Rearing: the Pros and  
the Cons

Livestock industrialization creates an efficient sector, vertically integrated—from the 
breeding of dairy cows to the different milk packages and types found on the shelves. 
This is true for all farm animals, independently from their characteristics, including 
fish farming. This way of doing business with animal food is very successful, but it is 
more capital and technology intensive than modern precision farming. Despite increas-
ing pressure from civil society and dwindling farm gate prices in Europe, this model 
is spreading quickly to developing countries with silent or overt support of political 
powers who are under pressure to fast-track economic growth. Developing economies 
simply need more and safer animal-based food for their growing urban populations 
with growing buying power. They have to respond to the same efficiency and economic 
imperatives that have shaped the industry in developed countries. The annual urban 
growth rates of developing economies are expected to double the levels of the 2000s in 
the next 20 years (World Bank 2012). The animal business goes hand in hand with the 
supermarket and fast-food revolution, spreading rapidly in several parts of the world. 
The supermarkets and fast-food outlets bombard consumers with the most appetizing 
animal-based food products, with an extremely wide choice of brands, prices, and qual-
ity originating from global agribusinesses. Yet, it also clear that the underlying com-
mercial logic behind the industrial animal production and related food industry is not 
different from the one followed by the car industry, clogging cities’ traffic arteries.

The industrialization of animal production has other critical consequences. There 
are consequences of public interest in economic, social, and environmental dimensions 
of sustainability. A first consideration is the gradual transfer of ownership of animals 
from a large number of dispersed smallholders caring for and grazing their animals in 
pastures to a few companies driven by economic efficiency and quality standards along 
a chain that conforms to the food safety requirements of supermarkets. Rising market 
demand for animal products pushes for larger-scale operations for the production of 
beef, and bigger proportions of pork, poultry, milk, and eggs. For smallholders to stay 
involved with this fast-growing segment of the markets, they need to meet evolving food 
safety standards to establish credibility with market outlets. Present trends indicate that 
prospects for smallholder livestock producers may not be good. For example, Delgado 
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(2008) reports that in Brazil, the chilling and milking technologies required on farms in 
recent years to meet food-safety requirements have made the participation of producers 
with less than 100 litres of milk/day per day impossible. About 65% of pigs in China are 
still produced by small farms selling between 50 and 500 pigs annually (representing 
more than 90% of all existing pig farms). But environmental, health, and safety concerns 
have resulted in plans to have 65% of the pigs be raised in large-scale operations produc-
ing up to 50,000 pigs per year by 2015 (Baowen 2008). Similarly, nearly 60% of China’s 
egg production in 2005 was done on farms with not more than 500 layers. One could 
project that small producers of pigs and poultry in rural areas will become consumers in 
urban areas, keeping internal demand for pork high.

Despite these pressures, small-scale livestock producers are unlikely to disappear in 
the foreseeable future; but they face new challenges, as does the political system. Milk 
production in India offers an alternative model. The “white revolution” was orches-
trated by the public sector setup, the National Dairy Development Board (NDDB), in a 
large-scale scheme known as “Operation Flood.” This model has created, starting from 
the 1960s, a national milk-collection grid linking smallholders owning one to three 
heads of cattle fed on straws and crop residues throughout the country. This unique 
smallholder movement has been founded on the capillary establishment of village milk 
producers’ co-operatives. These grassroots dairy societies procure milk and provide 
inputs and services to 80 million members, of which 71% are women. Landless laborers 
and small farmers are able to derive a small income from the sale of a few litres of milk a 
day (FAO 2007a). In 2011–2012, the dairy unions affiliated with Amul, the iconic Gujarat 
Cooperative Milk Marketing Federation, procured an average of 970,000 litres of milk 
daily from nearly 320,000 producer-members. Assuming only three-fourths to be active 
suppliers, contribution would work out to just 4 litres of milk each. Even though subtle 
changes in system intensification are taking place because of labor and feed scarcity, the 
legacy of village-level cooperative societies will remain the bedrock of the Indian dairy 
industry for the foreseeable future (Damodaran 2012).

There is a political argument for the protection of small livestock producers as a dom-
inant part of the sector, even as contrary pressures mount. They clearly take better care 
of their animals and feed them with agricultural by-products with less food grains than 
large-scale feedlots. They pollute less and make more efficient use of natural resources. 
They make use of family labor and create job opportunities for the younger generations 
in rural areas. Yet, we often observe that only the top 10–15% of these small farms have 
enough resources and technical skills to get the necessary services and take the risks 
involved in intensification of animal production (Kitali et al. 2005). Perishable com-
modities such as milk and meat have fluctuating prices, exacerbated by the costly health 
and hygiene standards required.

Intensification and specialization of farming can integrate the relatively small number 
of “top smallholders” in market-driven value chains. This can be achieved through con-
tract farming with supermarkets or ad-hoc arrangements with the private sector, which 
already have process-based food safety and branding systems (IFAD 2004). The biggest 
ethical concern should be what to do to support the billions of dispersed and marginal 
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farmers growing hardly enough food to feed their families (Sachs 2005). This majority 
of “bottom smallholders” have a very fragile and dynamic resource endowment with 
little capacity to secure credit, access to subsidies and information to be able to pro-
duce the quality and quantity required by formal markets. What will remain of them 
and what their families will do around high-tech commercial farms, supplying, as effi-
ciently as possible, the growing rural towns and the ever-expanding mega-cities? South 
Africa has artificially fast-tracked urban and industrial development based on migrant 
labour from rural “black reserves.” Could this social buffer function be an example for 
the future of the small farms in the rural space of the other middle-income economies?

Other challenges threaten the future existence of small producers in other types of 
agro-ecologies. For example, we might consider areas where only extensive livestock 
production systems are possible, as in the vast grasslands of South America and Africa, 
the cold steppes and mountains of central Asia, the remote semidesert of the Sahel. 
These areas have low agricultural potential either because of environmental fragility 
or underexploitation because of their remoteness or socioeconomic marginalization 
because of politics (Kerven, 2003). Grazing animals in nomadic pastoral systems are 
well attuned with nature and adapted to difficult environmental conditions, such as the 
domesticated yak grazing thorny shrubs in the treeless highlands of Asia or the muturu 
West African dwarf shorthorn cattle in Nigeria tolerant of sleeping sickness (Blench 
1999).

The reality of the incredibly vast areas of low productivity and limited use poses 
other urgent questions. About 26% of global land area is grassland (Dijkman 2013). 
Rangelands in Africa, Asia, and Latin America represent the last reserves of land that 
are available on earth to expand agriculture for food production and terrestrial carbon 
sink (Tennigkeit & Wilkes 2008; Herrero & Thornton 2009). Large parts of these areas 
are suitable only for extensive livestock production for grazing animals, sheep, goats, 
and cattle, capable of making use of the fodder sources, in very harsh environments. 
Decisions made for the sustainable use of grazing commons will be critical for the future 
sustainable management of these vast land resources. Grasslands have a function in 
ensuring environmental services, food production, and livelihood opportunities for 
their nomadic populations (Mueller 2008).

Extensive animal production systems and pastoralism have great potential for pro-
ducing animal food, supporting local economies, and sustaining livelihoods in sensi-
tive and unique environments, where land is scarce or unproductive. However, radically 
changing political and economic frameworks in various countries (e.g., the former 
Soviet Union) have threatened livelihoods and herd mobility. Without support for 
appropriate pasture monitoring measures, investments in infrastructures or access to 
alternative forms of livelihoods, livestock keeping by pastoralists pressed by poverty and 
food insecurity has led to degradation of natural grazing resources and contributed to 
deforestation. Yet, this important food system has been largely ignored by mainstream 
development cooperation in the last 20 years (Tarawali 2012).

A second critical consequence of the industrialization of livestock produc-
tion has been loss of genetic biodiversity, similar to what has happened to crops. The 
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need of increasing efficiency in feed conversion of farm animals and poultry has led 
to highly specialized breeding companies providing commercial farmers with the 
best-performing stock. These animals are the result of complex breeding programs 
based on crossing different pure-line breeds, artificially created on the basis of the 
natural genetic pool of the many domesticated herbivores and birds. More than 7,000 
domestic breeds of animals and birds have been developed by farmers and pastoralists 
in diverse environments in the 8,000 years since the first livestock species were domes-
ticated. These breeds now represent the unique gene combinations and heritage for 
the future of humanity (FAO 2007a, b). All animal and crop genetic resources for food 
production are the result of human intervention: They have been consciously selected 
and improved by pastoralists and farmers since the origins of agriculture. They have 
co-evolved with economies, cultures, and societies, passed down from one generation 
to the next through knowledge networks and social learning. Loss of the unique features 
and genetic diversity of domestic animals are a factor of importance when considering 
how to ensure fair and equitable sharing of benefits deriving from them, and in tailoring 
future policy and regulatory measures.

Super Flues and Mad Cows

Similar to humans, farm animals are subject to diseases that are picked up from their 
fellows and/or their wild cousins (e.g., Foot and Mouth Disease) or from the physical 
environment (e.g., Anthrax, a soil-borne disease). Over 60% of human diseases have a 
biological reservoir in the wild. Normally, diseases are species-specific and rarely cross 
species barriers. Because of the long evolutionary association between people and ani-
mals, microorganisms and parasites have evolved to take advantage of this proximity to 
jump from one species to another. Such diseases that are transmitted between humans 
and animals are called zoonoses.

The complex interactions that take place between wild and domestic animals, 
parasites (external: ticks, mosquitoes, tsetse flies; internal: worms and protozoa), 
micro-organisms and humans cause a wide range of diseases that, through complex 
mechanisms of transmission, end up in domestic animals (e.g., the fearsome Rabies and 
the tricky Toxoplasmosis, a scare for all pregnant cat-loving women).

Zoonotic diseases sicken 2.4 billion people, kill many of them and affect 1 in 7 live-
stock each year. Transmissions between farm animals and humans are generally 
through direct contact or food. Leptospirosis is one of the greatest threats, followed by 
rabies. Cysticercosis is transmitted to humans through contaminated pork, Brucellosis 
through milk (Grace 2012). This special group of diseases is often controllable through 
simple hygienic and food-safety measures, or by vaccination of animals or people. Only 
in very special cases do airborne zoonosis, like SARS and Bird/Swine flus, due to random 
mutations of their genetic makeup, manage to cross the species line and spread among 
humans, independently from the presence of animals.
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Control of animal diseases, such as SARS in Asia and Foot and Mouth Disease (FMD) 
in UK has led to enormous economic losses (both on the order of $11.5 billion). The 
2003 outbreak of SARS infected about 8,000 people in China but cost Asian countries 
between $30–50 billion, mostly due to economic repercussions from widespread public 
fear of the disease. The true cost of HPAI is still being evaluated. One estimate suggests 
that a human influenza pandemic today would cost roughly $2 trillion (IFAH 2012). 
With the globalization of milk and meat production, the association of livestock with 
threats to human well-being take on an urgent quality. This requires a multisectoral, 
multistakeholder, and multidimensional approach.

The Meat and Heat Debate

Agriculture releases substantial amounts of greenhouse gas emissions into the bio-
sphere. Based on various reports, agriculture accounts, on average, for almost 40% of 
the global CO2 equivalence.3 Livestock has a relatively significant share in this: 65% of 
the total anthropogenic Nitrous Oxide (N2O); 64% of the total anthropogenic ammonia 
(NH3); 37% of the total anthropogenic methane (CH4); 9% of the total anthropogenic 
carbon dioxide (CO2). Roughly 17 billion domestic animals contribute 14–18% of the 
global greenhouse emission (Steinfeld 2006; Steinfield et al. 2008).

These emissions are all natural gases that have been part of the earth’s atmosphere for 
eons. Methane is released by all processes of fermentation in absence of oxygen dur-
ing the decomposition and digestion of natural fibers and unprocessed grains, carried 
out by bacteria. This happens in a variety of situations where anaerobic fermentation 
takes place. Methane is released in dumping sites, landfills, paddy rice cultivation, and 
in the digestive system of cows. When released as gas, methane remains in the atmo-
sphere for 9–15 years and traps heat 21 times as effectively as CO2. (Smith 2009) Nitrous 
oxide, which is formed mainly through the oxidation of ammonia and released by ani-
mal excreta, soil, and chemical fertilizers, is the most aggressive greenhouse gas. Nitrous 
oxide is 296 times as effective as CO2 at trapping heat and remains in the atmosphere on 
average for 114 years.

There are differences among livestock species in greenhouse gas emissions. In gen-
eral, red-meat production emits 2.5 times as much greenhouse gas as chicken produc-
tion, simply because cattle are less efficient than chickens and they grow slower. To 
produce a Kg of beef requires up to 13 kg of grain plus forage. To produce 1 Kg of pork 
we may need 5.9 kg of grain, compared to 2.3 kilograms of grain to make every kilo of 
chicken. In terms of carbon footprint, eating a steak is equivalent of driving a 4x4 for 30 
Km. It is claimed that the methane produced in a day by a dairy cow in large-scale farms 
could run a 2-liter engine for 1000 Km.4 Approximately 83% of greenhouse gases come 
from the actual milk and meat production, of which 37% is CO2, 26% N2O due to fertil-
izer and manure, and 20% methane released from the cow. The rest comes from process-
ing the food (MacKenzie 2008).
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Water is an important input for livestock production. Water makes up over 98% of 
all molecules in the body and is necessary for regulation of body temperature, growth, 
reproduction, lactation, digestion, lubrication of joints, eyesight, and as a cleansing 
agent. The problem is that farm animals “eat” almost 100 times more water than they 
drink, to grow and produce. Livestock consume 32% of the global freshwater (Herero 
2012). Most of the water is that used to produce animal feed, to grow grains and culti-
vated forages. To produce 1 Kg of grain, 96L of water is required, 2,000 liters, to grow 
1 kg of rice, and up to 3000L to produce 1 kg of irrigated forage.5 Although a majority 
of livestock feeding in developing countries depends upon crop residues and nonirri-
gated fodder, the preceding figures on water indicate significant dependence of livestock 
production on a scarce natural resource—water—especially in industrialized livestock 
rearing.

Lumping all livestock together in consideration of sustainability is a common but 
unproductive strategy. Constructive approaches to decreasing the environmental 
impact of intensive animal food production are obscured by a tendency of the pres-
ent debate to portray a largely undifferentiated picture with an industrial production 
system bias. This perspective simplifies and misrepresents an extremely complex real-
ity (see Watson, this volume). That reality ranges from highly sophisticated industry, to 
women milking and weaving the hairs of Yaks in the Himalaya, to landless women in 
Bangladesh, who, through microcredit, buy a goat to escape poverty. These differences 
matter. These are differences at the core of the mission of development co-operation, 
aimed at reducing hunger and defending the rights of the weakest and the most 
vulnerable.

Climate Change and the Livestock 
Catch 22

At its very simplest, the carbon story might be summarized in three short words: use 
less fuel. The matching nitrogen challenge is also clear: eat less meat. This is, in short, 
the message launched in September 2008 to already concerned politicians by a Nobel 
Prize-winning think tank, the UN´s Intergovernmental Panel on Climate Change 
(IPCC).

This message apparently makes a lot of common sense. One recent study suggested 
that the average U.S. household’s annual carbon food-print is 8.1 tons of equivalent CO2. 
Half of this CO2, 4.4 tons of CO2 equivalence,6 comes from what and how we eat. Red 
meat and dairy products are the most emission-intensive foods. Animal protein con-
stitutes already one-third of the total protein intake. Americans consume 3 times more 
animal protein than needed; other rich countries have a similar profile. The increase of 
meat consumption foreseen in BRIC countries (Brazil, Russia, India, China) is a grow-
ing global threat to the climate. A sure-fire way of reducing CO2 equivalence of our diet 
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is to go vegetarian. After all, eliminating meat from our diets will also make us live lon-
ger. Overconsumption of animal protein and fats is one of the causes of obesity, which is 
known to be linked to chronic cardiovascular diseases (Smith 2009; Trivedi 2008).

Given the grave risks involved in climate change, policy questions for livestock 
become quite complex. Might either the feed or the animals be bred to be more 
climate-compliant? More radically, might animal-protein needs of humans be met with-
out animals? Some research institutions led by the Netherlands suggest the production 
of in-vitro meat as the solution to animal natural digestive process. Meat would be culti-
vated from muscle stem cells from cows, pigs, and sheep. The cells are attached to either 
small edible spheres or a 3D scaffold and then cultured in a liquid nutrient broth until 
the clusters of muscle cells are large enough to harvest. The first “tube meat” to hit the 
market is likely to be burgers, sausages, chicken nuggets and other minced-meat prod-
ucts. In Europe, unsubsidized chicken costs around $2,400 a ton, whereas beef costs 
just over $4,700. Large-scale in-vitro meat production could be implemented now for 
around $4,500 a ton (Olsson 2008).

The organic label has become more globally popular, driven by consumer demand, 
social movements, and government policy decisions (Larsson, this volume). Organic 
has come to mean environmentally friendly and is considered by many people a way of 
lowering diet’s carbon footprint. This is not necessarily true. Although organic grains in 
general have a much smaller carbon footprint, organic meat is not always a greener and 
a lower-carbon label. Organic milk, eggs, and meat are less environmentally friendly 
than commonly perceived by the public. Organic poultry, for example, requires 10% 
more energy than battery-farmed poultry; as the latter are raised in facilities where they 
can barely move, so more of their food energy is converted into protein (Trivedi 2008). 
Grazing cows may look happier from a human perspective, but a larger number of them 
are required to produce the same amount of food. Grain-fed dairy cows produce less 
CO2 and methane than grass fed cow (Dijkman 2013). Wealthy consumers love their 
grass-fed beef, but there is an environmental cost.

Within this general pattern, significant qualifications are necessary. Regional differ-
ences in farming practices can make a big impact on the final CO2 equivalence figures. 
Simply changing an animal’s feed or feed practice can have a huge impact on its CO2 
equivalance footprint. Impacts cannot be generalized for different production systems; 
there are trade-offs. Even though intensive production is more efficient and has lower 
emissions, beef produced by a subsidized German farmer has a different dimension 
from beef produced by an Ethiopian Borana pastoralist, in terms of resource utilization 
and food systems. Similarly, the message of eating less meat has a different meaning for 
an average American than for the average Chinese. The portion of animal products in 
the diet of an average American is 39% (27% meat and 12% dairy products) versus a 19% 
of a Chinese (12% meat, 7% milk).

A positive aspect of the present debate over livestock is that it makes its paradox clear. 
Now, at the beginning of the twenty-first century, livestock is considered more as a threat 
than as a resource for furthering the global agenda for sustainable development that alle-
viates the worst consequences of poverty. The debate over livestock is well described as 
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a classic catch-22 situation—a circular paradox that is difficult to solve. No matter how 
one thinks about developmental paths for livestock, there are always undesired results 
that can be foreseen. Development cooperation on a global scale is one means to address 
this dilemma, but livestock carries a number of political negatives. Some are concerned 
for the ethical treatment of animals: rearing them only for slaughter seems indefensible 
to many. Public concerns on food safety, animal welfare, and climate-changing emis-
sions work against prioritizing research and development in the livestock sector. And 
yet, from the point of view of the most marginal and vulnerable, such concerns sound 
elitist and uninformed. The other side of the story concerns the welfare of some two bil-
lion people depending on livestock for livelihoods.

Message in the Bottle: Does Livestock 
Matter More?

The debate around “feeding the world” is a sensitive and sometimes emotional one; it 
is hard to make a credible argument that hunger is acceptable and inevitable (Korthals, 
this volume).

Paraphrasing the powerful image in James Martin’s 2006 book, humankind at the 
beginning of the twenty-first century has now entered into a deep river canyon heading 
downstream on turbulent waters in multiple rafts toward a narrow bottleneck around 
2050, before reaching calmer waters at the end of the century. The bigger the turbulences 
close to the narrow point of passage, the higher the risk is that the weakest rafters will 
not make it through. The way humanity will go through depends on decisions made 
today.

The objective of policy makers in development cooperation is to make the passage 
as smooth as possible and limit human and natural losses to a minimum. Finding suit-
able answers to deal with the livestock dilemma is a priority for this century. The goal is 
to ensure diverse food systems at global level with a two-pronged approach. The first is 
to support the transformation process of the almost two billion pastoralists and small-
holder animal keepers to assure right to food and food-systems diversity (Pimbert 
2008). The second is to continue to match supply with the demand of a growing urban-
ized, globally interlinked world population through intensive animal production, while 
ensuring minimum environmental damage and animal welfare.

Framing this more complex vision, however, confronts political challenges. Livestock 
is, in many discourses, becoming the stalking horse of the food crisis. The good and the 
bad of livestock are used ideologically, but not always factually or with nuance. There is 
an urgent need to have a nonideological, more informed, equitable, differentiated dis-
cussion about management of animal resources between North, East, and South. Farm 
animals can be seen both as a burden threatening the future of humanity or as an asset 
for helping ferry it toward a better future. As summarized in Table 20.1, livestock has, at 
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the same time, a negative ecological footprint when farmed intensively, but a positive 
developmental footprint for alleviating hunger and poverty, when farmed in a greener 
way by the planet’s poorest. It has not only an economic value of at least $1.4 trillion; it 
may be an invaluable resource for humanity to cope with the uncertainties of the climate 
change impact on global food security (Herrero 2012, Ficarelli 2009). We need to move 
to a new narrative for livestock (Dijkman 2013).

Popular food-systems thinker and writer Michael Pollan was asked what he would 
do if he could change just one thing about America’s industrial food production. “I’d 
put animals back onto America’s farms,” he answered. The age-old practice of raising 
farm animals and growing crops together, he said, generates so many benefits, and on so 
many levels, that this to him was the single most important missing piece in transform-
ing America’s unhealthy and unsustainable industrialized food system into a healthy 
and sustainable (and less-industrialized) one (Pollan 2006).

This injunction is not without its critics in the world that Pollan imagines as our past 
heritage. The antilivestock arguments being made in reference to the world’s poorest 
countries tend to focus on a different set of environmental concerns, citing rangeland 
degradation, and even widespread desertification, as evidence of the damage caused by 
growing pastoral and agropastoral communities keeping more cattle, sheep, and goats 
than their marginal lands can support; UNFAO labeled these concerns Livestock’s Long 
Shadow. At the same time, environmental and other groups, fearing that livestock pro-
ducers in China, India, Brazil, and other fast-developing countries are adopting the same 
industrial practices now under attack in rich countries, with the same predictable dam-
age occurring to environmental, medical, and animal well-being in these emerging econ-
omies, are arguing for policies and regulations that keep livestock production systems in 
the emerging economies from going the way of factory farms in the industrialized world.

The two paths are not necessarily contradictory; we as a species live in radically dif-
ferent political economies. Whereas livestock began to disappear from farms in the 
world’s industrialized countries starting in the 1960s, to be raised on ranches and feed-
lots and large-scale batteries and piggeries, livestock is still raised on hundreds of mil-
lions of farms throughout the developing world. One of the most important things donor 
agencies and policymakers could do to help Third World countries develop and sustain 
their agriculturally based economies is to support explicitly these ubiquitous “mixed” 

Table 20.1 Reviewing the pros and cons of Livestock sector

Livestock “the burden” Livestock “the answer”

Use 33% of cropland for feed production Support 2 billion people (600 million poor)

Emit 18% of the global greenhouse gases Contribute 20–40% to agricultural GDP

Consume 32% of the global freshwater Contribute 33% of world protein consumption

Eat 40% of the global grain production Provide 17% of world calories (8% in Africa)

Source: Authors
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crop-and-livestock farming systems (on sustainable intensification, see Nelson and Coe, 
this volume).

Concluding Thoughts

Livestock livelihoods, a mainstay of small-scale farming in poor and developing coun-
tries, have become highly politicized in recent years. One result is a notable lack of focus 
on coherent solutions to knotty dilemmas.

With livestock foods offering high-quality nourishment and income opportunities 
for the poor, and with demand for livestock products skyrocketing in the developing 
world (levels of production are expected to double over the next 20 years, offering new 
pathways out of poverty for up to 1 billion people), and with livestock issues located 
at the intersection of much aid, development, environmental, and globalization issues 
in poor countries, one might expect high levels of funding, research, and development 
work on livestock-associated issues. That is not the case; livestock remain marginalized 
in terms of funding, research, and development work alike.

One observes a low policy and planning profile of agriculture overall and livestock 
in particular. As an implication, livestock production and marketing were not included 
in most developing-country poverty-reduction strategies and had to be added later 
to the Comprehensive African Agriculture Development Plan (CAADP) of the New 
Partnership for Africa’s Development (NEPAD). A higher profile of bread and rice for 
the urban poor relative to livestock benefits for the rural poor reflects in part a weaker 
evidence base for the latter. Weak evidence links to weak advocacy.

It is also true that the ways forward lack not only consensus and clarity, but also 
feasibility. Developing countries are dominated by smallholder systems, especially in 
sub-Saharan Africa and South and Southeast Asia. This structural fact creates special 
policy challenges. First, parameters for measuring success and corresponding policy 
mechanisms are more complex (income, assets, productivity). Second, large numbers 
of smallholders are harder to organize and transaction costs for input supply, market-
ing and other activities are much higher. These factors have made investments in small-
holder livestock improvement (as for some crops) more challenging; outcomes have 
worked well in only for a few systems (particularly dairy) in which smallholders are 
more competitive and easier to organize.

We end with the following thought: Livestock matters, and matters even more. It 
does matter to the large number of people who continue to remain dependent on ani-
mals for their livelihood and food, but it also matters to those who have the luxury of 
other options. When we look at livestock production through an environmental lens, 
we see threat, but one that may have solutions manageable with better science and pol-
icy, including better management of implications such as zoonotic diseases and threats 
to climate. And when we look through the livelihood lens, we recognize that ethical 
issues are seldom black and white. Whereas it may well be unethical to treat animals 
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as commodities for slaughter, it is also unethical to deprive farming systems and their 
inhabitants of subsistence opportunities. We may end up with a stratified ethical con-
clusion: an ethic for the rich, who can afford better treatment of and reduction in con-
sumption of animal protein, and an ethic for the poor, who have radically fewer and 
worse options.

Notes

 1. Calculated from FAO food balance sheets: http://www.fao.org/economic/ess/ess-fs/fbs/en/
 2. Calculations based on FAO food balance sheets: http://www.fao.org/economic/ess/ess-fs/

fbs/en/
 3. Equivalent CO2 emissions, a measure that incorporates any other greenhouse gases pro-

duced alongside the CO) taking into account land use change (important) and fossil fuel 
use (less important).

 4. Methane is produced in the guts of ruminant livestock because of methanogen bacteria 
and protozoa. The composition of the animal feed is a crucial factor in controlling the 
amounts of methane produced, but a sheep can produce about 30 liters of methane each 
day and a dairy cow up to 200.

 5. Existing estimates of water used to produce forages vary from 01. to 03 Kg of forage per m3. 
of water. There is still a need to systematic evaluating water productivity of exiting forage 
and an animal feed.

 6. Our diets account for up to twice as many greenhouse emissions as driving a vehicle con-
suming 9 liters per 100 kilometers for 19,000 km—a typical year’s mileage.
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Chapter 21

The So cial Vision of 
the Alternative Fo od 

Movement

Siddhartha Shome

Introduction

The alternative food movement is much more than just about food. It claims to pro-
mote a more sustainable, more environmentally friendly and more just socio-economic 
order. It is thus as much about politics as it is about food. As author Michael Pollan 
(2006) is fond of saying, eating is “a political act.” The political acts that are promoted 
by the alternative food movement are inspired by a certain social vision and a certain 
ideology, as indeed all political acts are. This chapter seeks to explore and question the 
social vision and the ideological outlook that shape the metanarrative of the alternative 
food movement and define its value system. This exploration begins with a discussion of 
some ideas and thoughts of Wendell Berry, one of the chief architects of the alternative 
food movement’s vision of American pastoralism. This is followed by a discussion of 
some of the views associated with Vandana Shiva, a prominent figure in the alternative 
food movement’s vision of farmers and peasants in non-Western societies. This explora-
tion then proceeds to a brief discussion of alternative food movement’s environmental 
vision and contrasts this vision with that of two prominent American environmental-
ists. Finally, this exploration moves on to India, where the underlying ideology that 
shapes the alternative food movement has long found expression in the broader political 
discourse. The ideas of two prominent Indian leaders—one an exponent of this ideology 
and one who critiqued it—are presented.
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Wendell Berry’s Agrarian Ideal

A writer of rare genius, Wendell Berry (b. 1934) is not just a representative of the alter-
native food movement; he is also one of its founders. For more than forty years, Berry’s 
ideas and have informed, influenced, and inspired this movement. In the introduction 
to Bringing It to the Table, a collection of Berry’s essays, the author Michael Pollan, him-
self one of the stars of the alternative food movement, states,

Americans today are having a national conversation about food and agriculture 
that it would have been impossible to imagine even a few short years ago. To many 
Americans it must sound like a brand-new conversation . . . But to read the essays in 
this anthology, many of them dating back to the 1970s and 1980s, is to realize just 
how little of what we are saying and hearing today Wendell Berry hasn’t already said, 
bracingly, before.

And in that “we” I most definitely, and somewhat abashedly, include myself. I chal-
lenge you to find an idea or insight in my own recent writings on food and farming 
that isn’t prefigured (to put it charitably) in Berry’s essays on agriculture.

(Pollan 2009, x)

 Even many of those who have never read Wendell Berry, or even heard of him, have 
directly or indirectly, intentionally or unknowingly, adopted some of his ideas. Referring 
to the White House organic kitchen garden and some of President Barack Obama’s pro-
nouncements, Michael Pollan comments, “I have no idea if Barack Obama has ever read 
Wendell Berry, but Berry’s thinking had found its way to his lips” (Pollan 2009, x). An 
exploration of Wendell Berry’s thinking thus provides useful insights into the underly-
ing ideology and logic of the alternative food movement.

In moving poetry and eloquent prose, imbued with gentleness and grace, 
Wendell Berry has written about the goodness of a vanishing way of life in rural 
north-central Kentucky. His writing vividly celebrates the traditional way of farm-
ing as practiced around the time of his childhood. Berry writes of the balance that 
existed in the small self-sufficient rural community. He portrays that commu-
nity as being in harmony with nature and with itself. He describes the hard work 
involved in farming, and lauds the joys and contentment that come from work-
ing the land. Sadly, says Berry, this near-perfect old world order is disappearing, 
replaced by mechanization, industrialization and urbanization. A profound sense 
of loss pervades Berry’s writing, the “loss of local memory, local history, and local 
names” (Berry 2001, 138).

The agrarian order that Berry so lovingly and so eloquently eulogizes is not, however, 
without its dark sides. Consider, for instance, the fact that the farms that Berry so exalts 
are tobacco farms. Tobacco was a major—perhaps the major—crop on most of the farms 
that Berry writes about. As an integral part of the larger tobacco economy, these farmers 
were responsible—even if unintentionally—for millions of deaths. In so romanticizing 
tobacco farming, Berry romanticizes not only farming, but also tobacco. In spite of the 
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overwhelming medical evidence, Berry is reluctant to condemn tobacco in unequivocal 
terms. “The tobacco controversy,” says Berry, “distracts from the much greater danger 
that we are an addictive society; that our people are rushing from one expensive and 
dangerous fix to another, from drugs to war to useless merchandise to various commer-
cial thrills, and that our corporate pushers are addicted to our addictions” (Berry 1993, 
58). He even suggests that tobacco could serve a useful (if macabre) economic role: “The 
anti-smoking campaign, by its insistent reference to the expensiveness to government 
and society of death by smoking, has raised a question that it has not answered: What is 
the best and cheapest disease to die from and how can the best and cheapest disease best 
be promoted?” (Berry 2001, 145).

It should also be kept in mind that the pre–World War II socioeconomic order that 
Berry portrays as so much better than today’s is in fact the socioeconomic order of 
the Jim Crow South. Not everybody agrees with Berry’s assessment that the move 
from farm to factory, from rural to urban, from the agrarian South to the industrial-
ized North, was an unmitigated disaster—least of all the people who did the moving. 
This phenomenon, much lamented by Berry and labeled “the unsettling of America,” 
is seen in a very different light by the author Isabel Wilkerson, who has documented 
the migration of a large section of the southern population—blacks—from southern 
farms to northern cities. Wilkerson sees this great migration as a positive, even perhaps 
a necessary development:

Over the course of six decades, some six million black southerners left the land of 
their forefathers and fanned out across the country. . . . The Great Migration would 
become a turning point in history. It would transform urban America and recast the 
social and political order of every city it touched. It would force the South to search 
its soul and finally to lay aside a feudal caste system. . . .

During this time, a good portion of all black Americans alive picked up and left the 
tobacco farms of Virginia, the rice plantations of South Carolina, cotton fields in east 
Texas and Mississippi, and the villages and backwoods of the remaining southern 
states—Alabama, Arkansas, Florida, Georgia, Kentucky, Louisiana, North Carolina, 
Tennessee, and by some measures, Oklahoma.

(Wilkerson 2010, 9)

Nor does everybody share Berry’s view that the mechanization of agriculture has been 
entirely negative. According to the historian Donald Holley, the mechanization of agri-
culture in the American South was closely associated with the desegregation of south-
ern society:

The First Great Emancipation freed the slaves. The Second Great Emancipation freed 
the Cotton South from the plantation system and its attendant evils—cheap labor, 
ignorance, and Jim Crow discrimination. These changes all derived in part from the 
development of the mechanical cotton picker, a dominant force for social and eco-
nomic change in the South after World War II. . . .

The story of the cotton picker is more than the story of a machine. The mechanical 
cotton picker symbolizes how far modern agriculture has taken the Cotton South 
from the era of mules and tenants. The development of the mechanical cotton picker 
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is part of a fascinating story of how the pre-World War II South of poverty and share-
croppers became the modern, urbanized South of the 1990s.

(Holley 2000, xiv)

Wendell Berry’s Basic Principles

Wendell Berry’s work may be seen as dedicated to espousing certain basic principles, 
which have remained remarkably consistent over his more than forty years as a public 
intellectual. According to Berry, we must adopt these principles in order to reverse our 
present-day deviation from what he calls the “standard of nature” and return to the path 
of righteousness.

Local Is Best

A prominent theme in Berry’s ideas is the goodness of the local: local food, local econ-
omy, local conventions, local loyalty, local community, local adaptations, and so on. We 
must think in terms of the local, says Berry, because only the local can be directly experi-
enced and understood in its concrete particulars, while knowledge of the nonlocal must 
necessarily be abstract. Unfortunately, says Berry, people today are all too eager to dis-
parage the local. Too many have been infected with a “characteristic disease of the twen-
tieth century: the suspicion that they would be greatly improved if they were someplace 
else” (Berry 2004a, 49).

According to Kimberly Smith, the author of Wendell Berry and the Agrarain 
Tradition: A Common Grace, Berry’s novels are centrally concerned with “how a place 
and a person can come to belong to one another—or, rather, how a person can come to 
belong to a place.” According to Smith, Berry typically describes a place as represent-
ing a ritualistic union, a marriage, between people and nature (Smith 2004, 142). One’s 
identification with a place, according to Berry, must be absolute and must submerge 
all nonlocal identities: “So long as we try to think of ourselves as African Americans 
or European Americans or Asian Americans, we will never settle anywhere. For an 
authentic community is made less in reference to who we are than to where we are 
(Berry 2002b, 180).

Berry also emphasizes community over individual identity: For Berry, “a part of 
[an individual’s] properly realizable potential [lies] in its community, not in itself ” 
(Berry2002c, 138). With individual identity suppressed, and with other identities 
superseded by a common place identity, Berry’s vision leaves little room for diversity 
within local communities (though it does allow for diversity across communities).

Berry’s notion of a sense of place and community has much in common with the 
German concept of Heimat, a word for which there is no real counterpart in the English 
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language, but which may be taken to mean a native place to which one belongs by birth, 
by community, by culture, by work, and by other deep and enduring ties. For Berry, 
rural north-central Kentucky is his Heimat. During the Nazi era in Germany, this idea 
of Heimat, this sense of place, became the foundation of the the Blut und Boden (blood 
and soil) ideology, which celebrated the sense of place and glorified the local agrarian 
community. Jews were vilified in part because they were seen as a threat to the Heimat, 
defined more by their Jewishness than by any Heimat identity. This Nazi appropria-
tion of the concept of Heimat shows the risks associated with an excessively acute sense 
of place. Glorification of the local necessarily carries with it a distrust of what is not 
local: food from afar, ideas from outside, and even outsiders themselves. If taken too far, 
the logic of Berry’s sense of place, his glorification of the local, could, like the German 
notion of Heimat, lead to xenophobic tendencies.

We Need Cultural Solutions: Technological Fixes Won’t Do

In Berry’s view, we can never solve our social or environmental problems by means 
of scientific-technological solutions. Instead, workable solutions must take the 
form of local “culture-borne instructions” (Peters 2007a, 260). Trying to find 
scientific-technological solutions, is, according to Berry, like trying to “cure a disease by 
another disease.” He addresses this search for a scientific-technological fix in reference 
to birth-control technology:

What is horrifying is not only that we are relying so exclusively on a technology of 
birth control that is still experimental, but that we are using it casually, in utter cul-
tural nakedness, unceremoniously without serious understanding, and as a substi-
tute for cultural solutions—exactly as we now employ the technology of land use. 
And to promote these means without cultural and ecological insight, as merely a way 
to divorce sexuality from fertility, pleasure from responsibility—and to sell them 
that way for ulterior “moral” motives—is to try to cure a disease by another dis-
ease. . . . The technologists of fertility exercise the power of gods and the social func-
tion of priests without community ties or cultural responsibilities.

(Berry 2002a, 130)

In Berry’s view scientific knowledge and the technologies that depend on it are bound to 
cause more harm than good. This is partly because they are nonlocal (there is no north-
central Kentucky science, for example, just as there is no German science or Jewish sci-
ence). More importantly, it is because they rely on the human faculty of reason, which, 
according to Berry, is far too fallible for us to depend on. In the introduction to Wendell 
Berry: Life and Work, Jason Peters writes, “[Berry] makes bold to say that we will certainly 
use clean energy poorly, could we ever adopt it, because we are not good enough to know 
how to use energy well and not smart enough to know what it is for” (Peters 2007b, 8).

Berry is not inherently against complex techniques or methods or knowledge—just 
so long these are not based on reason. Once some technique or some knowledge has 
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been distilled through generations and has become incorporated into the traditions 
and customs of a community, part of the community’s “common sense” or “wisdom of 
centuries,” it becomes acceptable to him. For Berry, knowledge achieves reliability not 
through reason but by virtue of the abandonment of reason. He addresses this in refer-
ence to certain farming techniques that he witnessed on his travels in Peru:

They do as they have done, as their ancestors did before them. The methods are 
assuredly complex—this is an agriculture of extraordinary craftsmanship and eco-
logical intelligence—but they were worked out over a long time, long ago; learned 
so well, one might say, that they are forgotten. It seems to me that this is probably 
the only kind of culture that works: though sufficiently complex, but submerged and 
embodied in traditional acts. It is at least as unconscious as it is conscious—and so is 
available to all levels of intelligence. . . . Not so with us. With us, it grows harder and 
harder even for intelligent people to behave intelligently, and the unintelligent are 
condemned to a stupidity probably unknown in traditional cultures.

(Berry 1982a, 27)

In some ways, according to Jeremy Beer, Berry’s ideas in this regard are very similar 
to Edmund Burke’s famous defense of prejudice expounded in his 1790 Reflections 
on the Revolution in France. “We are afraid to put men to live and trade each on his 
own private stock of reason,” wrote Burke. At its best, prejudice is the means by 
which the humble, especially, may be engaged in “a steady course of wisdom and 
virtue.” Prejudice “does not leave a man hesitating in the moment of decision, skep-
tical, puzzled, and unresolved. Prejudice renders a man’s virtue his habit” (Beer 
2007, 223).

Wendell Berry’s Ideology of Limits

Wendell Berry’s principles are founded on a certain worldview, a certain ideological out-
look. According to him, the fundamental problem that leads to all our other problems 
is that we human beings are simply too ambitious for our own good and for the good of 
nature. Our aspirations are too grand. Not only are they futile pursuits, they violate our 
natural limits and do not show sufficient respect for the mysteries of nature. Trying to go 
beyond the limits of place, community, tradition, and extant knowledge, is, says Berry, 
akin to assuming godly authority. “People are not gods,” writes Berry. “They must not 
act like gods or assume godly authority. If they do, terrible retributions are in store. In 
this warning we have the root of the idea of propriety, of proper human purposes and 
ends” (Berry 1982b, 270). In Berry’s view, our ultimate happiness lies in fully accepting 
and conforming to the limits that we are born into.

We have already seen Berry’s antagonism toward science and technology. But there is 
one particular aspect of science that Berry finds extremely disturbing. Referring to emi-
nent scientist E. O. Wilson’s book Consilience, Berry observes,
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One of the deities or mythological prototypes . . . of modern science . . . is the pio-
neering navigator or land discoverer: Christopher Columbus or Daniel Boone. Mr. 
Wilson’s book returns to this image again and again. He says that “Original discovery 
is everything.” And he speaks of “new terrain,” “the frontier,” “the mother lode,” and 
“virgin soil,” “the growing edge” and “the cutting edge.” . . .

This figure of the heroic discoverer, so prominent in the mind of so eminent a sci-
entist, dominates as well the languages of scientific journalism and propaganda. It 
defines, one guesses, the ambition or secret hope of most scientists, industrial tech-
nologists, and product developers: to go where nobody has previously gone, to do 
what nobody has ever done.

(Berry 2001, 53)

This frontier spirit of science, this ambition to go beyond present-day limits of knowl-
edge to make new discoveries and innovations, troubles Berry very deeply and con-
tributes to his intense antagonism toward science. What is worse, says Berry, this sort 
of ambitious frontier spirit has spilled over from science to other fields, to the point of 
becoming pervasive in our society. This, according to Berry, has led to an unfortunate 
disregard for traditional social, cultural, geographical, and technological limits, and to a 
dangerous quest to continually keep expanding our horizons:

Young people are being told, “You can be anything you want to be.” Every student is 
given to understand that he or she is being prepared for “leadership.” All of this is a 
lie. Original discovery is not everything. You don’t, for instance, have to be an origi-
nal discoverer in order to be a good science teacher. A high professional salary is not 
everything. You can’t be everything you want to be; nobody can. Everybody can’t be a 
leader; not everybody even wants to be.

(Berry 2001, 55)

Berry grew up in the racially segregated South. In The Hidden Wound he explores his 
family’s legacy of slave owning, and his own experience of living in a segregated society. 
He criticizes slavery and racism on many occasions. However there is one outcome of 
this system that appeals to Berry:

[The white laborer] worked with the idea that his work would lead to ownership, 
or that at least, as a white man, the nigger work he was doing was unworthy of him; 
in neither case, because of his sense of racial superiority, did he find it necessary to 
come to emotional or philosophical terms with the work he was doing. Only the 
black man, the nigger to whom nigger work was appointed, for whom there was no 
escape, was able to face it as a present and continuing necessity, and to invent the 
means of enduring and living with it—and, if I understand the communal and emo-
tional impetus of the work song, of building a culture, not beside or in spite of that 
necessity, but upon it to triumph over it. It seems to me that the black people devel-
oped the emotional resilience and equilibrium and the culture necessary to endure 
and even enjoy hard manual labor wholly aside from the dynamics of ambition.

(Berry 1989, 81)
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In other words, slavery imposed severe limits on black people, and these limits, 
according to Berry, served to extinguish any hint of ambition or any hope of reprieve, 
thereby creating the conditions necessary to produce what he describes as a positive 
outcome: a culture and an outlook that allowed black people to fully appreciate the 
beauty and joy of lifelong hard manual labor in the fields, uncontaminated by any sense 
of ambition. In The Hidden Wound Berry writes movingly of his memory of Nick, a black 
laborer on his grandfather’s farm who, according to Berry, was possessed of consider-
able dignity “because there was a very conscious peace and faithfulness that he made 
between himself and his lot” (Berry 1989, 23). To Berry, Nick personifies something to 
aspire to:

In these times one contemplates it with the same sense of hope with which one con-
templates the sunrise or the coming of spring: the image of a man who has labored all 
his life and will labor to the end, who has no wealth, who owns little, who has no hope 
of changing, who will never “get somewhere” or “be somebody,” and who is yet rich 
in pleasure, who takes pleasure in the use of his mind! Isn’t this the very antithesis 
of the thing that is breaking us in pieces? Isn’t there a great rare humane strength in 
this—this humble possibility that all our effort and aspiration is to deny?

(Berry 1989, 75)

In Berry’s portrayal, Nick stands as a moral exemplar because he was someone who 
(at least in Berry’s telling) never rebelled, never even questioned the system, never had 
any ambition, never aspired for anything more, never longed for a different world, but 
found joy and beauty and grace, living and working as an farm laborer, entirely within 
the constraints and limits that the community and the locality had imposed on him. In 
Berry’s view, the most outstanding quality that Nick possessed was that—unlike the Rev. 
Martin Luther King Jr.—he did not have a dream.

The Heroic Third World Peasant

The vision of American pastoralism with its ideology of limits and its deep suspicion of 
scientific and technological progress, as exemplified by Wendell Berry’s writings, forms an 
important pillar in the ideology of the alternative food movement. Another important and 
mutually reinforcing pillar is the vision of heroic Third World peasants, who are portrayed 
as heroes of the planet, living joyous lives of bucolic peace and contentment, close to nature 
and to God—very different from the unhappy and unsustainable lives of those in the West.

One of the most prominent purveyors of this vision of heroic Third World peas-
ants is the Indian environmentalist and food activist Vandana Shiva. Hailed for “plac-
ing women and ecology at the heart of the modern development discourse” (Right 
Livelihood Award 1993), the essence of Shiva’s message is that human development 
and progress are fundamentally evil, particularly for those in the non-Western world. 
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Redemption for these people, according to Shiva, lies in embracing a premodern 
pretechnological way of life.

In her much acclaimed book Staying Alive, Shiva opens her attack on reason and 
science with a broadside against the Enlightenment. According to her, the spread of 
Enlightenment thinking has actually meant “the spread of darkness, the extinction 
of life and life-enhancing processes” (Shiva 1989, xiv) for people in the non-Western 
world. Shiva, a scientist by training, reserves special venom for science. “It is thus not 
just ‘development’ which is a source of violence to women and nature,” she writes. “At a 
deeper level, scientific knowledge, on which the development process is based, is itself a 
source of violence” (Shiva 1989, 14).

The worldview promoted by Shiva is admiringly described by her supporters in the alter-
native food movement as “ecofeminism.” Though the use of this label indicates a certain 
desire to claim the legacy of the feminist movement, its ideals are actually very different. For 
instance, one of the central goals of feminism is to enable women to have greater choice over 
how they live their lives. This is exemplified by the work of Margaret Sanger, a pioneering 
American feminist, who sought to make greater reproductive choice available to women 
and, as part of this endeavor, played a key role in the development of the contraceptive pill. 
Shiva’s ecofeminism completely rejects Sanger’s approach toward reproductive choice. In 
the book Ecofeminism, Shiva and her coauthor Maria Mies criticize “technical fixes” such 
as the contraceptive pill. Such “technical fixes,” they claim, have only imposed on women 
“domination by pharmaceutical concerns, medical experts, the state, as well as by men who 
now expect women to be always available to them” (Mies and Shiva 1993, 221). In Shiva’s 
ecofeminist worldview, the condition of peasant women in the non-Western world will be 
improved, not by giving them greater choice, but by reducing their dependence on mod-
ern entities such as corporations, the state, the scientific establishment, and so on, and by 
encouraging them to live their lives entirely according to the norms and practices of tradi-
tional societies, which are deemed to be close to women and to nature.

Peasant women in the non-Western world, claims Shiva, “expect nothing from ‘devel-
opment’ or from the money economy.” For Shiva, the ideal life is that of a peasant woman 
toiling away all her life in the fields, working harder than “men and farm animals, “invis-
ibly with the earthworm” (Shiva 1989, 108–109) to sustain a subsistence-level existence. 
“Traditional economies,” says Shiva, “are not advanced in the matter of non-vital needs 
satisfaction, but as far as the satisfaction of basic and vital needs are concerned, they are 
often what Marshall Sahlins has called ‘the original affluent society’ ” (Shiva 1989, 12).

Shiva’s portrayal of Third World peasants, particularly women, glorifies them and 
extols the supposed virtues of their way of life. But, ultimately, it also ends up dehuman-
izing them. Consider, for instance, that life expectancy in preindustrial societies is only 
about thirty years or less (Lomborg 2001, 50–51), compared to seventy years or more in 
the industrialized West (“List of Countries by Life Expectancy” 2013). Infant mortality 
in such societies is around 150 (or more) for every thousand live births (Lomborg 2001, 
53), compared to 6.3 per thousand in the U.S. or 3.2 in Sweden (United Nations 2006, 
88). When Shiva declares that traditional societies are better than modern technologi-
cal societies at satisfying people’s “basic and vital needs,” she implies that these people 
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do not desire to live long and do not wish to see their children survive past infancy. She 
implies that life itself is not a “basic and vital need” for these people.

Shiva glorifies traditional agricultural practices and criticizes any effort to intro-
duce modern technological and commercial practices to farmers in India. She fails 
to recognize, however, that even after centuries of reliance on traditional farming 
techniques and the traditional socioeconomic order, India has never managed to 
eradicate devastating famines, some so severe that they led to cannibalism (Habib 
1999, 113–116). Till as recently as the mid-1960s India’s food situation was grim. Paul 
Ehrlich, in his celebrated 1968 book The Population Bomb, declared that there was 
“no hope” for food self-sufficiency in India (Ehrlich 1971, 147). Undaunted by such 
pessimism, however, a quiet revolution was already underway. Spearheaded by the 
American agronomist Norman Borlaug, new high-yielding varieties of seeds, along 
with other new technologies such as chemical fertilizers and pesticides and modern 
irrigation systems were introduced. These were eagerly embraced by Indian farm-
ers and the result was a dramatic increase in India’s food production—a phenom-
enon that came to be known as the Green Revolution. By 1974, not only was India 
self-sufficient in wheat, but it had become a net exporter. The specter of large-scale 
famine – ever present in India’s long history – was finally banished. In spite of this 
success in boosting India’s food production, however, Vandana Shiva has been 
fiercely critical of the Green Revolution, calling it a human and environmental 
disaster, without ever acknowledging its role in eradicating famine. It appears that 
Shiva does not consider freedom from famine a “basic and vital need” for people in 
India.

One of the features of the Third World peasant vision is that these people, being pure, 
innocent, and simpleminded, cannot be trusted to make choices by themselves for their 
own good. Hence a regime of prohibitions and restrictions needs to be imposed in order 
to shield them from the horrors of economic development and new technologies. This 
sentiment is evident in Shiva’s strident calls for the force of law and the coercive power 
of the state to be used to deny Indian farmers access to agricultural biotechnology. Gail 
Omvedt, an American-born Indian scholar, takes a different view:

Behind the appeal of the campaign [to ban genetically engineered seeds in India] is 
a distorted image of farmers . . . which depicts them romantically but demeaningly as 
backward, tradition-loving, innocent and helpless creatures carrying on with their 
occupation for love of the land and the soil, and as practitioners of a “way of life” 
rather than a toilsome income-earning occupation. . . .

Farmers may love the land they work on. . . . But they are people who are trying 
to scratch out a living, who want a better life for their children and for whom farm-
ing is a source of income and not a very good income. They are familiar with hybrid 
seeds. . . . They buy them, try them out, and refuse to use them if they do not per-
form. . . . Farmers are economic actors and capable of making choices.

(Omvedt 1998)
At the heart of the alternative food movement’s vision of the heroic Third World peasant 
lies the simultaneous romanticization and dehumanization of farmers and peasants in 
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the non-Western world. An example from popular culture serves to illustrate how this 
phenomenon works in practice. James Cameron’s blockbuster 2009 movie Avatar is a 
story about progress and scientific and technological development plundering nature 
and bringing death and destruction to an indigenous people. In this movie, set in the 
year 2154, a space-faring multiplanetary corporation, driven by greed and armed with 
the latest technological tools, is seeking to mine a distant planet for a precious metal. The 
indigenous humanoid people of the planet, interested only in preserving their natural 
environment and their traditional way of life, oppose the corporation, refusing to suc-
cumb to the temptations of material prosperity and development.

Much like the portrayal of Third World peasants in the alternative food move-
ment, the indigenous Na’vi people in Avatar are depicted as pure, innocent, authentic, 
and close to nature. They are also depicted as being utterly devoid of such uniquely 
human qualities as ambition, curiosity, or initiative. While space exploration is taken 
for granted by industrialized human beings, the Na’vi are depicted as being perfectly 
content in their small village. While humans are depicted as being intensely curious 
about the Na’vi, even mounting organized scientific efforts to learn more about them, 
the Na’vi demonstrate absolutely no curiosity (except of a certain romantic kind) 
about human beings. And eventually, it is not a Na’vi but an alien human being from 
the industrialized world who takes the initiative to organize the Na’vi into an effective 
fighting force.

The indigenous people in Avatar could well have been replaced by goats or cows, 
and (except for the boy-loves-girl romance) the storyline would hardly have needed 
any change. And this is also how many in the alternative food movement tend to view 
farmers and peasants in the non-Western world—in a romanticized but deeply dehu-
manizing manner. They are viewed almost as part of the flora and fauna, rather than as 
distinctly human beings.

Environmentalism and the Alternative 
Food Movement

If the vision of Western pastoralism and the vision of the heroic Third World peasant are 
two important pillars supporting the intellectual edifice of the alternative food move-
ment, environmentalism is a third—and possibly even more important—pillar. For 
many, environmentalism has become virtually synonymous with the alternative food 
movement. The need to rescue nature is often presented as the raison d’etre for the alter-
native food movement. And the alternative food movement is often portrayed as indis-
pensable for environmental sustainability.

This chapter is devoted to the social vision of the alternative food movement. An 
in-depth exploration of this movement’s vision of nature is outside the scope of this 
chapter. However, given the central importance of the environmental justification in the 
alternative food movement narrative, this chapter questions whether the ideology of the 
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alternative food movement is necessary—or indeed even useful—in order to address 
our environmental concerns. This is done by presenting the environmental visions of 
two prominent American environmentalists—visions that are radically different from 
that of the alternative food movement.

John Muir’s Environmentalism

John Muir, the founder of the Sierra Club, has been described as “one of the patron saints 
of twentieth century American environmental activity” (“John Muir” 2013). Indeed, he 
can truly be regarded as one of the greatest environmentalists of the twentieth century. 
Yet Muir’s environmentalism was very different from that of today’s alternative food 
movement, and even hostile to it in some ways.

Muir’s environmental vision was driven by the desire to preserve as much wilder-
ness area as possible. He grew up on a small family farm in Wisconsin, but at the age of 
twenty-two he left the farm and headed to the University of Wisconsin, never to move 
back. In spite of his firsthand experience on a farm, Muir did not view low-tech small-
scale agrarianism as environmental salvation. If anything, he viewed farms—whether 
small or large, hi-tech or low-tech—as essentially destructive to the wilderness. Muir’s 
famous characterization of farm animals as “hoofed locusts” (“John Muir” 2013) is 
indicative of his intense antipathy toward agricultural settlements.

The stark contrast between Muir’s environmentalism and the environmentalism of 
the alternative food movement can be seen in the very different way they view human 
land use: one is primarily concerned about extent, the other about intensity. For Wendell 
Berry, Vandana Shiva, Michael Pollan, and others in the alternative food movement, 
the primarily concern is about the intensity of human land use. Low-intensity land use 
in agricultural settlements represents, for them, the environmental ideal. They see the 
move from rural to urban—what Berry calls the “unsettling of America” as a human and 
environmental disaster because it means a change from low-intensity to high-intensity 
land use. For Muir, on the other hand, the primary concern was about the extent (i.e., 
the total area) of human land use. He wanted to preserve as much wilderness area as 
possible, and thus he wanted to limit the extent of human land use. He was not par-
ticularly concerned about intensity. If anything, the logic of Muir’s environmentalism 
implies that increased intensity of human land use (such as increasing the per-acre out-
put of farmland) is actually good for the environment because it means that more people 
can be supported per acre of nonwilderness land, thereby reducing the pressure to con-
vert pristine wilderness areas into human use.

Rachel Carson’s Environmentalism

With the possible exception of John Muir, Rachel Carson was likely the most important 
figure in twentieth-century American environmentalism. Carson’s landmark 1962 book 
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Silent Spring had a major influence on the environmental movement, perhaps more 
than any other single piece of environmental writing before or since. Silent Spring docu-
mented some of the harmful effects of the excessive spraying of chemical pesticides, and 
it galvanized Americans into action. The celebration of the first Earth Day (1970), the 
passage of the Clean Air Act (1970) and the Clean Water Act (1972), and the setting up of 
the Environmental Protection Agency (EPA) can all be attributed, in part, to the influ-
ence of Silent Spring.

Carson’s environmental vision was not as directly hostile toward the alternative food 
movement’s vision as John Muir’s was. Indeed, the first chapter of Silent Spring, “A Fable 
for Tomorrow,” has a distinct fall-from-Eden quality to it, not unlike Wendell Berry’s or 
Vandana Shiva’s portrayal of a bucolic agrarian past rudely disrupted by scientific and 
technological progress. Because of this, Carson has often been appropriated by the alter-
native food movement. A more detailed reading of Silent Spring, however, shows how 
misleading that is.

Carson was a scientist, and much of Silent Spring is a scientific argument about the 
harmful effects of excessive chemical pesticide usage. The book is replete with scien-
tific data, quotes from scientists, and scientific reasoning. The concluding chapter, “The 
Other Road,” lays out Carson’s vision of an environmentally friendly system of agricul-
tural pest control—one that is radically different from that of the alternative food move-
ment. What Carson wanted was more, not less, science, to be brought to bear on the 
problem of agricultural pest control. The entire concluding chapter of Silent Spring is 
an impassioned plea to adopt new biology based technologies to replace chemical pes-
ticides. In a lecture, Carson remarked, “I criticize the present methods because they are 
based on a rather low level of scientific thinking. We really are capable of much greater 
sophistication in our solution of this problem” (quoted in Briggs 1987, 7).

Carson was not shy of science and technology driven projects to control agricultural 
pests, so long as they avoided excessive use of chemical pesticides. For instance, one 
project that she praised in Silent Spring involved irradiating huge numbers of insects:

The project involved the weekly production of about 50 million [radiation sterilized] 
screw-worms in a specially constructed “fly factory,” the use of 20 light airplanes to 
fly pre-arranged flight patterns, five to six hours daily, each plane carrying a thou-
sand paper cartons, each carton containing 200 to 400 irradiated flies. . . .

By the time the program was considered complete at the end of 17 months, 3 1/2 
billion artificially reared, sterilized flies had been released over Florida and sections 
of Georgia and Alabama. . . . Thereafter no trace of the screw-worm could be discov-
ered. Its extinction in the Southeast had been accomplished—a triumphant demon-
stration of the worth of scientific creativity, aided through basic research, persistence 
and determination.

(Carson [1962] 2002, 281)

In addition, Carson also expressed praise for other such efforts:

A truly extraordinary variety of alternatives to the chemical control of insects is 
available. Some are already in use and have achieved brilliant success. Others are in 
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the stage of laboratory testing. Still others are little more than ideas in the minds of 
imaginative scientists, waiting for the opportunity to put them to the test. All have 
this in common: they are biological solutions, based on understanding of the living 
organisms they seek to control, and of the whole fabric of life to which these organ-
isms belong. Specialists representing various areas of the vast field of biology are 
contributing—entomologists, pathologists, geneticists, physiologists, biochemists, 
ecologists—all pouring their knowledge and their creative inspirations into the for-
mation of a new science of biotic controls.

(Carson [1962] 2002, 278)

It even appears that Carson and her associates actively sought to dissociate themselves 
from the alternative food movement, which already existed then, though in a somewhat 
nascent form. Carson never endorsed the movement, either in Silent Spring or else-
where. When Silent Spring was published, Marie Rodell, Carson’s long-serving literary 
agent and valued friend, specifically instructed the publisher to make sure that no one 
placed ads in Rodale Inc. publications—then, as now, an important player in the alterna-
tive food movement (see Lear 1997, 415).

With its clarion call to develop new environmentally friendly biology-based technologies 
for controlling agricultural pests, it is not surprising that Silent Spring served as an inspira-
tion for many pioneering scientists working in the fledgling field of agricultural biotechnol-
ogy. In Lords of the Harvest, a book in which he traces the origins of genetically engineered 
crops, Daniel Charles highlights the views of a number of researchers in this regard:

Pam Marrone, a researcher at Monsanto during the late 1980s [says] . . . “I remember 
having lunch with [then-CEO] Dick Mahoney and him saying, ‘Because of parathion 
[a particularly hazardous chemical insecticide], I don’t ever want to be in chemicals 
again. And that’s why we’re in biotechnology.’ ” . . .

“During these years, all of us who went into biology were influenced by the wave 
of environmentalism,” says Willy de Greef, who worked for Plant Genetic Systems in 
Belgium. . . . “The idea was reduce chemicals with biologicals or with genetics.” Fred 
Perlak of Monsanto says . . . “We were all the children of the sixties and the seventies. 
We’d all read Silent Spring; we knew the connection between 2-4-D [a common her-
bicide] and 2-4-5-T, Agent Orange.”

(Charles 2002, 25)

 In a complete repudiation of Rachel Carson’s environmental vision, agricultural bio-
technology is portrayed today by the alternative food movement as one of the greatest 
environmental evils.

The View from India

The alternative food movement is situated primarily in the industrialized West. The 
consequent lack of voices from the non-Western world does not, however, prevent this 
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movement from trying to set the agenda for these societies on certain issues. Witness, 
for example, the intense lobbying carried out by some Western organizations seeking to 
bar farmers in India and Africa from gaining access to agricultural biotechnology.

How do people in these regions relate to such issues as development, sustainability, 
the use of science and technology, changing aspirations, and so on? The views of two 
prominent Indian thinkers might give us some useful insights.

Mahatma Gandhi

Mahatma Gandhi (1869–1948), the leader of the Indian independence movement, ven-
erated as the “father of the nation,” can be viewed from many different angles: Gandhi 
the nationalist; Gandhi the politician; Gandhi the prophet of nonviolence; and the 
Gandhi of Hind Swaraj, the repudiator of scientific and technological progress and 
“Western-style” industrial development. In Hind Swaraj, a short book that he wrote in 
1909, Gandhi lays out a vision that is remarkably similar to the pretechnological pastoral 
vision of the alternative food movement, as the following quote regarding Western civi-
lization demonstrates:

[On Western civilization] Let us first consider what state of things is described by 
the word “civilization.” . . . Formerly, in Europe, people ploughed their lands mainly 
by manual labor. Now, one man can plough a vast tract by means of steam engines 
and can thus amass great wealth. This is called a sign of civilization. Formerly, only 
a few men wrote valuable books. Now, anybody writes and prints anything he likes 
and poisons people’s minds. . . . This civilization takes note neither of morality nor of 
religion. . . . This civilization is irreligion. . . . This civilization is such that one has only 
to be patient and it will be self-destroyed.

(Gandhi 1938, 29–30)

Gandhi had similar things to say regarding education:

If we consider our civilization to be the highest, I have regretfully to say that much 
of the effort [for universal primary education for boys] . . . is of no use.  . . . . To teach 
boys reading, writing and arithmetic is called primary education. A peasant earns his 
bread honestly. He has ordinary knowledge of the world. He knows fairly well how he 
should behave towards his parents, his wife, his children and his fellow villagers. He 
understands and observes the rules of morality. But he cannot write his own name. 
What do you propose to do by giving him knowledge of letters? Will you add an inch 
to his happiness? Do you wish to make him discontented with his cottage or his lot?

(Gandhi 1938, 60)

In spite of Gandhi’s iconic status in India, his Hind Swaraj worldview was never widely 
accepted. In 1945, Jawaharlal Nehru (who was to become independent India’s first prime 
minister) wrote to Gandhi, saying, “it is many years since I  read Hind Swaraj . . . but 
even when I read it twenty years ago it seemed to me completely unreal” (Rudolph and 
Rudolph 2006, 25).
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Babasaheb Ambedkar

Among those that did not share Gandhi’s Hind Swaraj worldview were the leaders of the 
downtrodden and the underprivileged, particularly those who represented the lower 
castes in India’s hierarchical and hereditary caste system. One of the most important 
critiques of Gandhi’s Hind Swaraj worldview came from Babasaheb Ambedkar, one of 
modern India’s most important thinkers and leaders.

Bhimrao Ramji “Babasaheb” Ambedkar was born in 1891 to a family of untouchables, 
who were (and are) at the very bottom of India’s caste system. With his father serving 
in the Army, young Bhimrao got a rare opportunity to acquire a modern education. He 
eventually earned doctorate degrees from Columbia University in the United States and 
from the London School of Economics in England, and he qualified as a barrister in 
London. Ambedkar went on to become an important political figure in India and an 
inspiring leader of the untouchables. Today, Ambedkar and his ideas are held in great 
esteem by the Dalit movement (former untouchables now call themselves “Dalits,” 
which means “oppressed”).

Ambedkar spent three years (1913–1916) at Columbia University in New York City—
three years that played a crucial role in his intellectual development. He later recounted 
that it was at Columbia that he experienced social equality for the first time in his life, 
and that “the best friends I have had in my life were some of my classmates at Columbia 
and my great professors, John Dewey, James Shotwell, Edwin Seligman, and James 
Harvey Robinson” (quoted in Pritchett 2013). Especially influential was John Dewey, 
an intellectual giant of the American progressive era. Ambedkar, like Dewey, held that 
reason and science had the potential—for all people everywhere—to challenge unex-
amined tradition and prejudices by cultivating a collective, democratic “will to inquire, 
to examine, to discriminate, to draw conclusions only on the basis of evidence after tak-
ing pains to gather all available evidence” (quoted in Nanda 2003, 183). Ambedkar saw 
scientific and technological progress as fundamentally emancipatory for the oppressed, 
and the traditional rural socioeconomic order in India as fundamentally exploitative 
of the lower castes—a vision that was almost diametrically opposed to Gandhi’s Hind 
Swaraj worldview.

A comparison of the words of Gandhi and Ambedkar demonstrates how much their 
views of “civilization” differed from one another. Gandhi expressed his view in Hind Swaraj:

Civilization is that mode of conduct which points out to man the path of duty. 
Performance of duty and observance of morality are convertible terms. To observe 
morality is to attain mastery over our mind and our passions. So doing, we know 
ourselves. The Gujarati equivalent for civilization means “good conduct.” If this defi-
nition be correct, then India . . . has nothing to learn from anybody else. . . . We notice 
that the mind is a restless bird; the more it gets the more it wants, and still remains 
unsatisfied. The more we indulge our passions the more unbridled they become. 
Our ancestors therefore set a limit to our indulgences. They saw that happiness was 
largely a mental condition. A man is not necessarily happy because he is rich or 
unhappy because he is poor. . . . . Millions will always remain poor. Observing all this, 
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our ancestors dissuaded us from luxuries and pleasures. We have managed with the 
same kind of plough as existed thousands of years ago. We have retained the same 
kind of cottages that we had in former times and our indigenous education remains 
the same as before. We have had no system of life-corroding competition. Each fol-
lowed his own occupation or trade and charged a regulation wage.

(Gandhi 1938, 45)

Ambedkar, in contrast, provides a very different view:

In Gandhism, the common man has no hope. It treats man as an animal and no 
more. It is true that man shares the constitution and functions of animals, nutri-
tive, reproductive, etc. But these are not distinctively human functions. The distinc-
tively human function is reason, the purpose of which is to enable man to observe, 
meditate, cogitate, study and discover the beauties of the Universe and enrich his 
life. . . . The conclusion that follows is that . . . the ultimate goal of man’s existence is 
not reached unless and until he has fully cultivated his mind. . . . How then can a life 
of culture be made possible? It is not possible unless there is sufficient leisure. . . . The 
problem of all problems which human society has to face is how to provide leisure to 
every individual. . . . Leisure means the lessening of the toil and effort necessary for 
satisfying the physical wants of life. . . . Leisure is quite impossible unless some means 
are found whereby the toil required for producing goods necessary to satisfy human 
needs is lessened. What can lessen such toil? Only when machines take the place of 
man. . . . Machinery and modern civilization are thus indispensable for emancipating 
man from leading the life of a brute, and for providing him with leisure and making 
a life of culture possible. . . . A democratic society must assure a life of leisure and cul-
ture to each one of its citizens. . . . The slogan of a democratic society must be machin-
ery, and more machinery, civilization and more civilization.

(Ambedkar 2002, 158)

Questioning Development and 
Progress in the West

The alternative food movement is deeply suspicions of the entire paradigm of devel-
opment and progress, which it sees as deeply flawed, a mark of human hubris and a 
futile and ultimately calamitous enterprise that violates nature’s limits and is bound 
to invite nature’s wrath. Going beyond the alternative food movement, this kind of 
thinking has had a major influence on the broader intellectual and political milieu in 
the industrialized West in recent years, and it has also problematized notions of devel-
opment and progress, particularly for those who think of themselves as liberals and 
progressives.

Liberals and progressives in the West have long viewed development and scientific 
and technological progress as forces for good, essential for making available the prac-
tical means necessary to achieve their desired emancipatory goals. Convinced of the 
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necessity and the desirability of progress, they were long suspicious of attempts to privi-
lege traditional norms and practices as “natural” or “God ordained,” viewing such efforts 
as conservative attempts to present socially unjust practices and traditional inequalities 
as unchangeable and therefore outside the purview of human questioning or improve-
ment. This long cherished progressive outlook has in recent years been challenged by 
the very different social vision of the alternative food movement and allied ideological 
groups. Inevitably, this has given rise to a certain amount of tension in progressive think-
ing between emancipatory goals and the alternative food movement’s desire to protect 
traditional norms and practices from the onslaught of progress and “Promethean sci-
ence.” A real world example from California serves to illustrate this tension.

In California, farm workers’ unions and their allies have long sought to restrict “stoop 
labor,” where farm workers work bent at the waist for hours at a time. Stoop labor is 
widely recognized one of the most painful forms of manual labor, which, according to 
the California Supreme Court, causes “abnormal degeneration of the spine, resulting 
in irreparable back injury and permanent disability” (Getz, Brown, and Shreck 2008). 
According to one study, 60 percent of all acute injuries suffered by farm workers were 
musculoskeletal injuries, with most affecting the lower back. In comparison, exposure 
to agrochemicals caused approximately 1 percent of serious injuries (Getz, Brown, and 
Shreck 2008). While some forms of stoop labor have been banned, the practice contin-
ues to this day in California, primarily in the form of hand weeding carried out by farm 
workers. A campaign by farm workers’ advocates in California to reduce stoop labor 
culminated in the introduction in the California legislature of Senate Bill (SB) 534 in 
2003, which sought to restrict hand weeding. Backed by farm workers and their unions, 
SB 534 ran into intense opposition from the organic farming sector. Organic groups 
denounced SB 534 as a bill “that Monsanto would have been proud to sponsor,” which 
was designed to “get rid of hand weeding,” and sent a message that you have to “spray 
everything . . . genetically modify everything . . . or move it out of California” (Getz, 
Brown, and Shreck 2008). Largely due to the opposition of organic farming groups, SB 
534 failed to get the approval of the California legislature.

The political tussle over SB 534 demonstrates how the alternative food movement’s 
goals of promoting traditional farming techniques, staying within “natural” limits and 
reducing our dependence on “Promethean science” can diverge sharply from the eman-
cipatory goals of progressive political ideology.
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Ann Grodzins Gold

Introduction 

This whole world is nothing but food!
(Bṛhadāraṇyaka Upaniṣad, Olivelle, transl. 1996:11)

Food, food, brahman is food: / only they eat / who know / they eat their god.
(Taittiriya Upaniṣad, Ramanujan, transl. 2009: 3)

Like the ancient Hindu seers, cultural anthropologists have an expansive understanding of 
food as a “many-splendored thing” (Counihan 1999: 6).1 This chapter first invokes selected 
ways anthropologists portray food’s links to wide realms of meaning. It then hastens to an 
ethnographic location in rural North India to examine three pervasive themes surround-
ing food in South Asian culture: solidarity, separation, and decline as a pervasive critique of 
modern tastelessness. Offering initially grounded examples of each theme, the essay moves 
to broader circles of meanings in practice and narrative. Thus deliberately tacking back and 
forth between spacious generalities and local specificities, this chapter employs a classical 
interpretive mode in cultural anthropology (Geertz 1973). In the context of a volume largely 
and properly focused on food materialities, the aim here is simply to evoke some less con-
crete, less quantifiable aspects of comestibles in human cultures that may be nonetheless 
relevant to understanding the interrelated workings of food, politics, and society.

Beyond nutrition

To eat is a behavior that develops beyond its own ends, replacing, sum-
ming up, and signalizing other behaviors, and it is precisely for these rea-
sons that it is a sign.

(Barthes 1997 [1961]: 25)
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Cultural anthropologists are expressly interested in the ways that food, as Barthes (or more 
accurately his translator) puts it, “signalizes” other behaviors. Barthes, of course, was not 
himself an anthropologist, but his semiology, along with other linguistic and literary theo-
ries of meaning, had an enduring impact on anthropological analyses from the 1960s. We 
study food’s “messages,” the affects it carries, the ways its uses may organize many other 
aspects of human existence within diverse cultural worlds.2 Such messages and affects are 
manifold; they may be obvious or subtle, banal or extraordinary, domestic or cosmologi-
cal. Deeply linked to food in any given setting are myriad elements of behavior and emo-
tion that would not necessarily have anything to do with caloric intake. Food meanings and 
metaphors can be bland as vanilla pudding or rich, mysterious, and complex as a Mexican 
mole. They may reach no deeper than pocketbooks, or they may suffuse hearts and souls.

The anthropology of food looks at all the ways food is more than food and its interpretative 
strategies are not limited to semiotics, but range through various notions of symbolism and 
representation; metaphor and synecdoche. Counihan (1999) writes about “bread as world” 
in Sardinia and tortillas “like life” in the San Luis Valley of Colorado (2009). Ohniko-Tierney 
addresses “rice as self” in Japan (1993). Food is cosmos and divinity. Food is identity, mem-
ory, and locality. Food is emotion, relationships, and sex, and is, needless to say, deeply inter-
twined with kinship ideals and gender roles. Food is gift, offering, rank, commerce, and 
usury. Food is agency and power.3 Because there are very few humans who do not engage 
with food every day of their lives, there is simply no limit to contexts in which we can regard 
food as a substance on which, with which, and through which humans exist, whether its uses 
are festive or everyday, sacred or profane, benign or cruel. In many cultures, the dead do not 
cease to demand and consume food. Deliberate abstinence from food is a well-refined tech-
nology of power that has been deployed through history both to spiritual and political ends.

Textbooks on the anthropology of food may begin, as does Anderson’s Everyone Eats 
(2005), with facts about nutrition, but they rapidly move on to a panoply of food-related 
topics including pleasure, medicine, religion and ethnicity. Others, such as the retrospec-
tive reader Food and Culture (Counihan and Van Esterik 1997), plunge head first into the 
vastness of food meanings, and then turn to organize these into collective aspects of food 
and eating, such as commensality, ethnicity and more individual aspects such as body 
image and fasting practices. Interestingly, in spite of their very different organizational 
modes, both these books, published in 2005 and 1997, respectively, conclude by focusing 
on hunger as a manifestation and consequence of inequities both national and global.

By making the link between food, culture, and endemic world hunger, such anthro-
pological approaches lead readers to face what most residents of relatively prosperous 
nations know but normally refuse to contemplate on a regular basis: that some people 
are starving while others have more food than they need and even more than is good 
for their health. Still more disturbing is that there are structural reasons for this inequity 
that might be remedied if it were possible to implement a transnational food morality. 
Folk culture in many societies supports such morality, as the discussion of Indian food 
values, which follows, will exemplify. Market forces do not.4

Notoriously dependent on the kindness of strangers, anthropologists whose meth-
odologies rely on intimacy and participation normally learn to eat as do the people with 



Food Values Beyond Nutrition   547

whom they live and who are the subjects of their studies. Thus, no ethnographer can fail 
to notice food, no matter what their research focus may be. Everyday processes of learn-
ing and consuming involve not just etiquette, taste, and cost, but often kinship, ritual 
practice, and kitchen skills however rudimentary.5 My breakthrough moment came on 
a return visit in 1997 to a home where I had dined occasionally since 1979 and where 
I had recently resided for several months. While living in the heart of this household, 
I had never been invited to do more by way of food preparation than to join the very 
young children assigned to peel garlic, and I never volunteered to help in the kitchen 
due to an overly acute awareness of Hindu sensitivities absorbed more from books than 
observations.

As it happened, my arrival in the summer of 1997 coincided with preparations for 
a ritual celebrating the birth just a few days earlier of a new baby boy. Relatives from 
other villages had assembled, and the small household was in some turmoil—to which 
the arrival of my own family had certainly contributed. I  was squatting uselessly 
near the open-air cooking hearth on the roof, where the household’s senior female, 
Raji the paternal grandmother, was attending to the preparation of lapsi (a cracked 
wheat porridge sweetened with unrefined brown sugar). Abruptly she thrust the large 
spoon into my hand and ordered me to keep stirring the vigorously boiling pot, while 
she rushed downstairs to organize some other aspect of the busy day. Briefly alone, 
I stirred diligently with an amazed sense of responsibility and gratification. I knew 
this sweet dish entrusted to my inexperienced hands would be offered to the ances-
tral spirits. It must, therefore, be the case that Raji did not think of me as a polluted 
and incompetent barbarian. Although I had always touched her feet and received her 
blessing when arriving and departing, I never felt her true acceptance and my genu-
ine incorporation, until this moment. With this personal recollection of cooking as 
kinship, we arrive in the North Indian village from which I draw my ethnographic 
sustenance.

Sketches from Rajasthan

One main message of food, everywhere, is solidarity. Eating together 
means sharing and participating. . . . The other main message is separation. 
Food marks social class, ethnicity, and so on.

(Anderson 2005, 125)

. . .  food, in its temporal, spatial, corporeal, sensual, affective, discursive, 
and moral transactions with all kinds of others evokes a sense of place.

(Janeja 2010, 2)

The examples that follow emerge from three decades of intermittent and varied research 
in rural north India where I  have never specifically conducted fieldwork on food. 
I selected these examples in order to show some signal (and signalizing) uses of, and ideas 
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about, food as it intersects with meanings and values within a particular social and cul-
tural setting. Each of my small first-hand observations I easily locate in a large body of 
regional scholarship that corroborates and elaborates on the themes I seek to highlight. 
Thirty years ago Appadurai’s (1981) explication of “gastro-politics” in India vividly dem-
onstrated food’s dual capacities—to construct intimacy and to sustain distance—and his 
observations remain pertinent today. To imbue food quality and usage with moral impli-
cations has ancient roots in South Asia, including some textual sources preceding the 
Common Era.6

The first example treats sharing of food: solidarity—the imperatives of hospitality as 
redistribution. Such imperatives are not only acted on in the everyday but, also, strongly 
affirmed in a plethora of moralizing tales that repeatedly portray greed and selfishness 
regarding food as being punished, whereas generosity is amply rewarded. The second 
sketch, separation, exemplifies the ways foods index social status and create invidious 
distinctions on which people may reflect from various positions in society. Here a semi-
otic of class, health, and modernity emerges from local evaluations and poetics of dif-
ferent grain foods. Third, I present a diffuse rural discourse on ecological and moral 
deteriorations: decline examines a critique of flavor or tastelessness in modern times, 
associated with transformations in agricultural practice as well as human relationships.

Solidarity

If I think back to my life in Ghatiyali, a North Indian village where I lived as an anthro-
pologist for about 17 consecutive months in 1980–1981, returning for numerous briefer 
sojourns over what is now almost three decades, I  am certain that the conversation 
I have had most often, with the most people, follows a thoroughly predictable pattern. 
As I walk past their open courtyard, someone calls out:

O, Ainn-bai, have you eaten?
Yes, I have eaten. [I learn to say this properly in an upbeat and cheerful way, not as if it 

were a monotonous convention, but rather a delightful affirmation.]
Which vegetable did you eat today?
I had spinach with tomatoes [or whatever the case may be].

At this juncture there are two alternatives. My interlocutor may say, “Good!” and the 
topic is closed; we speak of other matters or I continue on my way. However, far more 
often, especially if there is smoke rising from the cooking hearth in their home, the 
response is: “Come, eat some more!” This invitation is delivered with genuine fervor, 
and although the person offering it doubtless expects it to be declined, they will press me 
nonetheless: “Bread is cooking! Come and eat more.”

Uttered at appropriate times of day, “Have you eaten?” often seemed to me to be more 
or less a meaningless interrogative greeting equivalent to “How are you?” or “How’s it 
going?”7 After all (this being a village), neighbors already knew when I ate, and likely even 
what vegetables had been purchased that day by the family with whom I resided. From my 
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position of well-fed foreign advantage, I saw the perpetual offers of food as an almost both-
ersome aspect of traditional village hospitality. However, a reconsideration of this every-
day exchange shows the ways food is used to express solidarity and enact morality.

In this drought-prone region, regular meals were not necessarily always enjoyed by 
one and all, year round; historically, the greeting, “have you eaten?” could be more than 
a convention of speech. Moreover, redistribution or an ideal sharing of food is an indi-
cation of cosmic well-being as well as a righteous (versus demonic) social order. The 
former unjust pre-1947 ruler of this area and his agents were consistently lambasted in 
local collective memories (evoked when I was gathering regional oral histories) for not 
opening their grain stores in time of famine, as virtuous kings charged with protection 
of the public ought to do (Gold and Gujar 2002).

Countless South Asian folktales condemn selfishness with regard to food. In the sto-
ryteller’s world of divinities who walk on earth and test human kindness, simple, impul-
sive generosity with the most meager homely fare is rewarded with gold and jewels. One 
tale I recorded first in 1987, and again from three other tellers in 2007—the “Generous 
Potter and his Stingy Wife”—tells of a woman who refuses to continue making bread for 
two wandering holy persons after they outstay their welcome. Her husband admonishes 
her in these strong words:

We have plenty of grain: this is Lord Shankar’s own storehouse. Lord Shankar gives 
us all the wealth we possess, so for you to give a couple of pieces of bread, what trou-
ble is that to you?

When the wife adamantly refuses to supply food to the lingering saints, her husband simply 
shares his own meager meal with them, willingly going hungry night after night. Ultimately 
the generous man is rewarded when the powerful holy persons turn his half of the pots 
in the kiln to pure gold, leaving his wife’s clay (Gold 2012a). The definition of all food as 
belonging to “Lord Shankar’s own storehouse,” that is, as generically a blessing from God 
and never the sole result of individual effort, is a powerful charter for prescriptive sharing.

Another tale of simple-hearted largesse with simple fare is the story of Shakat, a wom-
an’s ritual tale with a narrative pattern known widely throughout North India. Here a 
guileless impoverished woman gives gruel and extraordinary hospitality freely to a deity 
in disguise. She is richly rewarded. When a better-off sister-in-law (or neighbor) sees 
the poor woman’s boons and tries to replicate the exchange by offering the same meager 
food to the same deity, her reward is literal excrement (e.g.: Wadley 1986). The acquisi-
tive woman’s fault was double: first, this imitator gave poor food when she might have 
afforded better; second, she acted with crude expectations of profiting from her funda-
mentally hypocritical generosity. Shit was her just desserts.

Although stories such as these speak of rewards in this life, both generosity and stin-
giness with food have consequences after death as well in narrative traditions. A.  K. 
Ramanujan concludes his lovely assemblage of South Asian food ideas, “Food for 
Thought,” with a folktale from Karnataka about the imperative for food generosity, the 
moral of which is a reflection on such behavior’s impact from birth to birth: “Because 
I gave you some food, I’ve been reborn now as a king’s son. My wife refused to part with 
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her food, and do you know where she is? She has been reborn in this very town as a pig” 
(2009, 25).

In the folktale “Heaven and Hell,” which Kirin Narayan recorded from a living guru and 
tracked through many nations’ folklore, the powerful moral is the necessity to feed others, to 
which there is no alternative but to suffer starvation. In this tale, hell is a place of starvation 
because its captives cannot bend their arms to feed themselves the delicacies they can see and 
smell. In heaven, with arms equally stiff, souls feed one another delectable morsels. Swamiji, 
the teacher on whom Narayan’s book focuses, explicated the story’s message: “The soul sits in 
the body of all creatures, and the body needs food. Give food. Do something for another soul. 
You will be serving and nourishing the soul” (1989, 203). The guru advises that the self is sus-
tained through serving others; but, as in the tale of Shakat, one’s motives cannot be (forgive 
the minor word play) self-serving,as is so beautifully embodied in the image of stiff arms.

To share food willingly out of pure and selfless love is a practice most highly valued in 
Hindu devotional traditions. These often emphasize that such love radically obliterates 
all concerns of ritual purity. The paradigmatic moment for this realization is the story—
firmly attached in popular imagination to classical Ramayana tales, although textually 
apocryphal—in which Lord Rama accepts the berries offered by a poor tribal woman, 
named Shabari or Shavari. She has bitten each berry to make sure she gives God only 
the sweetest (Lutgendorf 2000). The power of Rama’s recognition of Shabari’s pure and 
purifying devotion, of his grace-giving consumption of her half-eaten offering, is rooted 
in Hindu notions of the ways saliva ordinarily generates pollution.

Separation

Generations of anthropologists have meticulously attended to the multitude of complex 
ways people in India give, accept, and refuse food in order to enact social and ritual 
hierarchies of caste and gender. Anthropologists, particularly in the 1950s–1980s, were 
fascinated by the rules of purity and pollution as they affected commensality, and by 
“Hindu transactions,” which could serve not just to maintain a status quo but also to 
alter it through deliberate collective decisions about eating practices. Ethnographers 
extensively documented rankings negotiated via food.8

Village life affords countless opportunities to observe in action how rules of com-
mensality, of purity and pollution, are both upheld and broken. Rather than offer fur-
ther examples of a domain so well documented, I exemplify food’s work of separation 
by turning to the words of a village poet. His verses show succinctly how producers and 
eaters understand delicate but deep distinctions of class that are embedded in consump-
tion. These couplets offer a kind of “ethnosociology” (Marriott, ed. 1990).

In 1993 Ugma Mali, a middle-aged man of the gardening community, recited for me 
eight verses he himself had composed in the voices of different foods, mostly grains. In 
his oral compositions, grains speak of their own attributes. These are not idiosyncratic 
but, rather, poetic versions of common perceptions I heard expressed in many prosaic 
interviews. I offer three examples of Ugma’s couplets, each highlighting the ways grain 
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preparation and consumption index other elements of social status and life, condensing 
ideas about class, bodies, and work.

Barley says: “My husk is hard, so pound me with the pestle to bare my head  
Grind me fine and sift me twice and my worth is twice all other grains.”

Barley is hard to prepare; it is difficult to grind and requires double sifting. Its nutrition is 
double what other grains possess. The couplet’s meaning is also double, I’m told. On the 
one hand the double effort required to prepare barley yields double nourishment; on the 
other hand, in modern times, as I was frequently advised, “no one” eats barley. This is partly 
because it is viewed as a low-class food, perhaps precisely because it gave people strength for 
hard labor. But the other reason that barley is no longer much consumed is because modern 
people lack the “digestive power” to benefit from its superior nutrients. This kind of causal 
circularity is indicative of the situation of village eaters in modern times.

Rajasthanis in this particular region think of corn bread—round, unleavened—as their 
most indigenous, down-home grain food. They staunchly argued against my assertion 
that corn was indigenous to my native land. This was inconceivable to Rajasthanis in the 
Banas Basin region. Cornbread is part of regional identity, and here is what Ugma Mali’s 
corn claims:

Corn says: “I wear a braid!
Should you wish to relish me
You must own a healthy buffalo.”

This couplet is nostalgic for a flavorful and rich remembered diet, linked to more gen-
eralized health and eating pleasures ascribed to days gone by (possibly viewed through 
rose-tinted lenses). In this relished past, there were more dairy animals because there was 
more grazing land. Moreover, more dairy products were consumed in the village, rather 
than exported to town in exchange for cash as they are today. Most delectable in the win-
ter, corn bread should be eaten warm with yogurt and a nice big lump of brown sugar—a 
highly satisfying meal (to which I may personally testify). The buffalo is necessary to pro-
vide the rich yogurt without which, people say, corn bread cannot be properly enjoyed. 
This couplet reflects an ideal for farmers who have prospered in traditional terms.

I always had to testify with extreme enthusiasm to my genuine passion for cornbread. 
People who happily consumed cornbread in their own diets made the false assumption 
that a foreigner such as myself would, by nature, prefer wheat. Once I actually convinced 
someone that I too genuinely enjoyed this thick country bread, they would discuss this 
predilection approvingly. Liking cornbread said something about who I was in relation to 
who they were. Although my wearing of locally made lakh bangles evoked similar com-
mentary, people knew I might take them off in the United States; food consumed creates a 
more enduring self and bond.

Contrast the boasts of barley about nutrition; and of corn about pleasure, with the 
words of wheat, which are all about class:

Wheat says: “My belly’s grooved, and the great big merchant eats me.”
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In other words, wheat brags neither of its nutritional prowess, nor its tastiness, but rather 
of the social status of its eater: the proverbially fat shopkeeper who does no physical labor. 
Today almost everyone eats wheat, and the shift from cultivating barley and millet to 
wheat is emblematic in rural Rajasthan of both agricultural and social change. However, 
wheat itself is hardly a monolithic category; there are many varieties of wheat. The hybrid 
seeds promoted by government agents and requiring five waterings have seductive names 
like Golden Well-Being. These contrast with indigenous wheat—often just called local or 
red—that may be grown like barley on unirrigated land. Red wheat is treasured by the 
elderly for its special taste, texture, color, and healthful qualities; but it is less-often sown, 
and in ever-smaller amounts—only for home consumption, only in those rare house-
holds willing to sacrifice profit to nostalgia, as I will discuss in the next section.

In Ugma Mali’s couplets, the three grains—barley, corn and wheat—signify multidi-
mensional differences in class, in labor, in sense of self. A prosperous farmer might pre-
fer corn bread, whereas a merchant would choose wheat, even if both eaters measured 
up equally according to their economic means. Poor day-laborers may well eat bread 
made of barley and, simultaneously, value the stamina it supplies while they remain sen-
sitive to the lower-class identity they consume along with it. Such reflections on food 
and self, on the substances from which identities are made and altered, may be just as 
revealing of subtle social distinctions as a record of who eats at whose feasts.

Indian literature, questioning society’s strictures, also plays brilliantly on themes 
of food, class, and gender. In Premchand’s classic wrenching tale, the “Price of Milk” 
(1969), the orphaned son of an untouchable wet nurse to a landlord’s child is driven by 
hunger to accept scorn along with leftovers, even though he is acutely aware that his 
own mother’s milk nourished the healthy boy who now abuses him (1969). Premchand 
shows the ways that untouchability is malleable in the service of privilege. When the 
boy needed her milk to survive, an untouchable woman’s feeding him, and her intimate 
proximity, carried no pollution, lowering neither his ritual nor his social status.

In a very different context and era, Gita Hariharan’s much anthologized, “Remains 
of the Feast,” portrays an educated granddaughter who complies with a dying widow’s 
tragicomic demands for sweet and spicy foods denied her during long years of the 
ascetic regime rigidly prescribed for widows (1997). Both fictions in different ways 
deconstruct ideologies of separation imposed by rigid food rules to highlight hypocrisy 
and oppression on the one hand, and individual emotions and resistance on the other.9

Decline or the Tastelessness of Modernity10

During several research periods in India (1993, 1997, 2003)  I  recorded extensive 
open-ended interviews with farmers, herders, and artisans—most of them over 50—
asking them to reflect on many aspects of changing times. One theme that frequently 
emerged was decline in food quality, a decline with multiple causalities, unanimously 
pronounced, and applied both to flavor and to nourishment. Many expressed a sincere 
preference for bread made with grains grown with organic manure and ground by hand. 
They regularly critiqued both the taste and healthfulness of new grain varieties grown 

 



Food Values Beyond Nutrition   553

with chemical fertilizer and ground in the power mill, yet these latter were their daily 
fare with few exceptions.

These interviews from the 1990s and early 2000s revealed the ways a shared assess-
ment of decline in flavor and nutrition in everyday food was embedded in broader 
narratives of ecological and community deterioration. Thus, the loss of flavor result-
ing from transformed technologies and ongoing economic pressures meshes with many 
other aspects of the ways food bears meaning and emotion, and transacts the social 
order—both its moral solidarity and its hierarchical discriminations.

To demonstrate these pervasive ideas, I present here thoughtful reflections from 
a few persons who experienced, in their own lives and households, the pressures of 
expanded desire for cash and all it can purchase; not just things but also futures for 
children. They clearly posit trade-offs of flavor for money and associate these with 
other still-less-tangible shifts and losses. These speakers are unaware of how thor-
oughly the processes they identify and critique have already been discussed by social 
theorists addressing the “great transformation” from moral to market economies—a 
transformation that lies close to the core and heart of modernity experienced as con-
joined material and moral change.11 However, they are acutely and critically aware of 
a complex, intimate set of consequences affecting their everyday existence.

In one conversation from 2003, an educated farmer, Sohan Lal, speaks about why 
the need to increase crop production leading to cash trumps outright any inclination 
to grow foods that are less profitable but more flavorful, even for home consumption. 
His mother, Kesar, plaintively asserts her strong preference for indigenous wheat 
known as deshi gehu (local wheat), or lal gehu (red wheat). As noted in the previ-
ous section, indigenous wheat has just about vanished from this region. Although 
it requires far less water than modern wheat varieties, and might be life-saving in 
drought years, its yield is not profitable. Kesar says, “I would like to plant indigenous 
wheat, but he [Sohan Lal] doesn’t let me plant it. He says [to me], ‘who is even smell-
ing this wheat?’ [meaning there is no value to it, nobody bothers with it].”

A little embarrassed, her son, a school headmaster and a successful and knowledge-
able agriculturalist, commented defensively, “Red wheat’s production is very small.” 
My colleague, Bhoju Ram Gujar, an old friend of the household, then provocatively 
addressed his fellow teacher, Sohan Lal: “She is thinking you should grow some to eat in 
your home.” Sohan Lal’s rebuttal resorted to a generalized position: “Today people pay 
more attention to earning money than they do to eating.”

Bhoju continued to push or even needle Sohan Lal, as this three-way exchange followed:

Bhoju: If someone gave you some money would you sell the clothes you are wearing 
and the food you are eating?

Sohan Lal: Yes I can sell them, we might even sell our bread for money.
Bhoju [addressing Kesar]: It seems to me that in your family are two ways of 

thinking: old-time thought, which is to eat good things and local things. And new 
thought, like your son’s. He thinks about earning money. Which do you like?

Kesar: Eat well, and don’t worry about money. Who needs money? We need good 
food.
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The divergence of viewpoints between mother and son is absolute.
We had other conversations with Sohan Lal in which he actually agreed fully that 

indigenous wheat tastes better and asserted that chemical fertilizers and hybrid crops 
with their demands for additional irrigation are dangerously depleting and damaging 
the land’s two most vital natural resources—soil and water. In other words, Sohan Lal 
identified the very agricultural practices he embraced as unsustainable, and, in truth, 
agreed with his mother on everything except the necessary course of action. In his view, 
he has no choice but to pursue profit at the expense of all else. What drives him, however, 
is not amoral greed but a sense of responsibility to provide a younger generation oppor-
tunities that only money can buy—a classic double bind.

In 2009 in India, eggplant, commonly called brinjal in Indian English, became the 
center of stormy controversy due to a new genetically modified variety approved by the 
government for cultivation and consumption, an approval later retracted under pressure 
from opposing activists.12 At the time of my 2003 research, eggplant was already a local 
food symbolic of changing times. As I read about the eggplant protests in December 
2009, I developed retrospective understanding of eggplant’s significance as a relished, 
filling, traditional, and humble vegetable.

During my winter 2003 research, talk about modern brinjal’s lack of tastiness carried 
with it a subtle but perceptible moral evaluation. I had many conversations in January 
2003 about two species of brinjal, one readily visible and one largely invisible. The latter 
scarce item is “deshi” brinjal, literally “of the land,” implying local and indigenous. Deshi 
brinjals are whitish in color, and the vine on which they grow has annoying thorns on 
it, but everyone with whom I spoke asserted that this variety was the most delicious. 
Nonetheless, the widely prevalent species nowadays is called disko: it is small, shapely, 
perfectly purple, its stem free of unpleasant prickles, but people say it lacks in taste. 
Disko is not only easier to cultivate, but also sells better.

Barji Mali, a gardener woman, was among several who told us, “There used to be local 
brinjal (deshi bangan). We used to grow it, but now we have modern (adhunik) brinjal, 
called ‘Disko.’ Now, Disko is available.” Shambhu Nath, an educated villager in his 40s 
who has worked with me on and off over the years, immediately chimed in to emphasize 
a contrast in flavor: “The local brinjal was tasty, but it had prickles on it. It was really deli-
cious, but the Disko has no flavor. Even today, the local is available in the market but it 
costs more than Disko.” He then gave an elaborate recipe for what he said was the best way 
to cook deshi—stuffed with spices after roasting. Nostalgia for the tasty past is invested 
in the white variety that has shifted from staple to luxury, and it is now presumably culti-
vated by a few for sale to the well-to-do in town markets rather than village lanes.

This contrast between the pervasive, modern, shiny, purple, attractive disko and the 
indigenous variety—white, prickly, flavorful but no longer consumed—captures much 
about nostalgia for a past that people do not necessarily strive to reclaim. Pleasures such 
as the taste of white brinjal, roasted and spiced as Shambhu recalled it, are missed but 
deemed irretrievable. This seems to echo Sohan Lal’s acknowledgement of the genu-
inely superior flavor of wheat he refuses to plant. There is additional symbolism in the 
disko/deshi contrast and the psychology of loss it evokes. Tasteless modernity is perfectly 
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embodied in the shiny purple tasteless brinjal, named after an emblem of urban amoral-
ity—disco dancing.

Assessments of deterioration of flavor and morality have been documented elsewhere 
in India and the world. Other research finds farmers reflectively critical in their deci-
sions to adapt agricultural technologies (Witcombe, Virk, and Farrington 1998); they 
are nostalgic for flavors of indigenous foods grown with organic fertilizer, even as they 
eagerly plant and profit from hybrid varieties grown with chemicals (Gupta 1998; Vasavi 
1999; Wadley 1994). Greek anthropologist Seremetakis describes a discourse of “taste-
lessness” that is “common in discussions of modernity” (1996: 8).13

The discourse on modern tastelessness in Rajasthan is echoed in reverse by the kinds 
of exclamations I overhear complacent shoppers making in my hometown food coop 
over the unsurpassed flavor—to take a recent example—of organic grapes. Hang the 
cost! The difference is that poor and frugal Rajasthani farmers have had to give up their 
preferred flavors, whereas middle-class shoppers in Ithaca can afford to reclaim and 
savor the naturally delicious, and simultaneously experience the moral gratification of 
supporting environment and local workers.

Although several chapters in this volume treat activist and commercially successful 
alternative food movements, what I have encountered in Rajasthan is a discourse of aware-
ness united with resignation: a world in which good flavors are knowingly sacrificed in the 
name of economic betterment. Such sacrifice constitutes the pursuit of tasteless profits. 
Moreover, the decline of flavor is deeply embedded in, and complexly interwoven with, 
other declines—a set of conditions that makes reversal inconceivable to many.

Although it does not speak of flavor, the following passage, elicited in oral history 
interviews, voices one of the clearest expressions I have recorded of a very common 
interwoven set of critiques of changing times. The speaker is Damodar Sharma Gujarati, 
a Brahmin, and one of the oldest men in the village when Bhoju Ram Gujar and I inter-
viewed him in the 1990s:

Damodar: The Kali Yuga [degenerate era] has come 100%. People used to be very 
happy and generous, but now they are misers. It used to be if I had grain and saw a 
hungry person I would give, and even if only women were home and one had no 
grain, she could borrow from another and clean it and grind it and make bread so 
no one could go to bed hungry.

And there was so much power in the grain that when you boiled it, it spit 
[literally, it kicked] so no one could stand near the pot. But today there is no such 
spitting, no strength in the grain. . . . Just as the strength of grain is finished, so is 
people’s love.

Bhoju: O.k., people have changed because of selfishness, but there is no selfishness 
in grain, so what happened?

Damodar: It is because we don’t use goat dung and cow dung fertilizer any more. 
From urea more heat grows in the grain, and from this people also have greater 
heat. And that is why people have much more anger and egotism. People today get 
angry very quickly at everything.

[Gold and Gujar 2002: 308–309]
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Complex food themes emerge in Damodar’s words. It is not merely the nutritional qual-
ity of food that has declined, but also, it would seem, the chemistry of the grains them-
selves, because they behave differently when boiled. It is not just an increase in human 
selfishness observed, but a causal link posed between the moral failures of modern times 
and the products of modern agricultural practice. In this passage, decline of “solidarity” 
or the morality of food sharing, discussed earlier in this chapter, is linked inextricably 
with specific agricultural technologies, on the one hand, and a food-based biochemical 
alternation of human nature, on the other.

Concluding Thoughts

The three themes highlighted in these sketches—solidarity, separation, and the con-
joined decline of flavor and morality—intertwine in several ways. For example, 
Damodar Gujarati posits decline as undermining solidarity, when he claims that people 
no longer share the food that is no longer nourishing. Decline also undermines separa-
tion. In the 1990s I heard persons belonging to low-ranking, historically meat-eating 
communities voice, as a kind of black humor, the critique that nowadays Brahmins and 
Baniyas (priests and merchants),who traditionally would adhere to strict vegetarianism, 
were eating all the eggs and chickens, leaving none for them. Jamuni Regar, from one of 
the dalit or former untouchable communities, put it this way: “Nowadays, in our colony, 
all things are finished. Nowadays, Brahmins and Baniyas eat meat, all our chickens are 
finished because of that” (Gold and Gujar 2002: 102). That is, the poor folks who raise 
chickens can no longer afford to eat them—because, just like Sohan Lal, they care more 
about money than they do about relishing food. Ironically, when the keepers of chickens 
sell their animals to persons of superior wealth, the buyers lose their ritual superiority 
in the process. Brahmins and Baniyas ought to be pure vegetarians, and, therefore, these 
economic transactions are simultaneously a sign of degeneration of traditional Hindu 
hierarchies: not just chickens but “all things” are finished.

Down the road from Ghatiyali in the small market town of Jahazpur, a very differently 
framed reversal of eating habits has shaken up society: the majority of those who belong 
to the “butchers’ ” (Khatik) community have become vegetarian. Formerly traders in 
livestock, now produce-vendors and dealers in used goods, the Khatik have erected, in 
the heart of town, a glamorous temple dedicated to the vegetarian deity Vishnu. With 
a devotional solidarity at least partially grounded in food practices, they were able to 
overcome high-caste opposition to this enterprise. One of the leaders of the Khatik caste 
of former butchers described their shift of occupation, diet, religiosity and status over 
the last quarter-century as bringing many kinds of well being, including economic and 
social progress, to their expanding population (Gold n.d.). Many interviews that I con-
ducted in 2010–2011 in Jahazpur found members of higher castes (priests and merchants 
alike) readily affirming Khatik progress, and attributing it to a variously proportioned 
combination of religious self-transformation and innovative, tireless entrepreneurship.
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Changing eating habits are reported from other parts of India, signaling varieties 
of transformations; some manifest as increased attention to rules of food purity, some 
quite the opposite. In Bengal, according to Donner’s ethnographic study, urban women 
may decide to embrace a “full” vegetarianism—non-fish-eating and, therefore, quite 
non-Bengali—for reasons having to do with identity, class, consumerism, sexuality and 
self-determination. Donner suggests that young wives deploy their adopted ascetic veg-
etarianism, “to make a stand, and create a space where their individuality has to be rec-
ognized by their affines.” She argues further that, “this somatic truth is political insofar as 
it reconstitutes a gendered morality at a time when consumerist indulgence establishes 
a tight grip over middle class imaginations” (2008: 176). Janeja—who has also recently 
looked closely at food and society in Bengal and Bangladesh—points to different pro-
cesses, namely to breeches of vegetarian identity in middle-class households where, as 
she vividly puts it, the refrigerator is “guilty of attacking boundaries” (2010: 80).14

Such disparate examples of the ways dietary habits interact with other social pro-
cesses reveal food as predictably signalizing, even as they display evident unpredict-
ability of just what messages are sent. I have barely skimmed the bubbling cauldron 
of non-nutritional food values in India, but these assembled examples do attest to the 
many ways that food—as it is cultivated, cooked, shared, begged, savored, or sold—is 
always more than food within any given cultural world documented by ethnography. 
Appadurai in 1981 argued that “South Asian civilization has invested perhaps more than 
any other in imbuing food with moral and cosmological meanings” (498). Although 
drawing on South Asian examples, as does Appadurai, this chapter claims that all cul-
tures invest heavily in imbuing food with moral and cosmological meanings.

In her cogent contribution to a different handbook, Judith Farquhar states as anthro-
pological principle that “links connecting food to everything else are irreducible, and 
should not be analytically dissolved” (2006, 147). The composition of that “everything 
else” includes power and politics. Dunn affirms this emphatically in the afterword to a 
recent collection of essays exploring food worlds in postsocialist Eastern Europe. Dunn 
stresses the ways food “jumps scale”:

 . . .  food is the most important and frequently encountered material object that 
translates regulatory regimes and power relationships into lived experience. Thus 
food has the almost magical property of jumping scale: as it moves, it links the global 
economy and household economies, political bodies and the bodies of individuals, 
the world and the self. To study food, then, is to study power.

(Dunn 2009, 208)

Here is how Ugma Mali of Ghatiyali, Rajasthan, interpreted the local proverb, “Grain 
is the seed of adornment.” He told me, “We say this because grain is the source of life 
and health. If you are hungry you won’t look good no matter how much jewelry you 
wear, but if you are healthy [that is, well fed] you look good, even without jewelry” (Gold 
1998). This insight from a North Indian farmer returns us to the blunt knowledge that, 
although the world’s abundant food lore is culturally constructed, to suffer pangs of hun-
ger is a physical and visible plight. Food’s capacity to “jump scale” means that the sight 
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of a hungry person evokes knowledge that spans caloric and moral values. Narayan’s 
Swamiji would insist that this plight demands recognition and action from other souls.

Notes

 1. Many thanks to Jane Fajans, Ron Herring and Gloria Raheja for thoughtful readings and 
helpful suggestions.

 2. See, of course, Lévi-Strauss’s four-volume structuralist compendium, Mythologiques—
especially the first volume (1983)—that finds food metaphors to encode the most primary 
understandings of human existence.

 3. To sample works representative of these and related equations see Bender 2003; Caldwell 
2009; Counihan 2004; Donner 2008; Flammang 2009; Hardiman 1996; Holtzman 2006; 
Janeja 2010; Khare, ed. 1992; Mankekar 2005; Nazarea 1998; Pellow 2007; Sutton 2001; 
Toomey 1994. Farquhar 2006 provides a most helpful survey.

 4. Not all the anthropology of food points toward macro social-justice issues. Another recent 
reader (Watson and Caldwell 2005) takes a cultural studies approach, looking at local 
manifestations of global markets in foodstuffs and food brands: KFC in Beijing; Coca Cola 
in Trinidad; McDonalds in Moscow. It is about flow, image, and profit rather than need. 
Somewhat shockingly, it lumps together willful fasting and hapless starvation under the 
ethically neutral heading “absence of food.”

 5. See Stoller and Olkes 1986 for their influential, personal reflection on these matters, 
delightfully titled, “Bad Sauce, Good Ethnography.”

 6. Both the Bhagavad Gita (Miller 1986) and the Law of Manu (Doniger and Smith 1991) have 
a great deal to say on the ways that the “qualities of life” (gunas) are inherent in different 
kinds of foods that are appropriately consumed by different kinds of persons.

 7. Variations on “have you eaten?” as a way of saying hello are not unique to Rajasthan, but, 
rather, are common in many parts of the world.

 8. See especially Marriott 1976; Mayer 1970, Hanchett 1988 and Khare 1976 focus more 
broadly on ritual and domestic uses of food.

 9. There is an abundance of fictional writings centered on food and its myriad meanings and 
uses in South Asia; see for example, Sharma 1997, 2009; Thieme and Raja 2009.

 10. This section draws extensively on materials included in Gold 2009 and Gold 2012b, par-
tially reworking them and without further reference to earlier renditions.

 11. Much of this literature is centrally concerned with politics and economics, and I do not 
attempt to survey it. On Polyani’s “great transformation” in a South Asian context see Herring 
2001 as well as his introduction to this volume. For anthropological discussions of the ways 
cultural variables affect “moral confusion” resulting from impinging capitalist markets see 
Parry and Bloch, ed. 1989; Sahlins 2000. Scott 1977 based on research in Southeast Asia is the 
classic study of rural moral economy and its distributional requirements.

 12. See Herring 2011 for many recent sources on this conflict and for a thorough and penetrat-
ing analysis of brinjal politics.

 13. Reaction against just such tastelessness in affluent cultures would be movements like local food 
and terroir; see for example Trubek 2008; Weiss 2011; and several chapters in this volume.

 14. See also Ghassem-Fachandi 2009 for the hardening of religious identities around food in 
tension-ridden Gujarat.
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Chapter 23

Cultural P olitics  of 
Fo od Safet y

Genetically Modified Food in France, Japan, and the 
United States

Kyoko Sato

Introduction 

The world’s food supply has benefited tremendously from modern developments in 
agriculture, such as the steady introduction of new production technologies and the 
well-coordinated global systems of distribution. Conversely, these same characteristics 
that have enabled the abundance and quality of diverse and affordable food in industri-
alized countries have also presented new uncertainties and conflicts. The crisis of mad 
cow disease (bovine spongiform encephalopathy, or BSE), for example, revealed new 
challenges to global regulatory authorities in ensuring food safety, including the neces-
sity of global cooperation and coordination in regulation and information management.

Genetically modified (GM) food—products made with modern biotechnology, 
especially genetic engineering or recombinant DNA (rDNA) technology—is a new 
global commodity that both challenges national authorities and reveals the persistent 
significance of the national. The global nature of the commodity is strikingly evident. 
Transnational corporations are prominent in development and production, and biotech 
seeds and food circulate globally. International rules have been worked out for coordi-
nating trade, safety, and protection of biodiversity; opposition is notable for its presence 
in extensive transnational advocacy networks. Nevertheless, regulatory approaches and 
public responses to GM food exhibit striking national differences. In France and Japan, 
GM food has been ardently discussed in terms of risk since the late 1990s and cautiously 
addressed as a food-safety issue, subjected to mandatory safety evaluation and label-
ing, and avoided vigilantly by many consumers. In the United States, however, the safety 
of transgenic food has not garnered the same kind of policy response or far-reaching 
public attention. Genetically modified organisms (GMOs) have spread widely through 
American farmland and the American food supply since the mid-1990s, with little of the 
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public outrage witnessed in other nations. Labeling is not required in national law, and 
despite a surge in state-level attempts in the 2010s to introduce mandatory labeling via 
ballot initiatives and bills, no state has yet established labeling requirements (as of July 
2013).

These divergences in both policy and public responses are particularly intriguing 
because these countries shared liberal regulatory approaches and similar public uncer-
tainty before GMOs entered food markets in the mid-1990s. Distinct national policy 
frameworks and public attitudes developed between the late 1990s and the early 2000s, 
and for the most part they remain intact.

From analysis of these divergent national trajectories, this chapter illustrates three 
important dynamics in the politics of food safety. First, how food safety became politi-
cized differed across cases. The sequences, timing, and actors who mobilized the issue 
differed widely. Second, other aspects of the safety and desirability of genetic engineer-
ing in agriculture became intertwined with the politics of food safety. We cannot really 
understand food safety outcomes in isolation from the context in which other aspects—
such as environmental concerns—were politicized. Third, the meaning of GM food itself 
in policy and public discourse—its salience and definition—mattered to divergence of 
national approaches to food safety. The boundaries between GM and non-GM food are 
not self-evident, but they are variable over time and across contexts (Sato 2007). As a 
result, labeling policy and practices becomes a contested site where specific boundaries 
are drawn and manifested (see Clough, this volume).

How GM food developed as a category—through eminently cultural and political 
processes—resonates with a distinctive tradition of anthropological inquiry: the same 
food—whether pork, dog meat, or rice—is often categorized in radically different ways 
across contexts (e.g., Douglas 1966; Harris 1985; Ohnuki-Tierney 1993). Without falling 
prey to the perils of cultural essentialism, we can still discern how each social collectiv-
ity develops its own ways of classifying a specific food item. Classification matters politi-
cally as well. In her comparative analysis of biotechnology regulation, Jasanoff (1995; 
2005) notes that scientifically measurable characteristics of the final product have con-
sistently been the basis for regulatory decisions in the product-oriented US framework, 
whereas the use of genetic engineering itself has served as a criterion for a special regula-
tory category in the UK’s process-oriented approach. In contrast, German debates came 
down to the entire programmatic relationship between technology, society, and the state. 
Regulatory frameworks generate categories; biotechnology regulations have created not 
only new bio-legal entities, but also a series of administrative practices and technical 
instruments around such entities (Lezaun 2006). In the cases that follow, we analyze the 
politicization and institutionalization of food safety in each country by situating them in 
the development of “GM food” as a cultural category.

This framework offers an alternative to dominant approaches. The most common 
approaches explain differences in food-safety policy by looking at (a) political conflicts 
among actors with different material interest and resources (political realism); (b) differ-
ent norms and values (culturism); (c) the different degrees to which the public under-
stands the science of risk and safety (public understanding of science); and (d) specific 
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events and historical contexts (events). It is common to find accounts that assume that 
food safety risks exist as scientifically objective facts and then seek to account for differ-
ent responses using one or more of these approaches. Policymakers typically attribute 
consumer concerns to their ignorance, whereas the media often discuss national differ-
ences in culture (e.g., attitudes and values surrounding food, agriculture, and technol-
ogy). Many scholarly works highlight political struggles among stakeholders, cultural 
differences (e.g., trust in authorities, attachment to traditional ways), events (e.g., food 
scandals like BSE), or a combination of these (see, e.g., Gaskell, Thompson, and Allum 
2002; Bonny 2003; Vogel and Lynch 2001; Vogel 2003; Schurman and Munro 2009; 
Bernauer and Meins 2003; Maclachlan 2006). These factors all mattered to the cases at 
hand, but our emphasis is on chronicling how products of genetically engineered crops 
developed differently as a cultural category in different national settings. Furthermore, 
we seek to understand how this development affected degrees and kinds of significance 
attached to GM food’s safety per se. This cultural politics approach sees the develop-
ment of the category itself not as self-evident or universally agreed to, but as the result 
of dynamic processes, wherein various factors contributed, including those of the more 
common approaches mentioned above.1 Rather than regarding culture to be static and 
deterministic, as in purely culturalist approaches, we seek to find out how such change-
able cultural elements as boundaries, terms of debates, and symbolic meanings of GM 
food developed in different national contexts.

France

The French government long considered agricultural application of rDNA technology 
as a highly promising new area for the country’s competitive edge in science, agricul-
ture, and industry. Over a short period in the late 1990s, however, it became a major 
public issue that mobilized a variety of political actors, and the country’s long-standing 
pro-GMO policy quickly turned into a decidedly cautious one. In this politicization 
of GM food, concerns about ecological risks preceded and facilitated the rise of food 
safety concerns and other issues. The first key opposition to GM food came from envi-
ronmentalists, and the general policy reversal was first triggered by environmental risk 
concerns. At the same time, the heightened public awareness about food safety that fol-
lowed a series of food crises like BSE also contributed to this initial politicization: envi-
ronmentalists began to effectively highlight food safety and consumer choice as areas of 
contention, and consumer and farmer groups then became active in the opposition. This 
development helped raise the general public awareness of GM food rapidly, expanding 
the debates and the opposition. By the time alternative globalization activists joined the 
opposition, the issue of GM food encompassed wider debates about democratic deci-
sion processes, the future of European agriculture, and French identity and ways of life.

In sum, food safety concerns in France constituted only one aspect of this mul-
tifaceted, multivocal issue from the beginning. Various framings of GM food 
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bolstered—rather than competed with—one another, together intensifying its stigma 
not only as a product, but also as a process of production and a societal program. This 
stigmatization, through which the already institutionalized category of GM food 
became more salient, significantly affected how French authorities pursued and further 
institutionalized stringent approaches in various aspects of GM food, including food 
safety assessment (Sato 2013).

From State Support to the First Opposition

Until the late 1990s, the French government maintained fairly hands-off and 
industry-friendly regulatory approaches to agricultural biotechnology. Furthermore, as 
a country with advanced molecular biology and a major agricultural exporter, France 
invested heavily in research and development in this field at public research institutes 
like the National Institute of the Agronomic Research (INRA). The Biomolecular 
Engineering Commission (Commission du Génie Biomoléculaire, or CGB), an expert 
committee created in 1986 under the Ministry of Agriculture, not only evaluated the 
risks of this new technology, but it also strove to ensure the growth and competitive-
ness of the domestic research and industry. In this favorable context, French researchers 
made considerable strides. For instance, in 1987, INRA researchers conducted two of 
the world’s first field trials of GM plants. By the early 1990s, France had hosted more 
GMO field trials than any other country except for the United States (Kahn 1996). 
Concerns about biohazard and ecological risks were occasionally raised by Parliament 
members and environmentalists, but the government upheld the research- and 
industry-friendly policy paradigm (Kemph 2003). Meanwhile, much of the GMO regu-
latory framework was unified in the early 1990s at the European Community level to 
facilitate regional innovation and competitiveness in the field (Bradley 1998). With such 
domestic and European policy development, the idea that GMOs constitute a distinct 
category became further institutionalized in France. However, this was not necessar-
ily a restrictive stance: though subject to unique regulatory requirements, products of 
biotechnology were also held to deserve special governmental backing and investment. 
Furthermore, the safety evaluation of a new GMO was nonbinding.

In the mid-1990s, France remained among the world’s forerunners in development 
of biotechnology and leading hosts for field trials. It was environmentalists such as 
the Friends of the Earth, Greenpeace France, and Écoropa that began to inquire into 
GMOs’ ecological implications and eventually became the first visible opposition force 
in France. Significantly, they capitalized on the general European climate of height-
ened awareness about food safety issues and the public skepticism toward the regula-
tory authorities that followed BSE and other regulatory crises (Vogel 2003; Schurman 
2004). The shocking news that BSE had killed humans broke out in May 1996, only two 
months after the first EU approval of GM crops—American biotech giant Monsanto’s 
herbicide-resistant soybeans. Quickly after this news, Écoropa announced an appeal 
for a moratorium on GMOs, with the support of well-established scientists. The arrival 

 



566   Kyoko Sato

of bioengineered soybeans in Europe and the protests by environmentalists such as 
Greenpeace drew much media attention in France. The left-mainstream newspaper 
Libération reported on the impending arrival with a front-page headline, “Watch Out 
for Mad Soybeans.”2 This association between GM food and BSE continued to support 
opponents over the subsequent years.

The French government, however, maintained its promotional stance; it pushed 
for and achieved the EU authorization of the Swiss company Novartis’s pest-resistant 
Bt176 corn despite opposition from most member states. In early February 1997, France 
approved the commercialization (i.e., import, sales, and consumption) of the maize, 
with an ambiguous labeling requirement based on an EU law for novel food that did not 
specify labeling criteria or methods.

Subsequent developments surrounding Bt176, both at the national and EU levels, 
revealed the unsettled nature of risks of GM food. While the commercial release was 
regulated at the EU level, cultivation of GMOs could be subjected to additional national 
rules. In mid-February, Prime Minister Alain Juppé announced the controversial deci-
sion not to authorize the domestic cultivation of Bt176, invoking the precautionary 
principle and dissemination risks.3 The decision created a peculiar situation, highlight-
ing ecological risks: Bt176 could be sold and consumed, but not grown, in France. This 
symbolically significant official decision was quickly followed in April by the European 
Parliament’s resolution that expressed its nearly unanimous opposition against the com-
mercialization and cultivation of Bt176 due to its potential risks to public health and the 
environment. Critical of the European Commission’s stance, the resolution particularly 
emphasized the food safety aspect of the issue, explicitly connecting GM food with the 
“BSE crisis.”

Later in the same year, the Juppé decision was overturned by his successor, Lionel 
Jospin. The Socialist Prime Minister announced the decision in November to autho-
rize the cultivation of Bt176. At the same time, Jospin’s administration showed their cau-
tion about ecological risks by deciding not to authorize the cultivation of GM beet and 
canola, crops more prone to cross-pollination with wild plants. The administration also 
presented forthcoming policy measures to address public concerns by increasing trans-
parency, monitoring the ecological impact of authorized GMOs, and introducing label-
ing of food products containing traces of GMOs.

In 1998, GM food attracted increasing public attention as the opposition grew in scope 
and visibility. While environmentalists remained central, consumer and farmer groups 
also emerged at the forefront. Bt176’s ecological risks were again highlighted in February 
when Greenpeace France and Écoropa lodged an appeal to the Conseil d’Etat, France’s 
highest administrative court, against its cultivation authorization, arguing that the risk 
assessment was insufficient. Moreover, as the issues of food safety and consumer choice 
became increasingly more prominent in GM food debates, labeling and traceability 
became a key policy and consumer issue. The major retail chain Carrefour secured a 
GMO-free supply line and featured their non-GMO products in its in-store campaigns.

Meanwhile, direct action led by the farmer activist José Bové in January set in motion 
the gradual broadening of the GM food debate beyond risk issues (Heller 2002). He and 
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two others from his Farmers’ Confederation, France’s second largest farmer union, were 
arrested in January after leading over a hundred farmers in tampering with Novartis’s 
GM corn. This development not only drew much media attention to biotechnology 
food, but it also brought together various opposition activists. A joint campaign against 
GMOs was quickly launched by the Farmers’ Confederation and several environmental 
and consumer organizations. At the trial in February, opposition leaders from some of 
these organizations testified to support the activists. The alternative globalization activ-
ist Vandana Shiva from India showed support in the audience. Bové argued that GM 
food symbolized the dominance of market concerns, and associated it with American 
hormone-treated beef, both imposed on European consumers and farmers by the World 
Trade Organization and multinational corporations.

At that point, the French government had a moderate stance, authorizing GMOs 
while introducing more cautious and less technocratic approaches. While particularly 
cautious about ecological risks of rDNA crops, the government was still invested in the 
future of this technology and sought to establish a practical framework that reconciled 
its promises and the public’s risk concerns. In February 1998, in approving varieties of 
Bt176 corn for cultivation (the first European country to do so), the French govern-
ment also announced launching a system to monitor the corn’s environmental effects. 
A new advisory body consisted of not only scientific experts and government officials, 
but also representatives from opposition groups such as Greenpeace and the Farmers’ 
Confederation. Furthermore, the government abstained from EU votes on authorizing 
three lines of GM corn on the basis of the lack of consumer acceptance and effective 
labeling regulations, rather than risk concerns (Marris et al. 2004).

At the time, public debates did not necessarily entail outright opposition to agricul-
tural biotechnology as such. For instance, the highly publicized “Citizens’ Conference,” 
held in June at the National Assembly, produced a final report that was neither clearly 
pro- nor anti-GM food, with moderate recommendations. In this governmental attempt 
to be more inclusive, a panel of fourteen citizens faced scientific experts and civil soci-
ety representatives—from Monsanto and Novartis to Greenpeace and the Farmers’ 
Confederation—and debated GM food. The report discussed potential ecological and 
food safety risks and called for more open decision-making processes and consumer 
choice via labeling and traceability (Marris and Joly 1999).

Meanwhile, opposition intensified, highlighting issues of food safety and consumer 
choice. European anti-GMO activists began to effectively capitalize on the height-
ened public awareness of food safety, as well as the structural dependence of biotech-
nology firms on food processors and retailers, the industries particularly vulnerable 
to consumer perceptions (Schurman 2004; Schurman and Munro 2009). In France, 
Greenpeace France especially made its mark, with its direct actions in supermarkets and 
“black list” of products that contained GMOs. By late 1998 the idea that GMOs consti-
tuted a food safety issue became powerful enough to prompt Danon to decide not to use 
GMOs in their products for Europe; Nestle and Uniliver quickly followed.

In this context, the official French position on GMOs grew more cautious. In 
September 1998, the Conseil d’Etat made a controversial decision to suspend the 
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authorization to cultivate Bt176 maize hybrids. Opposition groups lodged more such 
appeals against other authorizations, this time both for cultivation and commercial-
ization. Regulatory procedures continued to grow more open. In particular, the CGB’s 
dominance ended as the French Food Safety Agency (Agence Française de Sécurité 
Sanitaire des Aliments, or AFSSA) was launched in April 1999 and took over premar-
keting risk assessment of GM food. Established to respond to growing public con-
cerns about general food safety, the new agency was independent from the Ministry of 
Agriculture in an attempt to separate risk assessment and management, and it was con-
sidered more transparent than the CGB. Labeling and traceability increasingly became 
more urgent policy issues, as the wide domestic consensus to demand a clear and reliable 
labeling system was unmet by ambiguous EU standards. In June the French government 
called for an EU-level suspension of further commercial authorizations of GMOs at the 
European Council of Ministers, following an earlier move by Greece. France demanded 
more stringent risk assessment procedures and more effective labeling and traceability 
rules as conditions to resume authorizations. This development led to a de facto morato-
rium. Thus, France had become one of the most vocal GMO opponents in Europe.

Stigma beyond Risk Issues

This dramatic policy reversal was followed by further expansion and visibility of the 
opposition movement, which more explicitly and successfully connected the issue 
of GM food with the critiques of globalization and neoliberalism, highly resonant in 
France at that time. Increasingly more stigmatized beyond risk issues, GM food in the 
French public discourses quickly became antithetical to French tradition and ways of 
life (Sato 2013).

The activist José Bové played a key role in this development, which had significant 
consequences for market practices and policy regarding GMOs. In August 1999, he and 
the Farmers’ Confederation entered the media spotlight again by their direct action to 
dismantle a McDonald’s franchise under construction in southern France. This was 
to protest the US government’s decision to impose high duties on French products, 
which itself was in response to Europe’s refusal to import US beef from cows treated 
with growth hormone. In his crusade against malbouffe (bad food), which included 
hormone-treated beef, fast food, and GM food, Bové became extremely popular in 
France.4 Meanwhile, the ATTAC, a popular alternative globalization group close to 
Bové, joined the anti-GMO movement, while Bové joined antiglobalization protesters 
at the December WTO meeting in Seattle and became their global icon. Bové’s popu-
larity not only contributed to the new high level of public attention GM food received 
in France, but it also facilitated the association of GM food with McDonald’s and 
hormone-treated beef. They all symbolized the global hegemony of market logic and 
its implications, such as standardization of distinct local culture and market dominance 
over democracy (Bodnar 2003). The issue of GM food was no longer merely about 
ecological risks and food safety, it now encompassed the larger issues of democratic 
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decision-making, ethics, culture, and national identity. Eurobarometer surveys show 
that the public support for GM food in France declined from 54 percent of the decided 
public in 1996 to 35 percent in 1999 (Gaskel et al. 2006).

By 2000, GM food was stigmatized to such an extent that more food manufactur-
ers and retailers began to eliminate GMOs from their products, and even from feed for 
their animal sources. France’s largest feed supplier, Glon Sanders, launched GM-free 
feed, and Carrefour decided to stop the use of GMOs in the feed for their animals. 
In November 2000, when the Conseil d’Etat decided to end the suspension of Bt176, 
Novartis announced that it would not commercialize it due to the lack of consumer con-
fidence. Direct actions to destroy field tests drew increasing public attention.

The French government’s cautious and inclusive regulatory approaches became 
firmly institutionalized during this period, and they generally persist today. The highly 
politicized nature of the issue certainly contributed to the official turn to more vigilant 
approaches to food safety matters, as the safety of GMOs as food became established 
as a central area of policy concern, as seen with the key regulatory role of the AFSSA. 
Ecological risks of engineered crops also remained significant in public discourse. 
In May 2000, France became a signatory of the Cartagena Protocol on Biosafety, an 
international agreement adopted in January 2000 to protect biodiversity from possi-
ble negative effects of “living modified organisms,” as did the European Union. France 
also played a pivotal role in maintaining the EU moratorium, demanding more reli-
able and precise labeling and traceability standards and more tests on the long-term 
safety of GM food. During the moratorium, the EU adopted increasingly restrictive 
regulatory provisions. Labeling and traceability at all stages became mandatory, with a 
threshold of 1 percent presence of GMOs. Following food safety scandals since the late 
1990s—e.g., BSE, dioxins, contaminated Coca Cola, listeria—Europe incrementally 
revamped its food regulatory system, emphasizing traceability of food, transparency of 
decision–making, and incorporation of public concerns. With the establishment of the 
European Food Safety Authority, the risk assessment of GMOs became more central-
ized at the EU level.

In April 2004, the EU introduced a new stringent regulatory framework to resume 
GMO authorizations, ending its de facto moratorium, against which the United States, 
Argentina, and Canada had brought a high-profile case to the WTO in May 2003. The 
new framework accentuated the boundaries between GM and non-GM food, while 
consolidating some of the previously separate segments of regulatory procedure into 
a simpler one. It became possible for a developer to go through a single authorization 
procedure for cultivation, food, and feed (the “one key, one door” principle). Stricter 
labeling requirements covered not only products with traces of DNA and protein from 
genetic modification, but also those without such traces if GM material was used in 
their production. Labeling was exempt only for the accidental presence of GMOs below 
0.9 percent.

GM food has remained highly contentious in France. According to the Eurobarometer, 
public support for it in France declined from 35 percent in 1999, to 30 percent in 2002, 
to 29 percent in 2005 (Gaskel et al. 2006). Organized direct actions to destroy field tests 
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continued to flourish and gained considerable popularity, and a growing number of 
local communities—regions, departments, cities, and towns—declared themselves 
“GMO-free,” even without legal authority to enforce it. R&D has diminished, and labels 
for GMOs have been hardly found in French food despite the strict criteria. In 2008 a 
biotechnology law was passed to create a new independent body, the High Council of 
Biotechnologies, to work with the French Food Safety Agency (AFSSA) and oversee not 
only environmental and public health aspects of GMOs, but also economic, social, and 
ethical ones. Only one type of GMO—MON810, Monsanto’s pest-resistant corn—was 
cultivated on a small scale, but since 2008 the French government has banned its culti-
vation for concerns about uncertain ecological risks.

Summary

In France, the contentiousness of GM food politics was aided by, but not reducible to, 
the context of post-BSE consumer awareness. The environmental and ecological con-
cerns, both in opposition movements and in government, initially politicized the issue 
of GM food in general, and this significantly facilitated, and was facilitated by, the rise of 
food safety aspects. In a short period between the late 1990s and early 2000s, concerns 
extended beyond scientific risk assessment to encompass larger societal questions such 
as democratic decision-making, globalization, and French culture and identity. As these 
multiple problem framings augmented each other, GM food became a highly salient 
issue, both in public discourses and policy debates.

Food safety—or consumption risks—constituted only one of the key issues surround-
ing GM food, albeit an important one. Larger issues of GMOs as a mode of produc-
tion and as a societal program came to figure prominently, strengthening “GM food” 
as a salient category. Food safety concerns became merged with issues beyond scien-
tific assessment of risk, such as democracy and national identity. The increasing gen-
eral stigma and political salience contributed to an official turn to highly conservative 
approaches to consumption risks, as well as other aspects of agricultural biotechnology, 
including ecological risks and social consequences.

Japan

Japan also initially developed a liberal regulatory framework for agricultural biotech-
nology, coupled with active efforts to promote it as a key industrial domain. The govern-
ment long maintained a position that approved GM crops should be treated the same 
way as conventional crops. In the late 1990s, as in France, this paradigm faced a consid-
erable challenge from an emerging opposition. The central opposition actors in Japan 
were consumer groups, and the Japanese debate on GM food consistently focused on 
food safety. The opposition mobilized consumer concerns about safety, and effectively 
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focused on labeling as a way to address consumption risk concerns, prompting the gov-
ernment to require more stringent safety assessment and labeling. This constituted an 
important—albeit limited—victory for the consumer movement in Japan, which had 
long addressed food safety as a top priority yet been excluded from policy processes 
(Maclachlan 2006). This success facilitated the politicization of other aspects of GM 
food. In the early 2000s, narratives that portrayed GM food as a threat to local agricul-
ture and Japanese culture and identity emerged, particularly in the opposition against 
GM rice development and field trials. Ecological effects of biotech crops also garnered 
more public attention, and the government subsequently introduced stricter environ-
mental regulation for cultivating them.

Successful politicization of consumption aspects of GMOs as products preceded 
and helped draw public attention to GM food as a category, and then to such produc-
tion aspects as agriculture’s significance to national and local culture and environmen-
tal risks. At the same time, the initial narrow focus on food safety and labeling affected 
the ways in which the general regulatory approaches were considerably more lenient 
than those of the EU or France. Consequently, despite high public awareness of the food 
safety issue, Japan continued to import—and consume—a significant amount of biotech 
crops from other countries.

From State Support to the First Opposition

In Japan, as in France, the regulatory framework for agricultural biotechnology was 
explicitly lenient and favorable to R&D and commerce for a long time (Fujihara 1997). 
In the 1980s the government began to invest heavily in the field, which it considered cru-
cial for Japan’s competitiveness in science and technology and for solving the country’s 
low food self-sufficiency and dependence on imports (Yamaguchi and Suda 2010). The 
Ministry of Agriculture, Forestry and Fisheries (MAFF) gradually built an institutional 
setting conducive to public and private R&D and government-industry cooperation 
(Amagasa 2000, 2003).5 From the late 1980s to the early 1990s, various crops developed 
by MAFF’s research institutes, prefectural research centers, and private companies (e.g., 
chemical, beer, tobacco) moved from labs to greenhouses, then into the field. A pio-
neering opposition group, the DNA Issue Study Group, and the Environmental Agency 
raised concerns about ecological impact of field tests, but this did not result in much 
public or policy debate.

By the early 1990s, in preparation for the impending arrival of food made with rDNA 
technology, the government established a regulatory framework distinctly for it, from 
indoor experiments to field tests to safety as food. In 1994, under this framework, Japan 
quietly introduced its first GM food, two varieties of chymosin (an enzyme used in 
cheese-making) made by American and Dutch companies, and cheese made with them. 
On one level, this framework affirmed the category of GM food. On another, it was non-
binding and explicitly maintained that approved transgenic food was “the same” as the 
existing food. The latter idea was even more explicitly institutionalized in 1996 when the 
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Ministry of Health and Welfare (MHW) adopted the “substantial equivalence” principle. 
Officially articulated by the Organisation for Economic Co-operation and Development 
(OECD), this principle posits regulating the safety of GM food in the same way as con-
ventional food if the former has the same chemical and nutritional compositions and 
usage as the latter.6 In confirming the safety of seven products made by four foreign 
companies later in 1996, the ministry explicitly refused the idea of requiring labeling 
(Yasuda 1997). Meanwhile, both public and private R&D efforts intensified. By 1996 
the majority of prefectural governments—longtime key players in developing seeds of 
major crops—had launched agricultural biotechnology research, and various GM crops 
(e.g., tomatoes, rice) were being developed throughout Japan (Nishimura 1997).

The first shipment of American GM crops entered Japan in September 1996, setting 
off widespread debates and an organized opposition mobilization of consumer groups 
on the basis of food safety concerns. These groups called for labeling as a way to avoid 
consumption risks. The progressive consumer group Consumer Union of Japan and the 
DNA Study Group launched the No! GMO Campaign, which quickly became an oppo-
sition leader in Japan. In December the Tokyo Assembly demanded that the govern-
ment confirm the safety of GM food and promptly make labeling mandatory—a move 
subsequently followed by a number of local assemblies throughout Japan (Yasuda 1997).

Initially, the government took a firm stance against treating approved GMOs dif-
ferently from conventional crops, but the rapidly growing opposition prompted it to 
reconsider labeling. As late as January 1997, Prime Minister Ryutaro Hashimoto pro-
nounced labeling of “safe” approved GM food as gratuitous, even denying the necessity 
for the government to know how much entered Japan. However, by April the govern-
ment received requests for mandatory labeling from about 140 local assemblies and 100 
groups—including consumer cooperatives, consumer groups, environmentalists, and 
farmers.7 Quickly, the MAFF and the House of Representatives each created a special 
panel for GM food labeling.

At the time, much debate about the safety of GM food occurred at the Diet (Japan’s 
legislative body) and local assemblies. Some expressed their concerns for its effect on 
children via school lunch programs that the majority of grade schools have, while oth-
ers invoked BSE in the United Kingdom and E. coli O157, which shocked Japan by killing 
school children and poisoning thousands in 1996. In 1997, nonetheless, GM food was 
still unproblematic for many Japanese. While some cautious food manufacturers began 
to avoid potentially contentious GMOs, most others remained passive and oblivious. 
R&D efforts continued in both public and private sectors.

It was during 1998 that GM food skeptics and opponents achieved consumer mobi-
lization at an unprecedented scope, as official advisory panels deliberated on methods 
and criteria of labeling. The government pushed for voluntary labels, emphasizing the 
safety of approved GM food, Japan’s high dependency on food imports, and the practical 
difficulty of requiring exporting countries to provide labeling. Conversely, consumers 
called for mandatory labels, specifically on the basis of food safety concerns: labeling 
would allow them to avoid GM food, whose consumption risks are uncertain. With 
the demand for mandatory labeling as a common denominator, a wide range of groups 
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collaborated to collect petitions, including mainstream consumer co-ops—with an 
access to their millions of members—that were not opposed to GM food per se. More 
and more local assemblies officially demanded labeling of GM food, and voluntary 
“GM-free” labels by food manufacturers became common among the ubiquitous soy 
products. When the MAFF solicited public comments on the choice between manda-
tory and voluntary labeling in September, the majority of the 10,000-plus respondents—
an atypically large number of comments—supported mandatory labeling (Wada 2000).

While playing a key role in this mobilization around labeling, the No! GMO 
Campaign also coordinated and led various types of actions to address other aspects 
of food safety and consumer choice. For instance, it urged consumers to boycott prod-
ucts of Kirin Brewery, which developed GM tomatoes—the first and then only approved 
domestic GM crop—in cooperation with the American firm Calgene. The campaign 
also started having food and feed products tested for traces of GMOs. In July 1999 it 
announced that three of six major domestic corn snack products tested positive for 
unapproved varieties of GM corn (Amagasa 2001).

The movement achieved a significant success in 2000, when the Ministry of 
Agriculture, Forestry and Fisheries (MAFF) and the Ministry of Health and Welfare 
(MHW) decided to revise two laws: the agriculture ministry revised one to introduce 
mandatory labeling, while the health ministry announced that voluntary safety assess-
ments of GM food would become mandatory, effective April 2001. Despite their suc-
cess in politicizing the issue of labeling, the campaign and consumer groups fell short 
in dictating the criteria for labeling requirements. While they explicitly demanded that 
labeling be required for any products that used GM or unsegregated crops, the gov-
ernment introduced more limited requirements: labeling was required only for food 
products in which “main ingredients” contained GMOs and modified DNAs or new 
protein were detectible.8 This left many processed products with no traces (e.g., soy 
sauce, corn oil) exempt, even when they were made with American GM crops. The cri-
teria allowed consumers to avoid food with novel, unfamiliar materials, such as traces 
of genetic modification, but it did not give them information on processes used in food 
production.

In October 2000 the No! GMO Campaign announced the discovery of traces of 
unapproved GMO in food, stirring public anxiety and further boosting the legitimacy 
of the opposition movement. The DNAs of StarLink corn, a type of Bt corn that had 
already been found in food products in the United States, were detected in a domestic 
cake mix. The corn was not approved either as feed or human food in Japan, although 
it was approved as animal feed in the United States. In this context, more and more 
food manufacturers began to actively exclude GM ingredients, label their products 
“non-GMO,” and terminate their projects to develop biotech crops. Kagome Co., Ltd, 
a major food and beverage manufacturer, abandoned its GM tomatoes. Kirin Brewery 
gave up on commercializing their approved biotech tomatoes and declared that it would 
avoid starch from GM corn in its beer. Other beer makers, including Sapporo and Asahi, 
followed suit. Even food manufacturers that had not used GM material before started 
labeling their products “non-GMO.”
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Through these developments, food safety and labeling dominated and eclipsed such 
issues as ecological risks and ethical and cultural implications. Key opposition actors 
were consumer groups; environmental groups like Greenpeace Japan and the Friends of 
the Earth Japan, whose European counterparts played a key role in successful opposi-
tion to GM food in Europe, were not yet involved. Although many core opposition actors 
like the No! GMO Campaign were concerned about a wide range of issues, including 
ecological consequences, sustainability of agriculture, and corporate dominance, they 
highlighted consumption risks and labeling given the backdrop of high-profile scandals 
concerning food safety and government oversight, such as E. coli O157 poisonings. In 
particular, the demand for labeling powerfully unified diverse civil society groups with 
different stances toward GM food and led to the successful mobilization of consumers 
(Sato 2007). At the same time, however, the narrow problematization of GM food as an 
issue of consumption risks, coupled with the government concerns for the food supply, 
allowed more lenient regulatory requirements than EU or French ones. The government 
still considered GM food a great promise, and it sought to regulate consumption risks 
and labeling in a manner that would build consumer confidence in GM food, but without 
disrupting Japan’s food supply or constraining domestic food distributors and biotech 
companies too much.

Beyond Food Safety and Labeling: GM Rice and the 
Cartagena Protocol

By 2000, most private projects to develop commercially viable GM crops had been sus-
pended, but the Japanese government continued its push, and many public research 
facilities, national or prefectural, carried on their GM crop R&D projects, among 
which GM rice was the most prevalent (Kayukawa 2000). In late 2000, the No! GMO 
Campaign kicked off a campaign for GM rice, and three cooperative unions launched 
a network to oppose biotech rice. In addition to the political salience of both GM food 
and general food safety issues, the anti-GM rice movement also capitalized on the sig-
nificance of rice as a symbol of national identity (see Ohnuki-Tierney 1993 for a look 
at rice and Japanese identity). Invoking rice as the most significant staple and a root of 
Japanese culture, and rice paddies as a site for traditional local practices and a unique 
ecosystem—in addition to food safety—the movement steadily gained public support. 
By April 2001 it collected more than 170,000 anti-GM rice petitions, and submitted 
them to the MAFF to call for a ban on the importation or production of biotech rice. 
Targeting the GM rice of Aichi Prefecture, developed in collaboration with Monsanto 
and the closest to commercialization in Japan at the time, the campaign held rallies 
in the Aichi capital, Nagoya, in 2002. After receiving 580,000 opposition petitions in 
November, Aichi announced in December that it would give up the commercialization 
of its GM rice. This opposition strategy that targeted specific research projects and test 
sites, often with local mobilization actions, spread and helped curb R&D efforts at the 
prefecture level.
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Meanwhile, food safety drew further attention from Japanese consumers as they 
faced a series of high-profile food-related scandals, including the June 2000 food poi-
soning of 15,000 people, the StarLink scandal in October 2000, the first domestic case 
of BSE in September 2001, and the illegally high levels of pesticide residue found in veg-
etables from China from May 2002 on. Consequently, the government overhauled and 
restructured the food safety policy framework, creating the Food Safety Basic Law and 
establishing the Food Safety Commission in 2003. Set up under the Cabinet Office and 
headed by experts on a wide variety of food safety issues—such as toxicology, microbi-
ology, and organic chemistry, as well as public health, consumer awareness and commu-
nication—the commission began to oversee an expert panel on GM food, which took 
over GM food safety assessment.

Ecological risks of GM food drew more attention in the early 2000s (Yamaguchi and 
Suda 2010). The Japanese government was initially against introducing additional regu-
lation for the control of biosafety and did not sign the Cartagena Protocol when it was 
open for signature from May 2000 to June 2001. However, because of continuing public 
concerns, the government came to take the position that proper regulation in this area 
was necessary to gain acceptance of the technology. After months of interministerial 
deliberations, the government decided to accede to the protocol and adapt the domes-
tic legal framework accordingly. In February 2004, the “Cartagena Law,” overseen by 
the agricultural and environmental ministries, went into force.9 The law is considerably 
more limited than its EU counterpart, in that it only applied to risks to Japan’s wildlife, 
while the EU law covered not only undomesticated “nature” and agricultural crops, but 
also human health.

With these regulatory changes and widespread public resistance, most prefectural 
governments dropped or suspended their agri-biotech projects, including the devel-
opment of GM rice. However, the national government’s commitment to promote bio-
technology and its agricultural application remained in place. By the end of 2004, active 
R&D of GM food crops in Japan was mostly carried out by public research organiza-
tions, such as MAFF institutes and regional agricultural centers. In particular, the gov-
ernment continued to invest in developing GM rice, invoking the centrality of rice for 
the country’s food supply and culture.

Summary

In Japan, the initial visible opposition to GM food came from consumer groups, and 
food safety concerns consistently dominated public debates and opposition mobi-
lization. Labeling as a means of dealing with uncertain consumption risks became a 
focal policy issue, uniting consumers, diverse opposition groups, and local communi-
ties throughout the country and propelling them to mobilize. This focus allowed the 
opposition to achieve an unprecedented scale of consumer mobilization and put GM 
food solidly on the regulatory policy agenda and in the spotlight in public discourses. 
Subsequently, the government rendered safety assessment and labeling compulsory. 
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Debates on labeling and food safety, together with ubiquitous non-GMO labels, kept 
the category of GM food politically salient and relevant. Concerns about protecting 
rice—and the culture and tradition surrounding it—emerged, slowing R&D efforts in 
rice. The government eventually acceded to the Cartagena Protocol, which it had ear-
lier declined. Still, consumption risks remained the dominant concern, and this narrow 
focus contributed to the ways in which new regulatory approaches were considerably 
more lenient than those of the European Union or France.

The United States

The United States has consistently been a leader in modern biotechnology and its agri-
cultural application. On the one hand, the government has long considered agricultural 
biotechnology as an essential industrial domain, and it has promoted it in various ways. 
On the other hand, the US policy on GM products, established in the mid-1980s, has 
significantly played down the use of genetic modification as a basis for a distinct regula-
tory category, and instead treated most GM food as equivalent to existing products. This 
general stance remains intact at the federal level, with minor revisions: no legislation 
has been created specifically for GMOs or GM food, and labeling has not been required. 
Under this regulatory framework, GMOs have steadily spread into the US food chain 
since 1994, without stirring up significant health-risk concerns among consumers. 
Despite the majority of corn and soybean products coming from rDNA crops and their 
pervasive use in processed food, the category of “GM food” does not officially exist—or 
matter to most Americans.

Although opposition has existed since the 1980s and raised a variety of concerns—
ethical, ecological, and later food safety—it never reached the scope and contentious-
ness of its counterpart in France or Japan. It did not develop into a united movement 
or a larger voice to question the technology as presenting a unique set of risks, let alone 
representing non-risk problems. Still, opposition did succeed in preventing transgenic 
plants from qualifying as organic in the late 1990s, and it also incited policy debates 
about banning the cultivation of GM crops or requiring labeling on GM food at the 
county or state level in the 2000s and 2010s. A cultivation ban was achieved in some of 
these cases, and labeling became a significant political issue in some states.

Nonetheless, GM food as a category has never become as socially or politically 
relevant in the United States as it has in countries such as France or Japan. GMOs 
were widely diffused into American farms and food chains before concerns about 
food safety—or any other aspects for that matter—became substantial and visible 
enough to affect policy or the practices of mainstream food producers and dis-
tributors. Public awareness of GM food has been generally low despite pervasive 
consumption, and much opposition effort went into the boundary politics of estab-
lishing the distinctiveness of GM food—whether via organic standards or labeling 
requirements.
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From Political Struggles to the “Coordinated Framework”

Initial regulatory approaches to GMOs in the United States—a birthplace of recombi-
nant DNA technology and a perennial frontrunner in its agricultural application—were 
undoubtedly intended to encourage R&D, but not necessarily more so than the French 
or Japanese counterparts. Rather, the laissez-faire policy framework came out of early 
contestation and politicization of the technology as a conscious governmental attempt 
to establish a setting favorable to its development. In the late 1970s, a call for legisla-
tion to regulate rDNA technology emerged from the public, policymakers, and envi-
ronmentalists, but a concerted campaign by researchers and industry representatives 
successfully prevented legislation, arguing that it would harm the competitiveness of US 
science and industry (Wright 1994). In the mid-1980s, on their part, critics of biotech-
nology managed to delay the first field trials with lawsuits and local protests after the 
government approved trials of the Ice-Minus, an engineered bacterium designed to pro-
tect crops from frost, in 1983. In this mobilization, the Foundation on Economic Trends, 
a group founded by author-activist Jeremy Rifkin, played a key role, challenging the 
government’s evaluative criteria and decisions, especially in terms of ecological impact 
of field tests (Krimsky 1991). Criticizing biotechnology for changing humanity’s rela-
tionship with the nature, Rifkin worked with diverse actors, including animal welfare, 
environmental, and religious organizations. Due to these efforts, it was not until 1987 
that the California-based biotech firm Advanced Genetic Sciences and the University of 
California, Berkeley conducted the first field trials.

Alarmed by these developments, Ronald Reagan’s administration sought to cre-
ate a new regulatory framework that would facilitate domestic R&D efforts (Krimsky 
1991). This subsequently resulted in a set of regulatory guidelines in 1986, known as 
the Coordinated Framework for Regulation of Biotechnology, which pieced together 
existing statutory authority of the three federal agencies. It explicitly stated that biotech 
products would be “reviewed by FDA, USDA, and EPA in essentially the same manner 
for safety and efficacy as products obtained by other techniques.”10 In other words, it 
denied the uniqueness of rDNA plants as a new and distinct regulatory category and 
institutionalized regulation based on measurable characteristics of the product, rather 
than the process whereby the plant’s genome had been altered.

In the mid- to late 1980s, skeptics attempted to introduce more stringent regula-
tion, but to no avail. Since 1987, the pro-agri-biotech United States Department of 
Agriculture (USDA) oversaw most field tests, and some members of Congress made 
legislative efforts to expand the Environmental Protection Agency’s (EPA) author-
ity, which was limited to the release of pesticidal agents. However, with no apparent 
problems arising from approved field trials, legislative efforts eventually died down 
(Sheingate 2006). Some opponents were fundamentally critical of biotechnology itself, 
but given the framework, they strategically targeted specific risk issues (Charles 2001). 
Groups like the Environmental Defense Fund, the Union of Concerned Scientists, and 
the Consumers Union began to critically examine the ecological and food safety risks 
of GMOs, but such efforts did not lead to visible public interest. Furthermore, a 1989 
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National Research Council report explicitly supported the Coordinated Framework’s 
product-based approach, and the dominance of this scheme hampered the EPA’s effort 
to introduce a more comprehensive, process-based approach (Jasanoff 1995).

As the prospects of commercially viable GM crops grew imminent in the early 1990s, 
the government maintained the Coordinated Framework, making adjustments that fur-
ther strengthened its product-oriented approach and weakened the distinction between 
GM and conventional food. In particular, a 1992 Food and Drug Administration (FDA) 
policy statement was significant in establishing that, as a rule, GM crops would be given 
“generally recognized as safe (GRAS)” status and subject to no special rules or additional 
testing. The statement upheld the “substantial equivalence” doctrine posited by the 
Organisation for Economic Co-operation and Development (OECD) and maintained 
that GM food, as a category, did not present different or greater safety concerns than 
conventional food.11 No labeling would be required unless GM food contained safety 
risks such as known allergens. Safety assessments were not mandatory: the responsi-
bility of safety testing was left with the manufacturer of the product, who could con-
sult with the FDA about the product on a voluntary basis. Prior to the statement, some 
within the FDA had called for a mandatory safety assessment of each new GM food 
product for possible novel toxins produced from genetic modification. However, under 
the heavy influence from a White House keen on economic competitiveness, the agency 
concluded that such procedures would be too costly and onerous for this promising 
new technology (Pelletier 2005, 2006; Pringle 2003; Kurt et al. 2001). This development 
prompted Rifkin to renew his efforts and launch the Pure Food Campaign, together 
with organic farmers, environmentalists, and consumer activists, to call for mandatory 
labeling of, and ultimately a moratorium on, all GM food.

GM products entered American food chains as the FDA began approving them in 
1993, but not without contention. When the agency approved Monsanto’s recombi-
nant bovine growth hormone (rBGH), intended to increase milk production, opposi-
tion emerged for various reasons beyond its safety concerns, such as its effects on small 
farmers unlikely to benefit from it and on the welfare of dairy cows (Jassanoff 2005). 
Responding to a demand for labeling of rBGH milk, the FDA argued that labeling 
should be about special health risks, which it did not recognize in rBGH, and it even 
insisted that labels could mislead consumers to believe that there was any reason for 
concern. In the context of the product-oriented, risk-centered policy framework, advo-
cates and opponents resorted to scientific evidence in debating whether rBGH was 
harmful for human and animal health or merited a distinction from BGH, but the FDA 
considered issues other than human consumption risks to be beyond its regulatory 
jurisdiction (Jassanoff 2005).

The first GM crop, Flavr Savr tomatoes—engineered to have a longer shelf life—was 
approved in May 1994 after three years of assessment that involved a public hearing and 
intense exchange between the FDA and the Californian developer Calgene, even though 
such an extensive review was not officially required (Pringle 2001; Martineau 2001). In 
1994 and 1995, the FDA approved a number of GM crops, including corn, soybeans, 
potatoes, and canola, many of which contained pesticide and/or herbicide-resistant 
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genes. While Flavr Savr failed on the market and disappeared, other crops entered the 
market rather quietly and spread quickly among American farms in 1996.

The government subsequently introduced changes in regulatory procedures that fur-
ther blurred the boundaries between GM and conventional crops. In 1993 the USDA 
simplified the development and cultivation of GM crops by allowing them to be peti-
tioned for a “deregulated” status. As a result, GM crops with plant pest risks no larger 
than conventional crops can be removed from the oversight for open commercial cul-
tivation. In 1994 the EPA set up a division for biopesticides, which included pesticidal 
substances and genes that produce them in GM plants like Bt varieties, as well as nat-
urally occurring biochemical substances and microorganisms. By lumping modified 
genes and proteins together with other biological pesticides, this move further under-
mined the idea that GM crops constituted a distinct regulatory category.

Unlike in Europe and Japan, the opposition did not flourish immediately after the 
market entry of GM crops in the United States, despite the pioneering efforts of such 
American organizations as the Union of Concerned Scientists, the Environmental 
Defense Fund, and the Foundation on Economic Trends, which strongly influenced 
opposition movements in Europe and elsewhere. The first consequential mobilization 
of the public regarding GM food came later, not as direct opposition, but as part of a 
broader struggle over national organic standards. In 1997 the USDA proposed allowing 
the use of genetic engineering—as well as irradiation and sewage sludge fertilizer—to be 
included in the definition of organic farming. This prompted an unprecedented mobi-
lization by diverse groups, including the Organic Consumers Association, a spin-off 
of Rifkin’s Pure Food Campaign, and the newly established Center for Food Safety, as 
well as the Environmental Defense Fund, the Union of Concerned Scientists, and the 
Consumers Union. During the four-month period from 1997 to 1998, the department 
received 275,000 public comments, an unparalleled volume, virtually all of which 
opposed the inclusion of the three controversial methods (Klein and Winickoff 2011).

This development was indicative of the intricacy with which various actors struggled 
and negotiated over the definitions and boundaries of organic, GM, and conventional 
food. The initial logic of the USDA, consistent with the product framing of the FDA, 
was that the process of genetic modification was not relevant to the organic standards. 
However, the proposed standards in fact entailed specifications on methods and facili-
ties, amounting to much more than the composition or risks of the final product. The 
industry’s acceptance of organic-labeled GM food therefore was inconsistent with its 
insistence on the product-based labeling, and behind this approach was its material 
interest in entering the lucrative, fast-growing organic market (Jasanoff 2005). For the 
USDA and the biotech industry, denying GM food the organic label would signal the 
same unacceptable message as requiring GM food labels would; namely, that the process 
of rDNA technology presents a distinct set of risks and other negative consequences in 
food production. Conversely, the opposition mobilized intensely to exclude GM food 
from the category of organic food, which was not simply about the use of synthetic pes-
ticides, but also about a system of agriculture, philosophy on nature, and way of life. 
The struggle to protect the existing organic-conventional boundaries unified organic 
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farmers and GM food opponents, and it resonated strongly with the wider public in a 
way that earlier attempts by the opposition failed to do. In May 1998 the USDA conceded 
to excluding GMOs—together with food made with irradiation and sewage sludge—
from the organic category, acknowledging that the latter meant more than not using 
synthetic chemicals. USDA organic labels launched in October 2002. GM food, how-
ever, still did not constitute a meaningful and salient category for either policymakers or 
the American public.

Sustained Liberal Framework and Incremental Change

GM food attracted more US public attention than ever in 1999 and 2000. European 
opposition grew so strong in 1999 that it began to affect wider segments of the American 
food industry. The EU stopped authorizing new GMOs, while major European retail 
chains and food processors started eliminating GM soybean and corn ingredients from 
their products. As the media coverage of GM food markedly increased in the United 
States, Heinz and Gerber pledged to remove GM ingredients from their baby food, 
and the nation’s leading grain processor, Archer Daniels Midland, shocked farmers by 
requesting that GM crops be segregated and announcing that it would reject GM corn 
varieties that Europeans had rejected. In addition, Frito-Lay told its corn suppliers not 
to grow Bt corn. GM crop vandalism—in university and corporate research facilities, as 
well as in test fields—spread from Europe to the United States (Charles 2001).

Furthermore, two high-profile episodes spurred domestic debates about risk. First, 
the ecological implications of GM crops drew much public attention with the May 
1999 publication of a controversial study in Nature, in which Cornell University scien-
tists reported on adverse effects of Bt corn pollen on monarch larvae in their experi-
ment. With monarch butterflies as a powerful symbol, opposition groups ran a series 
of full-page ads in major newspapers across the country, discussing the risks GM crops 
posed to the environment and human health, as well as their moral implications. The 
EPA eventually demanded more data from Bt corn manufacturers. Then, in September 
2000, the food safety aspects of GM food became further highlighted with the dis-
covery of the DNA of an unapproved GM crop in packaged food. The Friends of the 
Earth announced that Kraft Foods’ taco shells served at Taco Bell contained the DNA 
of StarLink corn, approved only as animal feed, not for human consumption (Charles 
2001; Pringle 2001).

In this context, some political and administrative efforts were made in the late 1990s 
and early 2000s to institute stricter regulation of GM food. An important struggle took 
place over whether the boundaries between GM and non-GM food should be strength-
ened in regulatory policy. Members of Congress introduced a series of bills to make 
premarket safety assessment of GM food mandatory and to require labeling, while the 
FDA reviewed its approach to GM food labeling and proposed making premarket con-
sultation mandatory. In the end, however, these developments did not lead to signifi-
cant changes in the perception, production, or consumption of GM food, nor in policy 
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regarding it. The biotechnology and food industries carried out intense campaigns 
against legislative efforts and other attempts to tighten regulatory requirements. The 
government maintained its risk-centered, product-oriented stance. Despite the strong 
public support for mandatory labeling expressed in over 50,000 written comments 
it received, the FDA concluded that there was no evidence of adverse health effects 
of GM food that would mandate labeling. The agency even warned that “GMO free” 
labels might be misleading because of the potential accidental presence of GM mate-
rial, as well as the implication that the labeled food is superior to nonlabeled food.12 
The agency also dropped its proposal to require premarket consultation in 2003 (Miller 
and Conko 2004). Meanwhile, in 2001, the EPA clarified its position to regulate the pes-
ticidal properties associated with the modified plant, rather than the plant itself.13 For 
herbicide-resistant plants, the agency regulates the herbicide used with them, and coor-
dinates with the USDA and FDA (McHughen and Smyth 2008). Such practices further 
underscore how the regulatory focus is on the characteristics of a product, not the pro-
cess used in its production.

In the United States, much of “GM food” is still treated simply as “food.” Genetic 
modification is considered one of many methods in food production and does not serve 
as a basis of a distinct social or regulatory category. Against this challenging backdrop, 
since the 2000s the opposition intensified their efforts to raise public awareness of GM 
food through campaigns at the county or state level. Some local opposition actions suc-
cessfully achieved a ban on cultivation, but none of the state initiatives or bills led to 
labeling requirements yet (as of July 2013).14 Americans continue to grow and consume 
GM food, mostly indifferent to its presence, risks, or meanings.

Summary

In the United States, the food safety aspects of products made with rDNA crops have 
not reached the level of contentiousness or public awareness that they have in France 
and Japan. One reason is that the very category of “GM food” has not become widely 
salient either socially or politically outside niche communities and movements. These 
understandings are consonant with a regulatory framework that has consistently 
rejected a systematic distinction between GM food and non-GM food. With policy 
focused on the product’s certain characteristics—what the US regulators consider sci-
entifically measurable, such as chemical composition, nutrients, and risks to human 
health and the environment—fundamental critiques of the technology made little 
headway, and evidence of specific risks failed to be established through mainstream 
science. Despite a few high-profile incidents that highlighted the issue of food safety 
and ecological risks, the general policy framework remained intact: labeling and food 
safety assessment did not become mandatory, nor did ecological risk assessment, 
for most GMOs other than those producing insecticidal proteins, regulated by the 
EPA. Social and political salience has thus remained consistent with the regulatory 
approach.
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Conclusion

The food-safety aspect of genetic engineering of crops developed quite differently in 
three major industrial nations by the early 2000s. In France, environmentalists played a 
crucial role in politicizing GM food first; their mobilization, coupled with the post-BSE 
consumer climate of distrust in state authorities, helped raise the salience of risks to 
food safety. Debates over GM food subsequently expanded and intensified, as the cate-
gory became increasingly stigmatized. This prompted the French government to take on 
more cautious regulatory approaches to food safety and labeling, as well as to ecological 
and even social implications—including French agriculture and ways of life.

In Japan, it was consumer groups that politicized GM food, beginning with demands 
for labeling on the basis of food-safety concerns. Their mobilization successfully 
resulted in new mandatory assessment and labeling, and it raised as well the general 
political salience of GM food, which facilitated the introduction of more stringent reg-
ulation of the ecological risks of biotech crops. However, Japan’s dependence on food 
imports restrained policy change because of official concern with practical difficulties 
that could arise from stringent regulation. Consequently, a narrow focus on consump-
tion risks in the debate allowed officials to institute regulatory approaches considerably 
less stringent than those of the EU and France.

In the United States, despite widespread prevalence of rDNA plants and food prod-
ucts, there was no highly politicized awareness of “GM food.” Contestation over 
“GMOs” on ethical and ecological grounds did surface early on, but the political base of 
opposition was limited and the debate remained focused on risk, where mainstream sci-
ence sided with supporters of the technology. Opposition never led to a powerful united 
movement comparable to its counterpart in France or Japan. Consequently, the US reg-
ulatory framework continued to reject the idea of GMOs as a distinct category, institut-
ing a global rift around trade and science. The United States—like Argentina and other 
exporters of biotech crops—refused to sign the Cartagena Protocol, precisely because its 
regulatory policy denied the existence of the very category. Instead, a policy of “substan-
tial equivalence” and insistence on “science-based policy” prevailed.

Comparison of these three cases illustrates how divergent patterns of food safety reg-
ulation cannot be reduced to political conflicts, cultural norms, scientific debates, or 
historical events only. Different configurations of these factors shaped shared under-
standings of GM food as a category: the construction of this category itself was political 
(Herring 2010), and so was denial of this category. Furthermore, development of mean-
ings beyond food safety mattered greatly in determining outcomes. The Larsson shows 
how “organic” means different things to different political actors, and in the same way 
“biotech food” means different things to different actors. Attending to these multiple 
dimensions—rather than treating the politics of GM food as a fixed, uniform, and insu-
lated domain—facilitates an understanding of national divergence in the food-safety 
dimension of regulating products of genetic engineering.
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Notes

 1. This is similar to Hajer’s (1996) approach (“cultural politics”) to environmental politics, in 
that both problematize constructs and classifications as products of cultural and political 
processes. In both, culture is conceptualized to encompass not only enduring norms and 
values, but also changeable constructs, classifications, categories, and framing of an issue. 
Whereas Hajer addresses an entire discourse surrounding environmentalism, this chapter 
focuses more narrowly on the category of GM food.

 2. “Alerte au Soja Fou,” Libération, November 1, 1996.
 3. For a detailed account of the “flip-flopping” of the French official position on Bt176, see 

Marris (2000).
 4. For a further elaboration of Bové’s fight against “bad food,” see Bové and Dufour (2000).
 5. Among most informative accounts of the early development of politics of biotechnology 

are those written by Keisuke Amagasa, a leading opposition activist and writer who started 
both the DNA Study Group and the No! GMO Campaign.

 6. For “equivalent” GM crops, information on the inserted genes, added characteristics, and 
the original plants is required, rather than information on modified plants themselves.

 7. Ryutaro Hashimoto, “Response to Councilor Kiyohiro Araki’s Questions Regarding 
Labeling of Genetically Modified Food,” House of Councilors, June 6, 1997.

 8. Main ingredients are defined as the top three ingredients by weight and those exceeding 
five percent of the total weight.

 9. The Environment Ministry had been upgraded from an agency in the January 2001 reor-
ganization of the government.

 10. Office of Science and Technology Policy, “Coordinated Framework for Regulation of 
Biotechnology,” Federal Register 51: 23302. June 26, 1986.

 11. Food and Drug Administration, “Statement of Policy: Foods Derived From New Plant 
Varieties,” Federal Register 57: 22984. May 29, 1992.

 12. Food and Drug Administration, “Guidance for Industry: Voluntary Labeling Indicating 
Whether Foods Have or Have Not Been Developed Using Bioengineering; Draft Guidance,” 
January 2001. http://www.fda.gov/Food/GuidanceComplianceRegulatoryInformation/
GuidanceDocuments/FoodLabelingNutrition/ucm059098.htm.

 13. Environmental Protection Agency, “Plant-Incorporated Protectants; Final Rules and 
Proposed Rule,” Federal Register 66: 37772. July 19, 2001.

 14. In June 2013, Connecticut became the first state to pass a GMO labeling law, and this was 
quickly followed by Maine, although neither law would take effect unless several other 
states adopt similar legislation. As of July 2013, about two dozen states have GMO labeling 
bills pending or upcoming ballot initiatives.
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Chapter 24

Fo od Safet y

Bruce M.  Chassy

Introduction: Food Safety

If one were to ask consumers what their expectations are about food safety, it is likely 
that 100 percent of them would respond that they expect the food they eat to be safe. 
An expert would immediately counter that achieving absolute food safety is impossible 
and that ensuring the safety of any food is a highly complex and technical challenge. 
A quick glance at the table of contents of a textbook of food science or food technol-
ogy will reveal that food safety is indeed a complex and multifaceted subject (Vaclavik 
and Christian, 2007; Campbell-Platt, 2009). The raw ingredients of foods are usually 
produced on farms—an environment that is far from sterile and pathogen free. In devel-
oped countries, food ingredients are exposed to numerous hazards as they navigate 
from farms through a complex processing, manufacturing, warehousing, transporta-
tion and retailing system; the food systems of less developed countries may or may not 
be less complex; however, data show that they are also less safe.

Since a safe supply of food is an essential ingredient for a smoothly functioning soci-
ety, most countries have elaborated food safety laws and regulations intended to ensure 
that the food that consumers purchase is reasonably safe; regional and local laws often 
supplement federal regulations. These laws and regulations often define the composi-
tion of products, set rules for safe food processing and packaging, specify safety systems 
and checks that must be in place, provide rules on record-keeping and traceability—
important should food need to be recalled—and define standards or limits for micro-
bial, chemical, and incidental contaminants and myriad other detailed requirements 
necessary to ensure safety, quality and wholesomeness. Since the system is not perfect,1 
provisions for adverse incident reporting and tracking, and incident investigation and 
mitigation, including food recalls, are an essential part of the food safety system.

Although most consumers are aware of food-borne illness as a result of widespread 
media coverage of food-borne disease outbreaks, there are many misconceptions about 
food safety. For instance, although awareness of food-borne outbreaks is high, some 
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consumers purchase organic foods in the belief that they are safer than conventional 
food offerings. Recalling that organic food is often cultivated with composted manure, 
it should come as no surprise that at least 51 people died and over 3,000 were made ill as 
result of consumption of E. coli-contaminated organic sprouts across the EU in 2012.2 
As this is being written, a multistate outbreak of Hepatitis A has sickened 113 people who 
consumed an organic berry-pomegranate mixture. As a result of such misunderstand-
ings, consumers often do not take proper steps to avoid eating contaminated foods and 
are frequently responsible for acquiring food-borne disease by malpractice in their own 
homes.3 A quick scan of a food label provides a revealing insight into issues that manu-
facturers believe is of interest to consumers. Labels often declare that the product con-
tains no MSG although scientific studies show that mono-sodium-glutamate, an amino 
acid that occurs naturally in food, is highly unlikely to cause an adverse reaction upon 
ingestion. In this regard, most consumers are unaware that a fresh tomato can have as 
much MSG as a Chinese meal and that food producers have replaced MSG with hydro-
lyzed vegetable protein (HVP) that contains as much MSG as was added when MSG 
was an ingredient that consumers would accept. The label would also probably indi-
cate that the product contained nothing artificial and was all natural. These statements 
seem to imply that consumers should avoid human-made ingredients since their safety 
is suspect, and should instead consume only all natural products. Consumer belief in 
the superiority of things that are natural has been carefully nurtured by marketers, how-
ever, it does not hold up to scientific scrutiny. Human-made food ingredients are sub-
jected to years of research and careful review by government regulators before they are 
approved for use in foods and thus represent the least hazardous and best-understood 
components of foods. In contrast, some of the most toxic substances known to science 
are natural products and the state of being natural does not inform a food-safety assess-
ment in any meaningful way.

Another statement that may be found on food-product labels is that the product 
does or does not contain GM or GMO ingredients. In some countries a label dec-
laration of this kind is required by law. At the present time, mandatory labeling is 
not required in the United States; however, mandatory labeling legislation has been 
introduced in the U.S. Senate and in numerous state legislatures. Connecticut has 
recently passed a somewhat limited mandatory GM labeling requirement; among the 
limitations are that the law does not take effect until 5 additional states pass similar 
legislation. One implication of mandatory GM food product labeling is that there 
is some difference in safety between conventional products and those that contain 
GM ingredients. This chapter examines the safety of GM or GMO foods that contain 
ingredients that have been isolated from plants produced using the tools of modern 
biotechnology. Many consumers have heard, and believe, claims about the dangers 
of consuming GM foods (Sato, this volume). A considerable number of consumers 
think that there exists significant doubt and an active scientific debate about foods 
produced using biotechnology. This chapter briefly outlines the factors that lead to the 
conclusions that GM crops, and the foods and feeds produced from them, are as safe 
as any other.
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A Short History of Recombinant DNA 
[rDNA] in Food Crops

The roots of modern biotechnology can be traced to the first report of recombinant DNA 
(rDNA) having been transformed into a bacterium in 1973 (Chassy, 2007).4 In little more 
than a decade, researchers succeeded in transferring genes isolated from a diversity of 
species into numerous plant, animal, and microbial species, which opened the way for 
production of transgenic organisms, and products derived from them, that promised 
to be useful in medicine, agriculture, and the food and chemical industries. Skeptics 
warned that moving genes across species barriers in the laboratory violated nature, was 
fraught with uncertainties, and likened rDNA technology to opening Pandora’s Box. It 
was, however, the precautionary approach of the scientific community itself that led to 
the development of NIH rDNA guidelines in the United States; similar kinds of regula-
tions for the safe handling of rDNA and rDNA-containing organisms were introduced 
in other countries. Over time, rDNA guidelines were considerably relaxed as it became 
clear with experience that rDNA posed no intrinsically novel risks.

In the early 1980s, transgenic herbicide-tolerant plants that had great potential utility 
for weed management in agriculture were developed. Insect resistant crops were devel-
oped in the same timeframe. Since it was now clear that transgenic plants could be devel-
oped and introduced into the marketplace, the U.S. Office of Science and Technology 
Policy (OSTP) requested the National Academy of Science (NAS) to consider the issue 
of the safety of transgenic crop plants and to make recommendations regarding the 
need for regulation of the safety of genetically engineered crops. The NAS and National 
Research Council (NRC) responded (NAS, 1987) that:

 1. Transgenic crops pose no novel risks, on the principle that techniques of biotech-
nology are not inherently risky.

 2. It is the safety of the product that is of concern and not the process used to produce 
it.

 3. No new laws were needed to give government agencies the authority to ensure 
the safety of consumers, agriculture, and the environment since the risks were 
“the same in kind” as those presented by organisms bred using older conventional 
methods.

In spite of the science-based recommendation of the NAS that the mere fact that an 
organism has been genetically engineered should not be the reason for special regu-
latory review, the OSTP published the Coordinated Framework for the Regulation of 
Biotechnology (OSTP, 1986; Chassy et al., 2001), which empowered the U.S. EPA, U.S. 
FDA, and U.S. USDA to play defined roles in regulating crops produced using biotech-
nology. The regulation of food safety fell largely to FDA with EPA taking the lead role 
in plants containing pesticidal properties. The EU (Kuntz and Ricroch, 2012) chose to 
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regulate bioengineered crops as well as to require that all products containing ingredi-
ents from transgenic organisms be labeled. Similar regulations were enacted in many 
countries, whereas a few choose to invoke outright bans of what they defined as GM 
plants, foods, feed and ingredients isolated from them (Chassy, 2008).

Over the last 20 years, transgenic crops have been widely planted around the globe 
and used to provide animal feed, chemicals, and food and food ingredients for humans.5 
The remarkably consistent and documented record of safety has confirmed the opinion 
of the U.S. NAS that there are no novel risks associated with crops produced using in 
vitro DNA methods. In fact, not a single incident of harm to humans or animals has 
been factually documented to have resulted from the consumption of transgenic crops. 
There have, however, been many anecdotal claims of harm caused by GM crops and a 
few peer-reviewed scientific papers have claimed results that point to potential dangers 
of GM crops. The media and World Wide Web abound with stories about the harms 
caused by, and the hypothetical dangers of, GM crops and animals. Many consumers 
are understandably concerned about GM safety, and, in the face of consumer concern 
as well as constant pressure from activist groups that oppose GM crops, governments in 
many countries have increased the regulatory scrutiny imposed on GM crops.

This chapter describes the scientific food-safety risk assessment of crops produced 
using biotechnology and details the rationale for the claim that crops produced using 
in vitro DNA-manipulation are no more or less risky than those produced by any other 
modality of plant breeding. It briefly reviews the kinds of changes in DNA and com-
position that occur as a result of conventional plant breeding and compares these with 
changes that are introduced by newer methodologies such as rDNA transgene insertion. 
The techniques of plant breeding continue to evolve and it is not clear that plant varieties 
produced by some newer methods of breeding will be considered to be GM plants. The 
challenge of deciding what is and what is not a GM food will be considered.

The scientific concepts and specific considerations of a food safety assessment of 
transgenic feeds and foods will be described (König et al., 2004; Chassy, 2007, Chassy, 
2010). Three key issues (unintended effects of breeding, potential allergenicity, and risks 
associated with changes in composition) will be considered in detail. The value and 
power of animal feeding studies that are often used in the process of food safety assess-
ment will be discussed. It is concluded that whole food animal-feeding studies are of 
little value and the use of animals in this manner is unethical. This leads to a discussion 
of the misuse of animal studies and what constitutes scientific misconduct.

The chapter will conclude that the risks presented by transgenic crops are no differ-
ent than those presented by any other crop bearing a novel phenotype, that new crop 
varieties are almost without exception as safe as any other, and that crops produced by 
conventional breeding methods would be better candidates for premarket regulatory 
review than those produced using biotechnology. A focus on the safety of novel traits 
would prove more cost-efficient and scientifically justified. However, regulation of GM 
crops around the world is not science based, but rather driven by political and ideational 
factors that lump all rDNA plants together as especially worthy of surveillance and 
control on safety grounds. The time and money spent on regulation of GM crops has 
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opportunity costs in terms of failure to regulate other food hazards that do real harm 
and cause real economic loss around the globe.

The Objective of All Breeding Is to 
Induce Mutations in DNA

The concept is so simple it seems almost unnecessary to state that breeding of new vari-
eties of any organism requires that permanent changes (e.g., mutations) be introduced 
into the chromosomal DNA (genome). Historically, a variety of methods have been used 
to introduce DNA changes into crop plants (Chrispeels and Sadava, 2003). Presumably, 
the original farmers selected the seeds of edible wild plants and planted them in man-
aged fields in the first attempts at agriculture (Hancock, 2012). The word edible is used 
with great caution here since many crop- plant ancestors are poisonous, as are a few of 
today’s crops such as bitter cassava (Manihot esculenta). Most crops retain a battery of 
natural pesticides that are used by the plants for protection against pests and predators. 
The earliest plant breeders were ancient farmers who simply waited for natural variation 
of a crop that was originally a wild plant to create a spectrum of new phenotypes from 
which they selected the most desirable traits. Fortunately they did not have to wait long, 
since many crop plants display a high level of genomic fluidity, which is to say they have 
a high rate of spontaneous DNA mutation (Parrott, 2005; Weber et al., 2012). Farmers 
were able to select for plants that did not shatter (spread their seeds), which made har-
vesting easier, produced higher yields, displayed resistance to diseases, produced thin-
ner husks and more rows of seeds, and a host of other important traits.

The process of plant domestication usually depended on a number important muta-
tions that made the plant variety more attractive to ancient farmers and often less able 
to survive without human intervention (seed saving, planting, cultivation, fertilization, 
etc). This has been called the domestication syndrome. The resulting varieties do not 
exist in nature and very often do not recognizably resemble their original wild ances-
tors. By any reasonable criteria, almost all crop plants are not natural, do not occur in 
nature, and are highly genetically modified with respect to their natural wild ancestors 
(see McHughen, this volume).

Historically, different crop plants were developed in many different regions of the 
world. This occurred largely because the wild ancestors of various modern crops can 
only be found in one or a few restricted geographical areas. Tomatoes, potatoes, and 
maize originated in the Americas, rice from Asia, and wheat from the Middle East. 
Over the millennia, these crop plants were widely disseminated, but only in the past 
few centuries were most plant crops spread around the world. As a consequence of the 
era of European exploration, and more recently with the advent of modern shipping, 
the world’s diet has been globalized. What the world eats has changed dramatically as a 
result (Chassy, 2010).
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With the development of modern plant breeding over the last 200 years a number 
of methods were introduced that were intended to increase the rate of mutation and 
expand the spectrum of changes that were possible (Chrispeels and Sadava, 2003). 
Radiation and chemicals that could induce alterations in the genomic DNA sequence 
such as point mutations, frame shift mutations, duplications, insertions, and deletions 
were introduced (Parrott, 2005; Weber et al., 2012). Mutagenesis accelerated the pro-
duction of improved varieties and allowed the creation of new varieties and species. 
Methods for making wide-crosses that allowed interspecific gene exchange between 
species that would not normally mate productively were also introduced.

It is worth noting that these and other methods used for breeding plants all depend on 
the production of unknown and uncharacterized changes in DNA. To restate the obvi-
ous, all plant breeding depends on genetic modification. Until recently, methods did not 
exist with which the nature of the mutations that lead to changes in phenotype could be 
assessed. Over the millennia, breeding has greatly increased the variety and productiv-
ity of crops as well as their resistance to various pests and diseases. Plant breeding also 
has proven to be quite safe, although a handful of examples of new varieties that pro-
duced adverse effects have been identified (Cellini et al., 2004). A potato variety that 
produced unacceptably high levels of toxic glycoalkaloids and a celery variety that pro-
duced high levels of toxic furanocoumarins are two examples.

Successful as traditional methods of plant breeding using passive selection, muta-
genesis, and crossing have been, the methods suffer from a number of shortcomings 
and challenges. The methods are time consuming, labor intensive, and can be expensive 
over time as years of crossing, back-crossing, and selection may be required to intro-
duce a new variety. Owing to the percentage of progeny that contain unintended and 
undesirable effects, or which lack desired phenotypes, tens of thousands of candidate 
plants may need to be cultured and evaluated (Cellini et al., 2004; König et al., 2004). 
Traditional breeding and breeding using biotechnology are alike in that they rely on 
crossing and selection to sort out unintended changes. Traditional breeders can spend 
many years searching for a sexually compatible plant that has a desired trait or on muta-
genesis protocols designed to produce desired novel traits. Some targeted phenotypes 
have proven to be thus far impossible to achieve by conventional breeding methods, 
despite the introduction of sophisticated screening methods designed to accelerate the 
process and increase the chances of success (e.g., marker assisted selection, identifica-
tion of quality trait loci, and various automated screening systems). The critical need for 
development of crops enabled to withstand the biotic and abiotic stresses that are being 
imposed by rapid climate change is a task to find which of the rapid, precise, and reliable 
breeding methods made available using modern biotechnology are well-suited (Newell 
McGloughlin, this volume).

Methods for the transformation of plants in vitro using rDNA emerged in the 1980s. 
These methods are, in principle, relatively simple (Chrispeels and Sadava, 2003). A target 
gene that encodes a desired trait is isolated. Any living organism can be used as a source 
since all living cells use DNA as their genetic code and the code is processed in exactly 
the same way in all organisms. Although most species may be sexually incompatible, 
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there is no species barrier for genes. A small piece of DNA that encodes the selected gene 
is inserted by transformation into the target plant and transformed cells of that plant are 
regenerated into whole plants containing the desired gene. Additional DNA fragments 
may be combined with it to form an rDNA molecule. A means to select transformants 
is required for this scheme to succeed. Antibiotic resistance genes isolated from bacte-
ria were originally used as markers for transformed cells, and became one element of 
political critiques of biotechnology. However, other methods have superseded the use of 
resistance genes or depend on their removal after selection thus ending polemics about 
the safety of antibiotic resistance genes in transgenic plants. It is, however, worth noting 
that risk assessors long ago concluded these genes were safe to use (Ramessar et al., 2007; 
Chassy, 2010). Candidate plants are then characterized and are eventually crossed with 
commercial varieties to produce transgenic varieties carrying the newly introduced 
trait. The in vitro rDNA techniques of modern biotechnology have been used to produce 
new varieties with traits that could not be achieved by conventional breeding. The pro-
cess can also reduce the time required to develop a new variety. From a safety assessor’s 
perspective, varieties produced in this manner are more amenable to safety assessment 
since the sequence and encoded genetic content of the inserted DNA is known a priori.

What’s a GM Crop? A Revealing Truth 
and New Challenges

Most countries regulate what they have chosen to call GM or GMO plants, foods, and 
feeds. The exact legal definition of these terms, which differs from country to country, 
will have an impact on the regulation of new technologies whose products are appear-
ing on regulators’ desks or those that are under development. Differences in definition 
can result in a product being classified as a GMO in one country and not in others. For 
example, EU directives define a GMO as an “organism, with the exception of human 
beings, in which the genetic material has been altered in a way that does not occur natu-
rally by mating and/or natural recombination.” The intent of this definition obviously 
endorses all food that is natural and captures food that is changed in some way through 
human intervention. Since virtually all food would be classified GMO under this defini-
tion, the directives also exclude a number of categories including organisms produced 
through in vitro mutagenesis and even organisms into which genes isolated from unre-
lated organisms have been inserted. In the EU, a product that contains >1% by weight of 
a highly purified soybean oil isolated from GM soybeans, highly purified starch from 
GM corn, or highly purified sugar isolated from GM sugarcane or sugar beets, must be 
labeled as containing GM even though no trace of the GM plant, or inserted DNA and/
or proteins, can be found in the highly purified products. Ironically, a cheese prepared 
with a transgenic bacterium, or wine or beer fermented with transgenic yeast, does 
not require a label indicating that it contains GM ingredients, although billions of live 
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rDNA-containing organisms remain in the product. Nor is it required that chemicals 
produced by rDNA-containing GMO bacteria and yeasts be labeled. In the European 
Union, these transgenic organisms are considered to be only “processing aides.”

A partial list of existing and potential new technologies and a brief explanation of 
each is presented in Table 24.1. It is instructive to look at the definition below of a GMO 
used by the World Health Organization of the UN (WHO) to determine if the technolo-
gies listed in Table 24.1 produce crop varieties that would be captured by this definition 
and therefore classified as GM:

Genetically modified organisms (GMOs) can be defined as organisms in which the 
genetic material (DNA) has been altered in a way that does not occur naturally. The 
technology is often called “modern biotechnology” or “gene technology,” sometimes 
also “recombinant DNA technology” or “genetic engineering.” It allows selected 
individual genes to be transferred from one organism into another, also between 
non-related species.6

The definition would not capture small RNA methodology since no genes per se are 
transferred and no novel proteins are produced. Similarly, in vitro and in vivo mutagen-
esis would fall outside the definition for similar reasons. Modification of transcription 
factors7 (TF) might fall under the definition if a TF from a different species is introduced. 
The definition appears to capture cis-genic methods although whether the genetic mate-
rial has been altered is open to dispute since the genes inserted arise from the same 
specie; however, the definition literally excludes transfer of genes. Transient expression 
products would be excluded even if DNA were present in the specific method used since 
DNA is not transferred permanently into the genome (no gene transfer has occurred). 
Thus, it appears that at least one commonly accepted definition of GMO would fail to 
capture most of the technologies described in Table 24.1. A number of countries have 
chosen to define GMOs differently and as a consequence there is great potential for con-
fusion in international trade. An international workshop was held in 2011 to consider 
the regulatory implications of diverse definitions of alternative and new gene technolo-
gies presented in Table 24.1 (Lusser and Davies, 2013).

It is important to note that mutagenesis, viral infections, and cross-breeding can 
produce the same kinds of DNA sequence and phenotypic changes as the technologies 
listed in Table 24.1 (Parrott, 2005; Weber et al., 2012). In fact, traditional breeders have, 
over the years, created a number of new varieties that are now known to involve changes 
in small RNAs, TFs, and nucleotide-level mutations (Parrott et al., 2010). This begs the 
question, “Why are methods that produce the same result in a more exact and precise way 
than the older black-box methods of mutagenesis and crossing captured by a GMO defini-
tion that leads to rigorous safety assessment by regulators?” One simple answer is that the 
definition seeks to regulate new varieties developed in a laboratory by means of in vitro 
DNA technologies that are viewed as unnatural—that is, they do not occur in nature.

Setting aside the fact that virtually none of our crop plants occur in nature in their 
present form and all are extensively genetically modified, the definition of GMO 
excludes products that could, in principle, be produced by other breeding methods and 



Table 24.1 Alternative technologies for molecular plant breeding

Technology Description Comments

Small RNA (co-suppression, anti-sense, 
RNAi)

An RNA-dependent 
mechanism used primarily 
to suppress specific gene 
expression; occurs without 
the insertion of a gene that 
encodes a protein. DNA 
encoding specific RNA is 
inserted.

No novel protein is produced. 
Cross-infection immunity 
employed in traditional breeding 
operates by the same or similar 
mechanisms. Genetically 
engineered virus resistant crops 
have been approved.

In vivo mutagenesis Reagents, enzymes, and 
nucleic acid templates are 
introduced into cells to 
bring about site-specific 
mutagenesis without the 
introduction of new DNA.

Although the method employs in 
vitro techniques no heterologous 
DNA is introduced. Identical 
DNA mutations could occur 
spontaneously.

In vitro mutagenesis A gene is cloned from an 
organism and it is mutated 
in vitro by site-directed 
mutagenesis. The mutated 
gene is reintroduced 
into the parent organism 
by transformation and 
recombination.

Only mutated DNA isolated from 
the same organism is introduced. 
Identical DNA mutations could 
occur spontaneously. Can also be 
used to modify gene expression by 
mutating regulatory elements.

Modification of transcription factors Transcription factors 
expression can be altered 
by manipulation of the TF 
promoter; alternative TFs 
can be introduced.

No new protein is produced 
or closely related proteins are 
produced. The level of protein 
expression is very low. Evidence 
shows that traditional breeding 
can modify or introduce novel TFs.

Cis-genic and intra-genic  
transformation

Genes from other varieties  
of the same species, or 
closely related sexually 
compatible species are 
introduced using in vitro 
transformation techniques. 
Allows introduction of 
iso-genes.

Genes are exchanged between 
varieties. Homologous DNA 
found in other varieties of the 
same species is introduced. 
Cross-breeding can produce the 
similar results.

Transient expression Genes or gene products are 
introduced into the plant. 
Novel DNA is not inserted 
permanently into the 
genome. Genes can also be 
inserted and subsequently 
excised.

No novel DNA is present in edible 
parts of the organism. Novel 
characteristics typically depend on 
transient effects.

Grafting Conventionally bred plants 
are grafted into transgenic 
rootstock. Useful for trees.

No novel DNA, protein, or 
metabolites need be present in 
the edible portions of the plant.
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which would not be subject to the premarket safety assessment required of GM crops. 
Moreover, varieties produced using the methods listed in Table 24.1 would be difficult if 
not impossible to distinguish from those produced by spontaneous natural mutations 
and conventional breeding. All that could be established in a comparison of two vari-
eties is that their genomic DNA sequences are different, and with some technologies 
no detectable differences in the genomic DNA sequence would be observed. It would, 
therefore, be impossible to determine the breeding process with which the varieties 
were developed. Clearly the “GMO” category has a high level of arbitrariness from a 
scientific point of view, and reflects political, economic, trade, and other considerations.

Food Safety of Transgenic 
Crops: A Point of Contention

Although each country may have differing laws, regulations, and agency roles associ-
ated with regulation of transgenic crops safety, food-safety assessors the world over 
have, for the most part, evolved a common view of the scientific principles upon which 
safety assessment should be based. A comprehensive rationale for the food safety assess-
ment of transgenic organisms was published by Codex Alimentarius (2003, 2009). 
A number of good reviews that explain the safety assessment process in detail also have 
been published (see for example, König et al., 2004). The safety assessment process seeks 
to identify potential hazards, assess which hazards present real risks, and characterize 
the nature and extent of the identified risks. Responsibility for risk-management plans 
and risk communication is the responsibility of risk managers. Product approvals are 
informed by the scientific risk assessment; however, scientific risk assessors do not make 
approval decisions. The procedure for approval or disapproval of products is a complex 
political process that varies from country to country (Chassy, 2008).

The hazards associated with transgenic crops can be divided into two broad 
categories:

 1. Hazards associated with the newly inserted material (usually DNA), expressed 
novel proteins, novel metabolites, and intended compositional changes.

 2. Hazards associated with unintended changes that may have occurred as a result of 
the DNA insertion.

The approach to evaluating these two classes of hazards is, of necessity, fundamentally 
different since the nature of the newly introduced material and its products are known a 
priori, whereas unintended changes occur randomly as a result of the breeding process. 
Procedures have been developed to evaluate whether there are risks of adverse effects 
posed by the inserted DNA, any proteins encoded by the DNA, and any new metabolites 
or compositional changes that have been introduced. Experimental and computer-based 
procedures for evaluating the safety of the inserted material have been published and 
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will not be described here in detail (König et al., 2004; Delaney et al., 2008). Suffice it to 
say that methods exist with which it is possible to determine if a protein will be digested 
in the stomach or denatured by food processing—both processes that could lead to loss 
of functional activity—or, by comparison, to databases if the protein bears any resem-
blance to known toxins or allegens. Composition studies, animal studies, and the evalu-
ation of protein toxicity or allergenicity are discussed in subsequent sections.

Unintended changes occur in all types of plant breeding (Cellini et al., 2004; Parrott, 
2005; Weber et al., 2012). Insertion of DNA into chromosomes can theoretically interrupt 
the function of genes, create new genes and/or pathways that encode novel products, acti-
vate cryptic pathways leading to the formation of potentially toxic or allergenic products, 
or through direct or indirect effects alter gene expression and cell composition. The chal-
lenge for the risk assessor is that none of these unforeseen changes can be anticipated. The 
strategy for identifying unintended effects is to screen carefully for new hazards, as, for 
example, a meaningful change in composition or phenotype of the crop plant. The ultimate 
challenge is to determine if any of the unknown changes that occurred in plant breeding 
has created a potentially harmful risk exposure. Changes per se are not dangerous.

Skeptics and critics have advocated a highly precautionary approach to GM crops 
approval. They argue, for example, that the inserted DNA may cause adverse effects such 
as the spread of antibiotic resistance genes or that the insertion of DNA elements into the 
human genome that could cause cancer, that the inserted proteins could be allergens, that 
alternative RNA splicing or unintended DNA fragment insertions could produce novel 
and potentially harmful proteins, and that new or cryptic pathways could be activated to 
produce toxic molecules (Latham et al., 2006; Smith, 2007; Dona and Arvanitoyannis, 
2009). These are exactly the same hazards that can be found on the risk assessors’ hazard 
scan. However, whereas skeptics worry about hypothetical hazards, risk assessors evaluate 
laboratory-derived data to determine which, if any, of the potential hazards have material-
ized in a newly formed transgenic variety creating a real risk of harm upon consumption.

Critics also argue that not enough safety research has been done and that we do not 
understand enough about the complex interactions and regulatory circuits that control 
living cells (Latham et al., 2006; Smith, 2007; Dona and Arvanitoyannis, 2009). What 
is typically not explained is why the same argument is not made against other modali-
ties of breeding that have as a goal the production of changes in the DNA that will give 
rise to altered and/or novel phenotypes. Critics further assert, without providing direct 
evidence, that transgene insertion is unnatural in that it does not occur in nature and 
that it is fundamentally different than other modalities of breeding. However, hori-
zontal gene-transfer between sexually incompatible species has been demonstrated to 
commonly occur in nature (Parrott, 2005).8 The incorporation of heterologous genes 
in nature is mediated by the same systems that integrate transgenic DNA sequences in 
the laboratory. When breeders make crosses between species, heterologous genes are 
transferred and thousands of DNA insertions occur as whole chromosomes recom-
bine (Chrispeels and Sadava, 2003). Genomic DNA sequencing has revealed evidence 
of numerous DNA insertions in many plant species. Insertions can be caused by DNA 
transposition mediated by transposition and insertion sequences, as well as by muta-
tions that result in DNA duplications, inversions, and deletions (Weber et al., 2012).
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A considerable body of genomic DNA sequence data has now been accumulated that 
demonstrates that conventional methods of breeding are likely to produce more changes 
in the genome DNA than do transgene insertions (Batista et al., 2008; Ricroch, Berge, and 
Kuntz 2011, Weber et al., 2012). It has been reported that mutagenesis can result in thou-
sands of genomic mutations per cell, including point mutations, inversions, duplications, 
and deletions. During a single growing season, dozens of DNA transpositions can occur in 
a single crop plant. Varieties of the same crop may have genes that are present or absent in 
other members of the same species and the position of genes of the chromosomes of two 
varieties may differ markedly. On at least two occasions, the evolution of novel proteins 
has been observed in crop plants. These latter three observations can be explained by the 
extensive spontaneous random excision, relocation, and insertion of chromosomal DNA 
fragments in recombinational or transpositional events (Weber et al., 2012).

Critics of transgenic crops assert two reasons for special need for safety regulation. 
They argue first that all transgenic crops are fundamentally different from crops pro-
duced by other methods of breeding and, second, that the insertion of DNA coupled 
with the introduction of heterologous genes makes transgenic crop plants inherently 
more risky. Critics are reluctant to approve of any plant that is the result of the applica-
tion of in vitro DNA methodology and focus their skepticism on transgenic crops as a 
class. In contrast, science-based risk assessment points toward the conclusion that genes 
move across species lines in nature, that genes have been transferred into new species 
as a result of plant breeding, and that both nature and breeding produce mutations and 
unintended effects in crop plants. Risk assessors coming from this understanding, there-
fore, focus on the individual new variety and ask if the newly introduced phenotype, or 
any unintended changes, will do unacceptable harm to consumers or the environment. 
Safety assessment then uses case-by-case evaluation and does not presume a priori that 
transgenic crops are either safe or unsafe. The standard by which new varieties are evalu-
ated is comparative and seeks to ensure that there is a reasonable certainty that no harm 
will result if the food is consumed in the customary manner. Safety assessment does not 
conclude that new varieties are absolutely safe, since zero risk is impossible to establish. 
The assessment seeks to determine if new varieties are as safe as, or are safer than, other 
varieties of the same crop. This process is sometimes referred to as comparative safety 
assessment.

Composition as a Window on Intended 
and Unintended Effects: Substantial 

Equivalence

The cornerstone of comparative safety assessment is a comparison of the composition 
of a new variety with its parental variety as well as with other representative commonly 
cultivated varieties of the crop (König et al., 2004). Composition studies can be used 
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to confirm if intended changes in composition have occurred, if new metabolites that 
were intended to be present are being produced, and if any unintended changes in com-
position have occurred (Cellini et al., 2004). The composition of each crop variety is 
different, each contributes different macro- and micronutrients to human and animal 
diets, and each can contain different toxicants, food allergens, antinutrients, and poten-
tially beneficial phytochemicals (Chassy, 2010). As a consequence, a unique panel of 
constituents must be analyzed with each crop. Lists of key analytes have been compiled 
by expert panels and published by the OECD.9 These expert consensus documents also 
provide detailed information about the crop; its cultivation; processing; and food, feed, 
and industrial uses, with particular emphasis on its importance in human nutrition. 
Compositional analysis is used to confirm that no potentially harmful changes such as 
losses in a key nutrient or increases in a known antinutrient have occurred.

A thorough knowledge of composition allows the risk assessor to evaluate nutri-
tional value, and any potential toxic or allergenic effects. Nutrition, toxicological, and 
other studies documented in the literature describe the biological activity of each food 
constituent in detail. The effect of a food or feed on an organism can be computed and 
depends directly on the composition of the food or feed, how much is consumed, and 
how often it is consumed. If differences in composition are observed, it is also possible 
to evaluate any possible biological significance of the differences. Changes in composi-
tion are not per se harmful and, as is discussed later, differences in composition are often 
observed in a comparison of varieties of the same crop (Chassy et al., 2004).

Comparison of the composition of a new variety with other varieties is necessary 
to determine if changes in composition have occurred as a result of the breeding pro-
cess. If differences in composition are observed, the significance of each difference 
must be evaluated through further study. This comparative process has been called 
the Substantial Equivalence (SE) paradigm. There has been much confusion, some 
perhaps deliberate, about the meaning of the SE process. It is often claimed that the 
evaluation proves that, when a product is concluded to be substantially equivalent, 
the new variety is safe. Critics of the paradigm argue that a new transgenic variety can 
never be identical to its conventional counterpart. There has been much polemical 
debate in the literature about this point, so it is important to be very clear about what 
SE is and is not. The framers of the paradigm noted that most components would be 
present in a new variety at concentrations very similar to those found in the parental 
variety and were thus likely to pose no new hazards. They asserted that since the two 
varieties being compared were substantially equivalent with respect to most compo-
nents, safety assessors needed only to focus on the observed differences. The compo-
sitional comparison with which the SE paradigm begins is a jumping-off point, not a 
conclusion. The process identifies differences; since changes in composition are not 
per se risky, the biological and nutritional consequences of any observed differences 
must be evaluated further (Chassy et al., 2004; Chassy et al., 2008). It is, therefore, 
improper to assert that two plants are substantially equivalent. It is preferable to con-
clude that no biologically meaningful differences were identified through application 
of the SE paradigm.
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Compositional analysis also provides a window into the presence of potentially 
adverse unintended effects and the presence of new and unintended novel metabo-
lites. A major challenge in making such compositional comparisons is definition of the 
normal range of metabolites for each crop. It has been observed that macronutrients 
can vary by twofold or greater in different varieties of the same crop and micronutri-
ents and other minor components may vary by as much as 100-fold or more (Harrigan 
et al., 2010; Harrigan and Chassy, 2012). Plant composition is highly variable (for fur-
ther references see in Herman, Chassy, and Parrott 2009; Herman and Price, 2013; and 
Ricroch et al., 2011). To the question of how much difference in composition should trig-
ger further investigation, it has been suggested that differences ranging from 3 percent 
to 20 percent in a component should be a trigger for further research. It is pointless to 
pick an arbitrary percentage difference since the biological significance of a difference 
is dependent on the role of that crop in the human diet, how much and how often it is 
consumed, and what percentage of the required intake of that nutrient is derived from 
that crop. A similar argument can be made with respect to antinutrients and toxicants; 
the potential harmfulness depends directly on dose and exposure and not on percent 
change. Risk assessors have established methods for making an analysis of the biological 
significance of differences in composition.

The concern has been expressed that transgene insertion could activate a cryptic bio-
synthetic pathway or in some other way lead to the production of a novel toxic compound. 
The unknown compound would not be analyzed since its presence could not be predicted. 
This is a possible but highly unlikely scenario for several reasons. The targeted composi-
tional analysis that is applied to new transgenic varieties typically accounts for 85–99% 
of the biomass, thus only a small percentage of the crop mass could be present as a novel 
component. Based on the projected dietary consumption of the new variety the maximum 
dose and exposure to a novel metabolite can be calculated (Chassy et al., 2004). Such cal-
culations reveal that a novel compound would need to be very highly toxic to have any 
adverse effect (Chassy et al. 2004). Moreover, it is difficult to imagine such a scenario since 
no novel toxic compound of this type has ever been identified in a crop plant either as a 
spontaneous occurrence or as a result of breeding, including transgene insertion. There is 
also no reason to believe that the chances of evolution of a toxic compound would be any 
greater in transgenic breeding than it would be in conventional breeding.

Some have expressed the concern that novel toxic molecules could spontaneously 
appear in transgenic crops. The production of novel toxic molecules requires the cre-
ation of new metabolic pathways for its biosynthesis. It is, however, very difficult for 
organisms to evolve novel biosynthetic pathways that are encoded by multiple genes. 
Evolving pathways using older mutagenic methods confronts the reality that great 
majority of mutations are cryptic or cause loss of function. Although novel single genes 
have appeared in crops, the spontaneous evolution of a novel multigene biosynthetic 
pathway has not been reported in any crop plant. Plant breeders have had difficulty 
evolving new pathways in order to produce desired metabolites, despite great effort. 
One motivation for using genetic engineering is that the technique allows the introduc-
tion of multiple genes, opening up the possibility of pathway engineering.
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Recently, new analytical technologies called “-Omic” technologies have been devel-
oped Chassy, 2010). The principal omic technologies allow investigators to determine 
which specific genes are being expressed in an organism (transcriptomics); which pro-
teins are present in cells, organs, or tissues (proteomics); or which metabolites are pres-
ent (metabolomics). Although these methods have proven to be powerful research tools 
for comparison of cells or tissues, there are limitations. The methods are not standard-
ized, there is no uniform methodology for reporting and analysis, and it is difficult to 
repeat and/or compare results from different laboratories. As of now, omic methods are 
very effective at measuring many analytes poorly, because analyte concentrations are not 
precisely, accurately, and reproducibly measured (Chassy, 2010; Harrigan and Chassy, 
2012). It has been suggested that omic methods might enhance the safety assessment of 
GM foods by allowing assessors to compare the entire compositional profile, the pro-
teins, and the levels of gene expression between a new variety and a parental strain. Yet it 
is clear that omictechnologies are not yet ready to apply to safety assessment; moreover 
no good case has been made that currently accepted methods of compositional analysis 
are inadequate.

Although omic profiling is not a useful technology for safety assessment, it can be a 
powerful tool for identifying differences between two or more samples. An analysis of 44 
published comparisons of omic profiles obtained with conventional varieties and their 
transgenic counterparts revealed that transgenic crops profiles are more similar to those 
observed for the parental strain than are those collected for other cultivars of the same 
crop plant (Ricroch at al. 2011). The best explanation for this observation is that trans-
gene insertion brings about fewer unintended changes in metabolomes, proteomes, and 
transcriptomes than does conventional breeding. This conclusion is consistent with an 
extensive published literature on compositional differences between transgenic and 
conventionally bred varieties of numerous crops, which confirms that transgene inser-
tion has less impact on composition than do other modalities of plant breeding (Ricroch 
et al., 2011; Herman et al. 2009; Herman and Price, 2013). These observations provide 
strong support for the conclusion that fewer unintended changes are associated with 
transgenic breeding than with conventional breeding. This is perhaps why several recent 
publications have suggested that compositional analysis of transgenic crops is not scien-
tifically justified unless there is a specific hypothesis to test, for example, when composi-
tion has been deliberately changed (Herman et al. 2009; Herman and Price, 2013).

Protein Safety, Food Allergy, and 
Allergens

Since modern biotechnology allows genes to be moved from almost any organism into 
crop plants, it is, in principle, possible that a gene(s) that encode toxin(s) or allergen(s) 
could be introduced into foods in which they would not normally occur. There are 
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several means to avoid the introduction of toxin proteins or allergenic proteins. The 
first line of defense is to not insert genes isolated from plants known to produce toxins, 
antinutrients, or allergens. The level of precaution is raised if the inserted novel protein 
was isolated from a source that is not commonly eaten and with which there is very little 
history of safe use. Virtually all proteins are innocuous, but a few are known to cause 
harm to humans and animals (Delaney, et al., 2008). Most of these have been extensively 
studied. The sequences of these proteins have been deposited in databases and their 
structural features have been extensively analyzed. In recent years comparative sequence 
analysis has allowed the identification of common sequences, domains, and other struc-
tural features that are associated with harmful effects (Goodman, et al., 2008; Radauer, 
et al., 2008). For example, it is known that most plant allergens fall into one of two or 
three super-families of closely related proteins (Radauer, et al., 2008). For most allergens 
the exact sequence of amino acids, referred to as an epitope, that bind to specific recep-
tors on immune cells has been identified. It is, therefore, possible to compare candidate 
proteins with databases of all known allergenic, toxins, or proteins with antinutrient 
activity. If no similarity to known harmful proteins is detected, it is highly unlikely that 
the protein will manifest harmful effects when consumed.

The digestibility of inserted proteins in simulated gastric fluid is also assessed since a 
protein that is extensively degraded in the stomach is unlikely to retain biological activ-
ity (Goodman et al., 2008; Goodman and Tetteh, 2011). The stability of the protein to 
feed and food processing steps to which the raw material is typically exposed is evalu-
ated. Most, but not all, proteins can be thermally inactivated and many food-processing 
techniques expose foods to elevated temperatures. Toxins and antinutrients commonly 
found in beans, for example, are rendered harmless by cooking. One additional safety 
measure that can be taken to avoid the inclusion of potential allergens in transgenic 
crops is to use immune serum from allergy sufferers to test if the allergy-associated 
antibodies in their serum react with the newly inserted proteins. Note also that many 
food ingredients isolated from transgenic crops (i.e., soy and canola oils, starch, lecithin, 
emulsifiers, beet and cane sugar, HFCS, etc.) do not contain appreciable protein content 
and are thus unlikely to be manifest protein toxicity or evoke allergic reactions upon 
consumption.

Food allergy can be a life-threatening condition that forces the allergy sufferer to 
carefully avoid foods that contain the allergen to which they have become sensitized. 
This is often difficult since allergens can elicit a response in very small doses and can be 
intentionally included or inadvertently present in food products in which the consumer 
would not expect them to appear. Law requires packaged food products to be labeled 
with respect to allergen content; however, restaurants do not ordinarily label foods. 
Since about 5 percent of the population (3–4 percent of adults and 6–8 percent of chil-
dren) may suffer from food allergies, and there is some evidence this number is increas-
ing, there is understandable concern that new allergens should not be introduced into 
food products. The comparartive sequence analysis and laboratory evaluations described 
in the foregoing paragraphs are very effective at detecting and preventing the introduc-
tion of known allergens (Goodman and Tetteh, 2011).
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What remains difficult is to predict if a protein with no history of safe use will become 
a novel allergen. Molecular-structure studies are beginning to lead to an ability to predict 
if a novel protein will be an allergen (Goodman, et al., 2008; Radauer, et al., 2008). There 
is, unfortunately, no validated and internationally accepted animal model system with 
which it is possible to predict if a protein will become an allergen; however, the search 
for a predictive animal model continues.

Critics of plant genetic engineering are particularly skeptical that novel allergens 
will not be introduced into crops. They often point to studies in which an allergen 
from Brazil nuts was introduced into soybeans as part of a project designed to raise the 
sulfur-containing amino acid content of soybeans as evidence of the dangers involved. 
Researchers screened the candidate soybean extracts with serum from Brazil-nut 
allergy-sensitive patients and observed a positive reaction (Nordlee et al., 1996). The 
protein allergen had not been previously identified, but the safety-assessment process 
detected its presence and the research was stopped in a very early stage. The experience 
proves that it is, in fact, possible to introduce allergens through genetic engineering and 
that it is also possible to effectively test for known or suspected allergens.

Critics also point to a study conducted by researchers in Australia who reported in 
2005 that the production of a bean α-amylase in peas led to immune responses in a 
rat-model system that might signify that the protein would become an allergen (Prescott 
et al., 2005; Goodman et al., 2008). In spite of the fact that the rat-model system was 
not widely accepted in the scientific community, CSIRO10 discontinued the research. 
In a recent publication, these, together with other investigators, were unable to confirm 
the previously reported results and observed no difference in immune response of rats 
between exposure to control or experimental peas (Lee et al., 2013).

Food allergy is a very important and emotional issue. There is an especially large 
amount of misinformation with regard to the potential for transgenic crops to cause 
allergy. Perhaps the worst of these is the claim that since the introduction of GM soy-
beans in 1996 the rate of food allergy has doubled (Smith, 2007). This is a classic example 
of a post hoc fallacy in which there is no causal connection demonstrated.

Rat Studies: What They Can and Can't 
Tell Us

All chemicals are poisons; it is only the dose that makes that a thing is not 
a poison . . . 

—Paracelsus (1493–1541)

Toxicologists rely heavily on studies in animals to assess toxicity of chemical com-
pounds. The 90-day chronic-toxicity animal study in which various fixed amounts of 
a compound to be tested are administered each day to determine a dose-response curve 
has become a standard for evaluating the maximum dose at which no adverse effects are 

 



604   Bruce M. Chassy

observed (NOAEL), the lowest level at which adverse effects appear (LOAEL) and the 
level at which a compound becomes overtly toxic and/or lethal—often expressed as the 
level at which 50 percent of the animals die (LD50). In practice, an important indicator 
of study quality is that as dose increases, the level and severity of any observed adverse 
effects increases. Using these studies, and taking into account differences between the 
test animals and humans as well as biological variation, toxicologists are able to estimate 
an acceptable daily intake (ADI), which is the level at which the compound may be safely 
consumed for a lifetime without adverse effect. This level is often set at 100- or 1000-fold 
higher than the LOAEL, which ensures a large margin of safety; note, however, that set-
ting the level of desired safety is a political risk-management decision. These carefully 
designed studies are described in several internationally accepted protocols published 
by OECD, WHO, EPA and FDA.

The 90-day rat model study is sometimes used to evaluate potential toxicity of novel 
proteins that have been inserted into crop plants (Delaney et al., 2008). More com-
monly, a very high-level single dose can be used in an acute toxicity study. The under-
lying rationale is that toxic proteins are almost without exception acutely toxic, since 
they are either quickly digested or eliminated and are not absorbed as such. Proteins 
that have been incorporated into GM crops have been evaluated in an acute toxicity 
study and found to produce no harmful effects when fed at levels 1000- to more than 
one-million-fold higher than would normally be encountered in the diet. Some have 
been evaluated in 90-day chronic toxicity studies and found to be innocuous.

Whole food feeding studies (WFS) are also sometimes performed (Delaney et  al. 
2008, van Haver et al. 2008, Snell et al. 2012). These feeding studies are often performed 
using rats, and the design resembles the 90-day rat chronic-toxicity study described ear-
lier. In WFS 10–30 percent, and sometimes even higher portions, of the test animal diets 
are composed of the transgenic crop being evaluated. Diets with a high percentage of 
a single ingredient are sometimes not palatable to animals, and it is often difficult to 
provide all necessary nutrients in a diet with exaggerated composition of one ingredi-
ent. Moreover, adverse effects are sometimes seen in animals fed large amounts of single 
food ingredients. A 42-day broiler study is also used in the same manner since it is both 
sensitive and rapid. These studies are particularly useful for evaluating nutritional value 
and feed performance; when similar studies are performed with production farm ani-
mals, they are called feed-performance studies.

Nonexperts generally believe that if a food contains potentially toxic components 
they could be detected by such feeding studies. At first glance, this seems to be a reason-
able approach. Toxicologists have, however, determined that WFS lack power, have a 
number of other defects, and would be unable to detect novel toxicants present at the 
levels at which they would be likely to occur in transgenic crops—if such compounds 
occur at all since the generation of novel, and, therefore, not analyzed, toxic compounds 
in food and feed crops has never been observed. There are several recent papers, and 
another in press, that describe the deficiencies of whole food animal studies (Chassy 
et al., 2004; van Haver et al., 2008; Kuntz and Ricroch, 2012; Snell et al., 2012; Herman 
and Ekmay, 2013; Bartholomaeus et al., 2013).11 This is not, however, a new conclusion. 



Food Safety   605

The U.S. FDA concluded in 1980 that WFS lacked power, were fraught with confound-
ers, and were not suitable for the evaluation of potentially toxic molecules produced 
in food through processes such as irradiation or thermal processing. The FDA con-
cluded the preferred approach was direct analysis of the suspect compounds coupled 
with 90-day rat studies on pure compounds of interest to determine NOAEL, LOAEL, 
LD50, and ADI. The reason for this can be found in simple arithmetic. It can be cal-
culated that, based on the known toxicities and amounts that could be present, taken 
together with the amount consumed, the low levels of potentially toxic molecules pres-
ent in the unanalyzed portion of foods or feeds derived from transgenic crops would 
not constitute a high enough dose to cause adverse effects in such studies. Even highly 
toxic molecules would most likely be present at levels below the level of toxicological 
concern. A more practical consideration for avoiding WFS is that these kinds of studies 
require considerable resources, are time consuming, are subject to significant biological 
variability unless large numbers of animals are used, and suffer from a number of other 
confounders. A serious ethical question arises from the use of so many animals in weak 
and pointless studies (on ethical questions in food generally, see Korthals, this volume).

In spite of the questionable merit of WFS, many WFS have been performed in a num-
ber of animal species testing various transgenic crops (van Haver et al. 2008: Snell et al., 
2012, Bartholomaeus et  al., 2013). Regulatory agencies in some jurisdictions require 
WFS to be conducted as a routine part of the premarket regulatory review. The U.S. 
FDA does not require WFS, and, in recent years, EFSA has stated that WFS are not a 
required part of the dossier for a new transgenic variety (van Haver et al, 2008).12 Whole 
food studies also have been performed by independent researchers and reported in 
the peer-reviewed literature. The findings from these studies can be summarized fairly 
simply. Those studies that were carefully designed and conducted, and which followed 
widely accepted international guidelines, uniformly and without exception found no 
biologically significant differences between transgenic and nontransgenic counterparts 
(van Haver et al., 2008; Kuntz and Ricroch, 2012 Bartholomaeus et al., 2013). Results 
from those studies that did not follow internationally accepted protocols can be divided 
into a small group that observed one or more statistical differences between control and 
test groups in measured parameters, and a larger group that failed to observe any differ-
ences that could be attributed to the transgenic crop content of the feed.

A few researchers have made sensational claims about potential adverse effects asso-
ciated with consumption of transgenic crops based on animal studies. These claims 
have been amplified and distorted by opponents of transgenic crops in an attempt to 
scare consumers and political decision makers. Among the first of these were Ewen 
and Pusztai (1999) who claimed that feeding GM potatoes to rats caused “cancerous 
and precancerous” changes in gastrointestinal epithelial cells. Critical analysis of the 
work by a Royal Society (UK) expert panel, among others, concluded that no mean-
ingful scientific conclusion could be drawn from the work due to numerous flaws in 
the experimental design, conduct, and analysis (The Royal Society [UK], 1999). Others 
publications based on WFS with transgenic and conventional food and feed crops have 
reported a variety of differences between test and control animals such as differences 
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in organ sizes, differences in overall weight, differences in the levels of enzymes, and 
morphological and histological differences in cells of specific tissue, and others.13 A few 
general observations can be made about these studies: (a) the observations often differ 
from those reported in other similar published studies (which are often not cited by the 
study authors), (b) they do not follow internationally accepted protocols, (c) diets fed to 
the animals are not equivalent (food or feed not cultivated under equivalent controlled 
conditions, different varieties compared, no composition analysis reported, feed intake 
dissimilar between groups, etc.), (d) too few animals are studied and/or inappropriate 
statistical tests applied, and (e) researchers confuse normal biological variation with 
harmful effects. Widespread criticism by the scientific community and the subsequent 
publication of papers that point out the shortcomings of these papers leads this author—
and likely many other scientists—to the conclusion that these studies should have 
been rejected by peer-reviewers and should not have been published (see for example 
commentary at: http://www.sciencemediacentre.org/expert-reaction-to-efsa-report-
conclusion-that-seralini-study-conclusions-were-not-supported-by-data/ and http://
www.efb-central.org/images/uploads/EFBStatement.pdf).

Media and Manipulation: An 
Illustrative Case Analysis

The previous section illustrated how flawed studies frequently influence both the media 
and the food consumer. One recent case demonstrates the politics of this phenome-
non more clearly and raises the ethical question concretely. In September 2012, French 
microbiologist Gilles-Eric Séralini, who has vocally opposed transgenic crops and the 
herbicide RoundupTM,14 held a press conference for selected members of the press to 
announce the results of his latest study (Séralini et al., 2012). He claimed that consump-
tion of GM herbicide-tolerant maize and RoundupTM, caused tumors and premature 
deaths in rats. He presented color pictures of rats with grotesque tumors to emphasize 
his point. The electronic and print media quickly broadcast the findings as well as the 
grotesque photos and the news quickly spread around the globe. Professor Séralini also 
took the unusual step of requiring reporters to sign nondisclosure agreements before 
the press conference so that the reporters could not consult experts for fact checking 
prior to rushing to print the shocking results he reported. Séralini also used the occasion 
to announce the publication of his book Tous cobayes? (Are we all guinea pigs?); he pro-
vided a link to a YouTube video with the same title.

There can be little doubt that the orchestrated media event was part of a carefully laid 
plan to help discredit transgenic crops produced using modern biotechnology and the 
chemicals used with them. Séralini has a long history of opposition to them and has 
published a series of widely criticized papers on the harmful effects of transgenic crops 
and related agricultural chemicals such as RoundupTM (Doull et al., 2008; see also http://
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academicsreview.org/reviewed-content/genetic-roulette/). He was well aware that the 
media would broadcast this exciting story and it that it would elevate fears of transgenic 
crops. He deliberately manipulated the media.

Numerous critiques by scientific societies, research institutes, regulatory bodies, and 
groups of scientists have pointed out the flaws in the Séralini study (see for example 
commentary at: http://www.sciencemediacentre.org/expert-reaction-to-efsa-report-
conclusion-that-seralini-study-conclusions-were-not-supported-by-data/ and http://
www.efb-central.org/images/uploads/EFBStatement.pdf). Several of these critiques 
have been published in the peer-reviewed literature; see for example a review by Arjó 
et al. (2013). The criticism of Séralini’s study goes beyond a recitation of deficiencies 
such as too few animals in control groups, the inappropriate use of a strain of rats that 
is very tumor-prone, and the fact that there are no statistically significant differences 
in the results observed for test and control animals—a fact that Séralini himself freely 
admits. The criticism also points out that in his fervor to discredit modern biotechnol-
ogy, Séralini may have committed scientific misconduct. He has refused to release the 
raw data on which his conclusions were based and he failed to cite other similar stud-
ies that did not support his conclusions.15 In fact, he claimed no such studies had been 
previously performed, whereas a recent review that would have been available to the 
Séralini team presented a lengthy compendium of published similar long-term studies 
(Snell et al., 2012). Withholding data or selective citation is scientific misconduct. The 
mistreatment of animals described in the study violated animal welfare guidelines and is 
a violation of ethical practice.

The impact of the study was immediate and widespread as noted by Arjó et al. (2013):

Within hours, the news had been blogged and tweeted more than 1.5 million times. Lurid 
photos of tumor-ridden rats appeared on websites and in newspapers around the world, 
while larger-than-life images of the rats were broadcast across the USA on the popular 
television show Dr. Oz. Activists destroyed a GM soybean consignment at the port of 
Lorient, France, in order to denounce the presence in the food chain of a product they 
considered to be toxic (Vargas 2012). The Russian Federation and Kazakhstan banned 
imports of the maize variety used in the study, Peru imposed a 10-year moratorium on 
GM crops (Bernhardt 2012) and Kenya banned all imports of GM food (Owino 2012).

The EU may repeat the Séralini studies to corroborate or disprove them. The EU also 
is considering requiring that long-term animal studies (WFS) be made mandatory in 
the premarket testing of all transgenic crops.

The peer-review process of vetting new science is not perfect. As noted in the preced-
ing paragraphs, a few other flawed studies claiming harmful effects of transgenic crops 
have slipped through the peer-review process. Although the Committee on Publication 
Ethics (COPE) guidelines clearly require journals to retract flawed papers, and papers in 
which scientific misconduct or ethics violations have occurred, the Journal of Food and 
Chemical Toxicology (JSFT) has not retracted their acceptance of the Séralini paper.16 
Widespread protests of scientists in response to Séralini’s flawed paper and unethi-
cal behavior have contributed to some journalists expressing their objection to being 
manipulated. The media often reacts to controversies by assuming that the truth lies 

http://academicsreview.org/reviewed-content/genetic-roulette/
http://www.sciencemediacentre.org/expert-reaction-to-efsa-report-conclusion-that-seralini-study-conclusions-were-not-supported-by-data/
http://www.sciencemediacentre.org/expert-reaction-to-efsa-report-conclusion-that-seralini-study-conclusions-were-not-supported-by-data/
http://www.efb-central.org/images/uploads/EFBStatement.pdf
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somewhere between the extremes. The foregoing sections have outlined the basis of 
support for the assertion that GM crops are as safe as any other; there is no scientific 
basis to justify any middle ground.

Food Safety: What Really Matters?

There exists an international scientific consensus that bioengineered crops produced 
using modern biotechnology are as safe as, if not safer than, any other.17 Virtually 
none of the world’s crop plants exist as such in nature—none of them are natural; most 
have been extensively genetically modified. The term GM crops could probably best be 
applied to crops that were bred without the use of modern biotechnology since they are 
more likely to have suffered mutations, compositional changes, and other unintended 
effects than those produced using more exact modern in vitro molecular methods. 
Transgenic crops more closely resemble their parents than do crops produced by other 
methods. Extensive selection of phenotypes is also used to ensure that no unintended 
changes have occurred. Candidate transgenic varieties are subjected to a thorough pre-
market safety assessment that is not applied to crops developed using more random and 
more disruptive technologies. From a scientific risk-based perspective, as well as almost 
20 years of use in world agriculture without incident, it can be concluded that placing 
transgenic crops in a class that is regulated while not regulating crops bred by other 
methods that have undergone similar changes or which possess similar phenotypes, 
is scientifically inappropriate if not overtly irrational. Food-safety regulators should, 
instead, be tasked with ensuring that the introduction of any novel phenotypes into food 
and feed crops will not pose any special risks or create harmful effects independently of 
the process used to develop the crop.

The closest approximation to the food-safety conclusions of the science discussed 
in this chapter is that in place in Canada. These regulations are directed at novel crops 
rather than GM crops. In spite of the Canada’s expressed intention to regulate all novel 
phenotypes in a similar manner, the steps of a premarket safety assessment for a new 
transgenic variety are no different in Canada than they are in other countries, whereas 
non-GM crops receive only a cursory review. The cost of undue precaution regarding the 
safety of GM crops is high. It is generally believed that the direct cost of an approval for a 
new GM crop can exceed U.S.$100 million, though hard data to support this conclusion 
are lacking. Approvals can require as much as 5–10 years to complete. The indirect costs 
are even greater. Missed opportunities caused by not developing new GM crops or not 
adopting them is probably the greatest indirect cost. Another significant indirect cost 
is preoccupation with the risks associated with GM crops, which diverts resources and 
attention away from real food-safety risks. Consumers worry about GM-crops safety 
instead of food-safety risks that could actually do them harm.

The major risks in the food system are related to diet, chemical contaminants, and 
pathogens. About a billion people run the risk of not having enough food to eat and 
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consequently suffer from malnutrition. This number is expected to grow as popula-
tion and food prices rise unless reduction in poverty and enhancements in agricultural 
productivity can be achieved. WHO estimates that more than 15 million children die 
in the world each year because of malnutrition. In contrast, in many parts of the world 
hundreds of millions of consumers suffer from the adverse health effects of overnutri-
tion and obesity (Sahn, this volume; Gaiha et al. this volume). There is also mounting 
evidence that a large percentage of the world’s population does not consume a diet that 
ensures optimal health (Stein, this volume).

Food-borne and water-borne viral and microbial pathogens sicken hundreds of mil-
lions of people around the globe each year. WHO has estimated that more than 5 million 
deaths per year can be attributed to food-borne illness (Chassy 2010, and http://www.
who.int/mediacentre/factsheets/fs237/en/). Controlling food-borne illness requires 
both improvements in technology and awareness. In the developed world, and increas-
ingly in the less developed world, the food-safety chain has become very complex as it 
runs from the farm to the processor to the retailer to the consumer. A breach or failure at 
any point in the system can lead to a disease outbreak.

There are a number of other food-safety risks that can kill, injure, or make con-
sumers ill. Naturally occurring compounds such as mycotoxins that are found in 
foods can cause cancer, illness, and death (Chassy 2010). Allergens pose a special 
hazard to sensitized consumers (Chassy 2010). Contaminants such as glass, metal 
particles, or environmental chemicals—sometimes called chance or indirect addi-
tives—are other potential hazards that must be controlled and are accordingly regu-
lated (CFR 2002).

In summary, there are a number of material risks in the food and agricultural sys-
tems that could adversely affect the health of consumers; these have drawn the attention 
of producers and regulators, though administrative oversight remains problematic in 
many countries, as periodic outbreaks of food-related illnesses demonstrate. Opponents 
of modern DNA technology argue that transgenic crops fall into the category of special 
health-safety concerns, requiring special surveillance and regulation. The logic is based 
on the premise that plants bred with molecular techniques are inherently different from 
other plants in ways that mark them as unnatural. This chapter has briefly outlined the 
reasons that there exists a scientific consensus that transgenic crops are as safe as any 
other. Risk managers rank risks that cause illness, death, and economic loss and place 
priority for regulation, research, training, and communication to the public on those 
risks that do the most harm. By this criterion, a hierarchical ordering of food safety risks 
based on scientific risk assessment would place genetic engineering and transgenic 
crops in the category of least concern. Not a single death or illness has resulted from con-
sumption of transgenic crops. Resources diverted to regulating transgenic crops would, 
therefore, almost certainly have higher returns if they were used to ensure the supply 
of safe food and sanitary water. This is particularly the case for resource-poor develop-
ing countries in which resources invested in costly regulation of transgenic crops draws 
down expenditures for other measures that could improve public health and economic 
productivity.

http://www.who.int/mediacentre/factsheets/fs237/en/
http://www.who.int/mediacentre/factsheets/fs237/en/
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Notes

 1. In the United States the “CDC estimates that each year roughly 1 in 6 Americans (or 
48 million people) get sick, 128,000 are hospitalized, and 3,000 die of foodborne diseases.” 
http://www.cdc.gov/foodborneburden/estimates-overview.html

 2. http://www.efsa.europa.eu/en/press/news/120711.htm
 3. http://www.cdc.gov/foodborneburden/attribution.html
 4. Transgenic organisms contain DNA or genes isolated from other organisms transferred 

into them in a laboratory (in vitro) through a process called transformation. The tech-
nology is often referred to as recombinant DNA technology (rDNA) since the intro-
duced fragment of DNA that encodes the selected genes must be recombined or inserted 
into the chromosome of the target organism. Transgenic organisms are also called 
genetically modified organisms (GMOs) or genetically modified (GM) plants, microbes 
and animals. The appellations GM and GMO are unfortunate misnomers since almost 
all domesticated crops and animals are extensively genetically modified– see Safety of 
transgenic crops: A point of contention. The term “transgenic” will be used here to denote 
an organism whose novel phenotype(s) is the result of application of in vitro DNA or 
RNA technology. As will be discussed in “What’s a GM Crop?: A Revealing Truth and 
New Challenges,” not all transgenic or GM crops contain exogenous genes or DNA.

 5. See http://www.isaaa.org (accessed March 15, 2013).
 6. http://www.who.int/foodsafety/publications/biotech/20questions/en/ Accessed March 

15, 2013).
 7. Transcription factors (TFs) are proteins that bind to specific DNA sequences and in 

so doing either stimulate or repress the transcription of mRNA (messenger RNA) 
which leads to an increase or decrease in the expression of one or more gene or genes.

 8. See also http://en.wikipedia.org/wiki/Horizontal_gene_transfer (accessed March 15, 2013)
 9. http://www.oecd.org/env/ehs/biotrack/safetyassessmentoftransgenicorganismsoecdcon-

sensusdocuments.htm (accessed March 15, 2013)
 10. Commonwealth Scientific and Industrial Research Organisation. The Australian govern-

ment’s research branch.
 11. See also http://agribiotech.info/details/Is%20This%20Study%20Believable%20V6%20

final%2002%20print.pdf (accessed March 15, 2013).
 12. The EFSA policy may soon change as is discussed in the following section.
 13. See http://academicsreview.org/reviewed-content/genetic-roulette/ for an analysis of 

flawed WFS studies with various GM crops in several animal species.
 14. TM Monsanto Corporation.
 15. To his credit, it now appears that Séralini turned over his raw data to the Editor of JFCT.
 16. On Nov. 19, 2013 Senior Editor Wallace Hayes made public a letter which was sent to Prof. 

Séralini which informed him that JFCT had retracted acceptance of the disputed paper. 
Editor Hayes’ letter stated clearly that the sole reason for retraction was the use of too few 
animals which led to inconclusive results.

 17. http://blogs.scientificamerican.com/guest-blog/2011/08/11/genetically-engineered-crops/
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Chapter 25

The P olitics  of 
Fo od L abeling and 

Certification

Emily Clough

Introduction

You are what you eat, the saying goes. The notion that one’s food should not only taste 
good and meet one’s dietary needs but should also reflect one’s priorities, values, and 
identity is at the core of the politics of food labeling and certification. A rapidly prolifer-
ating array of labels cater to concerns about working conditions in developing countries, 
environmental sustainability, animal welfare, and health. In today’s grocery stores, an 
environmentalist can purchase tomatoes grown without chemical pesticides, a socially 
conscious humanitarian can buy coffee grown by farmers guaranteed a minimum price 
and safe working conditions, and a health-concerned parent can select a cut of meat 
from animals that never ingested growth hormones. These so-called “ethical consum-
ers” are able to identify these products because each carries a label that signifies that it 
has been certified to meet a particular set of standards. This act of buying food that is 
labeled as ethically sourced is sometimes called “voting with your dollar.”1

From Fair Trade to Shade-Grown and from Organic to Rainforest Alliance certified 
products, food labeling and certification have become increasingly prevalent in the 
United States and other wealthy countries in recent decades. As the market for private 
food certification schemes has grown, it has shifted from the small niche market of ide-
alists into the consciousness of mainstream consumers, becoming a source of contro-
versy for pundits, academics, activists, and shoppers. Neither the proponents nor the 
critics of food labeling lack passion or conviction. It is understood, respectively, as a 
useful attempt to raise the standards of food production in the absence of strong state 
regulation, or as a marketing ploy by which firms capitalize on consumer demand for 
ethical products by “greenwashing” or “fairwashing” their public images. This chapter 
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outlines these debates by highlighting some of the central claims made by proponents 
of food labeling as well as some key critiques, focusing particularly on Fair Trade and 
Organic certification standards; it also reviews existing research to evaluate positions in 
these debates.2 The central question is: does food certification work?

Scholarly work on food certification and labeling is part of a broader literature on 
political consumerism, which understands the act of purchasing certain goods as a 
political act, in parallel to more conventional forms of political participation. Different 
strands of the literature, however, conceptualize political consumption variously as a 
substitute for and as a complement to more traditional forms of political involvement. 
On the one hand, politicized consumption may be seen as yet another form of political 
participation for people who already use formal public channels to express their politi-
cal preferences.3 On the other hand, market-based political action may be used as an 
alternative to formal public channels of political participation, particularly for margin-
alized or underrepresented groups. Scholars who emphasize both of these perspectives 
agree that the consumption of certain goods should be seen as a form of political action.

Despite the proliferation of certification programs in recent decades, the phenome-
non of politicized consumption is not new. The history of ethical consumerism has roots 
in boycott strategies. In the 1790s, the British antislavery movement introduced a boy-
cott against sugar produced by West Indian slaves, establishing the consumer boycott as 
what Tarrow calls a repertoire of contention (Sussman 1994, Tarrow 1994). Later social 
movements such as the civil rights movement and labor movements in the United States 
and the anti-apartheid movement in South Africa followed suit, using consumer boy-
cotts to sanction companies that violated the movements’ principles. Although much of 
this early consumer activism was in the form of punitive or negative boycotts, examples 
of what Boström and Klintman call “positive political consumerism” date back to the 
early nineteenth century. To protest the use of slave labor in producing consumer goods, 
the American “free produce” movement began opening retail stores in the 1830s that 
sold goods made with free labor (Faulkner 2007). Half a century later, in 1898, a labeling 
scheme called the White Label Campaign was organized by the National Consumers’ 
League to distinguish products made in American factories that ensured improved 
working conditions (Boström and Klintman 2006). This approach—rewarding compa-
nies that engage in “good” practices as opposed to punishing companies that engage in 
“bad” practices—is mirrored in today’s ethical labeling initiatives.

Today’s certification and labeling schemes are aimed at remedying a litany of pressing 
problems in both the developed and the developing world, particularly in the areas of 
labor conditions, environmental sustainability, animal welfare, and health.

Labor conditions for farmers in developing countries are at the forefront of the con-
cerns behind labels like Fair Trade, union-made, and GoodWeave. Small farmers are 
among the most economically vulnerable populations in the developing world. Half of 
the world’s undernourished people, three-quarters of Africa’s malnourished children, 
and the majority of people living in absolute poverty work on small farms (International 
Food Policy Research Institute IFPRI 2005). Child labor, though almost completely 
eradicated in the developed world, is still a reality in low-income countries. The most 
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recent International Labour Organization (ILO) estimates indicate that 215 million chil-
dren between the ages of 5 and 17 are working in some form of child labor. Of those 
children, 53 percent are engaged in work defined as hazardous, or “likely to harm [their] 
health, safety, and morals” (ILO 2011). The ILO lists agricultural work among the most 
hazardous sectors of employment, since farm workers are especially subject to toxin 
exposure, strenuous physical labor, and the use of dangerous equipment (see http://
www.ilo.org/safework/areasofwork/hazardous-work/lang-en/index.htm). Labor-
related certification schemes promise to remedy these conditions for their farmers.

In addition to labor issues, environmental problems take center stage in several 
food certification schemes. Concerns about the presence of pesticides, herbicides, 
and chemical fertilizers in farm runoff and their possible effects on local ecosystems 
motivate the ban of these chemicals in Organic standards (Trewavas 2001). Standards 
like Rainforest Alliance, Bird Friendly, and Demeter Biodynamic certification aim 
to curb agricultural practices resulting in deforestation, high levels of carbon emis-
sions, the destruction of wildlife habitat, and reduced biodiversity (see http://www.
rainforest-alliance.org/about or http://nationalzoo/scbi/migratorybirds/coffee/lover.
cfm or http://demeter-usa.org/).

Animal welfare concerns drive demand for some types of ethically labeled food. 
Animals raised in confinement are often kept in crowded conditions, unable to move 
or express natural behaviors (Pew Commission on Industrial Farm Animal Production 
2008). These practices also have implications for animal health, since high-density con-
finement can increase disease among livestock (Tilman et al. 2002). Physical alteration 
of animals is common in these conditions, including the removal of horns from cattle 
and beaks from poultry, typically without painkillers; 80 percent of eggs produced in 
the United States are produced under guidelines that recommend debeaking of poultry, 
a practice known to cause both short-term and chronic pain (Rodriguez 2011, Mench, 
Sumner, and Rosen-Molina 2011). The increasing publicity around these issues since the 
1964 publication of Ruth Harrison’s book, Animal Machines, has brought the issue of 
animal welfare to the attention of consumers (Mench et al. 2011). In a national telephone 
survey conducted in the United States, 49  percent of consumers agreed or strongly 
agreed with the statement, “I consider the well-being of farm animals when I make deci-
sions about purchasing meat” (Lusk, Norwood, and Prickett 2007, p.  15). Labels like 
Certified Humane Raised and Handled, Free-Range poultry, Grass-Fed beef, Global 
Animal Partnership, and Animal Welfare Approved aim to address these concerns by 
guaranteeing conditions like outdoor access, freedom from close confinement, and pro-
tections from physical alteration without painkillers.

Finally, health concerns motivate the use of labels like Food Alliance and Organic 
certification. High levels of exposure to pesticides that are used in food production are 
known to cause birth defects, nerve damage, and cancer, and to pose particular health 
risks to children (EPA 2012). Increasingly, conventional agricultural land is being fer-
tilized with biosolids or wastewater “sludge.” Though biosolid-based fertilizers are 
known to contain pharmaceuticals, steroids, flame-retardants, heavy metals, hormones, 
and human pathogens, the health effects of using them to grow food are hotly debated 
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(Ferguson 2009). Hormones and antibiotics used in raising conventional food animals 
give rise to concerns about health hazards and the development of antibiotic-resistant 
strains of bacteria (Stephany 2001, Phillips et al. 2004). Although the government limits 
the amount of many of these additives in all U.S. food production, consumers can select 
from several certification standards to help them identify food that will further reduce 
their exposure. Although the American Medical Association, the National Academy of 
Sciences, and the World Health Organization have found no scientific basis for claims 
that genetically modified organisms (GMOs) pose risks to human health, scientists are 
only just beginning to document the longer-term effects of GMOs in laboratory feeding 
studies. Skeptical consumers concerned about as-yet unknown effects of the technol-
ogy can avoid purchasing food bearing government-mandated GMO labels in the EU, 
and such labeling initiatives are under consideration in the United States (Domingo and 
Bordonaba 2011, Carter et al. 2012).

Often these certification initiatives operate at the intersection of the private sector, the 
civil society sector, and the state. To lend clarity, food standards programs can be use-
fully divided into categories along two cross-cutting dimensions (see Figure 25.1). The 
first dimension divides programs into voluntary standards (which firms may choose to 
opt into or out of) and government-mandated standards (to which firms are required 
by law to adhere). The second dimension divides standards into those set and enforced 
by the state and those set and enforced by non-state actors (including NGOs and the 
private sector).

Whether a standard is voluntary or mandatory reflects more than just the institu-
tional arrangement for its enforcement. It provides a clue about where the issue in ques-
tion falls along the contested dividing line between public and private in our collective 
political imagination. What is the appropriate role of the state in regulating private con-
sumption decisions? When should the government intervene in the market? The answer 
has been, it depends on the issue at stake. We generally agree that states should govern 
on issues related to safety, and that states should not govern on issues purely related 
to personal conscience; we tend to disagree, however, about how particular issues fall 

Legal status of regulation

St
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da
rd

 se
tte

r State

Non-State

Voluntary Legally mandated 

e.g. Organic e.g. Food safety laws

e.g. Fair trade

Figure  25.1 Food labeling schemes can be mandatory or voluntary in nature, and they can 
be monitored by state or non-state actors.
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along that divide. The debates about regulation of GMO labeling capture this tension. 
Disputes about the science of GMOs’ health impact has been central to the political 
battle over whether labeling should be mandatory in California, highlighting how the 
framing of these issues in terms of safety or personal preference is critical in determin-
ing whether regulation is state-mandated (Carter et al. 2012).

Moreover, all but the staunchest libertarians tend to agree that there are ethical issues 
beyond those of safety, often in the areas of social or environmental protection, that 
carry sufficient collective societal value to warrant state regulation. However, we dis-
agree about which issues have that kind of societal value. The United States has universal 
laws prohibiting child labor, but this was not always the case. The idea that society has an 
interest in protecting all children from work hazards and freeing them to go to school, 
and that that interest is strong enough to warrant state interference in the market, is an 
idea that once lacked consensus in the U.S., and similar debates rage today on issues like 
environmental degradation, financial regulation, and wage standards. Given that play-
ers on all sides of these debates are invested in their preferred outcome, the framing of 
these issues is, to a large extent, the result of a political struggle between actors attempt-
ing to define the issues at stake in the language of safety, personal preference, and collec-
tive good.4

Although an extensive literature on state regulation addresses mandatory standards, 
this chapter summarizes a younger literature that focuses on voluntary standards. To 
illustrate the complexity of these voluntary initiatives, the chapter highlights one exam-
ple of a voluntary certification standard run by private actors (the Fair Trade label) and 
one example of a voluntary certification standard run by the state (the Organic label) 
These programs, which rely on politicized consumption in the private sector to fuel reg-
ulation of the food production process, nevertheless have important implications for the 
public governance of labor markets, the environment, and human health. Private cer-
tification standards tend to arise when movements and—critically—markets demand 
production standards above and beyond the legal standards imposed by governments. 
Whether these private certification schemes complement government regulation or act 
as substitutes for the state is a question worth reflection, to which I will return at the end 
of this chapter.

Some proponents have lauded the voluntary nature of these certification schemes. 
Citizens and interest groups hold diverse views about how stringently labor and envi-
ronmental practices should be regulated. Laws and regulatory policies passed by gov-
ernments reflect a compromise among these views, which inevitably leaves some 
citizens’ demand for higher standards unmet. One advantage of voluntary regulation 
is that those citizens who support stricter standards can choose to contribute resources 
toward that outcome, while those who prefer more lenient regulation are not coerced 
into doing so.5 The same logic holds if these initiatives are understood as “self-taxing 
schemes” for conscientious consumers (Arnold, Plastina, and Ball 2006). These schemes 
can be seen as a private, voluntary parallel to public taxation, whether they take the form 
of voluntary redistribution of income from consumers in rich countries to poor farm-
ers, or the form of funding for public goods like environmental preservation. In either 



620   Emily Clough

case, the logic of self-taxation is that it allows each to contribute according to her prefer-
ences, accommodating pluralism of views toward redistribution better than a govern-
ment policy that forces a single standard of contribution.

Other observers of voluntary schemes argue that, given the leniency of government 
policy, certification schemes can be useful alternatives to strict legal regulation (e.g., 
Henson and Murphy 2010). These commentators point to deficiencies in government 
regulation of environmental and health standards for agriculture, suggesting that pow-
erful special interests—such as farm lobbies—influence government policy and prevent 
the state from setting appropriately protective legal standards. Even when relatively 
stringent labor laws exist formally “on the books,” corruption, inefficient bureaucracies, 
and political calculations often limit government willingness and capacity to enforce 
them. Thus, supporters of certification standards claim that creating better channels of 
transparency and routing consumer dollars toward otherwise under-resourced, under-
enforced safeguards will allow consumers to leverage the power of the market against 
poverty, environmental degradation, and health hazards when government resources or 
willingness falls short.

As voluntary standards have developed, they have expanded, commercialized, and 
become institutionalized, bringing in an increasingly diverse set of actors that span the 
private sector, civil society organizations, and the state. The Fair Trade industry was once 
the fair trade movement. It began in the civil society sector, led by churches, disaster- 
relief organizations, and solidarity groups that formed network-based trade channels 
with marginalized producers. Fair Trade began to enter mainstream markets in the late 
1980s, and as the industry scaled, more commercial actors took the lead (Bacon 2005). 
The Organic industry was likewise once a network of social movements that coalesced 
into a transnational movement in the 1970s, laying the groundwork for commercially 
oriented actors to enter the market (see Larsson, this volume). Subsequently, the United 
States Department of Agriculture (USDA) took on the role of standardizing and over-
seeing organic certification standards.

Along with the growth and commercialization of these certification systems, tension 
has arisen over the question of how stringent these standards should be. There is a per-
ceived trade-off between the strictness and scalability of standards, and stakeholders 
disagree about how to approach this choice (Gendron, Bisaillon, and Rance 2009, Auld 
2011). On one side of the debate is a group we might call the “depth” advocates, who 
argue that lowering standards erodes the meaning and impact of the standard. On the 
other side of the debate is a group we might call the “breadth” advocates, who argue that 
making standards marginally less strict will make certification less daunting for signifi-
cantly larger companies, thus appealing to a broader set of retailers and spreading stan-
dards further throughout the market.

The difference between these perspectives fundamentally boils down to how these 
advocates evaluate impact. Is the impact on environmental practices, labor conditions, 
and human health greater if a small number of companies follow very strict guide-
lines, or if many large companies make minor adjustments in their practices? This 
question remains at the center of debates on every labeling scheme visible enough 
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to have gained a foothold in public discourse.6 People in the food-labeling industry 
disagree vehemently about the best approach; one result has been the fragmentation 
and multiplication of standards as “depth” and “breadth” advocates go their separate 
ways. A microcosm of this debate can be seen in the 2011 split between Fair Trade USA 
and Fairtrade International over the former’s decision to include plantation coffee in 
Fair-Trade certification standards rather than only small-holder coffee cooperatives, a 
move intended to make Fair-Trade coffee available to larger retailers and to reach more 
farmers (Fairtrade International [FLO] and Fair Trade USA 2011). The network of food 
labeling organizations and activists thus represent loose coalitions of actors who share 
basic goals but hold different views on how best to achieve them. Moreover, these ideo-
logues are allied—often uncomfortably—with actors driven by profit motives rather 
than social or environmental goals. The result is a complex, multifold family of over-
lapping certification systems, characterized by both common ground and internal 
tensions.

Considerable debate exists concerning the question:  Do these food certification 
schemes do what they promise to do? This question hinges on three critical issues, which 
will be considered in depth. First, is there enough consumer demand for ethically 
labeled products to fuel a market large enough to make a measurable impact? Second, 
assuming sufficient demand, do these ethical standards actually create intended posi-
tive outcomes for the producer, the consumer, or the farm—whether in the form of 
better labor conditions, increased protection of the environment, or the reduction of 
risks to human health? Third, do the certification agents credibly act as safeguards to 
the system?

This chapter will examine each of these questions in turn. Section II outlines the 
debates about the nature of consumer demand for ethically labeled food. Section III 
investigates the effects of labeling schemes for producers and the production process. 
Section IV interrogates the efficacy of certification agents (or “watchdogs”). Section V 
turns to implications of voluntary, market-based regulation schemes for state-mandated 
labor and environmental standards. Section VI concludes. This analysis suggests there 
is reason for cautious optimism that ethical labeling initiatives for food live up to their 
promises, albeit inconsistently and on a relatively small scale. Critically, however, the 
scope of their impact is constrained by limited consumer demand, label proliferation 
and fatigue, and structural barriers to transparency and accountability.

The Consumer

Theory

The ethical consumer represents the vital engine that drives demand for certified and 
labeled food. Without a critical mass of buyers willing to spend money on products that 
support social and environmental causes, the system falls apart.
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Because almost all products that Americans purchase are produced far from the point 
of sale, until recently it has been impossible for consumers to observe the conditions 
under which their food is produced, and, therefore, difficult to act on their desires for 
value-consistent consumption. This lack of transparency has created an asymmetry of 
information between consumers and producers. Certification and labeling offer a solu-
tion to this form of market imperfection, providing information that allows consumers 
to distinguish among products and support a style of food production that reflects their 
values (Elliott and Freeman 2003, Brown 2006).

By establishing a channel of information connecting the consumer with the produc-
tion process, labeled food also provides a sense of connectedness between consumers, 
their food, and the people and place from which it came (Dolan 2011). As Luetchford 
notes, “in ethical consumption the aim is to break down and demystify the distance 
between parties in the exchange and accentuate the relation between them.” (Leutchford 
2008, p. 3).

Finally, certification and labeling allow companies to “ethics-discriminate” (in a simi-
lar sense to premium-price discrimination) among customers to better tailor their offer-
ings to more nuanced patterns of demand. While most shoppers prioritize price and 
quality over labor and environmental standards, some consumers care enough about 
the conditions under which their food is produced that they are willing to pay more. 
Certification and labeling allow firms to reduce deadweight loss by catering directly to 
that otherwise untapped demand. Thus, Kellogg has developed the Kashi brand, which 
uses certified organic and GMO-free ingredients in some of its cereals; PepsiCo has 
acquired Naked Juice, whose beverages are made with bananas certified by Rainforest 
Alliance; and Kraft has launched a line of certified Organic macaroni and cheese along-
side its conventional product offerings (Strom 2012, http:www.nakedjuice.com/ourpur-
pose/ and http:www.kashi.com/ourcommitment). Food labeling allows companies to 
target consumers willing to pay for particular production standards. In theory, this is 
good for the farmer, the consumer, and the firm.

Different theories exist about what motivates consumers to buy ethically labeled 
food.7 Understanding consumer motivations matters because the nature of those moti-
vations determines how widespread and robust demand will be for ethically certified 
products, ultimately constraining the size and impact of the market.

One explanation for the decision to purchase ethically labeled food is that of altru-
ism. An altruistic consumer would buy organic, fair trade food because she gleans per-
sonal satisfaction from the advancement of a cause she cares about (“pure altruism”) or 
because the act of contributing to a cause makes her feel good about herself (“impure” or 
“warm glow altruism”) (Andreoni 1989).

An alternative explanation is that consumers purchase ethically labeled food because 
their judgment is influenced by social norms. Norm-responsive consumers perceive 
that buying fair trade or organic food is the “appropriate” thing to do, since others in 
their reference group are doing it, too. Adherence to norms tends to be strongest when 
there are personal and contextual similarities between an individual and the group that 
embraces the given norm (Goldstein, Cialdini, and Griskevicius 2008). If a shopper is 
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surrounded by other shoppers of a similar demographic and subculture who are buy-
ing ethically certified food, her own assessment of the value of that food (and the cause 
it supports) might be influenced positively and she may make the same choice out of 
adherence to a group norm.

A third (and related) explanation for ethical consumption is that consumers use 
labeled products for social signaling and status. What you buy can be understood as a 
signal for who you are and what social group you belong to (Bourdieu 1984). Purchasing 
certified food may be associated with highly valued qualities among some social groups. 
If someone living in Berkeley, Park Slope, or Cambridge wants to be seen by their peers 
as compassionate, selfless, or invested in environmental preservation, buying ethically 
labeled food may be a way of achieving social status, providing purchasing choices are 
observable (Holländer 1990). Ethical consumption, in this model, becomes a form of 
“conspicuous consumption.”8

Finally, consumers may take certification labels as an indicator of the product’s quality, 
whether in the form of taste or healthfulness. In a nationwide telephone survey, a 78 per-
cent of respondents agreed or strongly agreed with the statement, “Animals raised under 
higher standards of care will produce safer and better tasting meat” (Lusk, Norwood, 
and Prickett 2007, p. 21). In an online survey conducted by Nielson in 2010, 76 percent of 
respondents reported that they purchase organic food because they believe it is health-
ier (http://blog.nielsen.com/nielsenwire/consumer/global-trends-in-healthy-eating/).

Since many purveyors of labeled food highlight the health and quality benefits of 
their products alongside the social, environmental and animal welfare benefits, it can be 
difficult in practice to categorize the consumption of a given labeled product neatly into 
Johnston and MacKendrick’s typology of “political” consumption (motivated by collec-
tive goals) and “apolitical” consumption (motivated by individual goals) (see Johnson 
and MacKendrick, this volume).

Do these different sources of demand add up to a large, robust market for ethically 
labeled food? Proponents of ethically labeled foods suggest that certified products tap 
into widespread, latent consumer demand for food produced under good conditions, 
and that this demand is broad-based and robust enough to drive real change in labor 
conditions, the environment, and human health outcomes.

Critiques

Critics of labeling schemes present a more pessimistic view, raising several concerns 
about the nature of consumer demand for ethical food.

One common concern is that consumer demand is not sufficiently widespread to 
make a significant difference in outcomes like labor conditions or environmental deg-
radation (e.g., Van der Zee 2007). Even if a handful of consumers are willing to pay a 
premium, critics argue that there are too few consumers of this kind to make these ini-
tiatives scalable and effective at a global level. The current size of the market reflects not 
only demand, but also the current level of supply for ethical goods. It is difficult to know 
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which is the binding constraint, and, thus, to know exactly the extent of latent consumer 
demand for ethical goods, making it hard to settle this debate.

Another concern is that demand for ethically certified food is likely to be signifi-
cantly constrained by income, limiting the scale of the market for labeled food. That 
is, lower-income consumers face budget constraints that may limit their ability to 
spend extra money on products that make ethical promises (Howard and Allen 2010). 
A related objection is that these initiatives are fundamentally classist in nature, exclud-
ing low-income consumers from this model of ethical action. Finally, the concern about 
income constraints on demand raises an additional alarm, which is that fluctuations in 
the economy will be reflected in fickleness of demand for labeled food; accordingly, in 
an economic downturn, sales of Fair-Trade and Organic groceries would fizzle (Cohen 
2012, Hickman 2010).

A third concern centers on label proliferation and fatigue (Schuetze 2012, Harbaugh, 
Maxwell, and Roussillon 2011). Because there is no single governmental or nongov-
ernmental body that oversees labeling standards, new certification standards are born 
every year, each designed by different agents and addressing a wide assortment of con-
cerns. The number and variety of certification standard have grown in recent decades 
to the point that consumers may find it overwhelming and frustrating to sort through 
the various claims. In 2006, there were as many as 137 labels being marketed to socially 
conscious consumers that made claims ranging from “salmon-safe” to “ozone-friendly” 
(Alsever 2006). At the time this volume went to press, Ecolabel Index listed 432 eco-
labels—ranging from “salmon-safe” to “bird-friendly”—across 246 countries and 25 
industries” (www.ecolabelindex.com). Consumers, like voters, have limited time to 
investigate claims made by different labels, and this combined with the burgeoning of 
certification standards may have two consequences that limit the effectiveness of label-
ing schemes.

First, consumers may not be able to tell the difference between the claims made by 
different labels, creating an incentive for “greenwashing” or “fairwashing.” The average 
consumer may glean basic information about a product from its label (“this is good for 
the environment”), but details about what is being guaranteed are often lost. Consumers 
may thus be unable to differentiate between rigorous and lax standards, and that disad-
vantages producers who subscribe to expensive, rigorous standards. The ill-informed 
nature of consumer demand for ethically labeled food may incentivize firms to adopt 
certification standards with few requirements, potentially creating a race-to-the-bottom 
dynamic.

Second, consumers may get fed up by the number of different labels and their lack of 
transparency, and disengage from ethical consumption entirely. Even the most consci-
entious, committed shopper could spend hours poring over the websites of standards 
providers without understanding the differences among similar-sounding certification 
rules. Well-meaning consumers may also discover that a favorite label carries fewer 
guarantees than its brand image would suggest; indeed, such an incident made the 
national news when consumers discovered that Kashi’s “natural” cereals contained 
genetically modified ingredients (http://usatoday30.usatoday.com/money/industries/
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food/story/2012-04-29/kashi-natural-claims/54616576/1). Under such conditions, crit-
ics worry that consumers will increasingly view food labels with suspicion and fatigue.

Together, these caveats raise doubts about whether consumers will wade through the 
plethora of standards they encounter in grocery stores and commit sufficient resources 
to ethical consumption to make a difference.

Research

To weigh in on these debates, it is helpful to turn to existing empirical research on the 
nature and extent of demand for ethically certified food. Research to date does little to 
disentangle the particular motivations of ethical shoppers, but it does support the exis-
tence of committed ethical consumers, though this group may be limited in size along 
demographic and income lines. The majority of the research has been survey based, but 
several recent experimental studies add richness to the literature.

Several surveys show that consumers report themselves to be willing to pay extra for 
products made under ethical conditions. In a survey of 808 respondents in Belgium, 
consumers reported that they would be willing to pay an average of 10 percent extra for 
Fair-Trade coffee. Those willing to pay the highest premium were more idealistic than 
others, less socially conventional, and tended to be aged between 31 and 44. Those who 
were willing to pay a somewhat lower premium were more idealistic than average but 
otherwise not significantly different from the average consumer in socio-demographic 
terms (De Pelsmacker et al. 2005). A U.S. survey conducted by the National Bureau of 
Economic Research found that roughly 80 percent of individuals claimed to be willing 
to pay a premium for an item if they were assured it was made under good working con-
ditions (Elliott and Freeman 2003).

In another survey, a significant majority of respondents felt that if Americans are 
using products made by foreign workers, “this creates a moral imperative to ensure 
that they are not required to work in harsh or unsafe conditions.” 76% of respondents 
from the same survey, 76 percent claimed they would be willing to pay $25 instead of 
$20 for a product if “an international organization . . . would check the conditions in a 
factory and, if acceptable, give them the right to label their products as not made in a 
sweatshop” (PIPA 2000, pp. 36–37). Blend and Ravensway conducted a household sur-
vey to gather data on intentions to purchase eco-labeled apples under varying condi-
tions. Respondents reported that they would be willing to pay more for eco-labeled 
apples, though willingness declined as price premium increased (Blend and Ravensway 
1999). Loureiro and Lotade conducted a willingness-to-pay survey of grocery shop-
pers, finding that they reported themselves as willing to pay a premium for Fair Trade, 
shade-grown, and Organic coffee (Loureiro and Lotade 2005). This growing body of evi-
dence supports the idea that consumers express a willingness to pay extra for ethically 
labeled products.

The most critical drawback to self-reported survey data on people’s willingness to buy 
ethically certified products is that it is subject to social desirability bias, or systematic 
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error in data from self-reports because of a respondent’s wish to project a favorable image 
(Fisher 1993, p. 303). Some surveys attempt to mitigate the effects of social desirability bias 
by using anonymous, mail-in surveys (e.g., De Pelsmacker et al. 2005). However, because 
social desirability bias comprises a self-deceptive aspect in addition to an other-deceptive 
aspect (Nederhoff 1985), there is reason to suspect that all self-reported data will overesti-
mate consumer willingness to pay a premium on ethically certified food.

A small but growing number of empirical studies avoid problems of social desirability 
bias by measuring actual consumer purchasing behavior in response to the presence 
or absence of ethical labels on products in retail settings. The best of these studies are 
experimental, since their research design avoids the selection bias that often plagues 
observational studies. In a study of 150,000 eBay auctions that resemble “natural experi-
ments,” Elfenbein et al. found that auction participants were willing to pay 6 percent 
more for an identical product when it was advertised that the auction was for charity 
(Elfenbein et al. 2010). In a two-part field experiment of 26 stores of a major U.S. grocery 
chain, sales of coffee rose by 10 percent when a Fair Trade label was added, as consum-
ers switched from unlabeled coffee (sales for unlabeled coffee dropped 9 percent when 
the labeled option appeared). This suggests that when consumers have a choice between 
labeled and unlabeled coffees that are otherwise identical and equally priced, consumers 
respond to the label. In the second part of the experiment, the addition of a price pre-
mium to two Fair-Trade-labeled coffees led to a 2 percent increase in sales in the case of 
the higher-end coffee and a 30 percent decrease in sales in the lower-end coffee, suggest-
ing that some consumers are willing to pay a premium on Fair Trade labeled coffee, but 
that this willingness may be limited to higher-income shoppers (Hainmueller, Hiscox, 
and Sequeira 2011).9

Similar experiments on nonfood items support the idea that some types of consum-
ers are willing to spend extra on ethically labeled products. In an experiment in a home 
goods store, sales of towels and candles rose by 10–20 percent when labels promising 
good labor standards were added (Hiscox and Smyth 2007). In an eBay experiment, 
consumers were willing to pay on average a 45 percent premium for Fair-Trade-labeled 
shirts over unlabeled shirts (Hainmueller et al. 2011). In an experiment in 111 Banana 
Republic factory outlet stores, the addition of labels conveying a fair-labor message 
increased sales of a high-priced women’s clothing item by 14 percent, whereas labels had 
no significant effect on the sales of low-priced women’s or men’s10 items (Hainmueller 
and Hiscox 2012a). In another experiment in 419 Banana Republic stores and 155 Gap 
Outlet stores, women proved willing to buy eco-labeled denim jeans sold in nonoutlet 
stores (sales increased by 8 percent in the presence of a label with an environmental 
message), but the labels had no effect on sales of men’s jeans sold in nonoutlet stores or 
of women’s jeans sold in outlet stores (Hainmueller and Hiscox 2012b).

While experimental studies offer the most rigorous tests of consumer demand for 
certified products to date, they, too, have limitations. The most important caveat con-
cerns issues of generalizability. Demand for ethically certified products may be product 
specific. Additionally, none of the studies—even those conduct in outlet stores—effec-
tively targeted low-income shoppers.
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Existing evidence thus suggests that, while there is demand for ethically labeled prod-
ucts and this demand seems robust to modest price increases, it may be limited in scope to 
certain products, income groups, and demographics. In particular, these studies suggest 
that women and high-end shoppers may be the most willing to spend extra money to pur-
chase products with ethical labels. The theoretical logic behind the observed income dis-
parity seems fairly straightforward. The gender discrepancy is consistent with the general 
finding in the literature that women engage in politicized consumerism more frequently 
than men do. Scholars point out that this trend has historical roots: women tended to play 
a prominent role in early instances of political consumerism, including boycotts and food 
price strikes (Micheletti 2004). It is also consistent with the broader finding in the litera-
ture that women tend to act more altruistically than men in situations involving charitable 
giving or public goods investment (List 2004, Andreoni and Vesterlund 2001).

Finally, although price levels clearly impact consumer demand, there is also research 
that supports the idea that quality considerations are significant to the supply of ethi-
cally labeled food. In a small survey of natural foods stores, grocery stores, and cafes, 
Levi and Linton found that retailers offered Fair Trade certified products only if they 
perceived customer demand for it, but that customer requests for fair trade options were 
insufficient unless the retailer also perceived the product to be of high quality (Levi and 
Linton 2003). This research is consistent with the idea that an ethical claim, valued by 
the customer as it may be, is not enough to scale the market for labeled food; rather, ethi-
cal certification must be paired with quality.

The Production Process

Theory

No amount of consumer demand will make a difference unless ethical labeling initia-
tives create positive results on the ground for farmers and farms. At the other end of 
the supply chain from the ethical consumer is the production process being certified. 
Labeled food makes specific promises about how the purchase of that food will affect the 
people or place where it is produced. A key empirical question is whether and to what 
extent those promises are kept.

The promises are different in the case of each certification standard. With regard to 
the two labeling schemes considered in detail here, the Organic label promises that 
the food it certifies is not produced with any chemicals on the organics-prohibited list 
produced by the USDA. Additionally, proponents claim that organic food comes with 
health benefits and environmental payoffs for the farm and its surrounding ecosystem.

The Fair Trade label promises that workers are guaranteed a price minimum and are paid a 
social premium to be invested in local social programs, that food is grown in safe and healthy 
working conditions with no child labor, and that sustainable environmental practices are 
used. Each of the hundreds of existing food labels makes unique promises of this kind.
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Critiques

Not all observers are convinced that ethical labeling initiatives are living up to their 
promises in terms of the impact they claim to have on the producers and the produc-
tion process. Although many critiques of the purported impact of certification on farm-
ers, farms, and food are specific to individual labeling initiatives, some critiques span all 
standards, particularly those that raise doubts about transparency and accountability, 
the use of price premiums, the tension between ethical and market imperatives, and the 
way in which standards might reinforce North-South power relations.

Perhaps the most common generalized doubt reflects skepticism about the extent to 
which labeling organizations are able to overcome logistical and structural barriers to 
ensuring transparency and consistent monitoring, and, therefore, to guarantee adher-
ence to standards. Most food supply chains are not vertically integrated, but rather are 
characterized by aggregation and mixing of products, making an individual product 
difficult to trace from production to point-of-sale, particularly when supply chains 
span international borders. Given that most farms located in developing countries are 
only reachable by roads of dubious quality, arranging unannounced monitoring visits 
is costly and difficult. Many monitoring standards require only an annual visit, which is 
often known of in advance. As critics point out, this arrangement is insufficient to guard 
against violations throughout the rest of the year.

There is also debate about whether retailers capture too large a portion of the pre-
mium charged to consumers. Some point out that when retailers mark up ethically 
labeled food products, they may keep a large percentage of that margin for themselves, 
and the consumers are none the wiser (Downie 2007, Griffiths 2012). In one case, a 
retailer was criticized when it was found that 90 percent of the premium charged for a 
cup of Fair Trade coffee went to the retailer, whereas only 10 percent was passed along 
to farmers (Harford 2006). Rodrik voices skepticism about whether Fair-Trade farmers 
whose coffee is sold through Starbucks are seeing any improvement in their livelihoods 
or whether Starbucks is keeping the entire premium, using sympathetic consum-
ers to make a profit (Rodrik 2007). Alsever criticized TransFair USA for using most of 
their revenue—$1.7 million of the $1.89 million they generated in licensing fees annu-
ally—on salaries, travel, conferences, and publications (Alsever 2006). The counter to 
such critiques, however, is that some portion of the premium must go to the retailer 
and the watchdog to cover costs associated with investing in a certified supply chain. 
Nevertheless, critics claim that certification organizations take too large a cut.

In the case of all standards, there tends to be a tension between the imperatives of 
the market and the social goals at the label’s foundations (Luetchford 2011, Kennedy 
2004). For example, for Fair Trade coffee traders to maintain high sales, the coffee must 
be of good quality. However, the poorest farmers tend not to produce the highest qual-
ity coffee. Indeed, the production of high quality food requires investments in better 
techniques, equipment, and inputs on the production end that is beyond the reach of 
many of the poor farmers who the label seeks to assist. The Fair Trade movement’s core 
value of poverty eradication thus must be reconciled with the conflicting demands of 

 



The Politics of Food Labeling and Certification   629

the market, and this frequently means compromises, particularly as labels expand. 
Hardliners, or “depth” advocates, who seek higher standards lament the erosion of val-
ues from the early days of the movement, whereas commercially oriented or “breadth” 
advocates (who want standards to be more easily attainable and, therefore, widespread) 
are frustrated by what they perceive as the stubborn backwardness of the old guard 
purists.

For labeled food that is produced outside wealthy countries, another critique is that 
the rules are made in the United States and Western Europe and then implemented in 
developing countries, reflecting and reinforcing a power imbalance between the North 
and South in these certified supply chains. Vogel articulates what he sees as the danger 
of this approach: “To the extent that voluntary labor codes replace rather than comple-
ment state regulations, developing country governments are essentially ceding their 
sovereignty to the demands of western activists, who are the primary drivers and the 
main ‘consumers’ of labor codes. Many labor codes essentially empower NGOs, rather 
than developing country workers, and the two’s priorities can often conflict” (Vogel 
2008, p. 274). This line of argument emphasizes the inequitable nature of the historical 
power imbalances that have shaped the geopolitical context in which labeling schemes 
have emerged.

This chorus of critical voices calls into question the claims made by proponents of 
labeled food that systems of certification can create positive impact for farmers and the 
environment.

Research

Existing research is not thorough enough to assess all these claims and critiques empiri-
cally, but it can illuminate some issues surrounding the impact of food certification. As 
research on the impact of labeling standards tends to be standard-specific, I will focus 
here on empirical evidence about the effects of Organic and Fair Trade Certification.

The research on organic foods and indicators of human health is most thoroughly 
summarized in a meta-analysis by a team of research scientists at Stanford. The analysis 
(Smith-Spangler et al. 2012) reviews findings from 17 human studies and 223 studies of 
food, focusing on bacterial contamination, pesticide levels, human health biomarkers, 
and nutrition levels in organic versus conventional food, and yields mixed results.

The results suggest that, although organic food may not systematically reduce bacte-
rial contamination, it may carry less antibiotic-resistant bacteria than conventional food. 
The Stanford team found no statistically significant difference in levels of pathogenic 
bacteria contamination overall, though a handful of studies documented differences: in 
one, organic food was found to carry a slightly higher risk of E. coli contamination; in 
another, organic food had 33 percent lower incidence of antibiotic-resistant bacteria; 
another found organic grains to carry a lower level of the fungal toxin deoxynivalenol.

Research on pesticides is somewhat more suggestive. Studies of food content found 
that organic produce had a 30  percent lower risk of pesticide contamination than 
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conventional produce. Although there have been no adult studies, two studies of chil-
dren found significantly lower urinary pesticide levels in those who followed an organic 
diet. Beyond pesticides, however, the reviewed human studies that examine health bio-
markers and nutrient levels in the adults did not find differences between subjects on 
conventional and organic diets that were clinically meaningful.

In terms of nutrition, food studies in the Stanford analysis examining the vitamin and 
nutrient content of food found very few differences between organic and conventionally 
grown food. A few human and food studies found higher levels of beneficial fatty acids 
associated with organic food.

The general findings of the Stanford meta-analysis point to the cautious conclu-
sion that organic food is likely to offer reduced levels of pesticides and reduced levels 
of antibiotic-resistant bacteria. The analysis suggests that there are few differences in 
levels of nutrition between organic and conventional food. The Stanford analysis did 
not include studies comparing the health of farm workers on organic and conven-
tional farms; in a study of the health of 46 farmers in Mexico, researchers found that 
20 percent of farm workers exposed to pesticides exhibited signs of acute poisoning 
(Payán-Rentieria et al. 2012).

The literature on the environmental impact of organic certification yields similarly 
mixed results, but points toward several possible benefits. One study on dairy produc-
tion showed that organic dairy farms were at a lower risk for negative environmental 
response to fertilizers than conventional dairy farms. However, organic dairy farms also 
showed higher levels of methane emissions, suggesting that without also lowering emis-
sion of carbon dioxide and nitrous oxide they posed a higher risk of contributing to 
global warming. Moreover, organic farming reduced pesticide use but increased land use 
(De Boer 2003). Biao et al. find evidence that adherence to organic standards is associ-
ated with increased soil fertility, nutrient management, and biodiversity on farms (Biao 
et  al. 2003). Nelson and Martin’s (2013) mixed-methods studies of Organic-certified 
cocoa farms in Ecuador and tea estates in India link Organic certification with posi-
tive environmental outcomes (reforestation, conservation, and sustainable practices). 
However, attributing this outcome to Organic certification is difficult, both because 
there was some evidence that certified organizations may have been engaging in better 
practices prior to becoming certified and because most Organic-certified farmers stud-
ied were also Fair Trade- and/or Rainforest Alliance-certified.

Related literature on the effects of environmental labeling and certification for non-
food production adds complexity to this empirical evidence. In a meta-analysis of nine 
Voluntary Environmental Programs (VEPs), researchers find that self-monitoring VEP 
participants performed worse with regard to emissions and waste management than 
nonparticipants, and third-party-monitored VEP participants performed the same as 
nonparticipants (Darnall and Sides 2008). Taken together, these results indicate that the 
environmental impact of organic farming is multidimensional and that it is not neces-
sarily the case that “all good things go together.”

A growing body of research investigates the impact of Fair Trade certification. While 
findings are mixed, they suggest possible benefits both in income and non-income 
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areas. Because the empirical literature in this area is not yet as well developed as that on 
Organic certification, there are few conclusive answers, but the existing research war-
rants a review.

A number of studies document individual cases or small numbers of certified pro-
ducers. These studies tend to show that Fair Trade-certified farmers are doing relatively 
well. In an evaluation of several cooperatives of cocoa farmers in Ecuador that sell cocoa 
through a Fair Trade NGO, farmers reported that Fair Trade brought them benefits, par-
ticularly in the area of price, fair weighing and grading, marketing skills, organizational 
development, and production techniques (Nelson and Galvez 2000). In his 2008 ethno-
graphic study of Costa Rican coffee farmers, Luetchford finds Fair Trade certification to 
have a positive impact—the Fair Trade cooperative he studied marginally outperformed 
a noncertified plant—but the research design failed to control for significant differences 
between the two farms that might explain these results (Luetchford 2008).

Some research suggests that the impact of Fair Trade certification on farmer income 
may be limited for cases in which farmers sell only a small portion of their crop to Fair 
Trade buyers. It is not uncommon for farmers to sell to both the conventional and the 
specialty market, piecing together market demand to try to make a living. Luetchford’s 
certified coffee growers, for example, sold just 2 percent of their coffee through “alter-
native” trade outlets (Luetchford 2008, p.  29). A  study commissioned by the UK 
Department for International Development (DFID) found that Fair Trade coffee pro-
ducers in Tanzania and cocoa producers in Ghana sold only a fraction of their product 
to Fair Trade markets (and, therefore, received a Fair Trade premium for only a por-
tion of their products) (Jones, Bayley, Robins et al. 2000). Nelson and Martin (2013) find 
some evidence of the same phenomenon.

In these and similar cases, benefits seem to be more significant in the nonincome area. 
In a two-year study by the Center for Fair and Alternative Trade Studies on the effect of 
Fair Trade on Mexican and Central American farmers, the transfer of technical skills, 
improved marketing strategies, product diversification, and social benefits like clinics 
and schools outstripped the benefits of increased income (Glazer 2007). In the case of 
the Tanzanian coffee producers and the Ghanaian cocoa growers, the most important 
impact of Fair Trade appears to be in the area of capacity building, rather than income 
improvement (Jones, Bayley, Robins et al. 2000).

However, since these studies use small sample sizes, it would be inadvisable to draw 
firm conclusions about the general effects of Fair Trade labeling and certification from 
them. Although case studies can provide invaluable insights into the lives of Fair-Trade 
farmers and the mechanisms by which certification may impact their livelihoods, 
observations drawn from one or a few cases cannot be easily generalized to a whole 
population.

A growing number of large-n quantitative studies measure the effects of certifica-
tion on farmers. In a series of studies focusing on Fair Trade-certified cocoa in Ghana 
and Ecuador and tea in Kenya and India, Nelson and Martin (2013) conducted both 
large-n surveys and qualitative research and found mixed results. The strongest indica-
tion of economic impact from these studies was increased market access, which was 
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a consistent finding in all four country cases. Fair Trade certified farmers reported 
positive income effects in Ecuador and Kenya; often this effect seemed to result from 
increases in yield and/or quality. However, Fair Trade certification seems to have had 
no effect on income in Ghana or India. Non-economic benefits were also reported (e.g. 
social inclusion of women, community benefits like improved health and education, 
increased food security) but these benefits were not consistently present across cases. 
Importantly, many of the Fair Trade cooperatives that yielded these findings (those in 
Ecuador, Kenya, and India) were multi-certified, so Fair Trade’s independent effect is 
uncertain in all but the Ghana results.

Other quantitative studies echo these cautiously positive results. Becchetti and 
Constantino’s (2006) study of Kenyan farmers finds that farmers with Fair Trade certifi-
cation have significantly higher price satisfaction11 than non-Fair Trade certified farm-
ers. A survey of 228 coffee farmers in Nicaragua showed that farmers participating in a 
certification scheme (including Fair Trade and Organic) are four times less likely than 
farmers selling only to conventional markets to perceive a risk of losing their land title 
due to low prices (Bacon 2005). In a 2006 survey of the effects of Fair Trade on 1200 cof-
fee growers in Nicaragua, Peru, and Guatemala, findings suggest a correlation between 
participation in Fair Trade and improvements in life quality, health, education, material 
comforts, social participation, technical and social assistance, and sustainable agricul-
tural practices (Arnould, Plastina, and Ball 2006).12

Even in the case of large-n quantitative studies, caution is warranted in drawing infer-
ences about certification’s causal impact on producers because of concerns about selec-
tion bias. Because studies on the effect of certification on producers have been mostly 
observational rather than experimental, there is strong reason to suspect that the popu-
lation of farmers that selects into Fair Trade is not identical to the population of farmers 
that does not. Certification is voluntary and not costless, and farmers are unlikely to 
opt in if the expected costs outweigh the benefits. Since it is easier and less costly for 
farmers to become certified when they are already following certification standards, it 
is plausible that farmers who select into Fair Trade certification are already more or less 
following relatively good labor, financial, and environmental practices. Thus, any differ-
ence observed between certified and uncertified farmers may be picking up underlying 
differences in farmer type that existed prior to certification.

Indeed, in the view of one Fair Trade coffee cooperative manager, “involvement in 
Fair Trade is one result of development at the local and regional level. The modernizing 
process, the establishment of bureaucratic structures, the setting up of common agendas 
and networking have, he feels, opened up the possibility for expansion and progress and 
generated access to alternative trade” (Luetchford 2008, p. 28).

Another reason for caution is that researchers may not always be able to isolate the 
causal effects of certification from the results of other agricultural development pro-
grams. A farm or production facility that receives ethical certification often receives 
other kinds of benefits, interventions, or “treatments.” In other words, agricultural 
development treatments often come in bundles. For example, a local development NGO 
might promote Fair Trade certification, distribute discounted organic fertilizer, train 
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farmers on new techniques, and offer small loans for new farm equipment. Moreover, 
once a cooperative is established, farmers may more easily overcome collective action 
problems and more successfully improve production or market access. In these cases of 
bundled treatments, it is difficult to disentangle the effect of the certification from the 
effects of being organized into a cooperative or receiving capacity-building training.13

The best way around these issues is experimental research. Experimental studies of 
the effects of certification schemes on producers are on the horizon and offer the great-
est potential for conclusive evidence on whether certification schemes actually help 
farmers.14

The Watchdog

The spread of third-party certification standards is unfolding alongside a parallel 
development: the spread of Corporate Social Responsibility (CSR) initiatives on the 
part of companies. Corporate Social Responsibility schemes often make claims simi-
lar to those of certification and labeling initiatives, from promoting safe and healthy 
working conditions to ensuring environmentally sustainable sourcing practices. They 
key difference is that CSR claims are made by the company selling the product, not by 
outside parties.15

There is a clear incentive for firms to make rosy claims about their sourcing practices 
without actually incurring the expenses of ameliorating hazardous working conditions, 
low wages, child labor, the use of toxic chemicals, high emissions, and poor treatment of 
animals in their production processes. Milton Friedman wrote in 1970, “I share Adam 
Smith’s skepticism about the benefits that can be expected from ‘those who affected to 
trade for the public good,’ ” (Friedman 1970) and the dangers of “greenwashing” and 
“fairwashing” are not lost on today’s ethical consumers.

The advantage articulated by third-party certifiers is that, unlike companies with 
CSR initiatives, they are not motivated by profit and are in the position to act as watch-
dogs, providing accountability by certifying and monitoring production facilities 
and food supply chains from which they do not draw a profit. In other words, in the 
principal-agent problem that necessarily arises between a consumer and a standards 
provider—characterized as it is by an asymmetry of information—third-party certi-
fiers are less susceptible than corporate standards providers to moral hazard (Deaton 
et  al. 2010). Freeman argues that “some external labeling organization, private (vide 
Consumer Reports) or public, would be needed to assure the accuracy of labour con-
ditions labels” (Freeman 1994, p.  83). Certification systems typically involve both a 
standard-setting body and certification agents. Standard-setting bodies are frequently 
nonprofit organizations, though this role is also sometimes played by the government. 
Fair Trade standards are set by nonprofit organizations, whereas Organic standards 
are set by the USDA. These standard-setting bodies then accredit and authorize certi-
fication agents. Certification agents are nonprofits, private companies, or government 
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agents who visit farm sites, review production conditions, grant or deny certification for 
a given standard, and monitor compliance.

The central concern that critics (Griffiths 2012, Weitzman 2006) articulate about 
labeling organizations is that, although they lack the profit incentive that firms face, 
labeling organizations face incentives of their own that might undermine their objec-
tivity, the quality of information they present to consumers, and the integrity of their 
standards enforcement.

One such incentive is the imperative of self-perpetuation. Organizations, once estab-
lished, tend to develop a path-dependent inclination to remain in existence (Pierson 
2000). For a standard-setting organization to remain in existence, it must maintain suf-
ficient credibility in the eyes of the public so that its label is marketable to companies. 
This does not incentivize labeling organizations to publicize cases of system breakdown. 
If a certified farm is found to be violating standards, reporting violations to the public 
runs the risk of doing damage to the label’s image if consumers view the problem to be 
endemic, and this could be detrimental to the labeling organization’s future. Pritchett 
models a situation in which public-sector advocates with altruistic motives have the 
incentive to avoid rigorous investigation and evaluation of their pet programs in order 
to safeguard their budget for doing good in their chosen way (Pritchett 2002). The logic 
is similar here.

A related incentive is genuine concern on the part of third-party certifiers for the 
welfare of producers and environmental outcomes. This creates an added inducement 
to minimize publicity when violations are discovered, since damaged credibility could 
lead to decreased sales overall, ultimately hurting the social or environmental cause in 
question. It is easy to justify a lack of total transparency with the idea of protecting other 
farms from consumer backlash.

Together, these incentives run the risk of discouraging perfect transparency on the 
part of labeling organizations. After all, at present there is no watchdog to the watchdog 
(Follesdal 2004).16 And although third-party certifiers are not selling products, they are 
effectively selling a brand (Granville 2009). In that sense they are both certifying prod-
ucts and marketing the concept of Fair Trade or Organic certification. At the front of 
its 2009/10 “Impact Report,” Fair Trade USA quotes a worker from one of its certified 
farms: “Thank you to those who buy Fair Trade. By buying this fruit, you’ve made it pos-
sible for the dreams of families like mine to become a reality” (Fair Trade USA 2010). 
This kind of inspiring personal testimonial often stands in for a more rigorous measure 
of impact in public materials produced by third-party certification bodies. Critics sug-
gest that labeling organizations tend to project an image of their impact that is unrealis-
tic in order to sell their products, and worry about the potential of moral hazard on the 
part of labelers, particularly as competition between labels increases (Luetchford 2011, 
Canavari, Cantore, and Spadoni 2010).

Little research has been done to weigh in on these questions about the transparency, 
incentives, and performance of certifying watchdog organizations themselves. Existing 
literature does suggest that although consumers claim that they perceive third-party 
organizations to be most trustworthy, they still exhibit measurable trust in claims made 
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by retailers or brands selling the products. In a survey of consumers conducted in the 
United States in 1990, 37 percent of respondents believed that “environmental groups” 
were the best source of unbiased information about the environment, whereas 8 percent 
believed the government was and 5 percent believed that product manufacturers were 
(Abt Associates 1994).

However, in Hiscox and Smyth’s towel and candle study, consumers exhibited 
increased demand for products with ethical claims made by the retailer, not by a 
third-party certifier (Hiscox and Smyth 2007). Similarly, in Blend and Ravensway’s 
household survey on consumer demand for eco-labeled apples, the comprehensive-
ness of the eco-claim and whether it was certified by the USDA or by the seller were 
both found to have insignificant impact on the consumer’s willingness to pay a pre-
mium (Blend and Ravensway 1999). This evidence suggests that, while consumers trust 
third-party watchdogs best, they may not be good at distinguishing them from other 
kinds of claim verifiers. By extension, the lack of attentiveness to the rigor of the stan-
dard in these studies lends support to the concern that consumers may not discriminate 
between labelers with strong standards and those whose standards slip, removing the 
incentive for watchdogs to maintain perfect standards of integrity.

Little work has been done investigating the relative advantage of different types of 
third-party certification agents. How are the incentives and constraints faced by 
non-state labeling organizations different from those faced by state agencies? The 
USDA’s long-run survival as an organization does not depend on the public image of 
organic standards since the fees from granting labels does not support their budget. 
Non-state third-party certifiers may be exempt from the politics constraining state 
agencies and may, therefore, exercise more independence in selecting standards, but 
conversely, government agencies may be exempt from the financial pressures to “sell” 
their standards that are faced by independent groups. Barring further examination of 
the constraints and resources available to state and non-state certification agents, and 
the implications of those differences for the standard-setting and enforcement process, 
it is difficult to settle debates over certification and watchdog effectiveness.

The State

Private certification systems occupy an interesting position relative to state regulation. 
By setting, monitoring, and enforcing standards of production, they act in parallel to 
legal regulation, providing standards in areas where state regulation is relatively weak. Is 
this relationship complementary? Or are there reasons to be concerned about voluntary 
systems acting as substitutes for legal standards?

In many ways, private labeling schemes seem complementary to legal regulation, 
filling in where the state is absent. In developing countries where myriad challenges, 
from a large informal sector to a corrupt bureaucracy, prevent functional social welfare 
states from being implemented, Fair Trade offers farmers a price floor and, therefore, a 
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financial safety net. In light of the fact that the U.S. government has not banned the use 
of growth hormones and chemical fertilizers in conventional agriculture, Organic stan-
dards provide consumers with produce from certified farms free of these inputs, and 
decrease cropland, farm worker, and animal exposure to toxins. By this account, private 
certification of food coexists as a helpful supplement to state regulation.

Freeman’s argument serves as a rejoinder: “ . . .  to the extent that consumers care about 
the existence of substandard conditions per se, regardless of whether they buy the goods 
so produced, legal enactment has an advantage” (Freeman 1994, p. 87). This points to 
a crucial difference between state-mandated regulation and regulation provided by 
market-based actors: Legal regulation at least purports to be universal to an entire set 
of citizens. The voluntary nature of private certification schemes means that consum-
ers’ demand for ethically produced food—and, therefore, the regulatory standards that 
go along with it—will reach only some producers. This should raise concerns about the 
equity and distribution of labor and environmental standards. Some but not all farmers 
will have access to financial safety nets. Only ecosystems in select areas will be protected. 
Consumers can buy organic food and avoid ingesting trace amounts of pesticides and 
hormones, but only those who can afford to pay for it.

Of course, it would be naïve to argue that the universalistic nature of government 
regulation translates into equitable distribution in any scenario. But in the case of legal 
regulation, laws and policies are supposed to apply to all citizens at least de jure, provid-
ing citizens with a formal entitlement to use as a basis for making demands on the state. 
In a market-based, voluntary version of a regulatory system, those outside the system 
have no recourse.

This lack of universalism in private regulatory systems does not necessarily present 
a fundamental difficulty as long as these systems truly work as a complement to legal 
regulation; in this case, they do not make things worse. But if private regulatory sys-
tems compete with or crowd out the role of universal state-mandated standards, there is 
cause for concern. If citizens, frustrated by the absence of functioning state regulation, 
become habituated to the idea of the private sector as the customary source of regula-
tion, they may begin to shift their expectations toward private providers, introducing a 
risk that norms of state provision will begin to erode in the absence of citizen pressure. 
This could have long-term consequences for the distribution of regulation across the 
population.

Conclusion

Does ethically labeled food represent the answer to poor labor conditions for farmers, 
degradation of farmland ecosystems, and health risks posed by chemical agents in food? 
The evidence reviewed in this chapter suggests that it is part, but not all, of the answer.

Critics of these labeling schemes give us several important reasons to believe that 
private labeling of food does not represent a stand-alone answer. Demand for these 
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products is likely to be limited by social norms and by income. Disagreements about 
how stringent standards should be will continue to drive the proliferation of labels, 
increasingly challenging consumers’ already limited ability to distinguish between 
strong and weak standards. The logistical and structural challenges to effective monitor-
ing of private standards by certification agents are likely to persist, making violations at 
the farm level difficult to detect and thus rendering perfect compliance elusive.

Our review of existing evidence points to five key issues as likely to affect the trajec-
tory of labeling and certification schemes in the future.

First, all theories of consumer motivation suggest that social norms drive demand. 
The size of the market for ethical goods will be constrained by the extent to which pro-
ponents of labeling initiatives can recruit consumers beyond a narrow demographic, 
economic, and ideological base. The more broadly norms are spread, the more they are 
likely to affect individual consumers’ decisions to buy ethically labeled goods.

Second, while we know little about how these norms are spread, new communities 
are unlikely to start conversations about food ethics if certification remains limited to a 
narrow set of products and retailers. Thus the extent of demand may be affected by the 
outcome of the depth-versus-breadth debate.

Third, if breadth strategies increase consumer demand and depth strategies deepen 
farmer impact, the debate between the two may be counterproductive because it sug-
gests a false choice. Rather than choosing between a system of lenient standards that are 
accessible to a broad range of products and a system of strict standards that will likely 
remain a niche market, labels like LEED certification and the GlobalGAP program have 
developed unified certification systems with incremental standards that range from the 
baseline to the aspirational. If this type of tiered system of food certification is more 
broadly adopted across the ethical food market, giving merit points both for certifica-
tion at high levels and for improvements at any level, it would likely moderate label pro-
liferation and accommodate a range of companies by rewarding both excellence and 
improvement.

Fourth, our discussion of certification watchdogs suggests a pivotal role for jour-
nalists in determining whether standards remain credible. Similar to the role of inde-
pendent media in safeguarding a democratic political system in which voters have 
limited information, journalists are in the position to step into the role of “watchdog 
to the watchdogs,” helping consumers wade through the marketing materials of each 
standard-setting organization and flagging certifiers whose transparency clouds or 
whose standards slip.

Finally, although geographic dispersion of certified farms, poor transportation infra-
structure, and complex supply-chain structures will continue to pose a challenge to 
transparency in international supply chains, traceability initiatives that have been dis-
missed as too complicated in the past will become increasingly within reach with the 
continued spread of mobile telecommunications technology. The impact of certification 
schemes on farmers and farms and the credibility of those schemes in the eyes of the 
public will, in part, depend on the ability of certification organizations to leverage rap-
idly evolving technology to continue to improve monitoring efforts.
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Even if all these conditions are present, the impact of ethical labeling schemes will 
remain limited by their voluntary nature. As long as we think these schemes reflect 
issues of personal conscience or mere preferences on the part of consumers, their lack 
of universalism may raise few concerns. As we have noted, however, the dividing lines 
between issues of health and safety, issues of collective societal good, and issues of per-
sonal preference and conscience are dynamic, contested, and political. Insofar as these 
schemes protect values like food safety, worker safety, environmental protection, or the 
provision of basic income nets, the limited and unequal reach of voluntary standards 
might be viewed more critically. In this context, as a complement to state regulation, 
the system of voluntary certification and labeling of food may temporarily fill gaps left 
by the absence of strong state standards. Such systems can further provide test cases for 
how more stringent standards might work in practice and be used as a model for state 
regulation in the future. If citizens begin to accept voluntary, market-based standards 
as long-run substitutes for universal government-mandated regulation, however, these 
systems run the risk of institutionalizing inequalities in the distribution of labor, and 
environmental and health standards in the food system.

Notes

 * I  gratefully acknowledge the helpful comments and contributions of Evann Smith, 
Michael Hiscox, Shauna Shames, Laurel Eckhouse, Jim McKinsey, Elizabeth McKinsey, 
Tom Clough, and Ron Herring.

 1. Although this phrase has been used more broadly in the economics literature to describe 
any purchase as a signal of consumer preferences, Johnston and MacKendrick (this vol-
ume) apply it specifically to the consumption of ethically labeled food, using the voting 
analogy to emphasize what they see as the political nature of the preferences expressed by 
that particular act of consumption.

 2. Certified food is part of a broader phenomenon of ethically sourced products of all kinds, 
from denim jeans produced with environmentally safe dyes to Fair Trade basketballs and 
low-emissions chemicals. This chapter, though it is focused on ethically certified food, will draw 
insights and evidence from a broad literature on ethically labeled products more generally.

 3. Goul Anderson and Tobiasen (2004)’s survey results are consistent with this perspective.
 4. See Herring, this volume; text reflects Herring personal communication.
 5. See, for example, the debate about whether GMO labeling should be voluntary or manda-

tory (e.g. Carter et al. 2012).
 6. See, for example, the “Safeguard Organic Standards” campaign run by the Organic 

Consumers Association (http://www.organicconsumers.org/sos.cfm).
 7. For an extensive outline of the literature on consumer motivation for ethical consumption, 

see Hainmueller, Hiscox, and Sequeira (2011).
 8. See particularly Trigg’s extension of the concept of conspicuous consumption (2001), 

which builds on Veblen ([1899] 1994) and Bourdieu (1984).
 9. The author participated as a research assistant in this field experiment.
 10. Note that this experiment does not constitute a test of gendered demand for ethical label-

ing since it does not include a high-priced men’s item.
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 11. Price satisfaction is a subjective, self-reported measure of farmers’ satisfaction with the 
price they receive for their products.

 12. For a more detailed review of the literature, see Nelson and Pound (2009) and Nelson and 
Martin (2012).

 13. For example, in Becchetti and Constantino’s (2006) study of Kenyan farmers, the authors 
were unable to isolate the effects of individual certification standards because many of the 
farmers studied were Fair Trade certified, Organic certified, and members of a cooperative 
marketing organization.

 14. New research is beginning to move in this direction (Nelson and Martin 2012; 
Hainmueller, Hiscox, and Tampe 2011).

 15. Some firms use outside auditors to check compliance with their CSR policies in their 
sourcing sites. Timberland, for example, hired Verité, a nonprofit labor rights organiza-
tion, to audit the facilities from which they buy their products.

 16. ISEAL is beginning to play a role in attempting to define standards for what makes a certi-
fication system credible (see http://www.isealalliance.org/).
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Eating, Voting, and (Possibly) Transforming the  
Food System

Josée Johnston and Norah MacKendrick

Introduction

People today are widely encouraged to “vote with their dollar” at the grocery store. The 
rhetoric of “voting with your dollar” is not only widely articulated within the popular 
press, but it is also a rallying cry for food activists. For example, the Canadian organi-
zation Local Food Plus (LFP) works to develop a local, sustainable food economy and 
encourages consumers to pledge to spend ten dollars a week on local foods. According 
to their “Buy To Vote” campaign,

We don’t have to solve all the world’s problems at once. After all, Rome wasn’t built 
in a day. But by shifting just $10 a week to local sustainable food, you can make a real 
difference by voting with your dollars for fare that is fair, healthier for communities 
and good food for tomorrow.

(http://localfoodplus.ca/buy-to-vote)

Local Food Plus is not a lone voice in the food wilderness. Best-selling authors like Mark 
Bittman (2008) and Michael Pollan (2006) have urged thousands, if not millions, of 
consumers to reconsider their dietary choices in light of climate change, peak oil, and 
the various ills associated with a corporate-dominated industrial food system. Political 
eating discourse asks consumers in the affluent Global North to examine the origins 
of food, be skeptical of the claims made about food, and support commodity chains 
that are shorter and more transparent. Consumers are told that food becomes politi-
cal when it is consumed in a conscious and deliberate way, and when you “vote with 
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your dollar” to support initiatives that are green, clean, and socially just. The motiva-
tions are political, but the benefits are also framed as personal. For example, the cover 
of Mark Bittman’s book Food Matters depicts a hybrid apple-globe graphic, with a label 
that reads, “Lose Weight, Heal the Planet.”

As a strategy for transforming the global food system, consumer food politics1 (here-
after referred to as “food politics”) is promisingly popular, but far from straightforward. 
This chapter seeks to bring greater clarity to this topic by describing and assessing key 
debates about consumption and food system reform. The question of exactly how to 
empirically define when food choices become politicized is widely explored in the lit-
erature. Scholars suggest that politicized forms of food consumption involve the regular 
purchase of foods and/or modification of the diet with the deliberate purpose of contrib-
uting to the collective good (e.g., by improving environmental quality, contributing to 
social justice, or supporting local business; see Halkier 2008; Stolle and Hooghe 2004). 
Whether consumption can be considered a form of political action with transformative 
potential is up for debate (Johnston 2008; Gabriel and Lang 2006; Micheletti 2003). In 
this chapter, we aim to advance the debate concerning the transformative potential of 
food politics by drawing attention to the varied meanings given to consumption and 
consumerism by shoppers, and by providing a conceptual map, or typology, of these 
meanings. This typology helps move the debate beyond a simple dichotomy of the apo-
litical versus the political consumer. We document a range of political perspectives rep-
resenting different ideas of how consumption may be harnessed to generate structural 
change in the food system. We see the greatest potential in citizenship perspectives that 
resist the commodification of food and food solutions, and we see politicized eating as 
only one way of addressing the inequalities and ecological degradation embedded in 
affluent North American diets. While market-based consumption strategies have some 
positive elements, including their popular appeal, we think it is important to challenge 
the idea that individual shopping strategies are a sufficient way to reform a highly ineq-
uitable food system dominated by corporate interests.

Taking different debates and critiques of food politics2 into account, this chapter 
sets out three main goals: (1) provide a brief overview of the history and characteris-
tics of consumer food politics, outlining key tensions between new consumer tastes, 
and market incorporation of consumer politics; (2) introduce a typology of consumer 
food politics to examine the varied meanings that consumers attach to food politics; and 
(3) discuss the strengths and limits of consumer-driven regulation of the food system.

A New Taste for Politics? A Brief 
Overview of Food Politics

The state is heavily involved in shaping the food system through various measures, 
such as subsidies to agricultural and corporate producers, the operation of regulatory 
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bureaucracies that monitor agricultural production and establish health and safety stan-
dards for food commodities, and involvement in negotiating global trade agreements. 
While the state’s role in the food system is highly significant, it is typically rendered 
invisible in everyday consumer interactions, particularly in an affluent North American 
context where markets play a dominant role in everyday food provisioning. In fact, as we 
argue below, contemporary food politics is more commonly associated with changing 
norms of personal consumption and food culture than with collective action directed at 
the state and regulatory reform.

Consumer food politics date back to the late nineteenth century, when consumer 
boycotts and cooperatives emerged to combat local monopolies that controlled grain 
milling and the price of food (Hilton 2003; Lang and Gabriel 2005, 41; Schudson 2007). 
In the latter half of the twentieth century, food emerged as central to the counterculture’s 
critique of modern industrial life. Belasco (1989) documented the emerging food poli-
tics of the 1960s and 1970s, coining the term “countercuisine” to describe a movement 
that was heavily invested in exploring the political implications of food choices. The 
countercuisine was not a unified, monolithic movement, however, but instead operated 
from multiple vantage points such as food co-ops, the peace movement, and “back to 
the land” lifestyles. A common thread that united diverse culinary interests was a focus 
on unearthing the political implications of food choices. White bread was decried as a 
symbol of an industrial era of soulless convenience foods, while “brown rice became the 
icon of antimodernity,” and a mechanism for standing (and eating) in solidarity with the 
world’s oppressed peoples (27, 49).

Contemporary gourmet culture has taken up many of the themes of the 1960s and 
1970s countercuisine, incorporating them into the contemporary valuation of authen-
tic, exotic, and delicious foods (Johnston and Baumann 2010). Of course, not all dimen-
sions of food politics are taken up with equal intensity, or by all “foodies.” Some research 
(Johnston and Baumann 2007, 2010) suggests that environmental issues are most fre-
quently incorporated into North American gourmet palates, with social justice and 
equity issues less commonly prioritized. While food politics has taken on increased 
importance, food quality, pleasure, and deliciousness frequently trump political com-
mitments (Johnston and Baumann 2010, 127, 164). One self-described foodie explained 
this view: “Here’s the thing, the ethical concerns are there. I have them, and they live 
in me as a kind of guilty conscience . . . but I’m too interested in my pleasure to actu-
ally impose them on myself ” (Johnston and Baumann 2010, 168). In short, food politics 
has entered mainstream and gourmet food discourse in a significant way, even though 
not all people enact these politics in daily life, and even though there are numerous 
contradictions involved, particularly between sensual culinary pleasures and political 
commitments.

As food culture became more explicitly politicized, the study of consumers as politi-
cal actors in late modern societies has expanded greatly since the early 1990s (see 
Micheletti 2003; Miller 1995; Sassatelli 2007; Slater 1997; Soper 2004; Szasz 2007; Zukin 
and Maguire 2004). While definitions of political consumerism abound, we draw on 
Micheletti’s conceptualization of it as “the politics of products, which in a nutshell can 
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be defined as power relations among people and choices about how resources should 
be used and allocated globally” (2003, x). This definition usefully draws attention to the 
critical power issues involved in food politics—which groups have power and resources 
and, which groups are marginalized. This point is particularly important in relation 
to global food resources and their maldistribution at a global scale (Paarlberg 2010). 
Moreover, food politics cannot be reduced to a specific practice or market mechanism, 
such as buying certified organic foods. Instead, food politics is better understood as a 
broad discourse that includes consumer imperatives to buy “green,” local, fair-trade, and 
sustainable products in the service of health, social justice, and sustainability. Within 
that discourse, there are myriad tensions, contradictions, and questions (e.g., is it better 
to purchase local non-certified-organic foods or long-distance organic fare?), but there 
is also a unifying logic linking individual consumer change to improved ecological and 
social conditions.

Many scholars now recognize the importance of consumers as political actors, but 
there remains considerable debate about the political consequences and transforma-
tive potential of consumer-focused strategies for changing the food system. Rather than 
depicting this debate as involving two different, discrete camps of scholars, it is more 
useful to think about an active and continually emerging spectrum of arguments—par-
ticularly since some scholars highlight different ideas at different points of their writing, 
and certain arguments are more convincing in specific empirical contexts. At one pole 
of this spectrum, we find arguments depicting consumer politics as a legitimate form of 
political action, one that exists alongside—and might possibly encourage—other forms 
of political participation (Barnett et al. 2005; Lang and Gabriel 2005; Micheletti 2003; 
Micheletti, Føllesdal, and Stolle 2004; Neilson and Paxton 2010; Schor 2007). These per-
spectives identify the politicization of the private sphere of consumption and lifestyle 
(Giddens 1991; Stolle and Hooghe 2004; Stolle, Hooghe, and Micheletti 2005) especially 
among young people, the highly educated, and women (Tindall et al. 2003; Stolle et al. 
2005; Neilson and Paxton 2010). They argue that citizens feel distanced from traditional 
public-sphere forms of political participation and distrust formal political institutions. 
Consumer choice is thought to afford individuals a sense of political agency, and allow 
them to align commodity choices with political preferences, morals, and values (Barnett 
et al. 2005; Connolly and Prothero 2008).

At the other pole of this spectrum, we find various perspectives that express skepticism 
about the transformative potential of consumer politics. These voices argue that consumer 
politics represents a form of neoliberalism that downloads responsibility to self-auditing 
individuals, leaving states and corporations less accountable for the public good (Power 
1997; Rose 1999). In relation to food politics, researchers have identified fetishized con-
sumer approaches to “local” and “organic” food projects, critiqued the class and racial 
biases of these consumption programs, cast doubt on the coherence of “citizen-consumers” 
acting in a corporate-dominated marketplace, and suggested the need for reflexive 
engagement with food politics (Dupuis and Goodman 2005; Guthman 2003; Hinrichs 
2003; Johnston 2008; Maniates 2002; Moore 2006; Slocum 2004; Alkon and McCullen 
2010). This literature problematizes consumption as a mechanism for political change, 
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pointing to some of the contradictions between the imperatives of consumption and citi-
zenship. Citizenship implies a commitment to broader social obligations, whereas—in a 
strict sense—consumers are obligated primarily to their personal preferences, tastes, and 
the size of their wallets (Jubas 2007). It is not that consumer interests can never be har-
nessed for a greater public good, but questions remain about where and when this mobi-
lization actually takes place. Johnston’s (2008) study of a “consumer-citizen hybrid,” in the 
case of Whole Foods Market, suggests that in a corporate, profit-oriented context, individ-
ual self-interest is prioritized over citizenship-based objectives. While affluent food con-
sumers undoubtedly have some agency in the marketplace (sending signals to firms about 
what foods are desirable, ethical, or objectionable), it is not clear whether consumers have 
sufficient agency to meaningfully shape the food system, especially in the absence of effec-
tive state intervention (Johnston 2008; Johnston, Biro, and MacKendrick 2009; Paarlberg 
2010; Seyfang 2009). For example, Seyfang (2009) notes that individual consumer choices 
are bound within “infrastructures of provision”—that is, the institutional arrangements 
and social norms that constrain decision making—that cannot be transformed by individ-
ual consumer choices alone (p.16). In other words, the purchase of a local, organic apple 
at a grocery store may encourage a greater quantity and better quality of organic produce 
provided in the store, but this choice would have a negligible impact on the institutions of 
provision that shape food procurement—such as the mass producers and food distribu-
tion networks, or the grocery stores with large parking lots to accommodate shoppers who 
drive. Moreover, choice over one’s food and the option to reflect on the sustainability and 
social justice implications of such a choice is a privilege that largely belongs to affluent con-
sumers. Consumer politics therefore offers limited transformative potential for impover-
ished citizens who struggle to meet even basic food needs and have comparatively limited 
access to alternative markets.

Another set of questions raised at the more skeptical pole of the literature is the effi-
cacy of conventional mass-markets for food system transformation. Rather than just 
ignore their critics, dominant market actors can quickly react and adapt to chang-
ing consumer values and countercultural movements (Frank 1997; Jaffe and Howard 
2010; Turner 2006;), as evidenced by the introduction of new “sustainable” products 
and organic foods into mainstream shopping spaces like WalMart. Yet, in the case of 
organic food, this has not significantly moved the food system toward a state of sus-
tainability, even though a greater volume of certified organic products has been made 
available through the corporatization and mass retailing of organics (“Big Organics”) 
(Allen and Kovach 2000; Delind 2000; Guthman 2004). In the case of the seafood 
industry, a retailer-driven sustainability program has produced a confusing patchwork 
of sustainable and nonsustainable consumer options, with ambiguous outcomes for sus-
tainable fisheries more generally (Konefal 2010). Moreover, messages from alternative 
agricultural initiatives (e.g., “eat local”) that challenge the structure of the food system 
have proven to be easily incorporated into the marketing of corporate commodities 
(Johnston, Biro, and MacKendrick 2009), raising questions about the scale of corporate 
change required to achieve sustainability, and the extent to which consumers reflexively 
engage with food choices (Crossley 2004; Johnston and Szabo 2011).
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Finally, at the margins of the debate about consumers and social change are two often 
overlooked variations of consumer politics that we wish to integrate into our discussion 
of food politics: voluntary simplicity (Elgin 1991; Etzioni 1998) and ecological citizen-
ship (Dobson 2003; Wolf, Brown, and Conway 2009). In contrast to forms of consumer 
politics that focus on sourcing alternative commodities, these two approaches have a 
broader and more ambitious target: addressing consumerism and materialism as factors 
that discourage a sense of personal responsibility to the collective good and ecologi-
cal commons. Voluntary simplicity results from dissatisfaction with mass consumption 
(Zavestoski 2002), and emphasizes noncommodity forms of meaning and fulfillment 
(Craig-Lees and Hill 2002; Etzioni 1998; Lorenzen 2012 Schor 1998). It involves demand-
ing less consumption overall, rather than simply shifting consumption to a more sus-
tainable basket of commodities (Shaw and Newholm 2002). Ecological citizenship 
confronts consumer culture in a similar way, but encapsulates a range of politicized 
lifestyle decisions and practices, including sustainable shopping, but also energy reduc-
tion in the home or the decision to use public transit over a personal vehicle. This form 
of consumer politics values justice, care, and compassion, and it emphasizes the citi-
zen’s responsibility to reduce one’s environmental impact in both the public and private 
spheres (Dobson 2003; Seyfang 2005). So far, ecological citizenship has remained pri-
marily a theoretical and normative concept (Dobson 2003), with only a few empirical 
studies of its application in everyday life (e.g., Kriflik 2006; Seyfang 2005; Wolf et al. 
2009). Later in this chapter we identify the perspective of ecological citizenship as criti-
cal to the transformative potential of food politics (see also Seyfang 2005; 2009).

A Typology of Food Politics

As is clear from the previous discussion, we hope to avoid binary discussions of con-
sumer politics, and join with others who view the discourse according to a typology 
reflecting a range of motivations—from the desire to save money through sustainable 
purchases or promote personal healthfulness, to the desire to reform social infrastruc-
ture in a way that transcends one’s individual consumer desires (Seyfang 2009; Kriflik 
2006). Applied to food politics, this approach recognizes that consumer motivations are 
complex, polysemic, and often competing (Holt 1997; Schudson 2007). Moral impera-
tives related to the environment and social justice can be crowded out by other consid-
erations, such as thrift, convenience, and the desire to cultivate identity and a sense of 
belonging within one’s social group (Seyfang 2009 15; Johnston and Szabo 2011; Johnston 
and Baumann 2010, 168–169).

Over the course of five separate research projects, involving interviews with over one 
hundred people, we have had the opportunity to examine the meanings that a diverse 
cross-section of consumers attach to their food choices (e.g., Johnston and Baumann 
2010; Johnston and Szabo 2011). Looking at these interview data together, we are struck 
by the complex and polysemic nature of food politics, a realm where consumption is 
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not only infused with political meaning but also reflects the individual’s relationship to 
materialism and consumerism. Take, for example, two respondents from our studies, 
Trina and Phillippe—both of whom could be categorized as political food consumers. 
Trina is a 33-year-old public servant who does most of her shopping at a major grocery 
chain. She described the store in vivid terms, favorably mentioning the size of the cheese 
display and the range of food products available. She considers her grocery-shopping 
day a special treat that allows her to spend quality time with her husband. When the 
interviewer asked Trina what priorities influence her food shopping, she expressed spe-
cific political concerns about the food system, but despaired at the thought of reforming 
her shopping habits in ways that would limit choice and eliminate “interesting” foods. In 
the interview, she spoke about her discomfort about being implicated in a larger indus-
trial food system that she finds deeply problematic:

In the last twenty years we have so much genetic modification of our foods. If you go 
to India, the tomato is fresh and is going to get bad in a day and a half. Here, the tomato 
stays good for five days. Even the shape of our food, it’s so perfect. . . . Being exposed in 
Canada to that perfection skews our perspective of what is real and what is not. We’re 
totally capitalistic, consumeristic. . . .When I think about that, I’m indulging in that too. 
I’m contributing to that because I’m buying this food, I’m eating it, I’m preparing it . . .

Contrast her response to Phillippe, a 33-year-old professional in the financial sector who 
has chosen not to own a car, is strictly vegan, and runs his food shopping errands on his 
bike. Phillippe noted that his main priority with food shopping is the desire to lessen 
his environmental footprint. He ensures that none of the food products he buys for his 
family have plastic packaging, a difficult task that requires shopping at several differ-
ent stores and a local farmers’ market. He dislikes major grocery stores because they 
are “mechanistic and institutional” and prefers his neighborhood farmers’ market and 
local health food store. His interview transcript demonstrates a strong desire to inte-
grate environmental principles with everyday shopping practices:

By far the most important issue [for me] is sustainability, and I  shop for certain 
things at different stores depending on what they carry. I like the farmers’ market 
because the food is local and usually is unpackaged. I guess I’m thinking about the 
environmental footprint of the product, but also the packaging. The next important 
thing is whether there’s organic certification or a label, and the third is that it have 
only natural ingredients. . . . Cost and convenience are not really a consideration and 
we’ve decided to allocate a sizeable chunk of the household budget to food, . . . and I’ll 
go out of my way if I need something and I don’t want the plastic packaging.

To call Trina’s and Phillippe’s perspectives on food consumption “politicized” is accurate 
in a very basic way, but this obscures critical differences in how they articulate their 
approaches. Both interviews indicate that food choices are politicized, but Trina’s inter-
view displays an emphasis on replacing certain types of consumer products with alter-
natives, whereas Phillippe focused much less on substituting commodities, and more 
on his efforts to develop nonconventional patterns of eating and shopping that reduce 
consumption altogether. Whereas Trina emphasized how she enjoys shopping for food 
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and describes it positively as a form of recreation, Phillippe conceptualized shopping as 
detrimental to his ecological footprint, and he spends considerable time and energy try-
ing to meet basic needs by minimizing waste and consumption of disposable materials.

To put these different perspectives into context, in the following section we present 
a typology of food politics that maps out the complexity of consumer meanings. Our 
objective here is not to discover new types of consumers, but to capture, with greater 
clarity, some of the nuanced meanings of consumer politics, thereby improving our 
ability to understand the multiple manifestations of politicized food consumption. This 
typology is put forward as primarily empirical, rather than normative; our aim is to 
improve understanding of consumer motivations rather than cast judgment on “good” 
versus “bad” consumption choices. In addition, we want to emphasize that this typology 
presents ideal-types, and is not meant to represent a particular sample of consumers. 
Indeed, one consumer may articulate different aspects of the typology at different points 
in his or her lifetime, or even within a single interview. The consumer politics literature 
assumes that apolitical consumption is the dominant mode of consumption, although 
political forms of consumption represent an increasingly popular alternative (see, for 
example, Barnett et al 2005; Kriflik 2006; Shaw, Newholm, and Dickinson 2006). We 
deliberately avoid speculating on the relative distribution of consumers within these 
ideal types, because our studies had very specific recruitment criteria and prioritized 
recruitment of politically oriented consumers—the main focus of our discussion below. 
In short, this typology is intended to clarify the range of meanings involved in consump-
tion politics, rather than measure the impact of these behaviors on the food system.

Figure 26.1 displays the dimensions of food politics along two separate axes, one to 
reflect politics (horizontal), the other consumerism (vertical). The politics dimension 
captures the extent to which people explicitly connect their consumer choices and food 
preferences to structural issues in the food system, such as social change, social jus-
tice, and sustainability. Here we draw on Stolle and Hooghe (2004, 280) who argue that 
political consumption is directed by motivations expressly linked to collective—rather 

Sacri�ce/simplicity
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Figure 26.1 Typology of meanings embedded in consumer food politics.
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than solely individual—goals, such as environmental improvement, equality, and social 
justice. Consumer perspectives falling closer to the political end of the spectrum, there-
fore, more consciously weigh political goals with purchasing decisions. Here we draw on 
much of the consumer politics literature described above, which suggests that political 
consumers are more likely to attribute political motivations to consumption activities. 
Perspectives that fall closer to the apolitical category are weighted more heavily toward 
individually scaled considerations (e.g., health, pleasure), and do not significantly 
incorporate collective goals into purchasing decisions. As such, a consumer account 
describing the purchase of organic beef exclusively in terms of personal health benefits 
would be categorized as more “apolitical” than an account focused on how that same 
purchase contributed to food system sustainability.

The second, vertical dimension of the typology captures a range of meanings 
attached to the procurement of desired commodities, including food. For perspectives 
that fall closer to the consumerism end of the spectrum, the continual procurement 
of new and novel goods is a principal goal, and other, collective good considerations 
are secondary. Here consumption primarily takes on meanings already well examined 
within the sociological literature on consumption, including the desire to maximize 
pleasure and consumer choice, obtain value for money, achieve status, and mark one’s 
location within a social group (Bourdieu 1984; Giddens 1991; Johnston 2008, 247–
248). Consumer perspectives falling closer to the sacrifice/simplicity end have more 
in common with the voluntary simplicity perspective described earlier in the chapter; 
consumption itself is problematized and questioned, and there are deliberate efforts 
to forgo desired goods owing to a conscious desire to reduce consumption altogether. 
These sacrifices are not necessarily seen as hardships, but rather can be conceptual-
ized positively by connecting reduced consumption with increased life satisfaction 
(Soper 2004).

The left-hand side of the quadrant is relatively apolitical, by which we mean that con-
sumer politics, especially food choices, are not significantly framed as a way to amelio-
rate social and ecological problems in the food system, or to address power and resource 
inequities. Food choices and diets for both “frugal consumption” and “mass consump-
tion” are not deliberately directed to reflect political objectives; instead, other priori-
ties dominate. With frugal consumption, consumers seek to minimize consumption to 
minimize expenditures, and there is a relative disinterest in—perhaps even antipathy 
toward—accumulating new goods. Importantly, frugality is not always related to income 
constraints. Consumers that exemplified frugal consumption in our research were often 
from dual-income, middle-class, and upper-middle-class households. One example is 
Linda, a married, middle-class, 35-year-old teacher and mother of an infant. Linda does 
not enjoy cooking but is learning to prepare meals now that she is at home caring for her 
daughter. When asked about the most important priorities affecting her food choices, 
she explained that “price is a big concern. . . . And probably size . . . we buy in bulk a lot.” 
Although Linda articulated concerns about pollution from pesticides at other points in 
her interview, she does not frame her shopping choices as politically motivated. Rather, 
maintaining a balanced food budget is the dominant priority: “Realistically I can’t afford 
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organic. . . . In an ideal world I would have much more time and money. . . . Plus I’ve read 
that some of the fruits, if you peel it, then that makes [enough of] a difference.”

Mass consumption, in contrast, is a hegemonic mode of shopping where meaning 
is created through enjoyment of the process of accumulation, acquisition, and variety. 
This mode of shopping is highly normalized and has a “taken for granted” quality—
even in retail settings that offer some promise of “shopping for change.” The range of 
experiences in mass consumption can vary; sometimes shopping involves a search for 
low prices, and at other times it involves luxury goods or an experience that enhances 
feelings of social status. For example, Rob, a 31-year-old social worker, described 
Whole Foods Market positively as a “luxury food experience,” and noted, “they call me 
sir—it’s much more pleasing. You know, that extra special kind of attention.” Similar 
to frugal consumption, mass consumption perspectives do not frame shopping as a 
political activity. Some food consumers we interviewed shopped consistently within 
this mode. Even when prompted about the political dimension of grocery shopping, 
or asked if they had any critiques of food system actors, these interviewees strictly 
limited their discussion about food shopping to concerns about nutrition, variety, 
price, and convenience.

Looking back at Trina and Phillippe, we see how they both conceptualize shopping 
as an extension of their politics, and therefore fit within the right-hand quadrant of the 
typology where we locate political food consumers. While both attach political mean-
ings to commodity choices, we identify key differences in their perspectives on con-
sumption: Trina’s perspective fits within the eco-shopping category, whereas Phillippe’s 
is best cast in the ecological citizenship category. Below, we draw on interview data from 
our various studies to expand on what we mean by these two categories, which we regard 
as the central contribution of this typology.

Eco-shopping

An “eco-shopping” perspective views political food shopping as an opportunity to 
replace conventional commodities with options that appear less harmful for people, 
animals, and the environment more generally. We use the prefix “eco” because the 
frame of environmental protection is the dominant theme of this mode of consump-
tion, whereas labor and equity issues have a comparatively minor presence. This 
was clear in many of our interviews, where respondents primarily emphasized eco-
logical concerns, with social justice concerns most often articulated in response to a 
specific follow-up question originating from the interviewer. For the eco-shopping 
ideal type, improvements in environmental conditions, reduction in waste, and 
elimination of labor injustices are possible through a form of commodity “substitu-
tionism.” In other words, consumption and attainment of more material goods are 
thought to be sustainable once they are incrementally shifted over to a more politi-
cized basket of goods. Brenda, a 41-year-old health professional put it this way:
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I think doing one thing at a time [is the best way to make change]. Just making a 
decision, like “I’m not going to eat chicken anymore. I can eat everything else but I’m 
going to stay away from chicken.” And then maybe the next step would be “I’m going 
to eat organic fruits or fruits that are grown by local farmers.” . . . One thing at a time. 
It doesn’t have to be everything.

Megan, a 31-year-old teacher living in a gentrifying neighborhood in Toronto, felt that 
sustainable lifestyles were already accessible where she lived. In this quotation, Megan 
presents an optimistic account of how consumer demand can shift the retail environ-
ment toward more progressive options:

The fact that [the discount grocery store] now has a full aisle of organic products. 
Since we’ve lived here in the past two years, an organic bakery and organic butcher 
have moved in. So I think that shows that if you support those businesses then other 
businesses are going to open up.

Compared to the ecological citizenship ideal-type, shopping and consumption are rel-
atively unproblematized in an eco-shopping perspective, and the experience of shop-
ping for sustainable or green goods is characterized as a source of novelty and pleasure. 
Stores that offer exceptional choice and variety in sustainable commodities were often 
characterized as exciting places in interviews. For example, Megan described herself as 
someone who loves to shop for food, and she expressed excitement at visiting a new 
store where she could discover new products in the organic aisle: “If I’m at a different 
store . . . I will stop in the organics aisle and see what they have, just to check out if there’s 
a new product or something different that we haven’t tried before.” In interviews with 
shoppers at Whole Foods, the most prominent theme articulated was the feeling of 
pleasure and enjoyment from the shopping experience, a theme that was particularly 
focused on the variety of commodities available (Johnston and Szabo 2011). Olivia, a 
35-year-old real estate agent with two young children, saw a trip to Whole Foods as an 
accessible form of entertainment, given the busyness of working motherhood:

I enjoy it. And, again that may go to my consumerism and the fact that I like to troll 
the aisles and look at the twenty different kinds of teas because that is my outlet right 
now. . . . My outlet right now is shopping. So walking down that aisle and looking at 
the packaging of the teas and the different varieties is my way of relaxing right now. 
Which is a sad commentary, but that is the truth. So I enjoy the selection there.

The eco-shopping perspective emphasizes the agency of consumer, and the potential 
of eco-shopping to produce change. This is not surprising, given that food politics dis-
course, as articulated within the marketplace, typically emphasizes the power of con-
sumer demand and the ability to make change through market measures (Johnston 
2008). Kerri, a project manager with an environmental group, described consumer 
agency as “very effective, actually, more so than the voting. Because it’s all about con-
sumer demand, right? If all these consumers are wanting all these green products then 
the companies are going to jump on board pretty quick.” According to Marie, a business 
consultant, “consumers have a huge power in their wallets. It’s . . . much more power-
ful . . . than people realize.”
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Even when an eco-shopping perspective was the dominant theme articulated in an 
interview, contradictions between beliefs, values and behaviors often surfaced. While 
the eco-shopping perspective does present political food shopping as “win-win,” vari-
ous interviewees described how they saw personal and political goals as contradictory, 
and they recounted how they sometimes had to sacrifice their politics while shopping. 
Audrey, a 27-year-old stay-at-home mother of two children, listed multiple environ-
mental and social justice concerns that cross her mind when shopping for food, and 
motivate her to occasionally select organic and local foods from a farmers’ market. 
However, she noted that most of the time she feels unable to resolve the contradiction 
between her beliefs and actions, and ultimately finds it necessary to prioritize her con-
sumer interests:

When I’m [shopping] I’m looking at the labels and ask, “Is it organic or not?” “What 
country did it come from? “Is this food that is seasonal or isn’t it?” Although, you 
know, more often than not if I really feel that we need something or want something, 
I go ahead and get it anyway. So regardless of where it’s coming from. . . . And lately 
I’ve been looking at the 100-mile diet. . . . That’s really interesting. It’s yet another 
thing that would be really interesting to try but I really can’t commit myself to.

Ecological Citizenship

An ecological citizenship perspective, as exemplified by quotes from Phillippe above, is 
comparatively more skeptical of consumption as a positive force for sustainability, and 
involves distancing oneself from the identities and lifestyles associated with consumer-
ism. This perspective, not surprisingly, was the least commonly articulated perspective 
in our interviews with political consumers, and we can imagine this being a relatively 
minor perspective in the general population. When it was articulated in our interviews, 
this perspective focused less on the “right” things to buy, and more on the need to “give 
things up,” reduce consumption, or redesign one’s lifestyle to be more sustainable. As 
Jackie, a 25-year-old working in retail and sales, explained, “I think every choice I make 
is political. Not shopping is political. Not consuming is a huge and important act in and 
of itself.” Karen, a 33-year-old freelance writer, described this same imperative as a sac-
rifice and illustrated this with an example of her experience trying to find crackers not 
packaged in plastic:

It’s funny, because somehow choosing one product over another may be a choice 
based on environmental reasons, but if you boycotted the product entirely then that 
would seem like more of a political act somehow . . . maybe it’s because [there’s] a sac-
rifice involved in making the decision. If you love crackers and you never, ever eat 
crackers [because of the plastic packaging] then somehow that’s more of a personal 
sacrifice than just choosing [organic] whole-wheat crackers.

An ecological citizenship perspective also focuses on the importance of self-sufficiency, 
producing one’s own food, locating local producers to shorten the commodity chain and 
make it more transparent, and avoiding large corporate food actors where transparency 
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is seen as problematic. This perspective seeks to disconnect consumption from consum-
erism and the corporate commodification of food. Kaila, a 26-year-old consultant, put it 
this way:

My reason for making a political statement through my consumer purchases is want-
ing to disengage from the way that food is a commodity . . . I believe in a community 
and I believe in a market where people know one another, and I don’t think a con-
sumer mentality applies in the same way to that kind of food system.

While Kaila critiqued the idea that “food is a commodity,” she identified progressive 
possibilities in small-scale markets with social connections, like farmers’ markets. An 
ecological citizenship perspective seeks to avoid or minimize commoditization, par-
ticularly on a large corporate scale, but need not reject all market projects. Ideal sites of 
consumption are typically located within realms where food is relatively decommodi-
fied and defetishized, particularly when compared to big-box supermarket shopping. 
Cara, a 35-year-old stay-at-home mother of three children, for example, explained this 
in terms of the importance of having a relationship to the people who produce her fam-
ily’s food. She drew on her experience raising three children to highlight this imperative:

My eldest child once said to me, “Bacon comes from Whole Foods.” And I [thought] 
“No, you can’t think that!” So now it’s very important to us to go to farmers’ mar-
kets . . . [where] they can meet farmers [who will] talk about “oh, the chickens run 
over there.” . . . That’s very important to me because [otherwise] you get too urban 
and you don’t understand where [food] comes from, you don’t respect it, and there-
fore you start to degrade it.

Similarly Kat, a 37-year-old social worker, discussed the importance of knowing where 
food comes from and being involved in growing it. Referring to a conventional grocery 
store in her neighborhood, she explained her distaste:

It’s a big corporation, and you just feel a bit more detached from that, even though 
they do say that they’re providing more local food and stuff. I look at the stickers on 
the fruit [that say so] but I still don’t always know.

Moreover, from an ecological citizenship perspective, sites for consumption that are dis-
connected from the corporate foodscape were viewed as opportunities for structural 
change. Self-sufficiency through growing one’s own food, or forming farming or buying 
cooperatives, was frequently referenced as an opportunity for change, and as an oppor-
tunity to build community. Kat, for example, owns a share in a community-supported 
agriculture (CSA) operation, and every week she picks up her produce at a depot, allow-
ing her to socialize with other shareholders. On the weekends she works in a community 
garden, and she hopes to take a leave from her paid employment to volunteer on an 
organic farm. She said this in reference to the food she eats:

It is a very big part [of my life] actually. In fact, when I get together with friends it’s 
always around food. That’s how social gatherings happen and potlucks and it’s a big 
part of my smaller community of friends . . . . My recreational activities [are] gar-
dening, berry picking, growing food, learning how to grow food and do different 
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things with food, cooking, canning. Actually, last summer I was determined to do 
the 100-mile diet.

In contrast to eco-shopping, an ecological citizenship perspective focuses on aligning 
everyday life activities and consumer choices, as much as is possible, with principles, 
values, and morals. When contradictions are identified, they are described as unaccept-
able, a source of guilt, or as inspiration to become more committed to one’s principles. 
Put another way, the ecological citizenship perspective focuses less on “win-win” sce-
narios within the marketplace (e.g., accessing delicious food that is good for the planet 
and for the consumer), and more on problematizing and reforming one’s consumption 
habits in relation to personal politics. For example, Chris, a 31-year-old working in edu-
cation, described how he enjoyed shopping at Whole Foods, but he became increasingly 
concerned that the environmental claims that were made were not substantiated, espe-
cially their claim to sell naturally raised meat. He then made a point of writing a letter to 
the company, seeking greater clarification on their policies for animal husbandry, and 
ultimately made a choice to buy more of his meat from local butchers, which he per-
ceived as being less convenient and more expensive, but more trustworthy.

Finally, because an ecological citizenship perspective is skeptical of the role of con-
sumerism, this perspective is more critical of consumer-focused models of social 
change. In the words of Janet, a 33-year-old employee of a nonprofit group, as long as 
people “are just not willing to make a change in their life, they just [accept that] life is like 
this.” Similarly, Julie, a 34-year-old human rights lawyer, critiqued the idea that simply 
giving consumers more information would necessarily change their behavior: “I just see 
social justice more about conduct and action as opposed to about knowledge, although 
it’s somewhat informed through knowledge.” Although Julie described enjoying the 
experience of shopping at Whole Foods, she also described how she and her husband 
tried to shop elsewhere because of their concerns about the company’s problematic role 
in the food system.

In sum, we have presented a typology of consumer meaning and motivation that 
maps out the varied meanings behind food politics, and that moves beyond a simple 
characterization of political versus apolitical food consumers. We have identified two 
key quadrants of analysis: degrees of politicization, and degrees of critical engage-
ment with consumerism. As noted above, our typology tries to acknowledge the com-
plexity of consumer perspectives. Even though consumers may identify strongly with 
one particular perspective (e.g., Trina’s and Phillipe’s interview transcripts tended to 
exemplify the eco-shopping and ecological citizenship categories, respectively), con-
sumers can manifest different perspectives in different instances, depending on their 
stage in the life course, their current economic situation, and the particular food they 
are purchasing (e.g., buying a birthday cake versus shopping for a staple food like 
milk). Our typology draws out the complexity in consumer food politics by identify-
ing the varying salience of meanings in relation to consumerism and politicization.
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Discussion: The Limits of Eco-shopping

Food politics not only reflects how commodity choices are politicized, but it also repre-
sents a particular way of problematizing consumption and consumerism. The paradigm 
of consumerism is being increasingly challenged by voices that highlight the ecological 
and social externalities of consumer capitalism. As a result, an eco-shopping perspec-
tive has arisen as the hegemonic mode of conceptualizing eco-social change through 
consumption. The eco-shopping quadrant of our typology is exemplified by consumer 
attempts to substitute foods perceived as harmful (e.g., non-certified-organic, industri-
ally produced) with goods that have some sort of ecological credentials (e.g., organic, 
natural, local). Within an eco-shopping perspective, there is considerable optimism 
for a model of commodity substitutionism where existing consumer patterns are 
tweaked to incorporate less harmful commodities. Though some interviewees ques-
tioned the win-win scenarios of eco-shopping, they tended to do so alongside confes-
sional accounts of conventional shopping practices (e.g., people who noted problems 
with big-box grocery stores, but also acknowledged that other factors ultimately influ-
enced their decision to shop at these stores). An ecological citizenship perspective is 
more skeptical of consumerism as a model for social change, and critical of its role per-
petuating ecological degradation and social injustices. Rather than smooth over poten-
tial tensions between consumerism and citizenship, ecological citizenship highlights 
contradictions and focuses on finding ways to realign personal consumption practices 
with political principles. Looking at food politics from this quadrant, multiple aspects of 
food commodity chains are problematized, and new, less corporate, and less commodi-
fied forms of producing and consuming food are envisioned and practiced.

As much as the eco-shopping model of commodity substitutionism has flourished 
in recent years, key elements of the corporate-industrial food system have not signifi-
cantly changed. Corporate agribusiness has adapted rapidly to changing consumer 
preferences, such that “green,” “fair trade” and “organic” goods now appear on the shelf 
alongside conventional commodities. The world’s largest agri-food corporations now 
have organic brands and carry fair-trade varieties of chocolate, tea, and coffee, but even 
these commodities are distributed through complex and global commodity chains that 
are not transparent to the consumer. Boutique shops are now filled with luxury goods 
that “embrace the idea that being environmentally caring doesn’t mean denying, aban-
doning or refusing the things we love, but rather designing, developing and using prod-
ucts in more informed, eco-friendly ways” (http://www.epistachio.com/ourMission.
html). That consumption can be expanded and yet remain sustainable is congruent with 
the eco-shopping perspective, yet it contrasts with themes of decommodification and 
dematerialization emphasized by ecological citizenship perspectives.

While the eco-shopping standpoint has brought food politics to the fore in the public 
imagination, we identify three problematic tendencies with this perspective. In this way, 
we link the consumer meanings underlying food politics (mapped out in our typology) 
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with our larger interest in food system transformation. First, commodity substitution is 
not necessarily organized around changing power relations within the food system or 
improving the transparency of commodity chains. Rather, the focus is on selecting the 
“right” commodity through small adjustments to existing shopping routines such that 
the general configuration of material accumulation remains fairly constant. In contrast, 
we see considerable value within an ecological citizenship perspective that confronts 
how food is commodified and produced, and that challenges a “win-win” perspective 
that smoothes over important contradictions that exist between maximizing individual 
consumer pleasures and securing sustainable and socially just collective outcomes.

Second, an important, albeit somewhat obvious, limitation of commodity substitu-
tionism—one that too rarely surfaces in the consumer politics discourse—is that voting 
with one’s dollar requires a certain level of purchasing power (Jubas 2007; Szasz 2008). 
Surprisingly, this critique is often minimized by those who focus on how the politics 
of the plate can make a difference. Those interested in the pursuit of delicious, green 
food often seem deeply unaware of the underlying class implications (Johnston and 
Baumann 2009, 2010).

Third, making the “correct” commodity choice is often a highly complex endeavor, 
especially given the sheer range of competing environmental sustainability and social 
justice concerns that factor into even the most mundane of purchases. In buying a pack-
age of coffee beans, for example, does one prioritize the packaging (and therefore waste), 
the company that produced the product (global corporation versus small start-up com-
pany), the particular Fair Trade or organic certification system used for that product, 
the store that sells it (major corporate chain versus a smaller, locally owned store), and, 
finally, whether one should even buy coffee as a basic “need”? The point of our chap-
ter has been, in part, to question whether consumers should be expected to weigh such 
complex and competing concerns, especially since, in the last analysis, almost no prod-
uct choice is completely “correct.”

While the eco-shopping perspective has tremendous potential for tapping into and 
modifying existing consumer demand (e.g., converting conventional broccoli buyers 
into organic broccoli buyers), a fundamental weakness in this perspective is the reliance 
on individual consumer demand as the primary channel for structural reform of the 
agri-food system. Commodity substitutionism fits within a larger political-economic 
and ideological apparatus of consumerism, and it does not guarantee that consumption 
will be scaled down to promote sustainability and social justice, particularly on a global 
scale. We identify greater promise for reform from an ecological citizenship perspective, 
and even more concretely, through a normative ideal of food democracy. Food democ-
racy advocates for greater decentralization and decommodification of the agri-food 
system, as well as cultivation of meaningful interactions between producers and con-
sumers of food. Under this model, eaters of food are not just consumers but are citizens 
who have the opportunity and the responsibility to be involved in collective decisions 
about how food is produced and how a population feeds itself (Halweil 2005; Hassanein 
2003). From this perspective, access to food is a basic right that does not depend on one’s 
purchasing power and access to the market (Riches 1999). The food democracy ideal 
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requires us not just to enjoy the incredible bounty our markets have to offer—the rows 
of organic melons, the pounds of fair-trade coffee, the deliciousness of locally grown 
apples—but to also question the outcome of our collective and accumulated consump-
tion decisions.

Notes

 1. We acknowledge that food politics includes a wide range of issues, in addition to the 
consumption end of commodity chains. Debates also extend to agricultural production, 
including debates on agricultural subsidies and international trade agreements. Our 
usage of the term “politics” is not restricted to the formal political realm (e.g., regulatory 
decisions, voting, and elected representation), but also includes the desire to transform 
existing power relations and hierarchical patterns of authority. This usage draws from 
historical-materialist, feminist, and post-structuralist insights. From historical-materialist 
perspectives, power is evidenced not in individual action, but through a capacity to 
make change and transform material structures, and, conversely, through the absence 
of change—“securing the continuity of social relations rather than producing radi-
cal change.” (Jessop 2001, 8; Harvey 1996, 54–55). From feminist and post-structuralist 
perspectives, “private” consumption acts of social reproduction, usually considered in 
opposition to the formal political realm, have important connections to economies and 
governance. From here, we see that consumption decisions are embedded in power rela-
tions, and we are encouraged to study the interconnections between social reproduction 
and public structures of political authority and ownership (e.g., Katz 2003).

 2. There are many terms that can be used to describe the contemporary “politics of the plate,” 
including ethical consumption, conscientious consumption, alternative consumption, 
critical consumption, and political consumption. Bracketing debates about the various 
pros and cons of varied terminologies, we use the terms “food politics” and “political food 
consumers” to focus attention on the question of consumer politics we raise here.

References

Alkon, A., and C. McCullen. 2010. “Whiteness and Farmers Markets:  Performances,  
Perpetuations . . . Contestations?” Antipode 43 (4): 937–959.

Allen, P., and M. Kovach. 2000. “The Capitalist Composition of Organic:  The Potential of 
Markets in Fulfilling the Promise of Organic Agriculture.” Agriculture and Human Values 
17:221–232.

Barnett, C., P. Cloke, N. Clarke, and A. Malpass. 2005. “Consuming Ethics: Articulating the 
Subjects and Spaces of Ethical Consumption.” Antipode 37:23–45.

Belasco, W. J. 1989. Appetite for Change: How the Counterculture Took on the Food Industry, 
1966–1988. New York: Pantheon.

Bittman, M. 2008. Food Matters:  A  Guide to Conscious Eating with More than 75 Recipes. 
Toronto: Simon & Shuster.

Bourdieu, P. 1984. Distinction:  A  Social Critique of the Judgement of Taste. Cambridge, 
MA: Harvard University Press.

 

 



The Politics of Grocery Shopping   661

Connolly, J., and A. Prothero. 2008. “Green Consumption.” Journal of Consumer Culture 
8:117–145.

Craig-Lees, M., and C. Hill. 2002. “Understanding Voluntary Simplifiers.” Psychology and 
Marketing 19:187–210.

Crossley, N. 2004. “Fat Is a Sociological Issue.” Social Theory and Health 2:222–253.
DeLind, L.  B. 2000. “Transforming Organic Agriculture into Industrial Organic 

Products: Reconsidering National Organic Standards.” Human Organization 59:198–208.
Dobson, A. 2003. Citizenship and the Environment. New York: Oxford University Press.
DuPuis, E. M., and D. Goodman. 2005. “Should We Go “Home” To Eat?: Toward a Reflexive 

Politics of Localism.” Journal of Rural Studies 21:359–371.
Elgin, D. 1981. Voluntary Simplicity. New York: William Morrow.
Etzioni, A. 1998. “Voluntary Simplicity Characterization, Select Psychological Implications, 

and Societal Consequences.” Journal of Economic Psychology 19:619–643.
Frank, T. 1997. The Conquest of Cool:  Business Culture, Counterculture, and the Rise of Hip 

Consumerism. Chicago: University of Chicago Press.
Gabriel, Y., and T. Lang. 2006. The Unmanageable Consumer. 2nd ed. London: SAGE.
Giddens, A. 1991. Modernity and Self-Identity:  Self and Society in the Late Modern Age. 

Cambridge, UK: Polity Press.
Guthman, J. 2003. “ Fast Food/Organic Food:  Reflexive Tastes and the Making of ‘Yuppie 

Chow.’ ” Social and Cultural Geography 4:45–58.
——. 2004. Agrarian Dreams:  The Paradox of Organic Farming in California. 

Berkeley: University of California Press.
Halkier, B., and L. Holm. 2008. “Food Consumption and Political Agency: On Concerns and 

Practices among Danish Consumers.” International Journal of Consumer Studies 32:667–674.
Halweil, B. 2005. “The Rise of Food Democracy.” UN Chronicle 42:71–73.
Harvey, D. 1996. Justice, Nature, and the Geography of Difference. Malden, MA: Blackwell.
Hassanein, N. 2003. “Practicing Food Democracy: A Pragmatic Politics of Rransformation.” 

Journal of Rural Studies 19:77–86.
Hilton, M. 2003. Consumerism in Twentieth-Century Britain:  The Search for a Historical 

Movement. New York: Cambridge University Press.
Hinrichs, C. C. 2003. “The Practice and Politics of Food System Localization.” Journal of Rural 

Studies 19:33–45.
Holt. 1997. “Poststructuralist Lifestyle Analysis:  Conceptualizing the Social Patterning of 

Consumption in Postmodernity.” Journal of Consumer Research 23 (4):326–350.
Jaffee, D., and P. Howard. 2010. “Corporate Cooptation of Organic and Fair Trade Standards.” 

Agriculture and Human Values 27: 387–399.
Jessop, B. 2001. “Developments in Marxist Theory.” In The Blackwell Companion to Political 

Sociology, edited by K. Nash and A. Scott, 7–16. Malden, MA: Blackwell.
Johnston, J. 2008. “The Citizen-Consumer Hybrid: Ideological Tensions and the Case of Whole 

Foods Market.” Theory and Society 37:229–270.
Johnston, J., and S. Baumann. 2007. “Democracy versus Distinction:  A  Study of 

Omnivorousness in Gourmet Food Writing.” American Journal of Sociology 113 (1): 165–204.
——. 2009. “Tension in the Kitchen: Explicit and Implicit Politics in the Gourmet Foodscape.” 

Sociologica 1. http://www.sociologica.mulino.it/doi/10.2383/29565.
——. 2010. Foodies: Democracy and Distinction in the Gourmet Foodscape. New York: Routledge.
Johnston, J., A. Biro, and N. A.  MacKendrick. 2009. “Lost in the Supermarket:  The 

Corporate-Organic Foodscape and the Struggle for Food Democracy.” Antipode 41:509–532.

http://www.sociologica.mulino.it/doi/10.2383/29565


662   JosÉe Johnston and Norah MacKendrick

Johnston, J. and M. Szabo. 2011. “Reflexivity and the Whole Foods Market Consumer: The 
Lived Experience of Shopping for Change.” Agriculture and Human Values 28 (3): 303–319.

Jubas, K. 2007. “Conceptual Con/Fusion in Democratic Societies: Understandings and limita-
tions of Consumer-Citizenship.” Journal of Consumer Culture 7:231–254.

Katz, C., S. Aronowitz, H. Gautney, and C. W. Barrow. 2003. Implicating Empire: Globalization 
and Resistance in the 21st Century World Order. New York: Basic Books.

Konefal, Jason. 2010. “The Marriage of Big Green and Big Food: A Case Study of Sustainable 
Seafood.” Presentation at 2010 ASFS/ASHVS/SAFN Conference, Bloomington, Indiana, 
June 3, 2010.

Kriflik, L. 2006. “Consumer Citizenship:  Acting to Minimise Environmental Health Risks 
Related to the Food System.” Appetite 46:270–279.

Lang, T., and Y. Gabriel. 2005. “A Brief History of Consumer Activism.” In The Ethical Consumer, 
edited by R. Harrison, T. Newholm, and D. Shaw, 39–52. Thousand Oaks, CA: SAGE.

Lorenzen, J.  A. 2012. “Going Green:  The Process of Lifestyle Change.” Sociological Forum 
27:94–116.

Maniates, M. 2002. “Individualization:  Plant a Tree, Buy a Bike, Save the World?” In 
Confronting Consumption, edited by T. Princen, K. Conca, and M. Maniates, 43–66. 
Cambridge, MA: MIT Press.

Micheletti, M. 2003. Political Virtue and Shopping: Individuals, Consumerism, and Collective 
Action. New York: Palgrave Macmillan.

Micheletti, M., A. Føllesdal, and D. Stolle. 2004. Politics, Products, and Markets:  Exploring 
Political Consumerism Past and Present. New Brunswick, NJ: Transaction.

Miller, D. 1995. “Consumption as the Vanguard of History: A Polemic Way of Introduction.” 
In Acknowledging Consumption:  A  Review of New Studies, edited by D. Miller, 1–57. 
New York: Routledge.

Moore, O. 2006. “Understanding Post-organic Fresh Fruit and Vegetable Consumers at 
Participatory Farmers’ Markets in Ireland:  Reflexivity, Trust, and Social Movement.” 
International Journal of Consumer Studies 30:416–426.

Neilson, L. A., and P. Paxton. 2010. “Social Capital and Political Consumerism: A Multilevel 
Analysis.” Social problems 57:5–24.

Paarlberg, R. 2010. “Attention Whole Foods Shoppers.” Foreign Policy, May/June. http://www.
foreignpolicy.com/articles/2010/04/26/attention_whole_foods_shoppers.

Pollan, M. 2006. The Omnivore’s Dilemma: A Natural History of Four Meals. New York: Penguin.
Power, M. 1997. The audit society: Rituals of verification. Oxford, UK: Oxford University Press.
Rose, Nikolas. 1999. Powers of freedom:  Reframing political thought. Cambridge, 

UK: Cambridge University Press.
Riches, G. (1999). Advancing the Human Right to Food in Canada:  Social Policy and the 

Politics of Hunger, Welfare, and Food Security. Agriculture and Human Values 16: 203–211.
Sassatelli, R. 2007. Consumer Culture: History, Theory and Politics. London: SAGE.
Schor, J. 1998. The Overspent American:  Upscaling, Downshifting, and the New Consumer. 

New York: Basic Books.
——. 2007. “In Defense of Consumer Critique:  Revisiting the Consumption Debates of 

the Twentieth Century.” Annals of the American Academy of Political and Social Science 
611:16–30.

Schudson, M. 2007. “Citizens, Consumers, and the Good Society.” Annals of the American 
Academy of Political and Social Science 611:236–249.

http://www.foreignpolicy.com/articles/2010/04/26/attention_whole_foods_shoppers
http://www.foreignpolicy.com/articles/2010/04/26/attention_whole_foods_shoppers


The Politics of Grocery Shopping   663

Seyfang, G. 2005. “Shopping for Sustainability:  Can Sustainable Consumption Promote 
Ecological Citizenship?” Environmental Politics 14:290–306.

——. 2009. The New Economics of Sustainable Consumption:  Seeds of Change. 
New York: Palgrave Macmillan.

Shaw, D., and T. Newholm. 2002. “Voluntary Simplicity and the Ethics of Consumption.” 
Psychology and Marketing 19:167–185.

Shaw, D., T. Newholm, and R. Dickinson. 2006. “Consumption as Voting: An Exploration of 
Consumer Empowerment.” In “Consumer Empowerment,” special issue, European Journal of 
Marketing 40: 1049–1067.

Slater, D. 1997. Consumer culture and modernity. Oxford: Polity Press.
Slocum, R. 2004. “Consumer Citizens and the Cities for Climate Protection Campaign.” 

Environment and Planning A 36:763–782.
Soper, K. 2004. “Rethinking the ‘Good Life’: The Consumer as Citizen.” Capitalism, Nature, 

Socialism 15:111–116.
Stolle, D., and M. Hooghe. 2004. “Consumers as Political Participants? Shifts in Political 

Action Repertoires in Western Societies.” In Politics, Products, and Markets:  Exploring 
Political Consumerism Past and Present, edited by M. Micheletti, A. Føllesdal, and D. Stolle. 
New Brunswick, NJ: Transaction.

Stolle, D., M. Hooghe, and M. Micheletti. 2005. “Politics in the Supermarket:  Political 
Consumerism as a Form of Political Participation.” International Political Science Review 
26:245–269.

Szasz, A. 2007. Shopping Our Way to Safety: How We Changed from Protecting the Environment 
to Protecting Ourselves. Minneapolis: University of Minnesota Press.

Tindall, D. B., S. Davies, and C. Mauboules. 2003. “Activism and Conservation Behavior in 
an Environmental Movement:  The Contradictory Effects of Gender.” Society & Natural 
Resources 16:909–932.

Turner, F. 2006. From Counterculture to Cyber Culture:  Stewart Brand, the Whole Earth 
Network, and the Rise of Digital Utopianism. Chicago: University of Chicago Press.

Wolf, J., K. Brown, and D. Conway. 2009. “Ecological Citizenship and Climate 
Change: Perceptions and Practice.” Environmental Politics 18:503.

Zavestoski, S. 2002. “The Social-Psychological Bases of Anti-consumption Attitudes.” 
Psychology and Marketing 19:149–165.

Zukin, S., and J. S. Maguire. 2004. “Consumers and Consumption.” Annual Review of Sociology 
30:173–197.



Chapter 27

The P olitical Economy 
of Regul ation of 
Biotechnolo gy in 

Agriculture

Gregory D.  Graff,  Gal Ho chman,  and  
David Zilberman

Introduction: Technical Change and 
Schumpeter’s “Creative Destruction”

Genetically modified (GM) crop varieties are effectively banned throughout Europe 
and in many developing countries, and the direct use of genetically modified crops as 
food for human consumption is limited to just a handful of niche agricultural products, 
such as papaya, squash, and sweet corn, in just a few countries (Bennett et al. forthcom-
ing). This state of affairs has persisted for more than a decade despite the high adoption 
rate of the technology by farmers in the United States, Canada, Argentina, Brazil, and 
other countries where it has been approved, and despite a preponderance of evidence of 
positive impacts, such as increasing yields and decreasing pesticide use, and despite the 
consensus among major scientific bodies that food from GM crops is at least as safe as 
food from crops developed using other breeding technologies (Newell-McGlouglin, this 
volume). The GM varieties have, thus far, been widely adopted to produce cotton fiber in 
North and South America; in some Asian countries, most notably India and China; and 
in some African countries. The GM varieties are also widely grown for animal feed and 
biofuel in North and South America. Restrictions on the cultivation and use of GM crops 
products in Europe and other countries around the world are thus, clearly, not a result of 
agronomic limitations or a lack of market value of the technology; rather, such restric-
tions are the outcomes of public decision-making processes reflecting the interplay of 
sometimes conflicting economic interests of different groups within society.
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The arguments in this chapter build upon the political-economy literature and, in 
particular, its applications to agricultural and environmental policy. First, we review the 
main findings of this literature in Section 1. We follow this with a simple conceptual 
voting model in Section 2, to illustrate how political choices regarding GM crops can 
be understood to have evolved over time, shaped by the evolving influences of various 
interest groups together with availability of new information. This analysis suggests that 
understanding policy outcomes requires careful identification of the salient interest 
groups affecting biotechnology policies, their benefits and losses that result from those 
policies, and their respective political weights and influence. Section 3 then reviews 
the major findings of the agricultural economics literature regarding the distributional 
impacts of the adoption of GM crops within the agricultural economy, which provides 
a starting point for us to then consider how the introduction of GM crop varieties 
affects the economic welfare of other groups within society as well. We then present, 
in Section 4, our political-economic analysis of the formation and evolution of agricul-
tural biotechnology policies in Europe, considering the salient interest groups affecting 
and affected by biotech policies. Analysis includes not only consumers, farmers, and 
environmental interest groups, but also industrial sectors—differentiating, in particu-
lar, the interests of the seed and agrochemical businesses—and emphasizes the impor-
tance of differences in the alignment of interests in some cases from country-specific 
perceptions.

We conclude that, in Europe and other countries where agricultural biotechnologies 
continue to be heavily restricted or banned outright, these policy outcomes are rational 
results of the vulnerabilities of the underlying economic welfare of the major interest 
groups to the introduction of this disruptive technology. The innovations of agricultural 
biotechnology have unleashed a wave of “creative destruction” (Schumpeter 1934). The 
political system responds to demands to protect the interests of some groups with capi-
tal stocks at risk of destruction in the face of technological innovation, but also to those 
interest groups positioning themselves to capture the benefits of its creativity. The dis-
tribution of these groups varies across countries, and also over time as new informa-
tion becomes available. The result is a highly complex equilibrium with path-dependent 
effects in regulatory institutions and rules.

Literature on the political economy 
of regulatory policies

The “Classic” Political-Economy Literature

Economists have long understood that economic choices are determined by politi-
cal systems as well as by markets; a large body of literature assesses how collective or 
public choices affect economic outcomes. This literature distinguishes between two 
public choice mechanisms: one involving voters and the other involving regulators 
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or bureaucrats (Romer and Rosenthal, 1979). The median voter model (Downs, 1957) 
can be used to analyze the behavior of different categories of voters, including presi-
dential, legislative, local elections, or referenda. Similarly, a number of theories have 
been advanced by economists and political scientists to explain the behavior of regu-
lators and the shape and strength of the policies they make (see Rausser, Swinnen and 
Zusman 2012). Such theories take into account the influence that groups of regulated 
economic agents have on regulators and have promulgated popular concepts, such as 
the “capture theory” (Posner, 1974). More sophisticated models have been designed 
to accommodate multiple features of political systems (Becker, 1983; Grossman and 
Helpman, 2001). There is a large body of literature that empirically evaluates alter-
native theories of political economy. Anderson, Rausser, and Swinnen (2013) docu-
ment the major evolution of agricultural policies around the world since the 1950s 
and their implications on the welfare of various groups in the economy. They inter-
pret these changes in light of the findings of the various political-economic frame-
works. Most of these frameworks reduce to policymakers or a regulator who weighs 
the influence of the range of politically salient groups within the economy, i.e., 
groups that have managed to solve their internal collective action problems and are 
well-enough informed with respect to their likely costs or benefits arising from the 
regulations in question. A few scholars have developed political-economic models 
in a dynamic setting to explain long-run survival and growth of groups (Acemoglu, 
Johnson, and Robinson, 2005).

Literature on the Politics of Agricultural  
Biotechnology Policies

The types of policies that impact the innovation and adoption of new agricultural 
technologies, like agricultural biotechnology, include public research investments, 
intellectual property policies, trade policies, and a range of environmental, biosafety, 
food-safety, and product-labeling requirements (Paarlberg, 2001). Prakash and 
Kollman (2003) argue that internal domestic politics in North America and in Europe 
caused agricultural biotechnology policies to diverge. In Europe, slow progress of mem-
ber states in agreeing upon and implementing coordinated regulations was the direct 
cause of the halting of new product approvals in 1998. Some have argued that govern-
ment regulators, particularly in the United States, were too closely aligned with the reg-
ulated industry, as individuals rotated between industry and government, thus putting 
the interests of companies like Monsanto before those of the public (Newell and Glover, 
2003; Seelye, 2001). Meanwhile, others have contended that regulators, particularly in 
Europe, capitulated to the tactics of political activists and thus reflect the agendas of 
organizations, such as Greenpeace or Friends of the Earth, more than they do the actual 
welfare of farmers or working class consumers (Byrne, 2006; Gilland, 2006; Miller and 
Conko, 2004).
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The European situation prompted more sophisticated analyses by economists moti-
vated by questions of whether or not these policies are trade distorting (Lapan and 
Moschini, 2004; Sheldon, 2004) and, indeed, certain European policies toward the 
import of GM crop products resulted in a formal World Trade Organization (WTO) 
dispute, which Europe lost (WTO, 2003). Bernauer (2003) attributes the set of restrictive 
European policies to the mobilization of mass opinion among consumer and environ-
mental interests, which prevailed over the more concentrated industry and agricultural 
producer interests. This is an exception to the typical political-economic observation of 
concentrated interests prevailing over diffused interests. Consumer and environmental 
activist groups instead rallied and served those diffused interests by providing extensive 
input to the media, educating the public, influencing markets, and effectively driving 
a wedge between agricultural industry interests in biotechnology and the interests of 
food manufacturers and grocery retailers (Sato, this volume). Thus, it is argued that the 
policy situation in Europe influenced domestic policies within Europe’s trade partners 
as they similarly struggled with broad public and consumer concerns over the safety and 
efficacy of the technology. Falkner (2006) describes this process as the transformation 
of the European Union from a laggard to a leader in the international politics of biotech-
nology regulation, arguing that its international influence has stemmed from the shift in 
Europe’s internal politics.

But questions have been raised about these interpretations. Graff and Zilberman 
(2007) and Graff, Hochman, and Zilberman (2009) broach the question directly about 
whether European policies toward agricultural biotechnology might reflect underlying 
strategic interests of the European chemical industry and farm interests, which were 
then capitalized on by political environmental groups. These groups significantly influ-
enced the European consumer opinions.

A basic voting model with an evolution 
of perceived benefits

This chapter develops a general framework of collective choice based on voting behavior 
that is relevant for many contexts and illustrates how voting outcomes are determined 
by the influence asserted by those interest groups affected by the proposed policy. Later, 
with this framework in mind, we will attempt to identify the key interest groups affect-
ing the biotechnology debate and policy outcomes in Europe, with implications for 
analysis of developing countries, where European law, markets, and social-movement 
organizations have played an important role in regulation of biotechnology.

The starting point of this exercise is the median voter model popularized by Downs 
(1957). The voters may be individual voters as in California Propositions 37, representa-
tives in a parliamentary system as in the U.S. Senate or the European Parliament, or 
even backers of competing power centers within an organization such as the Chinese 
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Communist Party. In all cases, what “votes” are cast is affected by information provided 
by the various competing groups; yet, this information is always weighted by the cred-
ibility of the groups in the eyes of the voters.

The Model

We assume a political system in which there are N voters indexed by i, ranging from 1 to 
N. There are M interest groups, indexed by j = 1 to M. A proposition is put to a vote at time 
t. Let bij

t  be the perceived net benefit to group j from the proposition passing at time t. 
Also, assume that each voter assigns a weight for how much he or she actually cares about 
the well-being of each interest group, and let Wij denote that weight given by individual i 
to the net benefit of group j. For simplicity, assume that the voter aggregates the weighted 
net benefits to the groups in determining his or her overall assessment of the proposition. 
Thus, B j Mw bi

t
ij ij

t= = ∗1  is the perceived net social benefit according to voter i from the 
passing of the proposition. We can consider a straightforward voting system where a voter 
will vote for the proposition if the net social benefit is perceived to be positive, Bi

t ≥ 0 , and 
will vote against it otherwise. Let Vi

t  denote the current vote of voter i at period t, desig-
nated to equal 1 when the voter is supporting the proposition and 0 otherwise. Thus,

 V if Bi
t

i
t= ≥1 0  

 V if Bi
t

i
t= 0 0< .  

Now, let us assess the outcome of a voting system wherein a proposition passes 
simply by obtaining a majority of votes. Let the final result of the vote be denoted by 

R
B

N
t i

t
i

N

= =∑ 1 , or simply the fraction of the voters who support the proposition: It 

passes if the final result is greater than one-half or Rt ≥ 0.5. If we rank the voters at 
time t in a decreasing order of the their perceived net benefit from the proposition, 
we can identify the median voter at time t as the individual i im

t=  located at the 
middle of this lineup of voters.1 A sufficient mathematical condition for the propo-
sition to pass with a simple majority vote is that the net benefit perceived by that 
median voter be positive, that is, B w b

i
t

i jj

M

i j
t

m
t

m
t

m
t= >

=∑ 1
0 . In this case, the benefits 

perceived—adjusted by the weights assigned—by the median voter (or, to general-
ize, by the median group of voters) will determine the outcome of the vote.

This basic model can be used to determine outcomes in other public-choice situa-
tions. If we allow “horse trading,” such that voters are able to trade their votes with other 
voters, as is the case in parliamentary systems, then voters who strongly support the 
proposition may compensate others for changing their vote. If there are zero transaction 
costs and voters have full information about other voters’ preferences, then the system 
of trading among voters will produce an outcome that will maximize the aggregate per-
ceived net benefit of all voters. Namely, the proposition will pass if aggregate perceived 
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net benefits are positive, that is, B w bi
t

i

N

ijj

M

ij
t

i

N

= ==∑ ∑∑= >
1 11

0 .2 When voters can engage 
in side payments, the final outcome depends on the net benefits from the proposition 
across the board. Voters who strongly support the passing of the proposition may be 
ready to compensate opponents in order to obtain their vote. One example is when the 
French government erected restrictions on GM crops in order to mute environmental 
resistance to nuclear power (Stratfor, 2011).

The literature on bureaucratic decision making (Rausser, Swinnen, and Zusman, 
2011) suggests that their decisions reflect the weighted sum of perceived net benefits of 
interest groups, which is consistent with the framework presented here. However, it is 
important to emphasize the evolutionary nature of political decision making, because 
perceived net benefits change over time. Thus, bij

t , which is the perceived net benefit to 
group j of individual i at time t, is a stock variable and is modified by NIt, which is the 
new information made available during time period t. Thus, the total stock of informa-
tion available in period t is the sum of the stock of information in period t-1 plus the 
additional information made available in time period t, and the equation of motion is 
b b b NIij

t
ij
t t= + ( )−1 ∆ . Changes in perception of benefits from the technology resulting 

from new information will affect voting patterns over time.
Proposition 37 in California is a good example of how perceptions and voting behav-

ior can evolve over time. The proposition, if passed, would have required labeling of 
GM contents in all food products sold in California. Results from early polls (May 
2012) showed initial support as high as 80 percent for the proposition, yet, in the end, 
it was defeated in November 2012 with only 46% of the voters supporting it. Zilberman 
et al. (2014) documents the evolution of the debate. The large early support for the prop-
osition stemmed from the conception that GM crops were bad for health and the pubic 
had the right to full information. Opponents of the proposition pointed out that a vol-
untary labeling system already exists. For example, companies may choose to verify and 
label a product as “GM-free”; this option, in combination with organic food standards, 
effectively serves as a regulated “GM-free” labeling system. Opponents also presented 
results of studies from major national academies of science of various countries, find-
ing that genetically modified GM foods are at least as safe as conventional foods. The 
publicity of such information lent to a reduction in support for the proposition. More 
decisively, the proposition was ultimately defeated when, during the final stages of the 
campaign, estimates were published of the increase in food prices for consumers likely 
to result from the costs of labeling all food products. In the end, it seems that voters gave 
the price effect a greater weight than other considerations. Once that information was 
introduced to the public and was considered reliable by the public, their voting prefer-
ences changed.

Applications and Extensions of the Basic Voting Model

The policy regime in place within a country can be considered the cumulative 
outcome of many “votes” by different groups over a series of different policy 
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decisions. The European community, for example, is made up of many countries, 
and the perceptions and political considerations in each of these countries regard-
ing agricultural uses of biotechnology are different. Kurzer and Cooper (2007) 
demonstrate how the current European stand on strict restrictions on GM crops 
was the result of political choices at the national level that contradicted and dom-
inated policies that were proposed by the European Commission. Just, Alston, 
and Zilberman (2006) document how decisions about regulation and use of GM 
crops are made by multiple agencies, including regulators and legislative bodies at 
national and regional levels, as well as direct voting. Our framework suggests that, 
in all cases, decisions reflect a weighted sum of the benefits of the proposed pol-
icy as perceived by the various constituent interest groups. However, preferences 
change over time, and the weights of different interest groups vary across loca-
tion and institutions, as new information is constantly being introduced. Thus, 
a good understanding of controversial policies requires precise identification of 
the relevant interest groups, reliable estimates of their net benefits from the pol-
icy, and their credibility and weight with the actual voters. The United States has 
50 different states, each of whose voting procedures are different, but we consis-
tently observe that the United States, Canada, and Latin America have, for more 
than a decade, held a more positive disposition toward agricultural biotechnology 
than Europe (Gaskell et al., 1999). Each voter in the European parliament or in 
European member states’ national parliaments place different weights on the net 
benefits of interest groups in considering alternative biotechnology policies. It is 
the alignment of those benefits filtered through the political weighting that deter-
mines the European policy regime.

The impacts of agricultural 
biotechnology innovations on 

different interest groups

In reviewing empirical studies of the political economy of environmental policies, 
Oates and Portney (2003, p. 337) pose the challenge that, “In any particular applica-
tion . . . the identification and characterization of the relevant interest groups is an 
essential and challenging part of the analysis.” In taking up the challenge of Oates 
and Portney (2003) to identify the key interest groups affecting the policy debate 
and policy outcomes in agricultural biotechnology, we turn first to the existing 
quantitative economic studies assessing the distributional impacts of commer-
cially adopted agricultural biotechnologies. We then broaden the analysis to con-
sider the extent and mechanisms by which the full range of interest groups are 
likely affected.

 

 



The Political Economy of Regulation of Biotechnology    671

Empirical Welfare Analysis Estimates of Agricultural 
Biotechnology Innovations on a Core Set of Primary  
Interest Groups

There is a vast literature on the distributional impacts of commercially adopted agricul-
tural biotechnologies (see National Research Council (NRC), 2010; Brooks and Barfoot, 
2013; Bennett et al., 2013), which provides an essential starting point for our political-
economic analysis. Virtually all of the uses of recombinant DNA technology in crop 
agriculture have been for controlling insect and weed pests even though several differ-
ent uses of the technology have been explored.

Economists have estimated the economic impacts of these pest-control traits. Qaim 
and Zilberman (2003) modeled GM varieties with pest-control genetic traits, dem-
onstrating that they may reduce cost when they replace costly alternatives and may 
increase yields when alternatives do not exist or are less effective. The GM varieties are 
adopted by farmers when they are likely to be more profitable than alternatives, given 
prevailing prices of inputs and outputs.

Table 27.1 (adapted from NRC, 2010) overviews estimates from 15 studies of the distri-
bution of economic benefits from the adoption of pest-control traits in cotton, soybeans, 
and corn, primarily in the United States, between 1996 and 2004. The results suggest sig-
nificant overall economic gains due to the technology—in some crops more than a bil-
lion dollars annually. Yet, the shares of these benefits that accrue to different groups vary 
across countries and time.

The companies that innovate and sell the technology are estimated to capture 
from 6 to 68 percent, with an average of 33 percent, of the total economic value gen-
erated by these new crop technologies. Thus, even though companies like Monsanto, 
Pioneer-DuPont, and Syngenta own patents and charge farmers royalty fees for use of 
the technology, they are only able to capture a minority portion of the total economic 
value they helped to create.

The farmers’ share of total economic benefit generated by the technology varies 
widely across these studies, ranging between 4 and 77 percent, with the average being 
around 30 percent. The relative share of total benefits estimated to go to domestic con-
sumers, largely in the form of lower prices, again, varies widely, from 4 to 53 percent, 
with the average being 22 percent. Finally, the share of total economic value created by 
the technology going to consumers in the rest of the world, due largely to the technol-
ogy lowering global commodity prices, varies from 4 to 28 percent, with an average of 
18 percent. The absolute values of the total annual benefits have likely increased since 
adoption levels and overall food prices have both increased in the intervening 10 years 
since these studies were conducted.

Aggregate global analysis by Brookes and Barfoot (2013) suggests that, in 2011, total 
benefit to farmers globally from growing GM crops was U.S.$19.8 billion, divided 
equally between yield gains and cost savings. Fifty-one percent of these farm benefits 

 



Table 27.1 Distribution of total economic benefits from adoption of genetically engineered crops

Share of total benefits (%) to . . . 

Year(s)
Total benefits  
(millions)

U.S.
 Farmers (%)

Innovators
(%) U.S. consumers (%)

Rest-of-world net 
benefit

Bacillus thuringiensis (Bt) cotton

1996 $134 43 47 6 -

1996 $240 59 26 9 6%

1997 $190 43 44 7 6%

1998 $213 46 43 7 4%

1996–1998 $131– $164 5–6 46 33 18%

1996–1999 $16 – $46 100a - - -

1997 $210 29 35 14 22%

Herbicide-tolerant cotton

1997 $232 4 6 57 33%

Herbicide-tolerant soybeans

1997 (LEa) $1,1000 77 10 4 9%

(HEb) $437 29 18 17 28%

1997 $310 20 68 5 6%

1997 $206 16d 49 35 NAe

1999 $804 20 45 10 26%

2001 $1,230 13d 34 53 NAe

Bt maize
2004 $836 22 15 63 -

a LE = low elasticity; assumes a U.S. soybean supply elasticity of 0.22.
b HE = high elasticity; assumes a U.S. soybean supply elasticity of 0.92.
Sources: NRC 2010
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went to farmers in developing countries. They also estimate that the innovating compa-
nies gained around 20 percent of the total global benefits created (about U.S.$4 billion). 
Brookes and Barfoot (2011) suggest that the adoption of GM crops has increased the out-
put of those crops significantly, but they do not assess the impact on commodity prices.

Barrows, Sexton, and Zilberman (2013) estimate output effects of GM crop technol-
ogy, including the resulting price effects. In particular, they suggest that global output of 
corn increased between 3 and 19 percent, output of cotton increased by up to 55 percent, 
and output of soybeans increased between 12 and 42 percent. They estimate that the 
decline in the commodity price of corn due to biotechnology was 13 percent, the decline 
in the commodity price of cotton was 33 percent, and the decline in the commodity price 
of soybeans 38 percent. This drastic reduction in prices significantly affected consumers 
of corn, cotton, and soybeans, including other producers in the value chain for whom 
these commodities represent major input costs. Yet, for final consumers, since the cost 
of raw inputs make only a small contribution to the final retail price of food, these reduc-
tions in the commodity prices of corn, cotton, and soybeans have a relatively small 
impact—around a 3 or 4 percent reduction—on retail food costs to consumers in the 
United States.3 However, the reduction in commodity prices due to biotechnology argu-
ably has a much larger relative impact on consumers in developing countries, in part due 
to the fact that a much larger share of household budgets go toward food consumption.

Sexton and Zilberman (2011) argue that, had rest of the world adopted available GM 
corn and soybean traits, the price effect would have been much greater than it was under 
the partial adoption—largely taking place by North and South American farmers—and 
much of the commodity price hikes that have occurred since 2008 would have been 
less severe. Furthermore, if Bacillus thuringiensis (Bt) and Roundup Ready varieties of 
wheat and rice had been adopted, the yield effects would have been of a similar order of 
magnitude as was experienced in corn, cotton, and soybeans, and much of the global 
rise in commodity prices would have been avoided altogether.

Considering the Impacts of Agricultural Biotechnologies 
Across the Full Range of Relevant Interest Groups

Following the challenge recognized by Oates and Portney (2003) that identifying and 
characterizing the relevant interest groups is essential to fully understand the alignment 
of forces that give shape to a policy outcome, we began our analysis with the typical wel-
fare analyses reviewed in the previous section. These analyses provide a general sense 
of the economic impacts of agricultural biotechnologies, at least on the primary groups 
involved, such as the innovating companies, farmers growing GM crops, and consum-
ers of the products that result from GM crop commodities. But it may be necessary to 
identify and characterize other groups external to these market relationships or to dis-
tinguish particular subsets within consumers, farmers, or input suppliers, which have 
decidedly different interests when it comes to agricultural biotechnologies. For example, 
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in a developing country, we might differentiate between export-oriented commercial 
farmers and domestic subsistence farmers. Thus, we proceed by considering the full list 
of affected groups likely to share common interests. Our goal is to achieve a disaggrega-
tion into groups that share common welfare impacts in order to highlight vertical as well 
as horizontal interactions as well as the key political consortia involved in policy nego-
tiations for agricultural biotechnology.

Consumers
Consumers’ attitudes toward an agricultural commodity reflect the economic benefit 
(utility) they derive from the use of that commodity or derivative products made using 
that commodity, which largely considers perceptions about intangible product charac-
teristics. Such intangible characteristics include the characteristic of “genetic modifica-
tion” use of recombinant DNA technology to produce the genetic characteristics of the 
crop variety. Consumers may also consider the fact that the technology was provided by 
a large multinational corporation and thus have a negative attitude toward the product 
for that reason as well.

The welfare analyses reviewed in Table 27.1 reveal that consumers in the United 
States benefit only marginally from the price reductions resulting from the increased 
productivity due to GM crops. For example, the largest single-point estimate of con-
sumer benefit, revealed by Qaim and Traxler (2005), indicates that U.S. consumers 
received 53 percent of the U.S.$1.23 billion in total benefits (or U.S. $652 million) from 
the herbicide-tolerance trait in soybeans. Although this is a large value in total, for 
each of the 300 million U.S. consumers, it comes down to just US$ 2.17 per person. 
Several scholars have pointed out that, because consumers do not perceive this small 
amount as a real benefit, they are, thus, not inclined to actively support policies favor-
ing the introduction of crop biotechnology, especially when accompanied by other 
perceptions that there may also be risks associated with the technology (Paarlberg, 
2001; among others). Indeed, under such conditions it appears quite reasonable for 
average food consumers to remain “rationally ignorant”—in the political sense pro-
posed by Stigler (1971)—of the benefits that they derive from agricultural biotech-
nology and to be unmotivated to mount any significant collective action regarding 
policies relative to this issue. Instead, consumers exercise their influence individually 
and largely out of their default position of “rational ignorance” when making pur-
chasing decisions in the marketplace and on rare occasions when voting, such as in 
California’s Proposition 37.

The results in Table 27.1 present earlier estimates on consumer welfare in the adoption 
of GM technology, ending with results for 2001. As the rate of adoption increased, the 
impact on supply increased as well, resulting in the substantial impact on the prices of 
soybeans and corn reported earlier. However, the large reductions in the prices of com-
modities translate to much lower reductions in the price of the final goods bought by 
consumers in developed countries.4 The impact on food prices in developing countries, 
where the degree of processing is lower, is likely to be higher.
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The literature on the demand for food suggests that consumers’ behavior choices are 
strongly affected by food prices in the market. However, the relatively low price effect of 
genetically modified organisms (GMO) on the retail prices of food products in devel-
oped countries and the complex and nontransparent linkages between the price of food 
and the use of GMO globally may explain why the price effect of GMO did not motivate 
consumers to support them politically. At the same time, there is a large body of lit-
erature that documents consumers’ willingness to pay to avoid GM products for health 
risks and other reasons (see Lusk and Coble, 2005). However, consumers’ willingness 
to pay varies significantly depending on how the framing of the issue changes with the 
introduction of new information (Kiesel, McCluskey, and Villas-Boas, 2011).

Based upon these considerations, we can (at least stylistically) identify three basic 
subgroups of consumers based on their willingness to pay. (1) Price-sensitive consum-
ers are those who care significantly more about price than about intangible product 
attributes, like GM, and will always make purchases based on lowest price. In welfare 
terms, these are the consumers who benefit the most from the introduction of crop bio-
technology, gaining from the lower prices and not losing anything in terms of perceived 
product quality. It is often presumed that the bulk of U.S. consumers are of this sort, 
essentially unaffected by the “GM” attribute of products they purchase. Such consumers 
are always hurt by a restriction on crop biotechnologies.

(2) A  middle group of attribute-price comparing consumers are those consum-
ers who perceive the intangible attribute of genetic modification as lower-quality or 
less-desirable but view that as a trade-off for the lower price offered. They will buy prod-
ucts with the less favorable intangible attributes when offered at a sufficiently lower 
price, but will avoid GM if the cost is sufficiently low. Clearly, there are enough consum-
ers of this sort for food manufacturers and retailers to find it worthwhile to advertise 
and promote products as GMO free in mainstream markets. It is reasonable to assume 
that the majority of European consumers are of this type. Many of this type of consumer 
will, on average, be hurt by a restriction of crop biotechnologies: whenever the differ-
ence in price is greater than the difference in their willingness to pay.

(3) Attribute-sensitive consumers are those consumers who care significantly more 
about the intangible attributes of a product than they do about the price and are willing 
to pay for products with a favorable profile of intangible attributes almost regardless of 
price (see Johnston and MacKendrick, this volume; Clough, this volume). In an ironical 
twist, these consumers may actually gain in welfare terms by the introduction of GM 
products, because such products will free resources to produce specialized products. 
Such consumers make up a small percentage of the U.S. population and typically choose 
to shop at specialized outlets and markets and are likely to be well-to-do. It is often 
assumed that many more European consumers are of this category than U.S. consumers; 
however, that is an empirical question that is difficult to test.

These heterogeneous subpopulations of consumers are differently affected and are 
thus likely to weigh in quite differently on various public-policy proposals for regulating 
agricultural biotechnologies.
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Retailers
A retailer’s profits are highly dependent upon the reputation of its brand, which is a 
function of consumers’ perceptions. Accounts from the retail sector in Europe clearly 
indicate the strong effect that consumers’ attitudes toward biotech foods clearly have 
had on retailers’ policy positions (Kane, 2001). Thus, although retailers are in most cases 
agnostic about the methods by which the products they sell are produced, they do care 
about how those products are perceived and valued by consumers (Sato, this volume).

Since the major food retailers tend to be fairly large chains—such as Walmart or Kroger 
in the United States and Carrefour in Europe—their decisions can strongly influence the 
production decisions of food manufacturers and agricultural suppliers up the value chain. 
These large private-sector actors can dictate product standards. Price-sensitive producers 
may seek to stop adoption of a technology if they are worried that major domestic retail-
ers or foreign export markets decide not to purchase products that use that technology. 
For example, potato growers effectively ended the development of GM Bt potatoes in 
the United States and eventually across the globe in response to the decision in 1999 by 
McDonalds Corporation to not purchase GM potatoes (Kaniewski and Thomas 2004).

Farmers
Farmers’ attitudes toward any agricultural technology, including crop varieties with 
genetically engineered traits, reflect the net present value of the economic benefits they 
expect to realize as a result of the technology’s impact on their own farm operations’ 
costs (both monetary and “nonpecuniary” costs) and revenues. Costs can be directly 
affected by adopting the technology. Revenues are a result of the operation’s yields, 
which, again, can be affected by adopting the technology, and the prices they are able 
to garner, which are affected by other farmers adopting the technology as well as public 
policies toward the technology. We disaggregate agricultural producers into the sub-
groups that may be affected differently by the regulation of agricultural biotechnologies.

 1. Early adopting farmers. The literature (Feder, Just, and Zilberman, 1985) suggests 
that early adopters are the ones that can afford, have much to gain from, and have 
access to the technology. Initial adopters gain from cost saving and yield effects of 
the GM technology, and in the early period do not suffer much from price reduc-
tion associated with large volume of adoption. They are likely to be supporters of 
the technology.

 2. Late-adopting or nonadopting farmers in markets where GM crops have already 
been introduced. Although early adopters of the technology profit, at least tempo-
rarily, due to the lower costs and higher yields they enjoy, late or nonadopters may 
suffer losses. The increased output from adoption of yield-increasing technolo-
gies expands supply and puts downward pressure on prices. Late and nonadopters 
are squeezed between falling market prices for their output and the higher costs 
of continuing to use the older technology, a phenomenon known as “Cochrane’s 
Treadmill” (Cochrane, 1993).
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 3. Farmers in markets where GM crops have not been introduced. Profitability in 
markets where GM varieties have not been introduced, such as in Europe, become 
threatened by competition from lower priced GM imports. It is, therefore, logi-
cal for farmers in such a position to oppose approval of GM varieties if there is a 
prospect for maintaining some product differentiation and continuing to sell the 
conventional product at the previous, higher price.

 4. Livestock operations. Because feed grain is such a significant share of the input 
costs of livestock operations, beef, pork, poultry, dairy, and even aquaculture, 
producers all benefit from the introduction of price-reducing GM varieties in 
feed-grain crops. Even in Europe, livestock and dairy groups have managed to 
maintain imports of GM soybeans from the United States, Brazil, and Argentina 
in order to be able to continue feeding their flocks and herds at a competitive cost.

 5. Organic operations. Organic operators have opposed the introduction of GM 
crops as part of their overall philosophy aiming to maintain “natural products” 
Yet, they may have benefited significantly from the introduction of GM prod-
ucts. This is due to the enhanced product differentiation between mainstream 
or conventional GM products and organic products. The presence of GM prod-
ucts in the market place is a significant quality contrast that increased demand 
for and enabled organic producers to charge higher prices. Introduction of 
GM products that increase farm productivity may also increase resource 
availability.

Organic farmers would have been most threatened if GM crops were origini-
ally designated as organic, as was initially contemplated under the proposed U.S. 
Department of Agriculture (USDA) organics standards in the 1990s. In particu-
lar, Bt-based biopesticides had long been utilized in organic growing operations. If 
genetically engineered Bt crops had been designated as organic, their rapid spread 
would have undermined the product differentiation essential to the profitability of 
organic producers. The political outcry that arose from the organic farming com-
munity during the federal comment period for the proposed USDA organics stan-
dards overturned the proposed designation of “plant-incorporated biopesticides” as 
organic.

Agricultural Input Providers
Agricultural input suppliers are one of the primary interest groups that can benefit from 
the introduction of GM crop varieties.

1. Large innovating GM seed suppliers. Table 27.1 shows that the innovative com-
panies that create and then sell or license GM crop varieties have benefited substan-
tially. They are estimated to have captured a quarter to a third of the total benefits 
created by the technology. These innovators consist today of just a handful of compa-
nies: Monsanto, Pioneer Hi-Bred, Dow AgroSciences, Bayer CropSciences, Syngenta, 
and BASF. Even within this small set of companies, Monsanto tends to dominate, in 
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terms of technological innovation and in terms of benefit capture, at least when it comes 
to genetic traits.

Although these large companies certainly advocate for a working regulatory path-
way to admit GM crops onto the market, it is not necessarily within their interests to 
have too much of a laissez-faire regulatory environment. This is because, of course, the 
introduction of a new GM crop variety by one company invariably represents a com-
peting product for the other companies. Thus, the regulatory-policy process effectively 
becomes an arena of competition among these companies. Moreover, these companies 
also have competing pest-control products in their chemical businesses and GM crops 
can compete with those products as well.

There is a further incentive for these companies to advocate for a stricter regulatory 
regime. The resulting high costs of regulatory compliance are an investment that these 
large corporations are willing to make. In particular, these high costs erect a barrier to 
entry by smaller competitors. Obtaining approvals from a stringent regulatory process 
can represent a kind of sanctioned market exclusivity.

2. Small innovating agbiotech start-up companies. Smaller innovators, however, are 
largely intimidated by high regulatory compliance costs and would, in general, benefit 
from being able to introduce GM crop varieties to market at a lower cost. As a result of 
the high entry costs, most of the smaller agricultural biotech companies active today are 
engaged in commercialization partnerships with one of the large innovating companies.

3. Competing input suppliers. Competing inputs include both conventional seed 
varieties as well as chemical inputs, such as insecticides, fungicides, and herbicides. 
Producers and distributors of competing inputs include multinationals, such as Bayer or 
BASF, that produce patent-protected and branded products as well as national compa-
nies in developing countries that produce generic pest-control products.

Preliminary analysis shows that, when it comes to pesticide companies, their losses 
from the introduction of genetic-modification technologies have been quite substantial. 
Comparisons between the global markets of 1991 and 2001 show four crucial trends over 
the decade. First, sales in chemicals were basically flat over the decade, indicating that 
this is a mature technology with conditions forcing an intense struggle for any kind of 
growth by the firms in the industry. Second, chemical sales by U.S. firms did actually 
grow (from 25 to 30 percent of the global market), whereas chemical sales by European 
firms dropped (from 55 to 47 percent of the global market), likely driven by the tie-in 
of some herbicides with the complementary genetic tolerance, especially the popular 
package of glyphosate with glyphosate-tolerant soybeans. Third, growth in genetics 
far outstripped growth in chemicals, providing virtually all the expansion in the crop 
protection market. Fourth and finally, European firms made a disproportionately small 
contribution to these rapidly growing biotech sales, given their initial market share in 
the industry, and in particular relative to U.S. firms. (Graff and Zilberman, 2007).
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Environmentalists (versus the environment)
Finally, in addition to the impact on farming profits and consumer prices, Brookes and 
Barfoot (2011), NRC (2010), and Barrows, Sexton, and Zilberman (2013) suggest that the 
adoption of genetic pest control has significantly impacted the environment. By increas-
ing yields (output per acre), GM crops tend to reduce the size of the land footprint 
required for agricultural production because of the yield effect, and thus tend to reduce 
habitat conversion as well as the greenhouse gas emissions due to land-use changes (e.g., 
deforestation and land clearing) and soil cultivation. The herbicide-tolerance trait has 
been associated with a switch by farmers to low- and no-tillage soil cultivation practices, 
greatly reducing soil erosion and increasing soil organic carbon sequestration and mois-
ture retention (NRC, 2010). Genetic pest-control technologies also reduce, to a degree, 
the application of toxic chemicals that contaminate watersheds and harm wildlife (NRC, 
2010). There is also a reduction in toxicity of pesticide residues in foods and a reduction 
in on-farm risk to farm workers (Hossain et al., 2004).

However, although there is documented evidence of the actual benefit of GM crops to 
the environment, the perception is that genetic modification is bad for the environment 
due to unknown and unspecified risks, including gene flow, impact on nontarget organ-
isms, and the emergence of resistance among invasive pests and weeds. Avoidance of 
unknown risks is the basic logic of the precautionary principle.

Finally, there needs to be a distinction between the interests of the environment and 
the interests of environmentalists. The social welfare derived from environmental goods 
and services of natural resources can be conceptualized and sometimes quantified, and 
is shared at different levels by members of society. Environmental activist organizations 
or environmental nongovernmental organizations (NGO) consist of both people who 
care about environmental issues as well as environmental groups that have their own 
bureaucracy that needs to be supported. Their welfare as organizations is distinct from 
environmental welfare per se. The survival and thriving of an activist organization—and 
thus the political economy of activism—relies on their ability as an organization to cap-
ture sufficient resources, such as donations or grants, to perpetuate the activities of the 
organization (see Byrne, 2006 for a suggestive analysis of activist groups’ financing). 
Success can be manifested in size of budget and staff, rents diverted to supporters of the 
organization, as well as building a reputation or “brand” among those portions of the 
public who have sufficient concern about environmental issues to make donations.

Environmental organizations succeed and fail in very real ways, often as a func-
tion of the policy position they advocate and their ability to influence policy out-
comes (Collingwood, 2006). Revenues for such groups are sustained by being 
viewed by potential donors and grant makers as effective in at least two ways: (1) col-
lecting and sharing information that may be more complete or more objective than 
official government or industry accounts (a “watchdog” or “informant” function) 
and (2)  representing the donors’ interests in the policy process and ultimately 
changing policy to serve those donors’ interests (an “advocate” or “representative” 
function).

 



680   Gregory D. Graff, Gal Hochman, and David Zilberman

In policy areas like agricultural biotechnology, where uncertainty causes anxiety levels 
to be high and unfamiliarity causes information levels to be low, incentives exist for activist 
organizations to provide information, or even misinformation, that accentuates this anxi-
ety and undermines trust in the information provided by others. Yet, complete resolution 
of a policy issue tends to have an unfavorable effect on donations to activist organizations 
as well as their political relevance. Thus, those organizations that tend to persist are those 
that periodically achieve high-profile but partial “wins” in the policy arena, enough so that 
the organizations can claim credit and legitimacy for making progress but not so much as 
to assuage donors that their underlying problems have been fully resolved. Furthermore, 
the success and survival of these organizations depends upon information revelations and 
policy actions being reliably communicated to an often highly dispersed donor base.

Mark Lynas (2013) suggests that objection to GM crops became a major program 
emphasis of several environmental groups, which made them attractive to certain 
donors. Those groups may then persist with this nominal position regarding biotech-
nology and the environment even when new evidence does not support it. Thus, the 
political-economic analysis must recognize this distinction and the potential for objec-
tive tensions between the interests of the environment, per se, and the interests of 
environmentalists.

The media
There appears to be a natural symbiosis between activist organizations and the media. 
Analyses indicate that economic interests of the media mirror those of successful activ-
ist organizations’ strategies, as revenues to media are enhanced by repeating familiar 
stories, perpetuating stereotypes, playing on public anxieties, and emphasizing bad 
news over good news (Curtis et al., 2008; Gaskell et al., 1999; McClusky and Swinnen 
2011). The media can be considered as having an influence over policy decisions, but 
there is not necessarily a direct impact on its welfare resulting from the outcome. The 
media does play an essential role in the public debate, and gains from reporting the news 
generated in the course of the public controversy regardless of how it gets settled in the 
end. If anything, like environmental groups, the media tend to benefit from the perpetu-
ation of controversy rather than resolution.

Applying a dynamic version of 
the framework to explain the 

political economy of agricultural 
biotechnology regulations in Europe

We adapt the voting model developed in the second section to explain the factors lead-
ing to the practical ban of GM in Europe. This model suggests that “voters” (citizens, 
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representative, regulators, rulers) consider the impacts of proposed policies on the per-
ceived welfare of various groups, and assign weights to these perceived welfare levels in 
making their choices. Policymaking is evolving, and decision makers update the assess-
ment of impacts of policy proposals based on new information that may be obtained 
by exchange and dialogue between the interest groups. (For a more detailed technical 
version of this dynamic model, see Hochman, Graff, and Zilberman, 2012.) What results 
is a process in which each of the various groups seeks, in the public debate, to shape the 
voters’ perceptions in a direction that generally serves its own interests (Herring, 2008). 
In Europe, there has been a vibrant process of environmentalists and industry aiming to 
inform and shift public opinions about GM (e.g., Gaskell et al., 2005).

Applying the Model to Explain the European Policy Regime

We now apply this dynamic voting framework to analyze the regulatory regime of GM 
crop agriculture as it unfolded in Europe in the 1990s. Specifically, we consider whether 
differences between U.S. regulations and European regulations primarily reflect differ-
ences in consumer preferences, as many contemporary accounts argue or imply (see, for 
example, Bernauer, 2003; Sheldon, 2004). We look in detail first at the interests of agri-
cultural inputs producers and then at the interests of farmers and of consumers. We then 
consider the respective political weights and interactions among these various groups as 
they have influenced European regulators.

As a starting point, we consider differences in the innovative capacities of the U.S. and 
European agricultural input industries. Patent data on agricultural biotechnology and 
agricultural chemical technologies indicate broad national differences in innovative 
capacity (Graff and Zilberman, 2007). In agricultural biotechnology, American inven-
tors, in both academia and in industry, have been far more prolific in the quantity and the 
quality of patents granted to them than have European inventors (Graff and Zilberman, 
2007). One metric used to rank the quality or value of a patent is the number of cita-
tions that it receives from other patents. Analysis shows that the agricultural biotech-
nology patents granted to U.S. inventors since 1980 have historically garnered roughly 
10 times more patent citations than the agricultural biotechnology patents granted to 
European inventors since 1980, and that the imbalance was particularly striking in the 
early foundational developments in the 1980s and early 1990s before there was much 
public awareness of the technology (Graff and Zilberman, 2007). By comparison, agro-
chemical patents granted to U.S. inventors have historically garnered a similar number 
of citations compared to the agrochemical patents granted to European inventors.

In summary, American companies enjoyed an innovative comparative advantage 
in agricultural biotechnology innovation when European companies enjoyed a com-
parative advantage in agricultural chemical innovation. European (and particularly 
the German) chemical industry has long been the globally dominant innovator and 
supplier of agricultural chemicals. For example, in 2001, global sales of agricultural 
biotechnology or genetic crop-protection products experienced annual growth of 
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13 percent. Yet, to break that out by nationality of the major companies, sales of genetics 
by major U.S. companies, at $3.8 billion, made up the bulk of the agbiotech side of the 
crop-protection market and were the portion that experienced such high growth. Sales 
of genetics by major European companies, at $1.1 billion, were much smaller and had 
grown by just 2 percent from the previous year. In contrast, in 2001, sales of agrochemi-
cal pest-control products declined globally by 7.4 percent, whereas the sales of the domi-
nant European companies declined 2.9 percent (Phillips McDougall, 2002).

Taken together, it becomes clear that the U.S. pest-control industry has a comparative 
innovative advantage in a new technology that is gaining market share, and the incum-
bent European industry has a comparative innovative advantage in an older technology 
where market share is being displaced. To the extent that this is an accurate description, 
we would expect the ascendant biobased U.S. industry to advocate for regulations that 
would help it to maintain its newfound comparative advantage, in particular against its 
larger but slower rivals in the European chemicals sector. Similarly, we would expect 
the major European chemical firms to favor a regulatory regime that would, at the very 
least, slow the rate at which they are losing market share to biotechnology, if not halt 
those losses altogether.

Next, let us consider European farmers and GM crops. It would be expected that, all 
else being equal, some European farmers would prefer to plant GM varieties because of 
their cost-saving characteristics. However, supporting the ban on biotech crops is pre-
sumed to have helped a large proportion of European farmers in other ways, primar-
ily as a nontariff barrier to trade that protects prices for domestic producers. European 
farmers may also support more stringent regulations on biotech crops as they create 
an opportunity for systematic price differentiation of their commodity outputs, allow-
ing them to collect an additional price premium while maintaining existing produc-
tion practices of growing conventional crops. Furthermore, since a large proportion of 
European farmers are at least partially supported under the crop subsidy programs of 
the Common Agricultural Policy (CAP), any policy that tends to support farm incomes 
through other means was likely to be favored politically for alleviating some of the bud-
get demands of the CAP.

The relationship between European consumers and GM foods may simply be inter-
preted as one of straightforward rejection—a case in which the benefits of biotech for 
consumers simply do not outweigh the costs and risks. It is estimated that European 
consumers pay 3 to 5 billion euros more per year in food costs as a result of the ban on 
biotech agricultural products (Anderson and Jackson, 2004). This indicates the extent 
to which European consumers’ perceived welfare diverges from a typical economic wel-
fare analysis of their consumer surplus. Such a divergence can result from two instances. 
First, food consumers are arguably less well organized as an interest group than are the 
European agrochemical industry or European farmers and, following Stigler (1971), 
some of the excess cost may be a result of more concentrated interests prevailing against 
the less concentrated in the policy process. Consumers as individuals may each be pay-
ing a few euros more per year on food, but the cost to organize an opposition to the 
prevailing policy might cost individuals more than it would save. Thus, inaction on this 
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issue may be the rational response. Second, there is also likely some extent to which 
there is a premium that European consumers are willing to pay to reduce the risk to 
which they perceive themselves to be exposed. These perceptions and the relative risk 
aversion of European consumers have reasonable groundings. Yet, we must be clear that 
they largely derive from the public debate that has been informed by other groups who 
have their own interests in the matter, including activists, industry, and farmers, as well 
as being shaped by the public’s recent experience with regulators’ inefficacy at mitigating 
food-related risks like bovine spongiform encephalopathy and foot-and-mouth disease. 
It has been widely noted that European consumers have less confidence in their food 
safety regulators and, conversely, that environmental activists and Green political par-
ties enjoy greater credibility in Europe than they do in the United States.

However, the dynamics of how the perceptions of European consumers developed 
over time are far more complex and nuanced than conventional accounts often suggest. 
European activist organizations have utilized the issue of food biotechnology to engage 
in a contest with European regulators for legitimacy according to the logic of how such 
organizations survive and advance. Changes in media coverage in Europe were largely 
driven by the campaigns of activist organizations pursuing such a strategy. Analysis of 
early media coverage of biotech foods in the U.S. and Europe (Gaskell et al. 1999) indi-
cates that the volume and content of press accounts were roughly comparable through 
about 1990. Thereafter, the quantity of coverage increased in the European press relative 
to the United States. New narratives emerged in the European public debate encom-
passing two major themes. One maintained that biotech crops do not serve consumer 
interests, ignoring the effect that a cost-reducing agricultural technology tends to have 
in reducing consumer food prices, where welfare impact on developed economies, espe-
cially in Europe, is very small in contrast to developing economies where consumers 
might spend more than 50 percent of their income on food consumption (Paarlberg, 
2008). The other theme has been to hold up GM technology as a symbol of the negative 
effects of globalization, characterizing it as an “American” technology that is antigreen 
and pitted, in some sense, against a European way of life.

In conclusion, the ban of biotech food in Europe does not appear to be simply a cri-
sis of consumer acceptance but rather a convergence of the influence of several distinct 
economic interest groups within Europe, each with self-interests in slowing or stopping 
the introduction of biotechnologies into European and global markets. To summarize, 
we argue that U.S. academic scientists and companies since the 1970s held a relative 
advantage in biotech innovation that, by the mid-1990s, began to threaten the market 
dominance of European corporations in agricultural pest-control markets. The interests 
of the European chemical industry concurred with the interests of other groups that 
stood to gain from restricting biotechnology, and European chemical corporations did 
not need to be proactive in their opposition. First, since any new technology of this sort 
requires a new regulatory regime to be implemented, all the incumbent industry needed 
to do was to abstain from advocating for the implementation of a new policy. Without 
an effective champion, policy formation stalled. Second, given that activist groups were 
already highly motivated for their own reasons, all the incumbent industry needed to 
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do to achieve a desired result was to abstain from intervening and to leave the activ-
ists unchallenged in forming the public’s opinions and risk perceptions of biotechnol-
ogy. The convergence of these multiple interests then had a significant influence on the 
decisions of European regulators, effectively allowing the approval of new biotech crops 
to come to a halt in 1998, withholding certain forms of patent protection from biotech 
crops, underfunding public research in plant biotechnology, and introducing labeling 
requirements that impose supply chain costs and further stigmatize the technology in 
the eyes of consumers.

Conclusion

Agbiotechnology is a disruptive innovation; it has triggered a cycle of “creative 
destruction” in agriculture and related sectors. It has also modified the perceived rela-
tionship between humans and nature, triggering suspicion and fear. Both “creative 
destruction” and fear evoked political forces, causing the future of the technology, to 
a large extent, to be determined in the political arena. Political responses reflected of 
the impact of the anticipated changes caused by the technology on different groups 
in different countries. Economists tend to analyze how technologies affect different 
sectors, but differences of impact on various groups within sectors resulted in dif-
ferent regulation across countries. The “creative destruction” enabled by agricultural 
biotechnology was apparent in the agricultural input sector. Although small start-ups 
and large life-science companies, like Monsanto, which tend to be American, stood 
to gain from the technology, producers of chemical pesticides, many of which are 
European, faced potential losses. Although U.S. corn and soybean farmers anticipated 
growing demand and could benefit from the increased supply and reduced costs asso-
ciated with the technology, European producers felt threatened by expanded global 
supply associated with the technology; they were content with regulation that would 
allow them to operate in a segregated market. Environmental groups by nature stand 
for conservation and are suspicious of change, especially of a technology that may 
perpetuate both monoculture and the expansion of agribusiness. Consumers were 
caught in the middle, receiving conflicting information from supporters and oppo-
nents of the technology. Consumers in developing countries did not experience any 
immediate gain from the technology, but learned of potential risks of adoption.

The outcome in different countries reflects responses of different groups to the tech-
nology and how they expressed themselves in the political arena. These responses were 
conditioned by historical period. Most of the intellectual property behind the technol-
ogies was owned by American companies, and there was originally relative trust in the 
U.S. government food-safety regulations that allowed the technology to be accepted. 
When the technology was introduced in Europe, trust in government food regulation 
was at its lowest level, in part because failures in official regulation and science illus-
trated by mad-cow disease. Both farmers and industry were not likely to gain much 
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from biotechnology. The credibility of environmental groups, strength of the emergent 
green movement in Europe, and the fact that the technology was American in a period 
when America refused to sign the Kyoto Protocol, did not make for favorable accep-
tance of the GMO. These factors contributed to a practical ban on agricultural biotech-
nology in 1998.

Different starting points in Europe and the United States thus resulted in different 
paths of regulation of agricultural biotechnology. Historical divergences driven by 
interests of powerful players have been important in path-dependent ways, and have 
influenced interests of other countries in a global trading system. Nevertheless, our 
analysis illustrates how new information may change perception of interests, and thus 
political behavior. As knowledge about biotechnology changes, different groups update 
their perceptions and sometimes convince others to change their preferences. Efforts to 
modify regulation of GMOs in both the European Union and the United States are con-
tinuous; global mobilization likewise points in different directions in different nations 
at different times. Agricultural biotechnology is little used in Africa, but intensely used 
in Latin America (Paarlberg 2008). As the technology evolves, and economic situations 
change, the fate of the technology may change, driven by a fluctuating mix of objective 
conditions and subjective preferences. Continuous increases in food prices and scar-
city, breakthrough innovations and applications that make the technology more ben-
eficial to humans, or increased utilization of the technology in Asia, may lead Europe 
to relax its restrictive regulations, for example. Reciprocally, a major catastrophe in the 
United States, or development of plant-breeding technologies that can increase produc-
tivity and environmental sustainability without relying on genetic engineering may lead 
to new restrictions on the technology in its historically strongest base. Though these 
dynamics are in principle unpredictable, it is clear from the analysis of this chapter that 
both interests and information require careful examination for a robust understanding 
of biotechnology’s spatial and temporal diffusion.

Notes

 1. If N is an odd number, there is one median voter (the voter ordered at the middle spot). 
If N is an even number, there are two voters in the middle of the order. In this case we will 
define for our purposes the median voter as the (N/2)+1 voter.

 2. In this case we have a transition from a voting equilibrium to a maximization of voters’ 
aggregate net benefit (Just, Hueth, and Schmitz, 2008).

 3. Sexton and Zilberman (2011) find that the price reduction because of GM is, more or less, 
of the same order of magnitude as the commodity price increase in corn and soybean 
because of growing demand for production of biofuels. Consumers in the US suffered only 
a 3% increase in the price of food because of biofuel, which suggests that the price reduc-
tion because of GM is, again, around 3%-4%.

 4. This can be inferred from an approximately 30 to 40 percent increase in the price of grains 
because of biofuel, which resulted in a 2 to 3 percent increase in the price of food to con-
sumers (Hochman et al., 2011).
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Chapter 28

Co-existence in the 
Fields?  GM,  Organic,  and 

Conventional Fo od Crops

Janice E .  Thies

Freedom is not merely the opportunity to do as one pleases; neither is it 
merely the opportunity to choose between set alternatives. Freedom is, 
first of all, the chance to formulate the available choices, to argue over 
them—and then, the opportunity to choose. 

C. Wright  Mills

The Global Rift over Transgenic Crops

It was Halloween 2008. The community screening of Bullshit (the movie) (Holmquist 
and Khardalian 2005) at the Cornell University Cinema had just ended. My col-
league leading the discussion, Ron Herring, welcomed questions from the audience, 
sparse though they were. Bullshit, a Swedish film directed by PeÅ Holmquist and 
Suzanne Khardalian (2005), chronicles the accomplishments of Vandana Shiva, an 
Indian activist, on a range of issues, including her fight against a patent on neem, her 
battle with Coca Cola, Inc. over water use and water rights for Indian villagers, her 
attempt to block food distribution in Mexico because some of the products contained 
GM (genetically modified) maize, and her equanimity with regard to receiving the 
“Bullshit Award for Sustaining World Poverty.”1 The award was bestowed on behalf of 
Indian farmers by Barun Shankar Mitra of the Liberty Institute, New Delhi, for Shiva’s 
work in fighting the approval and commercial use of GM seeds, particularly Bt2 cot-
ton and Bt eggplant in India. Shiva’s response was to treat the award as an honor. In 
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India, she said, “bullshit” is an important cooking fuel source, gathered by women 
and shaped into pats, with each woman’s handprint duly pressed into the pat and left 
to dry—quite an honor. Although a wide range social issues were highlighted in the 
documentary, our audience homed in on the issue of GM crops to begin the discus-
sion period.

The first question from the audience was about gene flow,3 specifically, about the 
presence of transgenes4 that had been detected in maize landraces in Oaxaca, Mexico, 
by Quist and Chapela (2001), an occurrence the questioner referred to as “genetic 
pollution.” As the “science” half of the team, I took the question. I began to describe 
recent work undertaken by Ortiz et al. (2005) in which they were unable to substan-
tiate the findings of Quist and Chapela (2001). Before I could elaborate any further, 
I was suddenly being called a “handmaiden of the industry.” Ron and I were called 
“criminals” and a woman from the audience stood up and said she was “ashamed to be 
on the same faculty” with us and stormed out. I sat there stunned. What had just hap-
pened and why?

I had observed this level of animosity toward Cornell researchers once before. Oddly, 
in the same venue after the screening of Deborah Kerns Garcia’s film, The Future of Food 
(2004), a film critical of both transgenic technology and the biotechnology industry. 
The film was followed by a panel discussion during which Garcia, Ignacio Chapela, and 
a few of the Cornell faculty fielded questions from the audience, which packed the the-
ater. Here, too, Cornell researchers were accused of being in bed with the biotech indus-
try, Monsanto Corporation and its ilk. Transgenic crops, said members of the audience, 
were destroying soil ecology, contaminating the food supply, and, along with the bio-
tech industry, conducting a massive experiment on the American people. This was more 
than just a “town-gown” conflict.

As a scientist, I thought I was used to controversy. We debate among ourselves con-
stantly, but these arguments focus on aspects of the science. Personal accusations are 
not typically a part of these debates. But, here, in these public venues, there was no 
such decorum. It was shocking to me and difficult to engage with; robust research 
data were not welcome here. My colleague, Ron Herring, was like a duck in water, let-
ting it all shed right off of him. “Oh, this happens all the time,” he said, “it’s political.” 
No wonder scientists don’t enjoy engaging in these discussions, I  thought, these are 
personal attacks that normally do not belong in scientific discourse. It was then that 
I realized this had nothing to do with scientific discourse; instead, this was politicized 
social discourse on a highly contentious technology. How had such an enormous rift 
developed between those who choose to use GM (genetically modified) technologies 
and those who passionately oppose their use? This rift has its roots in the shift from an 
agrarian-based rural development model of agriculture to the agri-industrial paradigm 
(Levidow and Boschert, 2008), where policy has—in the main—supported a consump-
tive, technology-driven approach to food production, favoring factory farming and its 
associated economies of scale, and one that has marginalized those choosing alternative 
agricultural approaches.
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Farming Systems

Farming is a way of life. Those working the land vary in their relationship to it and in 
the means they choose to manage it. Farmers (land managers) make daily decisions on 
what inputs they will use on their farmland, decisions based strongly on their world-
view or “lifeworld” (Shurman and Munro 2010). Organic farmers rely on inputs largely 
derived from the environment, e.g., manures, crop residues, and composts, to main-
tain soil fertility and “natural”5 products and processes for pest control. Conventional 
farmers invest in synthetic fertilizers, pesticides, and other industrial technologies to 
ensure crop nutrition and to control pests for high yields. While no single model of con-
ventional farm management prevails, this term refers to farms that tend to embrace the 
agri-industrial paradigm of production. These practices involve the broad-scale use of 
products emerging from the chemical industry.

The bulk of farmland in industrialized nations is managed conventionally. The total 
US farmland under crop production in 2008 was 844 million acres; of this, only 0.57% 
(4.8 million acres) was certified organic. Total US acreage for livestock and pasture land 
was 473 million acres, with certified organic farms representing 0.46%.6

The advent of transgenic crops has created a new designation, that of GM agriculture, 
which has provoked a whole new set of contentions. Transgenic crops are those that have 
been developed using gene splicing technology, also known as genetic engineering. Here, 
the DNA comprising a gene of interest is taken from the genome of one organism, or syn-
thesized in the laboratory, and introduced into the genome of another. The introduced 
gene is then expressed in the receiving organism. For example, the soil bacterium Bacillus 
thuringiensis (Bt) produces a crystal protein that is toxic to specific classes of insects. The 
gene that codes for this protein has been cloned into the maize (Zea mays) plant genome 
enabling the maize plant to produce the insecticidal protein in its own tissues. An organism, 
in this case the maize plant, that receives a gene from another species is called transgenic. If 
the introduced gene is from the same species, the resulting organism is called cisgenic.

GM agriculture is, by and large, based on the same agri-industrial paradigm as con-
ventional agriculture (Levidow and Boschert 2008). However, the advent of GM agri-
culture could lead to four basic agroecologies: GM conventional, non-GM conventional, 
organic, and GM organic. There are many variations on these basic approaches to pro-
duction, including conservation agriculture, no or low-tillage systems, biodynamic sys-
tems, and other variations on organic agriculture, termed alternative farming systems.7 
The use of some transgenic crops, particularly insect resistant (Bt) crops, may prove to 
be the more sustainable of these agricultural paradigms, as their use has been shown to 
decrease the use of chemical insecticides (Brookes and Barfoot 2010). GM organic is not 
considered an option in the United States because the US organic industry disallows the 
use of GM crops in certified organic agriculture.8 The ability to retain the integrity of 
each production approach in the face of the new challenges presented by GM agricul-
ture is the central theme of this chapter.
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The Industrialization of 
Agriculture: Postwar Applications for 

War-Time Chemicals

The health and environmental safety of the use of synthetic chemicals in conventional 
agriculture began to be questioned in the 1950s as many new control products, born out 
of chemical research programs during World War II, made their way to the marketplace. 
Prior to World War I, nearly all farming was what is now referred to as organic agri-
culture. The Haber-Bosch process9 was developed in Germany to convert atmospheric 
nitrogen (N2) into ammonia (NH3) and then into nitrate (NO3), which was used sub-
sequently to make bombs and other explosive devices. The details of the Haber-Bosch 
process were stolen by the French near the end of the war and passed on to their allies. 
Natural supplies of mineral nitrogen (N) were becoming more and more difficult to 
procure; thus, a logical peace time application of the Haber-Bosch process was to make 
ammonia- and nitrate-based fertilizers. Likewise, mustard gas and other neurotoxins 
and defoliants developed during wartime also found their way into postwar agriculture 
as pesticides. Thus, the age of synthetic, chemical-based agriculture was born. Oddly, 
this form of agriculture is known today as conventional agriculture, one in which syn-
thetic pesticides (including herbicides), fertilizers, and other industrial inputs are used 
to promote high yields, even though the negative effects of chemical use on humans and 
the environment are now well known.

“DDT is good for me” was a prominent slogan aimed at manipulating public senti-
ment. Evidence began mounting in the 1940s and 1950s that these chemicals were hav-
ing devastating effects on human and environmental health (Rosner and Markowitz 
2013). The issue broke out into the open with the publication of Rachel Carson’s book 
Silent Spring (1963),10 which documented ten years of research into the biosafety of 
these products. Chemical companies responded vociferously and resisted attempts to 
ban their products, insisting that they were safe until proven otherwise. Even labeling 
products as toxins and potential carcinogens (cancer-causing substances) was fought 
with fervor by the chemical industry. The publication of Silent Spring is often cited as the 
beginning of the environmental movement in the United States, which ultimately led to 
the formation of the Environmental Protection Agency (EPA). Carson biographer Mark 
Hamilton Lytle (2007) wrote that Carson “quite self-consciously decided to write a book 
calling into question the paradigm of scientific progress that defined postwar American 
culture.” In the final chapter of Silent Spring, Carson anticipated the advent of crop bio-
technology by suggesting that the need for chemical insecticides could be circumvented 
by advances in plant breeding that would yield pest-resistant crops.

Over the next decade, research would document that most of these chemicals were 
highly toxic and some were also carcinogenic and thus needed to be more tightly 
regulated or banned.11 As an early “whistle-blower,” Carson was roundly criticized. 
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White-Stevens, then a biochemist at American Cyanamid, stated: “If man were to fol-
low the teachings of Miss Carson, we would return to the Dark Ages, and the insects 
and diseases and vermin would once again inherit the earth.”12 In a letter to Dwight 
D. Eisenhower, former secretary of agriculture Ezra Taft Benson reportedly concluded 
that because she was unmarried, despite being physically attractive, she was “probably 
a Communist.”13 These comments mimic those surrounding the global debate on the 
use of transgenic crops today, including personal attacks on those not embracing the 
agri-industrial model of agriculture, which is the dominant paradigm that drives cur-
rent US agricultural policy.

In the 1960s, the United States Department of Agriculture (USDA) was responsible 
for both regulating pesticides and promoting the welfare of the agriculture industry, 
making for a clear conflict of interest. In response, the EPA was established in 1970 
during the Nixon administration. Its mission was to address the environmental issues 
arising from industry, agriculture, and pest control programs. Much of the regulatory 
framework that strictly controls the use of synthetic inputs to agricultural systems was 
developed by the EPA under the Federal Insecticide, Fungicide, and Rodenticide Act.14 
A significant early outcome was the ban on the use of DDT for insect control in 1972. 
Several chemicals, including methyl bromide and atrazine, have been banned widely 
across the globe. However, in the United States, farmers continue to use these chemicals 
under a special exemption issued by the EPA. Methyl bromide is a fumigant that is used 
to control insects, termites, rodents, weeds, nematodes, and soil-borne diseases. Methyl 
bromide is also a powerful ozone depleting compound that was slated to be banned in 
the United States by 2005. However, this date has been pushed forward repeatedly as 
farmers insist that no viable alternatives exist, particularly for control of nematodes and 
soil-borne fungal and bacterial pathogens.

As evidence and awareness of the hazards resulting from pesticide use continued to 
mount, rejection of their use by some farmers followed. Those choosing not to use syn-
thetic inputs began organizing under the banner of organic agriculture (see Larsson, 
this volume, for the rise of the transnational organic movement), a practice in which the 
use of fertilizers, pesticides, and other synthetic inputs are not permitted. The history 
of agriculture in the United States shows that those who have chosen not to adopt these 
technologies have been increasingly marginalized by the inability to compete with the 
high yields obtained by adopters. Higher yields on conventional farms led to sharply 
decreased commodity prices and a downward economic spiral ensued. The mantra 
became “Get Big or Get Out” (Krebs 1992; Hauter 2012). In addition to economies of 
scale, it is important to note that large US corporate farms have also benefited because 
they have largely not been held accountable for the environmental costs associated with 
this form of production (referred to by economists as “externalities”); rather, the US tax-
payer has, or, in the absence of paying the costs, the environment has paid the price. In 
contrast, an explicit goal of the organic farming movement is to maintain and enhance 
the environment on the farm and its surrounding areas, where farmers bear the costs 
associated with environmental protection themselves.15 Co-existence16 between neigh-
boring farms became increasingly strained as evidence mounted that synthetic inputs 
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used on conventional farms were finding their way onto organic farms, predominantly 
as run-off and spray drift, thereby contaminating both the land and the crops of organic 
farmers.

Co-existence in the Age of Synthetic 
Chemical Inputs

When the US National Organic Program (NOP) standards17 were conceived, a very 
pragmatic approach was taken. Organic certification would be based on adherence to 
prescribed practices rather than on any battery of tests on the grains or produce sold. 
Thus, no extensive surveillance or testing systems were mandated in the USDA-NOP 
rules. Instead, third-party testing has become available as an option for farmers.18 Part 
of the reasoning for this “practice standard” was that most synthetic chemical inputs 
were expected to dissipate or break down in the environment over time. Those that did 
not, such as DDT, were banned or became highly restricted. The reasoning that syn-
thetic chemicals would eventually dissipate was used to develop the requirements 
farmers need to follow to obtain organic certification when first stopping conventional 
practices. Three years of strict adherence to the organic standards is now required before 
a transitioning farm can be certified organic.19 With this liberal policy, as Larsson (this 
volume) notes, both the USDA-NOP and the International Federation of Organic 
Agriculture Movements (IFOAM) have drifted from their purist roots. It is remarkable 
that such compromises, however uneasy, were achieved at all considering the widely 
documented damage done by fertilizers and pesticides to the environment.20 Many 
insecticides are also highly toxic to humans and wildlife;21 evidence of their harm is 
undeniable (e.g., Goulson 2013; Hayes 2005; Rosner and Markowitz 2013). Yet, organic 
farmers were forced to accept that use of agricultural chemicals is the dominant farming 
paradigm in most countries, and while continued activism to curtail their use altogether 
goes on unabated, their presence in the environment was a fact they could not change; 
they could only manage their own land and behavior.

The uneasy relationship between conventional and organic farmers is constantly 
simmering and bursts into public consciousness in the news media with articles enti-
tled “Organic Farming Alone Can’t Feed The World, Say Researchers”22 or “Yet Again, 
Organic Ag Proves Just as Productive as Chemical Ag.”23 Reliance on synthetic inputs by 
conventional farmers is justified most frequently by the need to intensify crop produc-
tion to feed a growing population. The organic agriculture movement is often criticized 
as being “unable” to meet this increasing demand24 and that hunger and famine will be 
the inevitable result. The organic movement counters that chemical inputs are destroy-
ing soil health and water and air quality, and that an alternative paradigm is needed 
urgently in order to sustain agricultural productivity now and in the future (Rosset and 
Altieri 1997).
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Extent of Adoption of GM Crops by 
Industrialized and Poor Countries

The year 2013 marked the eighteenth year of commercial cultivation of transgenic 
crops.25 That year, transgenic crops were grown on 175 million hectares (ha) world-
wide, which represented a one hundred-fold increase in land area planted over 1996, 
which was the first year transgenic crops were grown commercially. James (2013) 
reports that 18 million farmers grew transgenic crops in 2013, of which 90% were small-
holder, resource-poor farmers. These crops were grown in twenty-seven countries, of 
which only eight were industrialized nations. Herbicide tolerant (HT) crops made up 
approximately 55%, insect resistant (IR) crops made up about 18%, and stacked traits 
(HT+IR) comprised 27% of global plantings. In addition, 2,000 farmers planted the first 
transgenic drought tolerant maize on 50,000 ha of land in the United States. The aver-
age adoption rate for all transgenic crops in the United States exceeded 90%. India and 
China had Bt cotton adoption rates of 95% and 90%, respectively. In Canada, the adop-
tion rate for GM canola was 96%. In the European Union (EU), five countries (Spain, 
Portugal, Romania, Slovakia, and the Czech Republic) grew Bt maize (MON810), 94% 
of which was grown in Spain (an adoption rate of 31%). James (2013) cites onerous regu-
lation (EU coexistence policy, CEC, 2003) as restricting expansion of transgenic crop 
cultivation in Romania, Slovakia, and the Czech Republic. The adoption rates reported 
reveal the fastest adoption rate of any crop technology to date, far exceeding the rates 
tested in an EU-Joint Research Centre study (Bock et al., 2002), where co-existence 
was already deemed “virtually impossible” if the threshold for adventitious presence26 
of GM in non-GM seed, grain, or food were to be set at 0.1% (the analytical detection 
limit). With high global adoption rates and the inability to control adventitious pres-
ence, the potential for adverse economic impacts on GM non-adopters and the poten-
tial for “precluding producer and consumer choice” are high.

New Challenges to Co-existence Posed 
by GM Crops

Coexistence between conventional and organic farmers with regard to chemical pesti-
cides has been possible in most cases because these chemicals are expected to ultimately 
dissipate in the environment—with some notable exceptions (Rosner and Markowitz 
2013). With transgenic crops, a new set of issues has come to the fore. These issues are 
based on (1)  the ability of GM seeds to reproduce and multiply in the environment, 
thus amplifying their presence over time and space, and (2) the ability of GM crops to 
cross-pollinate with compatible non-GM crops, a process called gene-flow—the passing 
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on of transgenes to viable offspring through cross-pollination. GM seeds cannot be dis-
tinguished readily from non-GM seeds visually; molecular tests are needed to detect 
them. It is therefore not possible for producers to confirm the presence of GM crops 
on their land or monitor/manage their spread, except through costly genetic testing. 
Several issues arise from the reproductive properties of GM crops that present new 
risks to organic producers not encountered with the use of synthetic agrichemicals. For 
example, non-GM farmers are vulnerable to inadvertently committing a “patent viola-
tion” by having rogue transgenic offspring appearing in their fields. This can happen if 
non-GM plants are cross-pollinated with their GM counterparts and the resulting seed 
is saved and planted in the following year. This can also happen if seeds produced from a 
GM crop fall to the ground and are left to germinate and grow as volunteers in field plots 
planted with non-GM seed in the following seasons. Seeds produced by these volunteer 
GM plants could then become commingled with non-GM seed during harvest, which 
may result in a positive test for the presence of the GM seed in an ostensibly GM-free 
seed shipment. A positive test for the presence of GM seed directly affects the ability of 
organic (or non-GM) farmers to obtain a premium price for their seeds.

Fukuda-Parr (2007) suggested that three major areas of risk underlie the global 
debate over the use of transgenic crops in agriculture: (1) ecological and human health 
risks, (2) socio-economic risks and, (3) cultural risks of foreclosing consumer and public 
choice. A substantial literature covering the ecological and human health risks strongly 
supports the safety of the transgenic crops currently approved for commercial use (e.g., 
Thies and Devare 2007), with a few, highly publicized exceptions, such as Séralini et al. 
(2012), a study whose validity is strongly disputed in mainstream science, and one in 
which the findings were eventually retracted by the journal that had published it (http://
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www.gmwatch.org/files/Letter_AWHayes_GES.pdf). Potential human and animal 
health risks are not discussed here. Rather, the focus is on potential economic risks, risks 
that may preclude the ability of stakeholders to exercise their freedom of choice and 
potential means to mitigate those risks.

Avenues by which GM seeds could become commingled with non-GM seeds on farm 
and possible mitigation strategies are summarized in Figure 28.1 (Devos et al. 2007).

Seed Purity

Certified organic and non-GM seed producers are most concerned with preventing cross 
pollination from GM crops that could compromise their ability to maintain seed purity 
and the underlying biodiversity of their seed stocks. Fruition Seeds27 is a small company 
in northern New York State. They grow and select organic seeds specifically adapted for 
use in northern climates. I attended a “seed walk” on their farm recently that was held to 
commemorate their formal entry into the organic seed industry. While they introduced 
themselves, the farm’s partners spoke about their personal reasons for undertaking this 
enterprise. Among their aims are the preservation of diversity in heritage seed lines and 
selecting and propagating seeds best adapted to the climate in the northeastern United 
States, which for each of them is linked to the preservation of a sense of community. Each 
partner expressed his/her deeply held belief in the sanctity of the overarching ecologi-
cal system in which their business was embedded, their recognition of the tendency of 
conventional cropping systems to reduce genetic diversity by monocropping “elite” lines 
of various crops, and their acknowledgment of the urgent need to preserve existing seed 
diversity for sustaining human and ecosystem health into the future.

Like other organic seed producers, Fruition Seeds faces many challenges. High on the 
list is seed purity. How can they keep their seed pure in the face of potential gene flow 
from neighboring farms? They thresh and package their own seed, so they have not yet 
had to contend with the inadvertent presence of GM seed in the rest of the supply chain 
or traceability issues. They have made a conscious choice not to grow maize. They knew 
they would be vulnerable to gene flow from neighboring farms and did not want to accept 
the risk and the attendant testing that is now part and parcel of organic certification and 
product identity. In the face of ever-increasing use of transgenic crops by the majority of 
conventional farmers and the increasing number of crops that have now been engineered, 
co-existence strategies are needed to protect Fruition Seeds and other providers of certi-
fied organic seed from the possibility of gene flow and ensure they are able to maintain the 
genetic purity of their germplasm, which is fundamental to their economic survival.

Gene Flow to Neighboring Farms

Agriculture is an open system. As such, gene flow between compatible crop species and 
their wild relatives is common and, between plants capable of hybridizing, inevitable 
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if grown within the crop’s pollen dispersal range and if the two crops share the same 
flowering time.28 Despite attempts at physical containment,29 it is generally accepted 
that complete containment of pollen in male fertile lines is impossible. Therefore, genes 
will move. How far and how fast will be determined by prevailing weather patterns and 
conditions at the time pollen is shed, the method of pollen dispersal (for example, wind 
or insects), the amount of pollen produced and its longevity, the distance between the 
donor and compatible recipient, and whether the crop out-crosses or is self-pollinated.30

Gene exchange is the essence of the evolution of diversity and adaptation for living 
organisms, a natural and ongoing process across millennia. The literature is consider-
able on natural rates of gene flow between compatible plant species; however, the poten-
tial for and extent of gene flow from transgenic to non-transgenic crops or to compatible 
wild relatives is just beginning to be understood as are the potential ecological conse-
quences of these processes.

Gene flow from transgenic crops to non-GM counterparts has been confirmed in (1) 
canola, an outcrossing, insect-pollinated species (e.g., Beckie et al. 2003; Damgaard and 
Kjellsson 2005); (2) traditional landraces of maize in Mexico (Quist and Chapela 2001); 
(3) weedy rice (red rice or shatter cane) from GM rice (Lu 2004); (4) non-GM maize 
(Palaudelmas et al. 2009) (5) wild relatives of cotton (Wegier et al. 2011); (6) wild, weedy 
relatives of sugar beet (Cureton et al. 2006; Fenart et al. 2009); and, most recently, (7) 
non-GM wheat in Oregon. In the latter example, authorized GM wheat was grown in 
test plots but was never released commercially (Ledford 2013). The source of the trans-
genes introgressed into formerly non-GM wheat is under investigation.31 Only genetic 
testing can confirm whether or not introgression (genetic admixing) has occurred.

Humans as Vectors

Gene flow and adventitious presence are strongly affected by one vector in partic-
ular: humans. “Stealth seeds” are those seeds that find their way to the field, without 
the benefit of any regulatory knowledge or approval, by the actions of people (Herring 
2007). The spread of unauthorized GM seed can be rapid when the advantages, as per-
ceived by farmers, of having the transgenic seed outweigh the potential consequences of 
planting it. Under this scenario, it becomes impossible to know the real adoption rate of 
some GM crops or their spread within the farming community. It also becomes impos-
sible to keep them segregated from sexually compatible, non-GM crops (Herring 2013). 
Herring (2007) describes the increasing presence of Bt cotton in Indian farmer’s fields 
that occurred prior to government approval of widespread planting. To slow down the 
emergence of bollworms resistant to the Bt protein produced by the cotton plant, regu-
lators and seed producers mandate planting 10% of the field area to a non-transgenic 
variety. In the “stealth seeds” scenario, no such precautionary steps were taken. Close 
study of this situation may help researchers better understand the potential for boll-
worm resistance development and the extent of any gene flow from Bt cotton into 
non-transgenic local varieties.
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Another highly publicized example of human-facilitated gene flow was reported by 
Quist and Chapela (2001), who found that DNA from transgenic Bt maize had intro-
gressed into traditional maize landraces in Mexico. They used a polymerase chain reac-
tion protocol to detect the presence of the 35S promoter (p-35S) from the cauliflower 
mosaic virus (CMV), a common element in transgenic constructs. They obtained a pos-
itive PCR signal in five of the seven pooled maize seed samples they tested. Maize seed 
imported from the United States as food, which was not approved for planting, was the 
likely source of the transgenic maize detected by Quist and Chapela (2001). Their results 
led to a six-year de facto moratorium on the planting of transgenic crops in Mexico. 
The results of Quist and Chapela (2001) were challenged by the findings of Ortiz-Garcia 
et al. (2005). Ortiz-Garcia et al. (2005) sampled maize seeds from 870 plants in 125 fields 
in eighteen locations in Oaxaca, Mexico, in 2003 and 2004. They tested 153,746 seeds 
for the presence of the 35 S promoter of the CMV and the nopaline synthase gene from 
Agrobacterium tumefaciens; one or both of these transgenic elements are present in all 
commercial varieties of transgenic maize. They detected no transgenic sequences in 
any of the samples tested. While not contesting the report of Quist and Chapela (2001), 
they suggested that the negative results they obtained were likely a result of reduced GM 
maize imports and education of local farmers.

Unauthorized herbicide tolerant wheat was found recently in non-GM wheat fields in 
Oregon.32 It has been difficult and time-consuming to determine where (which industry 
test plots) the rogue GM wheat came from, which is still unknown. The industry pro-
posed that anti-GM activists (human vector) might be responsible in that seed could 
have been purposefully put into the field to stir up the gene flow issue. Until the source 
is identified, we will not know if it was a human vector or other events that led to both its 
presence and its discovery.

Gene flow from GM to non-GM crops can have cultural and biodiversity implica-
tions. Conventional breeding has already led to wholesale replacement of landraces 
with elite line monocultures, thereby reducing biodiversity. Such a result is no more, nor 
less, a concern with transgenic crops. Other expressed concerns are: (1) could transgenic 
traits, such as drought or pest resistance, lead to an expansion in the niche of transgenic 
crops that might lead to reduced biodiversity in the surrounding areas? (2) could the 
widespread adoption of stress-tolerant plants, for example, increase pressure on frag-
ile, marginal lands, thus potentially destroying valuable natural ecosystems? (3) could 
transgenes confer increased plant fitness that might enhance the invasiveness of weedy 
species? and (4) could plants carrying transgenic traits have other, unintended effects 
on non-target species or trophic interactions? The answers to all these pressing ques-
tions will depend on the nature of the gene involved and on the biology and ecology 
of the recipient, and they may be case specific. Research is underway, but the answers 
are not well known as yet (Newell-McGloughlin, this volume). The need for research to 
enhance the potential for co-existence between GM and non-GM farmers was identified 
during a USDA Risk Assessment Stakeholder Workshop in 2003. Research needs that 
were cited included: (1) identifying factors controlling the rate of flow and fate of genes 
in wild populations as well as the spatial dimensions; (2) developing means to detect 
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transgenes in wild populations; (3) understanding the consequences of gene flow, such 
as fitness effects, impacts on plant community structure, and variations in these for dif-
ferent constructs; (4) developing biological containment strategies and evaluating their 
stability, such as auto-suicidal mechanisms, tissue-specific excision, gene silencing, and 
chloroplast transformation; (5) new means of physical confinement, such as trap-crop 
border rows, (6) means to mitigate effects and slow the spread or limit expression of the 
transgenes, and (7) longer-term monitoring. Information obtained from these research 
efforts are needed to develop robust coexistence policies. In the EU, CoXtra was initi-
ated to address many of these issues in efforts to develop and support a robust co-exis-
tence policy for the European Union.33

Adventitious Presence

A key aspect of co-existence is the ability of organic and non-GM practitioners to pre-
serve the genetic identity of their seed and produce along the commodity chain (identity 
preservation). Even without hybridization (gene flow), adventitious presence of GM in 
non-GM seed stocks can readily occur. Adventitious presence refers to the presence of 
any unwanted material that becomes mixed with seeds at any point along the commod-
ity chain (e.g., weed seeds, stones, insect parts, and the like). Farmers and food pro-
cessors accept a low level of adventitious material as unavoidable. But the adventitious 
presence of GM seed presents serious challenges for producers and processors—espe-
cially for the organic food industry—who want to ensure they retain their price pre-
mium and that they provide GM-free foods to their customers.

On farms, GM and non-GM seed can be commingled during sowing, crop produc-
tion, harvesting, post-harvest handling, and storage (Figure 28.1, Devos et al. 2007). If 
a GM farmer also grows non-GM crops on the land and uses the same equipment for 
planting and harvesting and the same storage facilities for both types of seeds, com-
mingling of GM and non-GM seed can occur. Unintentional movement of GM seed 
between farms can also occur if machinery is shared and the machinery is not properly 
cleaned between operations. Residual seed in storage areas, vehicles used to transport 
seed, and seed at processing plants can all contribute to the adventitious presence of 
GM in non-GM seed and products. Thus, at many points along the commodity chain, 
organic and non-GM seed could become mixed with GM seed and lead to a positive test 
for the presence of the GM seed.

The extent of the problem of keeping GM seeds separate from organically grown and 
non-GMO seeds34 was not fully realized until the US “Starlink” maize incident of 2000 
(Schurman and Kelso 2003). “Starlink” was a maize hybrid genetically modified to be 
resistant to lepidopteron pests, specifically the European corn borer. It contained the 
cry9C gene, a gene that codes for an insecticidal protein that is derived from the soil 
bacterium, Bacillus thuringiensis (Bt). The resulting protein produced has insecticidal 
activity against the Lepidoptera. “Starlink” had been approved by the EPA for use as ani-
mal feed only.35 The EPA and other regulatory agencies were confident that animal feed 
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could be completely segregated from maize intended for human consumption, until evi-
dence emerged that taco shells had tested positive for the presence of the genetic modifi-
cation unique to “Starlink” maize. This highly publicized incident succeeded in pouring 
gas on the smoldering anti-biotech campaign in the United States, which now had proof 
that unapproved GM grain could be found in the US food supply. US public conscious-
ness was finally raised to the notion that GM crops existed, that they were in a wide vari-
ety of food products on grocery store shelves, and that segregating them from non-GM 
and organic crops was, potentially, not possible. Thus, the US anti-biotech movement 
gained considerable momentum, and their activities have continued to reverberate up 
and down the US commodity supply chain (Shurman and Kelso 2003).

Managing Co-existence

In the EU, organic produce and products that contain greater than 0.9% transgenic 
material must be labeled as containing GMOs (CEC 2001), according to the EU 
Coexistence Policy.36 Should this occur, organic and non-GM farmers would lose the 
premium price they would otherwise have received for their products. Member states 
vary in how liability is assigned in such cases. In 2011, a suit for damages was brought 
by a German beekeeper, whose honey had been rejected at the point of sale because it 
contained traces of GM pollen. The European Court of Justice ruled that honey con-
taining traces of GM pollen, although unintentional, “must always be regarded as food 
produced from a GMO.”37

In the United States, there is no co-existence policy, no mandatory labeling, and no 
clear means to assign liability if adventitious presence is detected. Instead, US organic 
and non-GM growers must monitor the supply chain themselves and take necessary 
precautions to prevent inadvertent commingling of their products with those contain-
ing GM.

In light of gene flow and adventitious presence, it is clear that GM seeds cannot be 
completely segregated from non-GM seeds using standard operating procedures in 
the field, during transport or during processing. Increasing public pressure in the EU 
prompted the European Commission Joint Research Centre (Bock et al. 2002) to test 
coexistence scenarios for three crops, namely oilseed rape (OSR), maize for animal feed, 
and potato for human consumption. Each of these crops varies in its potential for gene 
flow. Oilseed rape is an outcrossing species that is also bee pollinated, which represents 
the most likely of the three crops to present a gene flow problem for non-GM farmers in 
a given region. Maize is intermediate in gene flow risk; maize pollen is much heavier and 
does not travel as far so gene flow is likely to be manageable through use of appropriate 
isolation distances. The potato, which is propagated vegetatively, would present the low-
est gene flow risk. Risk scenarios were evaluated by computer simulations and expert 
opinion. The scenarios considered several variations in the allowable limit for GM con-
tent in non-GM plant material: 0.1%, which represents the limit of detection for the 
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presence of GM in plant material; 0.3%, which represents the threshold for GM presence 
in seed supplies; and 0.9%, the legal limit set in the EU for adventitious GM presence in a 
sample that automatically triggers labeling of all end products sold. The EU study objec-
tives were to (1) “identify sources and estimate levels of adventitious presence of GM 
crops in non-GM crops at the farm level,” (2) “identify and assess changes of farming 
practices that could reduce adventitious presence of GM crops in non-GM crops below 
policy-relevant thresholds,” and (3) “estimate the costs of relevant changes in farming 
practices, costs of monitoring systems and cost of potential insurance systems to cover 
possible financial losses due to adventitious presence of GM crops in non-GM crops.”38 
Models were run given either a 10% or a 50% adoption of GM crops in the study area. 
Results indicated that a 0.3% threshold (for seed production) and a 0.9% threshold (for 
food/feed labeling) might “technically be possible” but would be economically challeng-
ing. No scenario was tested that led to no adventitious presence at all.39 For GM potato, 
no significant changes in farming practices would be needed and estimated costs of seg-
regation were low, so co-existence could be a reality without additional effort. Maize 
occupied an intermediate position; increased costs and some changes in farming prac-
tices would be required to ensure co-existence and some types of intensive operations 
presented more difficulties for co-existence than others. Note that in the EU, MON810 
maize is the only GM crop approved for commercial use. Ninety-four percent of all 
transgenic maize grown in the EU in 2013 was grown in Spain, where it represented only 
31% of total maize plantings.

Based on these results and continuing public pressure, coexistence guidelines were 
enacted in the EU in 2006.40 The European Coexistence Bureau (ECoB) was tasked with 
developing “Best practice documents for coexistence of genetically modified crops with 
conventional and organic farming” for maize (Czarnak-Kłos and Rodrígues-Cerezo 
2010) and for “Coexistence of genetically modified maize and honey production” (Rizov 
and Cerezo 2013).

In the United States, the costs associated with implementing traceability landed 
squarely on non-GM crop producers and processors. Stakeholder response was swift. 
Why should those choosing not to use GM technologies have to bear the costs asso-
ciated with assuring the purity of their products? One reason put forward as to why 
organic farmers should bear the cost of implementing co-existence measures is that they 
receive a price premium for their crops. This premium results from the value processors 
and consumers place on having access to foods grown without synthetic chemicals or 
GM seeds. The price premium is an acknowledgment of the additional cost and effort 
involved in production, particularly when they face the potential of losing their organic 
certification should either gene flow or adventitious presence be detected on their farms 
or in the produce sold. They already bear the costs of identity preservation. In truth, 
the real premiums and profits go to the GM seed producers, who benefit greatly from 
the patents they hold and associated restrictions they place on the use of GM seed (e.g., 
payment of technology fees, no seed saving). Hence, the cost of controlling gene flow 
and adventitious presence in the EU is now borne largely by those promulgating and 
benefiting from the use of GM seeds, which was also defensible under the “newcomer 
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principle” (Devos et al. 2009). In the United States, the “chips fall” quite differently. The 
prevailing sentiment of US lawmakers is that those farmers adopting the new tech-
nologies should not be unduly burdened with regulation, as they, too, have the “right 
to choose.” Yet, for large, public cross-contamination disputes, such as the “Starlink” 
corn debacle and the ProdiGene vaccine fiasco,41 technology providers have been held 
accountable for damages sustained.

Co-existence Policy—the European 
Union versus the United States

Key issues that coexistence policies are aimed to address revolve around ensuring 
and preserving non-GM crop genetic identity and seed purity, traceability along 
the commodity chain, labeling to enable and ensure consumer choice, and deter-
mining liability and compensation in cases where economic harm has been alleged 
(CEC 2001).

Government regulations aimed at protecting the ability of non-GM and organic pro-
ducers to produce GM-free crops, and protect them from the adventitious presence of 
GM crops along the commodity supply chain, are not in place in the United States cur-
rently. Threats to the organic “brand” by GM contamination are perceived as so acute 
that the organic industry has taken it upon itself to police its own practices and supply 
chains, at its own expense.42 In fact, the industry would prefer that the government sim-
ply stay out of it.43

In contrast, the European Union (EU) has made significant progress in grappling 
with co-existence issues—not without considerable and continuing controversy 
(Levidow and Boschert 2008). Consumers in the EU had already been sensitized to GM 
crops as a “manifestation of American imperialist science” and were having none of it. 
Anti-biotech activists pressured the EU into a de facto moratorium on planting GM 
crops, even in violation of WTO rules.44 In response, the EU spent 81 million euros on 
intensive, replicated research trials to examine the environmental effects of GM crops 
in a range of agro-ecologies (Firbank et al. 2003). These farm-scale trials found that the 
herbicide tolerant crops tested could inadvertently reduce populations of song birds due 
to the efficient control of weed species, whose seeds are a major food source for these 
hedge-row dwelling bird species (Chamberlain et al 2007). No other risks to wildlife or 
ecosystem integrity were identified. Despite these findings, public sentiment demanded 
a more measured approach, which has resulted in a series of policy statements and 
reviews that aim to enable co-existence between farmers choosing to use GM maize 
and organic producers. Likewise, the Swiss national research program on “Benefits and 
Risks of the Deliberate Release of Genetically Modified Plants” (NRP 59) studied the 
environmental, economic, and social impacts of GM crops in field trials over a five-year 
period. They concluded that plant biotechnology did not pose risks to human health or 
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the environment and that increased use of GM crops could add significant value to the 
Swiss economy.45

Attention has since turned to how non-GM and organic production systems may 
be able to “peacefully” co-exist—side by side—with production of GM crops. The EU 
Commission (Article 43, Regulation 1829/2003) recognized there were indeed several 
significant barriers to co-existence. Rigorous, ongoing research in the EU is focused 
on resolving these barriers and has made good progress in negotiating mechanisms to 
enable co-existence that address each barrier.46 Yet, this has not been without consider-
able “compromise” on the part of non-GM advocates. As Levidow and Boschert (2008) 
stated, the European “co-existence” policy sought to avoid or manage political-economic 
conflict over agbiotech.

In contrast, the USDA has only recently begun to consider a similar process.47 In 
2013, Secretary of Agriculture Tom Vilsak reached out to the farming community in 
an open letter aimed at initiating a dialogue on the issues of co-existence so that these 
might be addressed openly.48 Vilsack commented that “I see my job as not dictating 
the answer or not even indicating what I think the answer ought to be. I see my job 
as putting people in the room” to find a solution among themselves.49 In response 
to Secretary Vilsak’s open letter, the Agriculture Committee of the US House of 
Representatives made it clear that they would not support such co-existence measures, 
especially if they increased the financial burden on those growing GM crops.50 Clearly, 
the organic industry is on its own in dealing with the issue and many in this industry 
prefer it that way.51

The EU co-existence policy (European Commission 2013) addresses ex ante pre-
ventative measures aimed at preventing cross-pollination of GM and non-GM crops 
and reducing adventitious presence; and ex post liability actions, should ex ante mea-
sures fail. The Co-Xtra program was subsequently established under the European 
Commission’s Framework Research Programme. “Conducted by 52 partners in 18 
countries, the Co-Extra project developed cost-effective and reliable tools for the 
co-existence and traceability of GM, conventional and organic crops. The design 
of such tools must consider gene flow management, costs and methods of segre-
gating GM and non-GM products, GMO sampling and detection, and liability and 
compensation.”52

MNCs Reject GM in Some Product Lines

With regard to consumer sentiment, activism has led several multinational corpora-
tions (MNCs) to reject the use of GM ingredients in their products, particularly those 
bound for European markets.53 Actions taken by MNCs have profound effects on the 
commodity supply chain. For example, McDonald’s is the world’s largest purchaser of 
potatoes, among other crops. Their quest for global uniformity in products sold has 
led to massive monocultures of nearly genetically identical non-GM potatoes. Threats 
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to biodiversity, soil health, and water quality would be just as acute in these cropping 
systems as those that include GM crops. Neither of these systems is well buffered from 
unanticipated shocks, such as drought, disease, or pestilence. Thus vulnerability is high, 
as seen with corn crops in the US Midwest that experienced severe drought in 2010–
2012. The threat to biodiversity posed by GM crops is far more nuanced. The US regu-
latory system examines each successful transgenic “event”54 in terms of biosafety. The 
approved “event” is then hybridized with a wide variety of genotypes that have already 
been selected for their performance in the range of conditions in which the seeds will be 
sown, and this germplasm represents hundreds of varieties. In non-GM conventional 
agriculture catering to MNCs, the genetic diversity is, by comparison, significantly 
reduced. The aim is uniformity, which is achieved largely by limiting genetic diversity. 
In this light, the argument that rejection of GM crops by some multinationals protects 
biodiversity is simply not valid.

Blocking/Managing Gene Flow and Adventitious Presence

There are two major approaches to managing gene flow: use of spatial and/or tem-
poral separation and genetic engineering. The first approach involves preventing 
cross-pollination by use of spatial or temporal isolation in the field. Spatial isolation is 
achieved through the use of specific isolation distances and use of buffer zones where 
trap crops are planted to act as a pollen barrier. Temporal isolation takes advantage 
of differences in flowering time between different crop cultivars (Devos et al. 2009). 
Both approaches require that neighbors meet and agree on how to contain the GM 
crop to enable non-GM producers to also thrive. Other important means to prevent 
adventitious presence is to thoroughly clean all equipment that might have been used 
for processing GM seeds, including planting and harvesting equipment, vehicles 
used to transport seeds, seed storage facilities, and any location where commingling 
could occur in processing plants that produce both GM and non-GM products.

The second and more controversial approaches to restricting gene flow employ 
genetic engineering to biologically “contain” the transgenes by (1)  reducing or 
eliminating pollen shed; (2)  eliminating transgene presence and/or expression in 
pollen by transforming organelles (i.e., plastids in plants) whose DNA is not con-
tained in pollen, thus preventing the transfer of transgenes during pollination 
(transplastomic plants); (3)  use of sterile male lines (cytoplasmic male sterility) 
and (4) cross-incompatibility. Publicly funded research organizations in the United 
States have undertaken work using these classic approaches, along with genetic engi-
neering approaches to “biocontainment” to reduce the potential for gene flow from 
GM to non-GM crops. The latter are referred to as genetic use restriction technolo-
gies (GURT), the most notorious of which has been dubbed the “terminator” tech-
nology by anti-GM activists. While a working model was developed jointly by Delta 
Pine Land and the USDA and purchased subsequently by Monsanto Corporation, 
the technology was never proven in field trials or commercialized. Despite this, 
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activists continue to rail against a “terminator” technology that does not exist outside 
the laboratory.

The Transcontainer Project

The Transcontainer Project (2002–2006), funded by the European Commission, 
supported nine research institutions in eight European countries, along with several 
companies and one government agency. The aim of the project was to develop biologi-
cal containment strategies for GM crops. None of the strategies developed was to be 
tested in the field, only in laboratories and greenhouses. The purpose of the project 
was ostensibly to promote co-existence of GM and non-GM agriculture in Europe 
by finding biological means to decrease the potential for gene flow from GM crops 
and thus simplify existing rules for coexistence. Part of the project was to assess the 
potential economic impact and enhance consumer understanding and acceptance 
of the biocontainment approach. The research undertaken focused on chloroplast 
transformation in sugar beet and oilseed rape, controlling flowering in sugar beet 
and forage crops, and controlling plant fertility in oilseed rape, forage crops, tomato, 
and eggplant. Chloroplasts, contained in plant cells, have their own DNA that can 
potentially be transformed via genetic engineering. An advantage of targeting chlo-
roplasts for transformation is that they are not contained in pollen and thus would 
not be transferred to a cross-pollinated plant, in essence, biologically “containing” the 
GM trait. Work on controlling flowering focused on crops that are grown for their 
vegetative parts. By inhibiting flowering, the spread of pollen could be contained. The 
Transcontainer Project used two approaches to repress flowering, one based on the 
CETS gene family and one based on MADS-box genes. Most projects that focused on 
fertility control concentrated on male sterility-based transgene containment systems; 
but, one project that aimed to develop a transgene containment system in oilseed 
rape was based on “recoverable block of function” (RBF). This latter approach is quite 
reminiscent of what the anti-biotech movement had dubbed the “terminator.” Similar 
to the “terminator,” the RBF would be a genetic use restriction technology (GURT) 
that would function by blocking germination of GM seeds. The RBF would have one 
gene construct that would cause the seed to fail to germinate and another that would 
allow recovery of germination by using an environmental or chemical trigger. This 
approach would not actually address the gene flow issue because the pollen would 
still be fertile and could still cross with non-GM compatible plants on neighboring 
properties. Farmers using the RBF would have to “restore fertility” of the seeds each 
year by activating the patented engineered trait. The claim was that this system would 
facilitate co-existence by limiting the potential spread of transgenes to wild relatives—
any seed produced in such a cross-pollination event would not germinate, it would be 
essentially sterile. This technology was subsequently dubbed “Zombie Technology” 
by anti-biotech activists.
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Part of the Transcontainer Project involved a community consultation and communi-
cation program, in which project personnel interviewed anti-GM activists, GM farmers, 
organic farmers, scientists, lobbyists, and regulators. The attitudes of each group toward 
the Transcontainer Project and GM crops in general were explored in these interviews 
(AGRAPEN 2009). Anti-GM activists considered genetic engineering to be a “mis-
appropriation of nature” and that money invested in biotech instead of in sustainable 
agricultural solutions was “obscene.” Organic farmers expressed their commitment to 
maintaining healthy soil, air, water, and food, and they did not think it necessary to use 
GM technologies, which they felt were inconsistent with sustainability. Scientists in gen-
eral thought their work was making an important contribution to feeding an ever-growing 
world population as did GM farmers. GM farmers who had adopted Bt maize reported 
that they could reliably control the European corn borer, leading to increased yield with 
significantly less insecticide use and thus better environmental outcomes.

Pharming: Emergent Issues of 
Co-existence

In 2002, APHIS approved the field testing of pharmaceutical-producing plants at 
thirty-four sites comprising 130 acres; most test sites were less than five acres. In 2003, 
APHIS changed the regulations to improve confinement of these transgenic crops, 
much in keeping with the EU co-existence policy for GM maize. Changes made included 
increasing the perimeter fallow zone from 25 to 50 feet to ensure that test plants were not 
inadvertently commingled with those to be used for food or feed; restricting planting of 
food or feed crops in the following season to reduce the possibility of volunteer plants 
being inadvertently harvested with the following crop; and requiring the use of dedi-
cated planting and harvesting machinery and storage facilities for the regulated crop. 
Additional conditions for field testing maize engineered to produce pharmaceuticals 
were established, which included an isolation distance of one mile for open-pollinated 
maize and a half-mile for controlled pollination field tests. This increased stringency 
stemmed from the failure of ProdiGene to correctly follow existing regulations when 
they field tested maize designed to produce a pig vaccine. In one trial, nearby crops may 
have been pollinated by the vaccine-producing transgenic crop, leading to an order for 
complete destruction of nearby crops and payment by the firms for all damages to local 
farmers.55 Public and regulatory concern over potential environmental consequences of 
plant-made pharmaceuticals or plant-made industrial proteins and the current inability 
to contain the flow of transgenes in field situations may prevent biotechnology firms 
from further pursuing deregulation of these crops. The very real concern of gene-flow 
requires that these crops be tightly contained and monitored and thus not be widely dis-
seminated to farmers. Since gene flow from crops to wild populations is not only likely 
but also inevitable, possible risks and consequences require considerably more research.
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Conclusions

Perversely, the rise of the global anti-GM movement has taken considerable heat off the 
chemical industries with regard to the use and safety of pesticides and other synthetic 
inputs that are now highly regulated. Many activists now focus their energy on GM 
crops, putting pesticides and their associated, proven health and environmental haz-
ards somewhat on the back burner. Many pesticides are highly toxic and do kill thou-
sands of people annually, primarily in poor countries. Some chemicals used to control 
pests are deadly neurotoxins and/or carcinogens, whereas the vast majority of published 
research indicates that the transgenic crops currently commercialized are neither toxic 
nor carcinogenic. Indeed, growing evidence suggests that the use of GM crops may lead 
to improvements in environmental health, especially where decreases in insecticide use 
have been documented.

The GM crop debate has also affected relationships between scientists in some-
times pitting them against each other (Waltz 2009). As a result, the independence of 
non-industry researchers has come into question. Every report published that has 
suggested a potential negative impact of GM crops is subject to intense scrutiny and 
often receives a scathing critique—in essence, protecting the position of the MNCs and 
undermining public trust in science.

Two key arguments against the use of GM crops are corporate control of the food 
supply and patents on particular gene constructs, termed “patents on life.” Two GM 
crops that do not conform to these characterizations are the virus-resistant papaya and 
golden rice.

The papaya industry in Hawaii was nearly devastated by the papaya ring spot 
virus (PRSV), thought to have been introduced to the Hawaiian Islands in the 
1930s. Carol and Dennis Gonsalves developed a transgenic papaya resistant to 
PRSV at Cornell University that enabled the resurrection of the Hawaiian papaya 
industry.56 The virus-resistant papaya was developed by a public institution and is 
openly available for use by farmers, who can replant if they desire; nevertheless, 
this technology has been as vociferously attacked and criticized as those developed 
by multinational companies. A  clear advantage of the use of the PRSV-resistant 
papaya is that it has enabled organic papaya to once again be grown in Hawaii. The 
virus-resistant papaya is planted as a border “trap” crop completely surrounding 
non-transgenic papaya trees, thus protecting them from possible attack by aphids, 
which are the vector by which the virus is spread from tree to tree. The VR-papaya 
literally saved the Hawaiian papaya industry and has enabled organic papaya pro-
duction rather than threatened it. Golden rice, which is able to make a substantial 
contribution to alleviating vitamin A deficiency and is also available to poor farm-
ers without technology fees if farm profits do not exceed USD$10,000, is likewise 
vilified. Proponents characterize the fight against use of golden rice as a “crime 
against humanity.”
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Opposition often rests on individual beliefs, not on science-based evidence. And to 
support particular beliefs, scientific evidence is purposefully misconstrued or outright 
lies are perpetrated, as in the case of the “terminator” technology. This technology has 
never been commercialized and is not in use anywhere in the world. Despite this verifi-
able fact, even well-informed individuals believe it is being used and continue to per-
petuate the lie. In the face of this type of resistance and misinformation, there will never 
be sufficient evidence of “no harm” that will convince detractors.

So why do those in the anti-GM movement appear so “uncompromising” and vit-
riolic? It may be that the deck, especially in the United States, appears stacked against 
them; and many perceive no avenue by which their freedom of choice and economic 
security can be assured. The US regulatory system clearly embraces the technocentric, 
agri-industrial paradigm of production and does not seem disposed to develop robust 
coexistence measures to protect organic and non-GM producers from either the gene 
flow or the adventitious presence that potentially endangers their industries. Yet, the US 
organic industry prefers the government stay out of it and allow the third-party system 
implemented by the Non-GMO Project to work.57

Many of the issues presented here will only magnify with many of the GM products 
now in the pipeline, including plants that produce pharmaceuticals or industrial prod-
ucts and transgenic animals and fish. Given our obvious inability to prevent either gene 
flow or adventitious presence in the commodity supply chain, we might reconsider—
as a global society—whether crops that produce products with mammalian activity 
should be used in open agricultural systems. While currently commercialized GM 
crops do not present specific biosafety hazards, each new venture that delves deeper 
into the genetic engineering of new traits will need rigorous oversight, backed by solid 
research. How this research will affect farming is, of course, a question of politics, not 
of science.
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Introduction

The surge in interest in food systems of the past decades, and the concurrent rise of food 
movements, should come as no surprise given recent trends in the global food system.1 
A number of factors have contributed to the rise of these movements, including the 
following:

	 •	 food	system	consolidation
	 •	 diminishing	proportions	of	the	food	dollar	arriving	in	farmers’	hands
	 •	 neoliberalization	of	the	food	system	and	withdrawal	of	state	support	for	agriculture
	 •	 persistent	and	widespread	hunger
	 •	 25–50	percent	of	produced	food	ending	up	as	waste
	 •	 homogenization	of	diets
	 •	 the	continuing	plight	of	the	world’s	hungry	and	poor—with	smallholder	farmers	

ironically making up over half of the hungry in the world2

These factors offer more than sufficient grounds for the rise of food movements contest-
ing the direction and nature of these trends.

These movements are fighting for the reinsertion of “defensible values” into the food 
system;	 namely,	 the	 reprioritization	 of	 human	 rights,	 aesthetics,	 sustainability,	 and	
equity. They claim that the neoliberal aspirations of minimal state involvement, nomi-
nally free markets, and the extension of private property regimes have led to market 
concentration and excessively large and powerful corporations. Further, this has come 
at the cost of increasing inequality and the continued neglect of less powerful popula-
tions	and	important	nonmarket	values	(Holt-Giménez	et	al.	2009;	Gold,	this	volume).
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For	example,	the	Slow	Food	movement	emphasizes	the	importance	of	the	aesthetic	
and cultural quality of food, affirming the right of all people to have nutritional, enjoy-
able,	 and	 sustainable	 food.	 Slow	 Food	 also	 emphasizes	 artisanal	 food	 production,	
although	movement	members	and	leadership	have	increasingly	recognized	the	limits	of	
this	emphasis	with	regards	to	issues	of	equity	and	justice	(Viertel	2011).	The	International	
Federation	of	Organic	Agriculture	Movements	(IFOAM)	is	another	prominent	actor,	
largely concerned with supporting the evolution of national and international organic 
food	markets	(Geier	2007;	Larsson,this	volume).	The	fair	trade	movement	seeks	to	pro-
vide producers with a greater portion of the “consumer dollar” spent on end products.3 
This represents an attempt to build alternatives to current trade regimes by explicitly 
integrating	values	of	equity	and	fairness	into	the	market—values	that	free	markets	are	
admittedly	ill	equipped	to	provide	(Daly	2007;	Gold,	this	volume).

In	contrast	to	the	above	moments,	which	hinge	on	the	direct	involvement	of	local	or	
global economic elites as supposedly ethical consumers, the Farmer to Farmer move-
ment	(Movimiento	Campesino	a	Campesino,	or	MCAC)	is	organized	by	and	focused	
on	small,	mostly	poor	farmers	in	Latin	America.	MCAC	has	existed	for	over	thirty	years	
and claims to have several hundred thousand farmer-promoters: small farmers trained 
in an empowerment-based pedagogy who travel to other villages and other countries to 
directly train other small farmers. Using this peer-to-peer knowledge network, MCAC 
seeks to empower promoters and farmers, and to build autonomy and sustainable 
livelihoods based on agroecological methods and a culture of experimentation (Holt-
Giménez	2006).

Beyond	 these	 prominent,	 organized	 transnational	 actors,	 recent	 years	 have	 seen	
numerous other examples of food movements, including national and subna-
tional	 movements	 for	 agrarian	 reform	 (Herring	 2003;	 Ondetti	 2008),	 and	 govern-
ment agri-environment schemes seeking to integrate the cultural, environmental, 
and	economic	functions	of	agriculture	(i.e.,	multifunctional	agriculture: Buttel	2007;	
Otte	 et  al.	 2007).	There	 has	 also	 been	 growing	 public	 and	 government	 interest	 in	
community-supported	 agriculture	 (CSA),	 farmers’	 markets,	 and	 urban	 agriculture	
(USDA	2006,	Brown	and	Miller	2008,	Mogk	et al.	2012).	This	period	has	also	seen	the	
spread	and	innovation	of	food	policy	councils	(Harper	et al.	2009;	Maluf	2010),	as	well	
as	acclaimed	documentaries	and	books	challenging	the	values	existing	(or	lacking)	in	
the current food system (e.g., The Omnivore’s Dilemma, by Michael Pollan; Fast Food 
Nation, by Eric Schlosser; Stuffed and Starved, by Raj Patel; Food, Inc., by Karl Weber; Le 
Monde selon Monsanto, by Marie-Monique Robin; and King Corn,	by	Lee	Roy	Stewart).

Analyzing	these	phenomena	brings	into	question	the	degree	to	which	any	of	them	
may	be	considered	“transnational	movements.”	Tarrow	(1998),	for	example,	developed	a	
typology of four types of transnational collective action: cross-border diffusion, politi-
cal exchange, transnational issue networks, and true transnational social movements 
(p. 237).4 Under his typology, most of the above examples would fail to meet the crite-
ria for transnational social movements per se. True transnational social movements are 
defined as exhibiting transnational interactions sustained over time, and a continuous, 
high degree of integration between transnational actors and indigenous social networks. 
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Using these criteria, the only two true transnational social movements discussed thus 
far would be Fair Trade and MCAC. However, there is one more important movement 
meeting these criteria that has yet to be mentioned: La Vía Campesina	(LVC),	or	the	
International	Peasant	Farmers’	movement.

Although	Fair	Trade,	MCAC	and	LVC	are	all	worthy	of	scholarly	consideration,	LVC	
is unique in the breadth of its goals and reach. Neither MCAC, which extends through 
Central America, Mexico, and the Caribbean, nor Fair Trade, with member farmers 
in	an	estimated	sixty	countries,	can	match	the	sixty-nine	countries	with	LVC	member	
organizations.	Further,	MCAC	has	focused	on	farmer-to-farmer	education	and	has	no	
infrastructure	for	lobbying	or	mobilization,	and	the	values	addressed	by	Fair	Trade	are	
limited	by	its	focus	on	consumer	sovereignty	(Fridell	2007,	Johnson	and	MacKendrick,	
this	volume).	LVC’s	combination	of	sustained	transnational	interactions	and	mobiliza-
tion, an ambitious agenda, and global reach make it unique even among true transna-
tional	food	movements.	For	these	and	other	reasons,	this	piece	focuses	on	LVC.	To	a	
large	extent,	LVC	may	be	seen	as	an	axis	around	which	other	contemporary	movements	
for	defensible	values	in	food	systems	turn.	It	has	shaped	debate	and	conceptual	terrains	
at	the	international	level	(e.g.,	within	the	FAO,	World	Bank,	and	WTO)	with	varying	
levels	of	success	(Desmarais	2007;	Borras	2008).	“Its	member	organisations	have	even	
helped	topple	national	governments	.	.	.	or	defended	them,”	(Martínez-Torres	and	Rosset	
2010,	151).

In	this	chapter,	I will	examine	La	Vía	Campesina	as	a	social	movement	and	its	advo-
cacy	of	“defensible	values.”	Specifically,	I will	describe	its	fight	for	normatively defensible 
values—for	a	food	system	reflecting	ideals	of	ethics	and	justice—and	its	quest	to	build	
and maintain defensible lifespaces for small farmers in terms of socioeconomic, ecologi-
cal,	and	political	autonomy.	Lastly,	I will	examine	how	their	aims	and	tactics	align	with	
current scholarship on the issues of sustainability and autonomy.

Defining La Vía Campesina and 
Defensible Values

La Vía Campesina and the Global Peasantry

Around	40 percent	of	the	world	population	directly	depends	on	agriculture	for	liveli-
hood.	Further,	nearly	90 percent	of	these	people	work	on	small	farms	(i.e.,	under	two	
hectares	 in	 size),	 occupying	 around	60 percent	 of	 the	world’s	 arable	 land	 (IAASTD	
2009,	8).	Thus,	“smallholder	farming	.	.	.	remains	the	most	common	form	of	organiza-
tion	in	agriculture,	even	in	industrial	countries”	(World	Bank	2007,	91).

In	 the	 nearly	 twenty	 years	 since	 its	 inception,	 LVC	 has	 worked	 consciously	 to	
adopt and promote an umbrella “peasant identity” that includes most of these esti-
mated	 404 million	 small	 farms,	 intentionally	 conflating	 family	 farmers,	 subsistence	
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farmers,	 sharecroppers,	 agricultural	 wage	 laborers,	 and	 the	 landless	 (Naranjo	 2012,	
232).	They	have	sought	to	“[Build]	Unity	within	Diversity”	through	direct,	open	dis-
cussion and deliberation on “issues of gender, race, class, culture, and North/South 
relations”	(Desmarais	2007,	27).	Founded	in	1993	by	farm	leaders	from	every	continent	
but	Australia,	LVC	is	currently	composed	of	 148	peasant	organizations	 in	sixty-nine	
countries	(Desmarais	2007;	La	Vía	Campesina	2008).	Through	its	member	organiza-
tions,	LVC	claims	to	represent	the	interests	of	at	least	200 million	farmers	and	has	been	
argued to be the largest, and one of the most important, social movements in the world 
(Chomsky	2003;	Hardt	and	Negri	2004;	Perfecto	et al.	2009).	However,	as	Rosset	and	
Martínez-Torres	 (2005)	argue,	 social	movements’	 constituents	 “often	cannot	be	pre-
cisely	identified	.	.	.	Movement	participants	may	never	recognize	themselves	as	such”	(4).	
Peasants, in their own day-to-day struggles within their own communities or countries, 
may	not	recognize	these	struggles	as	part	of	a	transnational	social	movement—“yet	that	
does	not	mean	that	they	are	not	part	of	it”	(4).

A	key	to	understanding	LVC,	“the	international	peasants’	movement,”	is	understand-
ing	how	it	defines	“peasant.”	In	English,	“peasant”	tends	to	connote	not	just	low	social	
status	but	often	backwardness	and	a	 lack	of	sophistication.	 In	Spanish,	however,	 the	
roughly equivalent word campesino does not necessarily carry the same negative over-
tones.	For	LVC	and	their	allies,	campesinos,	or	peasants,	are	characterized	most	by	what	
they do, and the context they do it in:

A peasant is a man or woman of the land, who has a direct and special relationship 
with the land and nature through the production of food and/or other agricultural 
products. Peasants work the land themselves, rely above all on family labour and 
other	small-scale	forms	of	organizing	labour.	Peasants	are	traditionally	embedded	in	
their local communities and they take care of local landscapes and of agro-ecological 
systems. The term peasant can apply to any person engaged in agriculture, 
cattle?raising,	pastoralism,	handicrafts?related	to	agriculture	or	a	related	occupation	
in	a	rural	area.	This	includes	Indigenous	people	working	on	the	land.	The	term	peas-
ant	also	applies	to	landless	[rural	persons].

(La	Vía	Campesina	2009,	6–7)

Van	 der	 Ploeg	 (2008)	 further	 qualifies	 that	 for	 peasants,	 “[p]	roduction	 is	 oriented	
toward the market as well as toward the reproduction of the farm unit and the family,” 
(1).	These	definitions	bridge	the	artificially	rigid	separation	some	scholars	have	placed	
between peasants, who farm for their own subsistence, and entrepreneurial farm-
ers, who farm for profit: small-scale producers around the world have long engaged in 
varying degrees of cash cropping and long-distance trade alongside local provisioning 
(Edelman	2005;	van	der	Ploeg	2008).5 This is not to say that notable wealth and class 
disparities	do	not	exist	within	the	class	of	peasant	farmers	(Naranjo	2012,	232–235).	But	
condensing	all	of	these	groups	into	the	term	“peasant”	allows	LVC	to	include	millions	of	
farmers	in	the	“Minority	World”	(the	industrialized	countries/Global	North;	see	Alam	
2008),	who	may	be	“far	more	peasant	than	most	of	us	know	or	want	to	admit”	(van	der	
Ploeg	2008,	xiv),	and	many	of	whom	are	members	of	LVC.6
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How	can	LVC	include	all of these people, in their economic, cultural, and political 
variation,	under	the	rubric	of	“peasant”?	Clearly,	as	a	movement,	LVC	cannot	genu-
inely claim to have sustained integration between its international networks and the 
social networks of every family farmer, subsistence farmer, sharecropper, agricultural 
laborer,	and	landless	person	in	the	world	(i.e.,	meet	both	of	Tarrow’s	requirements	for	
a	 true	 transnational	movement).	 An	 inclusive	 view	 of	membership,	 such	 as	 Rosset	
and	Martínez-Torres’s	statement	that	peasants	may	be	part	of	the	international	peas-
ants’	movement	without	even	recognizing	it,	rather	refers	to	LVC’s	development	of	what	
Hardt	and	Negri	(2004,	66) call	“new	subjectivities”: “Who	we	are,	how	we	view	the	
world,	[and]	how	we	interact	with	each	other.”7	LVC	defines	peasant	identity	as	resisting	
and	opposing	empire,	in	the	sense	of	the	term	used	by	van	der	Ploeg	(2008)	and	Hardt	
and	Negri	(2004):

The	 state	 and	 the	 market	.	.	.	flow	 together	 and	 converge	 within	 Empire.	 In	 this	
respect, Empire emerges as the mutual co-penetration, interchange and symbiosis 
of state and markets . . . the rationale and justification of any activity no longer rest 
with that activity . . . but are, instead, linked to, and therefore dependent on, their 
(assumed)	contribution	to	the	profitability	and	expansion	of	Empire	.	.	.	tight	cycles	
of planning and control are enforced.

(van	der	Ploeg	2008,	252)

LVC’s	vision	of	who	peasants	are and what they want, in contrast, is rooted

in the complex and diverse realities of peasant agriculture . . . using our local knowl-
edge, ingenuity, and ability to innovate. We are talking about relatively small farms 
managed by peasant families and communities . . . with diversified production and 
the	integration	of	crops,	trees	and	livestock.	In	this	type	of	agriculture,	there	is	less	or	
no need for external inputs, as everything can be produced on the farm itself.

(La	Vía	Campesina	2010,	2–3)

This	 “somewhat	 stylized	 dichotomy”	 appears	 to	 define	 out	 entrepreneurial	
medium-scale farmers who maintain both peasant and agribusiness identities (Rosset 
and	Martínez-Torres	2012,	5).	However,	it	may	be	viewed	tactically	as	a	way	of	creating	a	
clear	alternative	pole	to	maintain	activist	identity	and	mobilization	(cf.	Ondetti’s	outline	
of	“activist	strategy”	theory;	Ondetti	2008,	31).

Encapsulating	LVC’s	overall	perspective	and	approach	is	the	term	food sovereignty, or 
“the rights of local peoples to determine their own agricultural and food policy, orga-
nize	production	and	consumption	to	meet	local	needs,	and	secure	access	to	land,	water,	
and	seed”	(Wittman	2010).	Originated	by	LVC	at	the	World	Food	Summit	in	1996,	food	
sovereignty was conceived of as a distinct alternative to the more apolitical term food 
security. Since its formulation, food sovereignty has served as both an aspiration and a 
rallying	cry.	Its	rapid	growth	as	a	concept	in	international	and	academic	discussions	is	
an	indication	of	LVC’s	reach	and	the	strength	of	its	approach	(Patel	2009,	Wittman	et al.	
2010,	De	Schutter	2012).
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After	decades	of	protests	and	participation	in	international	forums,	LVC	has	recently	
secured	 a	 further	 victory	 for	 its	 vision	 of	 peasant	 identity	 and	 food	 sovereignty.	 In	
September	2012,	the	United	Nations	Human	Rights	Council	adopted	a	resolution	to	pre-
pare	a	draft	declaration	“on	the	rights	of	peasants	and	other	people	working	in	rural	
areas”	(UNHRC	2012).	The	language	used	by	the	council	parallels	LVC’s	Declaration 
of Peasant Rights—Men and Women	 (La	Vía	Campesina	 2009).	The	definitions	 and	
compromises	created	in	the	years	to	come	over	the	UN’s	possible	declaration	will	shed	
further	light	on	the	effectiveness	of	LVC’s	strategy,	and	the	merits	of	their	particular	def-
inition of peasant identity.

Defensible Values

As previously established, defensible values may be thought of as normative (i.e., moral 
and	ethical)	defensible	values,	and	as	the	practical	value	of	defensible lifespaces/defen-
sibility (i.e., being able to define and defend normative values through socioeconomic 
autonomy	and	well-functioning	communal	and	political	spaces).	Both	types	of	defensi-
ble	values	can	be	seen	emerging	from	LVC’s	internal	and	external	discourse	throughout	
its	evolution	(e.g.,	Desmarais	2007,	67–69,	72–73).	And	while	the	term	food sovereignty 
directly signals a relationship to the “autonomy” elements of defensibility, it is clear from 
their	rhetoric	that	LVC	also	intends	for	the	term	to	encompass	a	discrete	set	of	moral	
and ethical values.

The Declaration of the Rights of Peasants—Women and Men, for example, directly 
reveals	 the	centrality	of	both	 types	of	defensible	values.	 Its	preamble	 includes	 state-
ments	of	how	“The	policies	of	neoliberalism	worsen	the	violations	of	Peasants’	Rights”	
and “The struggle of the Peasants to uphold and protect their Rights.” The Declaration 
proper begins with the statement “Women peasants and men peasants have equal 
rights,”	giving	gender	equality	primacy	of	place	after	only	their	definition	of	the	peasant	
identity itself. (This is also evident in that the declaration is “of the Rights of	Peasants—
Women and Men.”)	It	goes	on	to	recapitulate	basic	human	rights	outlined	under	inter-
national convention and law, rights related to conservation and biodiversity, and rights 
that can be classified as allowing the maintenance of defensible agricultural lifespaces 
(e.g., rights to seeds and traditional knowledge, the means of agricultural production, 
and	to	actively	participate	in	food	system	policy	design	and	implementation).	For	our	
purposes, these groups of rights might be restated as the right to self-determination of 
a peasant lifestyle and identity; the right of peasants to have rights; and the fundamen-
tal importance of gender equality.	LVC	sees	these	as	key	to	the	defensibility of sustain-
able,	secure,	and	autonomous	lifespaces.	Taken	together,	these	values	represent	LVC’s	
demand for food sovereignty.

In	casting	its	demands	as	food	sovereignty,	LVC	seeks	changes	in	social	institutions,	at	
all	levels: food	sovereignty	implies	participatory	citizenship	seeking	to	overcome	differ-
ences in class, culture, and roles within the peasant movement and within the societies 
they are part of.
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Normatively Defensible Values

The	values	 endorsed	by	LVC	draw	on	 international	 human	 rights	 treaties,	 and	 spe-
cifically	on	the	rights	enumerated	around	food—in	other	words,	rights	nearly	univer-
sally agreed upon, at least in name. One-hundred and sixty countries are party to the 
International	Covenant	on	Economic,	Social,	and	Cultural	Rights,	which	begins with:

All peoples have the right of self-determination. By virtue of that right they freely 
determine their political status and freely pursue their economic, social and cultural 
development; . . . The States Parties to the present Covenant . . . shall promote the real-
ization	of	the	right	of	self-determination,	and	shall	respect	that	right.

This Covenant commits signatories to the recognition of self-determination, one of 
the	fundamental	normative	values	supported	by	LVC.	Yet	dominant	contemporary	
food	systems	do	not	provide	for	the	type	of	self-determination	envisioned	by	LVC.	
LVC	and	many	of	 the	groups	mentioned	 in	 the	 introduction—Slow	Food,	MCAC,	
Fair	Trade—largely	agree	 that	current	 international	market	 structures	 fail	 to	allow	
or	promote	self-determination,	and	have	often	pushed	reforms	directly	 inimical	to	
it. Neoliberal approaches such as structural adjustment policies and preferences for 
international trade subordinate national sovereignty and regional self-determination 
to	international	market	forces	(Rosset	2006,	Desmarais	2007,	45–73;	IAASTD	2009,	
45–46,	85).

In	line	with	the	idea	of	self-determination,	LVC	and	its	allies	have	asserted	that	
food sovereignty cannot be simply approached as a concept or academic defini-
tion, but must arise “from a collective, participatory process that is popular and 
progressive . . . constantly enriched through various agrarian debates and politi-
cal	 discussions”	 (Stédile	 and	 de	 Carvalho	 2011,	 25).	 They	 advocate	 participa-
tory	political	processes	as	a	way	to	negotiate	differing	and	conflicting	values,	both	
within the movement itself and within society more broadly. Representation is 
achieved	through	a	horizontal	process	of	consultation	and	discussion;	LVC	leaders	
are meant to be strictly accountable to and to represent the interests of their mem-
bers through well-defined constituencies within regional and local peasant orga-
nizations	 (Desmarais	 2007,	 28).8	Through	 this	 approach,	 LVC	 aims	 to	 reflect	 the	
self-determination it calls for in broader society.

In	demanding	self-determination	and	other	rights	for	peasants,	LVC	fundamentally	
demands	the	“right	to	have	rights	over	food,”	(Patel	2009,	663)—a	demand	to	political	
systems	at	all	levels	to	recognize	and	actively	support	defensible	values.	“For	rights	to	
mean anything at all, they need a guarantor, responsible for implementing a concomi-
tant	system	of	duties	and	obligations”	(668).	Yet	Patel’s	analysis	also	asserts	that	food	
sovereignty’s	radical	and	inherently	contestable	character	undermines	the	very	notion	
of	rights’	guarantor,	as	its	formulators	reject	the	idea	that	states	have	paramount	author-
ity.	If	the	states	that	have	signed	documents	like	the	ICESCR	do	not	have	paramount	
authority, who then may serve as a guarantor?
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LVC,	in	its	conception	of	food	sovereignty,	is	perhaps	most	clear	on	who	or	what	will	
not serve as guarantor. Food sovereignty is founded in a rejection of the sovereignty 
of supposed free markets,	and	the	concomitant	collusion	of	states	(i.e.,	empire).9 This 
collusion	within	empire	represents	a	form	of	top-down	control	that	LVC	sees	as	tak-
ing	autonomy	away	from	peasants	and	civil	society	more	generally.	Yet	the	rights-based	
ideas underlying food sovereignty, like all rights, depend crucially on a social agent (e.g., 
the	state)	to	protect	them.	This	tension	is	resolved,	in	part,	by	realizing	that	food	sover-
eignty opposes governance decisions made without a participatory democratic process 
and	not	necessarily	to	all	centralized	action	by	the	state.10 But beyond a call for partici-
patory	governance,	LVC	uses	rights-based	rhetoric	as	a	“platform	for	strategic	action”—
a	conceptual	base	for	mobilization	and	identity-building	(Patel	2007,	89).	In	specifying	
who the guarantors of rights should not	be	rather	than	who	they	are,	LVC	argues	for	a	
“sustainable and widespread process of democracy that can provide political direction 
to	the	appropriate	level	of	government	required	to	see	implementation	[of	food	rights]	
through	to	completion”	(Patel	2007,	91).11

The	third	normatively	defensible	value	central	to	LVC	is	gender	equality.	Women	still	
experience significant repression and discrimination around the world, including (per-
haps	especially)	in	agricultural	systems	(Dwyer	and	Bruce	1988;	Patel	2007;	Agarwal,	
this	volume).	While	gender	equality	has	not	always	enjoyed	its	fundamental	status	in	
LVC’s	agenda—and	 the	degree	 to	which	LVC	 is	 currently	 living	up	 to	 its	nominally	
foundational	importance	is	debated—the	rights	of	women	has	been	repeatedly	affirmed	
as	an	ongoing	core	issue	(Desmarais	2007;	Martínez-Torres	and	Rosset	2010).	The	pro-
cess that brought it to the fore has in fact been key in cementing deliberative processes as 
a healthy practice within the movement: gender equality became one of its central iden-
tifying platforms only as a result of work by women and allies within the participatory 
structures	of	LVC.	Nevertheless,	some	constituent	groups	and	allies	have	consistently	
voiced concern that gender issues are not high enough on the agenda, and that represen-
tation	(especially	at	the	national,	rather	than	international,	level)	continues	to	be	a	prob-
lem.	Although	there	has	not	been	a	systematic	study	of	women’s	power	within	LVC	as	
compared	to	other	movements	or	organizations,	one	possible	resolution	to	this	seeming	
contradiction	(the	prominence	of	gender	on	LVC’s	agenda,	yet	its	persistent	appearance	
as	a	leading	concern	by	internal	and	external	actors)	may	be	that	LVC	has	accomplished	
significant, and possibly unique, progress on the issue, but that the distance to gender 
parity	is	far	enough	that	a	level	of	dissatisfaction	is	also	reasonable.	Lacking	further	evi-
dence, however, this remains conjecture.

This	contradiction	notwithstanding,	the	process	that	saw	a	group	within	LVC	rais-
ing	gender	to	be	a	central	issue	represents	perhaps	a	key	element	of	LVC,	and	sets	it	
apart	from	many	predecessor	movements.	LVC	is	able	to	reformulate	and	address	issues	
and	internal	contradictions	more	readily	than	a	group	of	its	size	and	diversity	might	
be	expected	to.	This	perhaps	reflects	a	novel,	dynamic	structure	that	embraces	adap-
tive management alongside deep democracy. The decisions at the international level, 
in its secretariat, nominally come from the wishes agreed upon democratically by 
each national and regional representative. Although they admit continuing difficulties 
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in	 accomplishing	 this	 (Rosset	 and	 Martínez-Torres	 2005;	 13–16,	 A1.33;	 Desmarais	
2007,	136–144),	they	appear	to	be	pursuing	the	challenge	of	Hardt	and	Negri’s	(2004,	
68) Multitude: “The challenge of the multitude is the challenge of democracy . . . that is, 
the rule of everyone by everyone.” The multitude seeks to balance the necessity of unity 
as	a	voice	for	political	change	with	the	imperative	to	avoid	homogenization	and	capitu-
lation of differences in the cause of such unity. The tensions and actions around gender 
within	LVC	both	result	from	and	reflect	the	values	of	self-determination	and	the	right	to	
have rights. Determining what exactly these mean in the area of gender calls on the very 
processes of participatory democracy that food sovereignty seeks to propagate.

Autonomy, Democracy and a  
Defensible Lifespace

LVC	is	a	proponent	of	defensible lifespaces	(after	Friedmann	1992,	in	Desmarais	2007,	
67–68).	Concisely	stated,	a	defensible	lifespace	is	a	physical	and	social	space	enabling	
a family to make a living and to exert a degree of autonomy over their own conditions. 
Autonomy here is not meant in the narrow sense of being completely self-provisioning 
(a	common	misapprehension	of	 the	demands	of	 the	 localization	and	peasant	move-
ments),	but	rather	is	related	to	the	ability	to	influence	and	change	material	conditions	
and	social	structures.	In	practical	terms,	this	implies	the	ability	to	make	a	dignified	and	
sustainable	living	as	a	peasant—as	opposed	to,	for	instance,	escaping	poverty	by	leav-
ing	one’s	community	to	make	a	go	of	it	in	the	city.	Defensibility	would	mean	that,	rather	
than the ability to leave poor rural circumstances, peasants and peasant communities 
have the ability to change the sociocultural and physical infrastructures creating and 
maintaining endemic hardships.12

Unconstrained international trade places the control necessary for this physically 
and	socioculturally	outside	the	reach	of	individual	communities—the	loci	of	control	of	
local prices and supply are moved from within a community, region, or country into the 
hands of the supposed “invisible hand.” Alternatively, the loci of control lies beyond this 
force: the formulation of empire elaborates on how cycles of planning and control, the 
ability to enter and exit the market, what a farmer produces and how, all become con-
strained	within	empire,	forming	a	“visible	hand”	(van	der	Ploeg	2008,	252;	cf.	Araghi	
2008’s	“visible	foot”).	The	“hands”	of	the	market,	visible	or	invisible,	move	sites	of	con-
trol away from individual communities and into the stock exchanges and boardrooms 
of the Minority World. Any given community must now push to enact change in a mar-
ketplace	influenced	by	millions	of	their	compatriots	around	the	world,	besides	the	(from	
the point of view of the Majority World13	farmer)	completely	unaccountable	decisions	
of executives and foreign governments14—though	this	is	a	continuing,	not	new,	trend	
(Davis	2002;	McMichael	2009).	The	results	are	food	products	tailored	for	their	suitability	
for mass and elite markets, rather than to the desires or needs of individual communities; 
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food	systems	and	agriculture	influenced	not	by	the	civic	conversation	Patel	referred	to,	
but	rather	characterized	by	food	products’	durability	and	consistency.	Under	the	contin-
uous	influence	of	“imperial”	socioeconomic	powers,	food	markets	are	increasingly	sup-
plied by a very small range of crops and animals, forming raw materials for a wide array of 
“fabricated	flavors”	(Weis	2007,	16).	This	corresponds	to	huge	amounts	of	food	waste	due	
to pesky crops or animals that do not come out perfectly each time, no matter how much 
their genetic stock is narrowed, and perfectly edible food that is thrown away because 
it	does	not	meet	cosmetic	standards	(van	der	Ploeg	2008;	Stuart	2009).	Thus	a	system	
is created where nonproductive energy must be spent disposing of usable but “off-spec” 
food, while energy is simultaneously spent to increase control and return to industrial 
specifications. This additionally decreases the sustainability of the food system, as control 
and uniformity of a heterogeneous world requires significant and continuously grow-
ing	inputs	of	energy	(Tainter	1988),	and	is	in	opposition	to	the	idiosyncrasy,	variety,	and	
thus	adaptability	and	stability	of	peasant	farming	systems	(Di	Falco	and	Perrings	2003;	
Edelman	2005;	Jarvis	et al.	2011).	Social	traditions,	diversity,	and	culture	are	also	lost,	as	
“subsistence	customs	and	traditional	social	relations	[are	replaced]	with	contracts,	the	
market,	and	uniform	laws”	(Scott	1976,	189,	in	Edelman	2005).

LVC	and	the	ideals	of	food	sovereignty	seek	to	ground	decisions	about	food	and	agri-
culture in institutions at lower socioeconomic and biophysical scales (e.g., national, 
regional,	and	local).	In	this,	they	attempt	to	restore	communities’	ability	to	guarantee	
values and rights, to preserve cultural diversity, and to acknowledge and support the 
vital role of small farmers in preserving genetic and cultural diversity and producing 
much	of	the	world’s	food	(Jarvis	et al.	2008;	Martínez-Torres	and	Rosset	2010).

The commonly raised counterpoint to these positions is that the peasant lifestyle is 
losing its defensibility because of its inefficiency. One might in fact argue that defensi-
bility	is	an	indulgence—surely	not	every	sector	or	way	of	life	can	demand	the	ability	to	
keep existing. The lifespace defensibility of, say, criminals or quacks is of little moment 
and	actively	undesirable	to	society.	In	fact,	one	might	reasonably	hope	that	ways	of	life	
taking more from society than they give back will lack the power to demand defensibil-
ity	and	subsidization.

The	demand	of	LVC	and	related	movements	is	quite	distinct	from	such	a	case	against	
inefficiency or undesirability for several reasons:

 1. Despite decades, if not centuries, of assuming peasant agriculture is backwards 
and inefficient, numerous researchers have found peasant agriculture to be more 
efficient in terms of its use of energy, land, and other resources, compared to 
industrial, “high modern” agriculture, and to generally better support long-term 
sustainability of the environment and its components (e.g., Altieri and Toledo 
2011;	Chappell	and	LaValle	2011;	Lin	et al.	2011).

 2. Peasant agriculture generates a significant amount of value, including cultural, aes-
thetic,	and	spiritual	aspects	that	are	not	reflected	in	industrial	agriculture	(Duncan	
1996;	Pretty	2002;	Gold,	this	volume).	Peasants	also	produce	a	disproportionately	
large	amount	of	the	food	produced	in	many	societies	(e.g.,	Rosset	et al.	2011: 181).
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Further, inherent in the concept of food sovereignty is a call for open, democratic dis-
cussions of values. True food sovereignty would generate processes involving the citi-
zens	and	communities	of	any	given	area	capable	of	determining	the	priorities	and	shape	
of the food system:

[Food	sovereignty	 takes	direct	aim	at]	a	one-size-fits-all	 approach	 to	agriculture,	
as opposed to the context specific results generated by democratic deliberation. By 
leaving	the	venues	of	subnational	engagement	open	.	.	.	La	Vía	Campesina	calls	for	
new political spaces to be filled with argument . . . a call for people to figure out for 
themselves what they want the right to food to mean in their communities, bearing 
in mind the community's needs, climate, geography, food preferences, social mix, 
and history . . . We will know if the promise of food sovereignty has been realized when 
we see explicit discussions of gender politics and food production.

(Patel	2007: 91;	emphasis	added)

There is no reason that such discussions could not also involve debate over the value of 
peasant	identity	and	peasants’	rights	to	a	given	society;	negotiating	between	peasants’	
rights	and	priorities	and	those	of	other	citizens	will	be	a	delicate	and	interesting	process.	
Another	difficult	 element—the	 right	venues	 and	 scales	 for	 these	democratic	discus-
sions—may	find	its	solution	in	a	useful	tautology	implied	by	food	sovereignty: decisions	
and	food	systems	should	be	localized	as	far	as	is	possible	and	effective,	but	no	further.15 
LVC’s	multiscale	and	polycentric	democratic	traditions	will	also	help	them	in	navigat-
ing this difficulty, if the democratic processes they seek do become as commonplace as 
they hope.

LVC’s	priorities	around	participatory	democracy	also	align	with	several	converging	
bodies of academic literature. Researchers of collective action and common property 
management	have	pointed	out	that	local	communities	and	civil	society—not	formally	of	
“the	market”	or	“the	state”—can	create	and	maintain	socially	and	ecologically	sustain-
able	resource	use	regimes	(Ostrom	1990;	Poteete	et	al.	2010).	Localization	and	autonomy	
is also supported by current research on the potential of participatory and delibera-
tive	democratic	forms	(Prugh	et	al.	2000;	Herbick	and	Isham	2010),	and	the	possible	
social	and	environmental	benefits	of	localized	systems	(Feenstra	1997;	Pretty	2001;	De	
Young	and	Princen	2012;	though	localization	is	not	without	critique:	Tregear	2011).	All	
of	these	literatures	point	to	the	possibility	of	new	sovereignties	and	subjectivites.	In	this,	
Hardt	and	Negri’s	(2004)	conceptualization	of	multitude is useful, as its crucial distinc-
tion from previous democratic forms is that it does not require the sacrifice of singulari-
ties. That is, diverse peoples are able to work together, negotiate, and lobby for societal 
changes	and	restructuring,	without	giving	up	their	distinctiveness	(cf.	Note	18).	Rather,	
they work together pragmatically on the areas of agreement. This tension between unity 
and uniqueness, compromise without complete capitulation of differing values, is seen 
throughout	LVC,	and	it	was	recently	witnessed	in	the	form	of	the	“Occupy”	movement	
(Razsa	and	Kurnik	2012).	The	full	potential	of	the	multitude,	as	a	concept	and	a	mode	
of action, remains to be seen, but there are empirical and theoretical reasons to be opti-
mistic	based	in	the	literatures	above.	From	the	MCAC,	the	LVC	member	organization	
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MST	(The	Landless	Rural	Workers’	Movement),	and	the	Mexican	Zapatista	resistance,	
to panchayat	reforms	in	India,	habitat	conservation	planning	and	neighborhood	gover-
nance	councils	in	the	United	States,	and	participatory	budgeting	in	Brazil,	alternative	
democratic	forms	exist	and	are	being	recognized	both	within	scholarly	and	civic	circles	
(Fung	and	Wright	2003).

Beyond	LVC’s	commitment	to	local	and	national	constituent	autonomy,	it	has	inno-
vated or revived useful democratic “technologies,” including collective and rotating 
leadership	 (Martínez-Torres	and	Rosset	2010),	and	 the	creation	and	maintenance	of	
cultural, spiritual, and collegial ties, especially the ceremony of the mística	(Issa	2007;	
Martínez-Torres	and	Rosset	2010).	Further,	in	order	to	address	concerns	that	the	group	
had	too	“Latin	American”	a	focus,	the	international	secretariat	was	moved	to	Indonesia,	
with	the	Indonesian	Henry	Saraigh	elected	as	General	Coordinator.16 Personal conver-
sations	with	LVC	members	during	 the	COP15	summit	 in	Copenhagen	 in	December	
2009	indicated	that	the	secretariat	would	next	be	moving	to	Africa	in	order	to	strengthen	
LVC’s	roots	and	presence	there,	but	this	does	not	appear	to	have	been	confirmed	in	pub-
lic documentation.

Defending Defensible Lifespaces

Autonomy, sovereignty, and a participatory democracy have been explored as impor-
tant	components	of	defending	a	defensible	 lifespace—LVC	maintains	 that	extending	
sovereignty and autonomy to consumers and small-scale food producers would go far 
toward providing such a lifespace to the global peasantry. But aside from the broad 
political	structures,	there	are	several	further,	specific	ways	that	LVC	advocates	for	defen-
sibility—in	this	case,	in	the	form	of	livelihood	security.	Some	of	these	approaches	are	
briefly	outlined	here.

Agroecology	and	agroecological	methods	are	key	components	of	LVC’s	ideals	and	
conceptual platform, and they are closely tied to normative values as well as defensi-
bility.	 In	 particular,	 agroecology’s	 focus	 on	 regenerative,	 self-maintaining	 ecological	
processes	decreases	peasants’	reliance	on	outside	inputs	and	increases	their	autonomy.	
Research has also found that small-scale farming and agroecology can increase a com-
munity’s	internal	social	connections	and	farming’s	contribution	to	the	local	economy	
(Goldschmidt	1978;	Lockeretz	1989;	Lyson	et al.	2001).	Normatively,	many	agroecolo-
gists value and support the preservation of the cultural and spiritual values of agricul-
ture	(Pretty	2002)	and	seek	to	improve	the	percentage	of	the	“food	dollar”	captured	by	
farmers	rather	than	intermediaries,	food	system	monopolies,	and	monopsonies	(Jaffee	
2007;	Holt-Giménez	et al.	2009).	The	biodiversity	underlying	agroecological	methods	
may also serve to buffer against climatic shocks like drought and hurricanes, which are 
likely	to	increase	in	frequency	with	continuing	global	climate	change	(Holt-Giménez	
2002;	Philpott	et al.	2008),	and	to	buffer	farm	families	from	price	and	production	fluc-
tuations	and	other	unplanned	exigencies	(Di	Falco	and	Perrings	2003;	Méndez	et al.	
2010).	Further	discussion	of	agroecology’s	range	of	biodiversity-	and	knowledge-based	
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practices,	social	and	ecological	goals,	and	ability	to	support	peasants’	income,	yields,	
and	livelihoods	can	be	found	in	Uphoff,	and	in	Nelson	and	Coe	(both	in	this	volume),	
and	in	several	other	recent	works	(e.g.,	Kloppenburg	2010;	Jarvis	et al.	2011;	Pautasso	
et al.	2012;	Rosset	and	Martínez-Torres	2012).17	Pertinent	to	LVC’s	values,	agroecology	
can also improve socioeconomic conditions for women, though it is likely that these 
gains are tied to a tendency within agroecology to acknowledge the importance of gen-
der, and thus specific efforts to address gender within agroecological improvement pro-
grams	(Bezner-Kerr	2008;	De	Schutter	2011;	Rosset	et al.	2011).

Alongside	LVC’s	support	of	agroecology,	its	opposition	to	genetically	engineered	(GE)	
crops	has	been	a	defining	issue.	Its	committed	rejection	of	GE	crops	reflects	both	the	
experiences	and	perceptions	of	many	(though	not	all)	of	its	members	regarding	the	dan-
gers	of	modern	industrial	agricultural	developments	(Holt-Giménez	2006;	Desmarais	
2007,	40–45).	It	also	emerges	from	the	experience	many	farmers	have	had	with	centuries	
of	enclosure	and	appropriation	of	physical	and	intellectual	goods	(Kloppenburg	2004;	
Weis	2007;	Kloppenburg	2010),	and	the	long-term,	ongoing	patterns	of	international	
imperial/hegemonic consolidation of control over agriculture and food systems.18

In	its	opposition	to	GE	crops,	as	well	as	its	staunch	criticisms	of	international	trade	
institutions	like	the	World	Trade	Organization	(WTO)	and	World	Bank,	LVC	has	main-
tained	what	Martinez-Torres	and	Rosset	(2010,	158–159)	characterize	as	“collective	defi-
ance” (sensu	Piven	and	Cloward	1977),	giving	grist	to	Piven	and	Cloward’s	finding,	“in	
general,	that	poor	peoples’	organizations	are	most	effective	at	achieving	their	demands	
when they are most confrontational, and least effective when they take more concilia-
tory	positions	and	invest	their	energies	in	dialogue.”	Although	LVC’s	stance	of	nonen-
gagement	with	actors	such	as	the	WTO	and	World	Bank	has	been	criticized	by	some	
who	believe	the	organization	could	accomplish	more	with	a	more	cooperative	stance,	
Doimo’s	classic	(1995)	work	on	Brazilian	post-1970	social	movements	reinforces	Piven	
and	Cloward’s	claim.	Doimo	found	what	she	called	a	“double-ethos”	in	Brazilian	social	
movements. The first was an “expressive-disruptive” ethos, “through which movements 
manifest their moral values or ethico-political appeals, and which simultaneously tend 
to	delegitimize	public	authority	and	establish	intergroup	frontiers”	(69).19 This ethos 
aligns	with	LVC’s	use	of	food	rights	as	both	a	mobilization	tool	and	a	critical	platform.	
Doimo, like Piven and Cloward, found this ethos to be an important element in success-
ful movements, though she noted that at some point movements tended to switch to 
an alternative “cooperative-integrative” ethos, to “seek to acquire higher levels of social 
integration	in	terms	of	access	to	goods	and	services”	(69).	Thus	far,	LVC	seems	both	
comfortable and effective in its “disruptive” stance. The group remains concerned with 
the possibilities and threat of co-optation from cooperation and integration, and sen-
sitive	to	how	cooperation	and	integration	may	neutralize	the	most	pointed	criticisms	
of	activist	groups	and	movements.	Instead,	with	delegitimization	of	imperial	structures	
and	sociocultural	disruption	and	reorganization	still	on	its	agenda,	it	seems	likely	that	
LVC	will	maintain	its	tactics	of	nonengagement.	LVC	seeks	to	maintain	the	autonomy	
and defensibility of the movement itself, and it sees these oppositional stances as still 
useful	and	philosophically	important—while	at	the	same	time	recognizing	that	member	
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organizations	may	need	to	act	differently	within	their	own	national	and	regional	con-
texts	(Rosset	and	Martínez-Torres	2005,	A1.31;	Desmarais	2007,	135–160).

Lastly,	LVC’s	emphasis	on	gender equality itself plays into the building of a defensi-
ble	lifespace.	Although	it	is	clear	that	LVC	does	not	approach	gender	from	an	instru-
mentalist	standpoint—that	is,	it	does	not	appear	to	support	gender	equality	because it 
is	connected	with	lower	household	malnutrition	(e.g.,	Smith	and	Haddad	2000)—it	is	
nevertheless the case that interventions increasing the status of women are connected 
to a number of positive developments, including increased agricultural productivity. 
Gender equality clearly advances the goals of autonomy, defensible and sustainable live-
lihoods, and democracy alongside the inherent normative value of such equality itself 
(Agarwal,	this	volume).

Conclusion

Essentially,	movements	like	La	Vía	Campesina	may,	at	base,	be	seen	as	movements	for	
fulfilling the promises of democracy. Not just democracy in the form of nominal rep-
resentation, electoral, or procedural rights, but the fulfillment of human dignities and 
rights. Further, defensible values as articulated by these movements rest on an implicit 
understanding that there is no democracy without capabilities (sensu	Sen	1992),	and	that	
such capabilities must be guaranteed by a strong civil society in ongoing discourse, and 
perhaps tension, with the state.

The	parallel	tensions	within	the	movement	and	outside	of	it—conflicting	identities,	
issues of representation, countries or regions without member groups, and heterogene-
ity	within	members	at	subnational	levels—have	not	been	extensively	dealt	with	here.	
Borras	et al.	(2008)	note	several	important	and	surprising	“silences	in	the	literature”	of	
transnational agrarian movements, including a lack of analyses of their internal dynam-
ics, and of the true dynamics of interconnectivity between international, national, and 
local	levels	of	existing	movements	(10–12).	They	also	note	that	the	contentious	ques-
tion	of	representation	is	underanalyzed	by	movement	leaders,	activists,	and	academics.	
Instead,	to	make	the	complexities	manageable,	“a	great	many	important	details	tend	to	
be	taken	for	granted	or	missed	in	the	analysis	and	discourse	that	[transnational	agrarian	
movements]	produce”	(17).	Class,	race,	and	restrictive	or	prescriptive	notions	of	identity	
make it difficult to truly represent a large and diverse class such as “peasants,” much less 
the	rural	poor	more	broadly.	While	it	is	of	course	in	any	movement’s	interest	to	claim	
as broad a representation as possible, most transnational agrarian movements lack any 
large presence in many areas of the world, “notably Russia, Central Asia, the Middle East 
and	North	Africa	region,	and	most	especially	China”	(14)—areas	that	host	much	of	the	
world’s	rural	poor.	Further,	the	constituency	that	LVC	seeks	and	claims	to	represent,	by	
its	very	nature,	means	that	many	of	LVC’s	member	organizations	will	be	something	of	
ciphers	to	the	academic	world: a	movement	seeking	to	represent	the	world’s	rural	poor	
is simultaneously a movement of people and places lacking easy access to the rest of the 
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world, lacking a large endemic academic class, and lacking significant outside attention 
and	resources.	The	ability	to	check	LVC’s	claims	of	representation,	or	to	examine	the	
extent	to	which	its	peasant	identity	speaks	to	the	world’s	one	billion-plus	peasants	is	
simply	not	(yet)	there.

Nevertheless,	an	important	distinction	for	LVC	as	a	movement	is	its	acknowledge-
ment and endorsement of the principle that people must have power to set their own 
agendas,	and	this	power	must	be	reflected	through	all	different	strata	of	society—peas-
ant	to	consumer,	retailer	to	producer,	man	to	woman.	The	movement’s	construction	of	
a peasant identity should be taken to be as much aspirational and tactical as representa-
tive—seeking	to	build	an	inclusive	identity	that	invites	a	multitude	of	singularities.	The	
rejection	of	organizations	like	the	World	Bank	and	WTO,	of	imperial	structures	and	
transnational	corporations,	 is	 a	 rejection	of	 these	organizations’	democratic	unrep-
resentativeness	and	unresponsiveness.	LVC	and	likeminded	movements	observe	that	
free-market structures and ideology have not provided democratic leveling and hori-
zontal	participation;	those	with	little	or	no	money	have	little	or	no	vote	in	the	mar-
ketplace.	In	demanding	recognition	of	the	small	farmers’	fundamental	support	of	the	
human	race,	LVC	advocates	for	deep	democracy.	Better	connections	between	differ-
ing people and identities and a true discussion of priorities and vision may not, in the 
end,	lead	to	a	universal	embrace	of	LVC’s	specific	goals	and	vision.	Yet	LVC’s	desire	for	
a truly sovereign, autonomous world where participatory democratic discussion and 
deliberation	takes	place	is	possibly	its	most	valuable	and	defensible	contribution—one	
that implies it will continue to be a touchstone within transnational food movements. 
In	this	support	for	an	active	and	engaged	citizenship,	LVC	may	also	help	create	the	
sociopolitical	spaces	necessary	to	realize	the	goals	of	other	movements,	such	as	Fair	
Trade,	and	advance	the	promises	of	ecological	and	agrarian	citizenship	(Johnson	and	
MacKendrick,	this	volume;	Wittman,	2010).	The	extent	to	which	LVC	(and	other	trans-
national	movements)	may	be	willing	and	able	to	compromise	on	their	values	within	the	
kind of democratic processes they seek remains to be fully tested.

Notes

	 1.	 This	chapter	benefitted	greatly	from	comments	by	Maywa	Montenegro,	Jessica	Zemaitis,	
Jude	Wait,	Jamie	Stepniak,	James	Moore,	and	Ron	Herring.	Any	errors	likely	stem	from	
failing to heed their advice, and are mine alone.

	 2.	 See,	e.g.,	Holt-Giménez	et al.	 (2009),	 IAASTD	(2009),	Lang	and	Heasman	(2004)	and	
FAO	(2012)	for	information	on	these	trends.

	 3.	 Jaffee	(2007)	provides	an	excellent	overview	of	the	Fair	Trade	movement.	See	also	Johnston	
and	MacKendrick	(this	volume)	for	more	on	consumer-based	attempts	to	integrate	ethics	
and conscience into food systems.

	 4.	 Tarrow’s	work	in	this	area	is	foundational;	interested	readers	might	additionally	seek	out	
Tarrow	(2005)	and	Tarrow	(2011).

	 5.	 The	 number	 of	 peasants	 making	 significant	 portions	 of	 their	 income	 from	 nonfarm	
employment or remittances from family members is, however, large and growing.
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	 6.	 Approximately	one-fifth	of	LVC’s	member	organizations	hail	 from	Europe,	 the	United	
States,	Canada,	or	Japan.

 7. Although only acknowledged in passing here, it is clearly in the interest and “nature” of 
any movement to “claim to represent more than they represent” (R. Herring, pers. comm.).	
An excellent overview of the tensions between identity, representation, and reality in 
transnational	agrarian	movements	is	given	in	Borras	et al.	(2008).

	 8.	 Further	explanations	of	LVC’s	internal	processes	and	structures	can	be	found	in	Desmarais	
(2007,	27–33,	135–189).

	 9.	 Panitch	(1994)	has	observed	that	free	markets	in	fact	represent	the	transformation	of	the	
state	to	protect	the	interests	of	capital,	not	(as	is	commonly	perceived)	the	retreat	of	states	
from	regulation.	See	also	Pinder	(2011).

	10.	 Many	of	the	measures	called	for	by	LVC	in	fact	imply	and	necessitate	state	involvement.	
Thanks to M. Montenegro for pointing this out. Elaboration on the conceptual tensions 
here	can	be	found	in	Patel	(2009).

	 11.	 Similarly,	Johnston	and	MacKendrick	(this	volume)	“identify	greater	promise	for	reform”	
from	a	citizen-based,	democratic	approach	than	from	one	based	in	so-called	“consumer	
sovereignty.”	Their	conception	of	ecological	citizenship	echoes	Wittman’s	agrarian	citizen-
ship, a model seeking to “reconnect agriculture, society, and environment through sys-
tems	of	mutual	obligation”	(Wittman	2010,	91).

	12.	 Gender	is	a	particularly	important	element	here,	as	rural	women’s	labor	often	goes	uncom-
pensated, undercounted, or gets overlooked, while their political rights are underempha-
sized	(Bruce	and	Dwyer	1988,	Agarwal,	this	volume).

	13.	 As	before,	this	refelcts	Alam’s	(2008)	nomenclature	of	the	Minority	(Global	North)	and	
Majority	(Global	South)	Worlds.

 14. “Corporate power is now so great within and between national borders that it is redefining 
what is meant by a “market” . . . corporate policy is becoming more fully engaged in public 
policy	to	further	its	own	interests,	thus	raising	questions	about	accountability,”	(Lang	and	
Heasman	2004,	127).

	 15.	 This	intentionally	echoes	Einstein’s	oft-paraphrased	comment: “The	supreme	goal	of	all	theory	
is to make the irreducible basic elements as simple and as few as possible without having to 
surrender	the	adequate	representation	of	a	single	datum	of	experience”	(Einstein	1934,	165).

	16.	 “It	is	remarkable	in	today’s	world	that	a	movement	can	be	coordinated	by	a	Muslim,	and	incorpo-
rate Christians, Hindus, Buddhists and members of many other religions, together with radical 
Marxist and social democratic atheists, all scarcely without raising an eyebrow internally. The 
mística	plays	a	key	role	in	making	this	possible”	(Martínez-Torres	and	Rosset	2010).

	 17.	 Although	seeds	have	not	been	extensively	discussed	here,	LVC	has	declared	that	“sustain-
ability is completely impossible if the right of the peoples to recover, defend, reproduce, 
exchange,	improve	and	grow	their	own	seed	is	not	recognized”	(La	Vía	Campesina	2001).

	18.	 Relatedly,	Rangnekar	(2002)	found	evidence	of	increasingly	rapid	planned	obsolescence	
in commercial wheat varieties in the UK, creating pressure to buy new, patented seeds on a 
more and more frequent basis.

	19.	 Translated	from	Portuguese	by	the	author	(MJC).
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Chapter 30

The Rise of the Organic 
Fo ods Movement as 

a Transnational 
Phenomenon

Tomas L arsson

Introduction 

Once largely considered the preserve of eccentrics and ideologues on the fringes of both 
right	and	left,	the	establishment	of	an	organic	garden	at	the	White	House	by	the	First	
Lady	of	the	United	States,	Michelle	Obama,	shortly	after	her	husband’s	inauguration,	sig-
nalled the arrival of the organic foods movement into the social and political mainstream 
(Beam	2009).	Tellingly,	the	comedy	news	program	The Daily Show with Jon Stewart pro-
ceeded to make fun not of the organic-gardener-in-chief but rather of the critic from the 
American Council on Science and Health who claimed that the presidential patch should 
come with a warning label, as the promotion of organic foods would cause starvation, 
obesity, and cancer.1	The	tables	have	turned,	and	it’s	now	those	who	deny	the	health	and	
environmental benefits of organic foods who are considered “kooks.”

In	another	part	of	the	world,	in	a	society	beset	with	problems	rather	different	from	
those	of	the	United	States,	organic	farming	is	also	enjoying	a	mini	boom.	In	Thailand’s	
Isaan	region,	Buddhist	monks	are	promoting	organic	cultivation	methods	among	farm-
ers because these are regarded as being in tune with the Dhamma (Parnwell and Seeger 
2008,	p. 114).	In	addition	to	the	religious	sanction	of	kaset insii, the organic message was 
further	amplified	by	the	enigmatic	Thai	monarch’s	Buddhism-inspired	“self-sufficiency”	
doctrine	of	economic	development	and	nongovernmental	organizations	(NGOs)	such	
as the Earth Net Foundation (Muunithi Saaiyai Phaendin),	as	well	as	by	foreign	aid	pro-
grams	supporting	the	development	of	the	country’s	organic	foods	sector	(Delegation	of	
the	European	Commission	to	Thailand	2006;	GTZ	2009;	UNDP	2008;	Ellis	et al.	2006).

These two brief examples are highlighted to illustrate how the rise of the organic foods 
movement as a global phenomenon has come to involve a wide range of actors with a 
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variety	of	interests	and	intentions	and	with	access	to	a	diverse	set	of	organizational	and	
institutional resources.

In	organizational	terms,	the	birth	of	the	organic	foods	movement	as	a	transnational	
phenomenon	can	be	dated	rather	precisely.	On	November	5,	1972,	national	organiza-
tions from France (Nature et Progrès),	the	United	Kingdom	(Soil	Association),	Sweden	
(Biodynamiska Föreningen),	South	Africa	(Soil	Association	of	South	Africa),	and	the	
United	States	(Rodale	Press)	met	 in	Versailles	 to	 found	the	International	Federation	
of	Organic	Agriculture	Movements	(IFOAM).	Since	then,	the	umbrella	organization	
has	grown	 to	encompass	more	 than	750	member	organizations	 from	116	countries.2 
Through its involvement in “organic” standard setting, accreditation, and certification, 
IFOAM	has,	since	the	1980s,	been	a	driving	force	in	the	development	of	a	transnational	
regulatory	regime	governing	the	organic	sector,	and	it	is	recognized	by	the	International	
Organization	 for	Standardization	as	an	official	 standard-setting	body	 (Coleman	and	
Reed	2007).

In	parallel	with	 the	expansion	of	 this	organic	agriculture	network,	 the	market	 for	
organic foods has grown dramatically. According to one recent survey, the land area 
under	organically	managed	crops	has	topped	30 million	hectares,	with	the	greatest	areas	
found in Oceania, with 42 percent of the worldwide total, and in Europe, with 24 per-
cent	of	the	total	(Willer,	Yussefi-Menzler,	and	Sorensen	2008,	p. 28).	The	fast-growing	
market	for	organic	products	was	estimated	to	be	valued	at	more	than	$38	billion	in	2006,	
double its value six years earlier. On a per capita basis, consumption of organic foods 
is	greatest	in	Switzerland,	Denmark,	Sweden,	and	Austria	(Willer	et al.,	2008,	p. 54).	
Although the overwhelming majority of organic food products are consumed in Europe 
and North America, the rapid expansion of market demand and support activities by aid 
organizations	has	led	to	the	diffusion	of	export-oriented	organic	foods	production	to	
developing countries. Developing countries already account for more than a quarter of 
the	land	area	under	organic	management.	In	absolute	terms,	China	and	Argentina	have	
the largest organic land areas among the developing countries, but, in relative terms, 
tiny	Timor-Leste	has	emerged	as	a	leader	in	the	developing	world,	with	organic	land	
accounting for 7 percent of all agricultural land, a level comparable to that of Sweden 
(Willer	et al.	2008,	pp. 29,	40).

“Organic Foods” as a Mobilizing Frame

How	 can	 we	 account	 for	 the	 readily	 apparent	 success	 of	 “organic”	 as	 a	mobilizing	
frame for a social movement concerned with what we eat? A  fundamental strength 
of the “organic” frame lies in its ability to bring together principled issue groups with 
agents pursuing more narrowly defined economic interests. Thus, the organic frame is 
embraced	by,	for	instance,	contemporary	followers	of	Rudolf	Steiner’s	spiritual	philoso-
phy,	as	well	as	by	what	would	appear	to	be	close	to	their	antithesis	in	what	Pollan	(2001)	
calls the “organic-industrial complex.” An odd “coalition” between family farmers 
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seeking to create and sustain “alternative” forms of community and profit-seeking mul-
tinational corporations has been made possible, in part, by the fact that “organic” foods 
are defined not by the characteristic of the final products (such as their nutritional val-
ues	and	wholesomeness)	but	rather	by	their	production,	which	follows	a	set	of	technical	
standards that, frequently, have been defined by state authorities in ways that do not 
fully express core “organic” values. Although the hypothetical organic Twinkie that was 
the	focus	of	concerned	debate	in	the	1990s	appears	to	never	have	made	it	to	market	and	
organic	Coca-Cola	remains	a	fictional	product	(Mensvoort	2008),	organic	“junk	foods”	
such as chipotle barbecue potato chips and chocolate fudge brownie ice cream fill super-
market shelves.3

In	 addition,	 “organic	 foods”	 displays	 a	 considerable	 “frame-bridging	 capacity”	
(Tarrow	2002,	p. 243),	such	that	the	designation	has	been	found	useful	by	actors	push-
ing a range of different agendas and issues. Whereas “organic foods” was initially almost 
exclusively concerned with methods for cultivating the soil, it has since come to extend 
to entirely new areas of food production, principally relating to dairy and meat. The 
organic frame was extended to these areas in response, in part, to rising concerns with 
the welfare of animals in these industries.4 Some countries have also incorporated fish 
into	the	organic	frame	by	embracing	the	idea	that	aquaculture—seen	as	a	potential	solu-
tion	to	global	overfishing—can	also	be	done	in	accordance	with	“organic”	principles.5 
In	addition,	“organic”	has	been	extended	to	incorporate	the	collection	of	“wild”	foods,	
such as berries, mushrooms, nuts, and honey. The organic frame has also been made 
relevant	for	social-justice	issues	such	as	“fair	trade,”	women’s	rights,	the	empowerment	
of	indigenous	peoples,	and	“food	sovereignty.”	Likewise,	the	real	or	imagined	dangers	of	
new	technological	developments,	such	as	the	utilization	of	transgenic	organisms	in	food	
production, provided an opportunity to present “organic foods” as the safer alternative. 
More recently, a bridge has been built between “organic foods” and the threat of global 
warming, with organic agriculture touted as a means by which climate change can be 
mitigated	(Kotschi	and	Müller-Sämann	2004).	Organic	foods	are	proffered	as	a	poten-
tial solution not only to local environmental problems, but to planetary-scale challenges 
as well.

The wide range of issues that “organic” is assumed to be able to address is indicated 
by the U.S.-based Organic Consumers Association declaration, on its webpage, which 
states that it is “campaigning for health, justice, sustainability, peace and democracy.”6	In	
all these cases, “organic foods” serves as a bridge between extrinsic and intrinsic values 
that have become increasingly central to modern individuals, as they seek to develop 
and live by an ethic that balances care for personal health and for the natural and social 
environment in its local and global dimensions. Because of the remarkable ability of 
organic food ideologues and marketers to link organic foods to narratives of the mul-
tiple ways in which organic foods production and consumption improves ourselves 
and our world, it would be a mistake to conceive of the organic foods movement as a 
single-issue movement.

The frame-bridging capacity of “organic” is evident also in its embrace by political 
parties with disparate ideological profiles and political agendas. Historically, organic 
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foods production appealed mainly to parties and groups at polar opposite ends of the 
left–right	 ideological	 spectrum.	 In	 the	 1930s,	 organic	 farming	 found	 broad	 support	
from	the	European	far	right,	including	the	Nazi	regime	in	Germany.7	Since	the	1960s,	in	
contrast,	organic	food	has	found	a	new	home	in	the	countercultural	New	Left	(Guthman	
2004).	Reflecting	these	historical	political	affinities,	it	is	not	entirely	surprising	that	the	
organic foods movement today finds allies in both far-right parties such as the British 
National Party and the Alliance for the Future of Austria (Bündnis Zukunft Österreich)	
and	 extreme-left	 parties	 such	 as	 Denmark’s	 Red-Green	 Alliance	 (Enhedslisten).	
However, green parties are even more closely aligned with the organic movement, and 
these	have	generally	been	in	a	better	position	to	influence	government	policy,	directly	
or indirectly. The British Green Party wants to provide free organic meals in schools 
and	convert	at	 least	 “10 percent	of	UK	 food	production	 to	organic	every	five	years”	
(Green	Party	2010,	pp. 22,	39).	To	reduce	the	difference	in	price	between	organic	food	
and conventionally produced food products, the Swedish green party proposes, among 
other things, to make organic food exempt from value-added taxation and to raise taxes 
on	synthetic	fertilizers	and	pesticides	(Miljöpartiet	de	gröna	2005).	At	the	level	of	the	
European	Parliament,	the	European	Greens	have	declared	that	“[t]	he	future	of	agricul-
ture	lies	in	organic	farming	and	fair	trade”	(European	Green	Party	2009).	Even	though	
the organic movement may have closer affinities with some political parties than others, 
organic farming is nevertheless finding support, to a greater or lesser extent, throughout 
the party-political arena in Europe. The organic foods movement has transcended its 
early ideological origins and become part of the political mainstream.

The cooptation of organic farming by religious movements offers another striking 
illustration of its frame-bridging capacity. The example of Buddhism in Thailand has 
already	been	noted.	In	India,	Meera	Nanda	observes	that,	“organic	agriculture	and	other	
small-is-beautiful	movements	are	being	recoded	into	a	[Hindu]	religious	idiom	which	
serves	as	the	mobilizing	ideology	for	the	peasantry”	(Nanda	2005,	p. 157;	see	also	Nanda	
2003).	At	the	consuming	end	of	the	commodity	chain,	it	is	noteworthy	that	it	is	now	pos-
sible to find certified organic foods products that are simultaneously certified as kosher 
or halal. The religious diversity thus evidenced is yet another indication of the ability of 
the organic frame to bridge significant identity divides.

The growth of the organic foods movement has also been facilitated by its ability to 
generate	and	then	capitalize	on	scientific,	and	hence	authoritative,	knowledge	about	the	
benefits and potentialities related to soil ecology, pests and diseases, weed management, 
nutrition, food quality, and the like that are associated with food production based on 
“organic” methods. Much of this research has been conducted by researchers associated 
with	“movement”	institutes,	such	as	the	Rodale	Institute	in	Pennsylvania	(established	
in	 1947),	 the	Research	 Institute	of	Organic	Agriculture	 (Forschungsinstitut für biolo-
gischen Landbau)	in	Switzerland	(established	in	1973),	and	the	Louis	Bolk	Institute	in	
the	Netherlands	(established	in	1976).	IFOAM	organized	the	first	international	scien-
tific conference on organic agriculture in 1977. Today, much of the research on organic 
agriculture is conducted at “ordinary” universities and research institutes (which are 
not	otherwise	a	part	of	the	organic	movement)	and	receives	considerable	funding	from	
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governments	(Stinner	2007).	The	International	Society	of	Organic	Agriculture	Research	
(ISOFAR)	was	founded	in	2003,	with	the	aim	of	promoting	and	supporting	“research	
in all areas of organic agriculture, as it is defined by the global consensus of organic 
agriculture	movements	and	documented	in	the	IFOAM	Basic	Standards	for	Organic	
Production and Processing.”8	There	is	also	the	International	Organic	Food	Quality	and	
Health	Research	Association,	founded	in	2004,	which	promotes	research	into	the	effects	
of organic foods on human health.9 These networks of scientists have played a central 
role in developing the transnational dimensions of the organic movement.

The “organic” frame was not the first frame applied to the development of an “alter-
native” approach to agriculture. The biodynamic agriculture movement inspired by 
Rudolf Steiner had introduced a standard and a certification scheme (using the brand 
“Demeter,”	after	the	Greek	goddess	of	the	harvest)	already	by	the	late	1920s	(Vogt	2007,	
p. 22).	Yet,	according	to	Demeter	International,	only	145,000	hectares	of	agricultural	
land are managed according to biodynamic principles, a miniscule area in comparison 
with	the	30 million	hectares	claimed	to	be	under	organic	management.10 Why, in spite 
of its head start, has the biodynamic movement not been able to expand further? On 
this, we may of course only speculate, but one possible answer is that “biodynamic,” in 
comparison with “organic,” has an inferior frame-bridging capacity because of its firm 
grounding	in	a	mystical	worldview	influenced	by	Hinduism,	homeopathy,	and	astrol-
ogy	(Purdue	2000).

We may ask the same question about the way in which previously dominant 
approaches to “alternative agriculture” in developing countries have come to be eclipsed 
by	“organic.”	That	question	is	addressed	by	Peter	Vandergeest	(2009)	in	a	study	of	alter-
native agriculture in Thailand. An important part of his explanation is that organic 
farming has had a superior ability to speak to multiple audiences and appeal to a diverse 
set	of	actors.	In	Thailand,	the	earliest	approaches	to	“alternative”	agriculture—such	as	
“natural	 farming”	and	“integrated	 farming”—were	explicitly	 framed	as	anticommer-
cial	and	antistate.	Their	development	thus	depended,	largely,	on	the	(gradually	waning)	
enthusiasm of NGO activists and the Western aid agencies that funded their projects. 
In	contrast,	“organic”	has	won	the	support	not	only	of	a	myriad	of	local	rural	develop-
ment–oriented	NGOs	and	community	groups,	but	also	of	domestic	commercial	inter-
ests	and	the	Thai	state.	Historically	mutually	suspicious	social	groups	and	organizations	
have thus been able to collaborate and cooperate within the “organic” frame in ways 
that would be almost unthinkable for many of the rival approaches to alternative agri-
culture. Other “alternative” models of food production such as “integrated farming” or 
system	of	rice	intensification	(SRI),	which	may	be	highly	relevant	in	an	Asian	context,	
have been eclipsed because they, unlike “organic,” do not have readily available equiva-
lents in other developed or developing regions. Not only are they therefore less familiar 
to globally dominant food producers and consumers, they also have more limited trans-
national movement support.

This	discussion	of	organic	foods	as	a	mobilizing	frame	has	implications	for	how	we	
conceptualize	the	organic	foods	movement.	First,	it	suggests	that	it	is	difficult	to	con-
ceive of the organic foods movement as a single movement. There are, strictly speaking, 
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several organic foods movements, and organic foods is incorporated into the agenda of 
a variety of much broader movements that have ultimate goals and ambitions that go far 
beyond questions of how food is produced.

Second, these “organic foods” movements do not conform to common understand-
ings	 of	 transnational	 social	movements,	 which	 according	 to	 Tarrow’s	 definition	 are	
distinguished, in part, by their engagement in “sustained contentious interaction with 
powerholders in at least one state other than their own, or against an international insti-
tution,	or	a	multinational	economic	actor”	(2001,	p. 11).	Such	contention	hardly	charac-
terizes	the	behavior	of	most	organic	farmers	or	consumers	of	organic	foods,	who	are	not	
necessarily engaged in contentious politics even with regards to powerholders in their 
own	state	(Tovey	1997,	2002).	An	exception	to	the	rule	might	be	found	in	a	social	move-
ment that has an affinity with the organic movement, namely the anti-GMO (geneti-
cally	modified	organism)	movement—but	here	the	rallying	cry	is	for	“GMO-free”	(or	
GM-free)	 rather	 than	 for	 “organic”	 foods.	Although	 the	 latter	 is	 by	 definitional	 fiat	
GMO-free, so is much “conventionally” produced food as well. The organic foods move-
ment was but one of many social movements that joined in the surprisingly success-
ful fight against biotech, in which the repertoire of contention included tactics such as 
“bio-sabotage”	(Schurman	2004;	Schurman	and	Munro	2009).

At the associational level, the organic movement is engaged in intensive interaction 
with powerholders in governments, international institutions, and multinational cor-
porations,	but	this	interaction	is	highly	routinized.	The	rise	of	the	organic	foods	move-
ment	as	a	transnational	phenomenon	has	taken	the	primary	form	of	institutionalization	
as an international NGO that is concerned with “enacting, codifying, modifying, and 
propagating	world-cultural	structures	and	principles”	(Boli	and	Thomas	1999,	p. 19).

What began as local or, at most, national organic foods movements have also nur-
tured the growth of what we might call a transnational “epistemic community” that, 
thanks	to	specialized	scientific	knowledge	and	expertise,	is	in	a	powerful	position	to	
influence	policy	decisions	relating	to	the	organic	field	(Adler	1992;	Haas	1992).

A	central	conflict	within	the	organic	movement	is	to	be	found	in	the	perceived	ten-
sion between the “alternative” visions of its pioneers and the extensive incorporation of 
organic	foods	into	the	“conventional”	industrialized	and	globalized	market	economy—
and	 its	 institutionalization	 in	 the	 attendant	 regulatory	 frameworks—that	 has	 taken	
place	in	the	course	of	the	past	three	decades	(Guthman	2004;	Buck,	Getz,	and	Guthman	
1997;	Noe	2006).	Farmers	who	convert	from	conventional	to	organic	agriculture	today	
are not necessarily part of any “movement” at all, if this is understood to involve an ideo-
logical commitment to a more or less clearly defined set of “organic” values (Sligh and 
Cierpka	2007),	rather	than	to	the	rational	exploitation	of	profit	opportunities	in	a	niche	
market, the attractiveness of which is, in part, a function of government subsidies that 
have created organic “rent havens.” At the other end of the commodity chain, consum-
ers of organic foods do not necessarily self-identify as members of any organic move-
ment. This is particularly true of all those who consume organic foods as a consequence 
of public procurement policies that ensure that organic products account for a rapidly 
growing share of the food served in kindergartens, schools, hospitals, and other public 
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services. Such nonmovement producers and consumers of organic foods may be con-
sidered	products	of	the	movement’s	successful	institutionalization.

The theoretical significance of this is that, although the market for organic foods ulti-
mately	rests	on	an	interpretive	frame,	its	recent	expansion—both	in	terms	of	area	under	
cultivation	and	food	consumption—is	to	a	large	extent	driven	by	material	incentives.	
But these, in turn, are to a considerable extent dependent on government policies that 
directly or indirectly provide financial support for the production and consumption of 
organic	foods.	As	such,	the	organic	foods	market—and	by	extension	the	movement	as	
such—is	vulnerable	to	shifts	in	public	policy.11 But as long as the frame itself remains 
secure, disconfirming evidence about the economic and developmental benefits of 
organic	 farming—such	 as	 studies	 showing	 that	 organic	 coffee	 farmers	 in	Nicaragua	
have lost ground, in terms of poverty, relative to conventional farmers (Beuchelt and 
Zeller	2011)	or	that	Norwegian	farmers	“drop	out”	from	organic	certification	schemes	
because of unsatisfactory economic returns and the burdens associated with “red tape” 
(Flaten	et al.	2010)—are	likely	to	be	met	by	demands	for	increased	and	better	targeted	
public	subsidization	rather	than	a	withdrawal	of	public	support.12

The “organic” frame as such is mainly vulnerable to evidence that undermines belief 
in the positive externalities, in terms of the environment and public health, on which its 
public policy appeal rests. There is still doubt whether organic foods are really better for 
our	health	(Dangour	et al.	2009).	There	is	also	doubt	whether	organic	foods	production,	
on a larger scale, would be compatible with the environmental ideals embraced by the 
movement	itself	(Paarlberg	2010).	As	the	phenomenon	of	organic	foods	production	has	
become more widespread, it has also become the object of more critical attention. Can 
the movement live up to all its promises, whether explicit or implicit?

Institutional Opportunities

The rise of the organic foods movement as a transnational phenomenon has been made 
possible, to no small degree, by a proliferation of institutional opportunities over the 
past	few	decades	(Tarrow	2002,	pp. 241–242).

First,	a	series	of	international	environmental	events	have	provided	important	mobilizing	
opportunities	for	the	organic	foods	movement.	The	United	Nations	(UN)	Conference	on	
the Human Environment, held in Stockholm in 1972; the UN Conference on Environment 
and	 Development,	 in	 Rio	 de	 Janeiro	 in	 1992;	 and	 the	World	 Summit	 on	 Sustainable	
Development,	in	Johannesburg	in	2002	are	major	events	that	have	developed	the	concept	
of “sustainability” and turned “sustainable agriculture” into an explicit political commit-
ment	of	the	international	community.	It	is	no	coincidence	that	IFOAM	was	formed	within	
months	 of	 the	 Stockholm	 conference.	 International	 organizations	 also	 sponsor	 annual	
events	 such	 as	 the	Food	and	Agriculture	Organization	 (FAO)’s	 “World	Food	Day”	 (16	
October)	and	the	UN	Environment	Program	(UNEP)’s	“World	Environment	Day”	(5	June),	
which	provide	recurring	mobilizational	focal	points	for	the	organic	foods	movement.
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Second, initiatives by state allies have contributed to the growth of the organic foods 
movement in a number of ways. Most important, states have provided heavy direct 
and indirect subsidies to farmers for converting from conventional to organic meth-
ods	of	food	production.	Denmark	was	a	pioneer	in	this	regard.	In	1987,	the	minority	
center-right government headed by conservative Prime Minister Poul Schlüter passed 
a	landmark	Act	on	Organic	Farming	(the	first	of	its	kind),	which	has	provided	finan-
cial subsidies for conversion to organic farming, research and development, certifi-
cation, and more. The law also created an Organic Farming Council, today known as 
the Organic Food Council (Det Økologiske Fødevareråd),	in	which	representatives	of	
environmental and organic movements, farmers, consumers, industry, and govern-
ment agencies have cooperated in the development of governance mechanisms in sup-
port	of	the	country’s	organic	foods	sector.13	In	essence,	the	Danish	state	has	approached	
the organic foods industry as one would expect when a “developmental state” identi-
fies	 a	 strategically	 important	 “infant	 industry,”	utilizing	a	 variety	of	 supply-side	 and	
demand-side	 policy	 instruments	 to	 spur	 the	 industry’s	 growth	 and	 development	
(Daugbjerg	and	Halpin	2010).

Over	the	past	30 years	or	so,	it	is	probably	safe	to	say	that	it	is	the	European	Union	(EU)	
that	has	provided	the	greatest	institutional	opportunities	for	the	transnationalization	of	
the	organic	foods	movement.	Since	1993,	EU	legislation	establishing	“a	legally	enforce-
able	and	officially	recognized	common	standard	for	organic	crop	production,	certification	
and labelling” has facilitated the emergence not only of an EU-wide common market in 
organic	foods,	but	also	a	global	market	(Padel	and	Lampkin	2007,	p. 97).	Once	EU	law	pro-
vided a definition of organic agriculture, it became possible for the EU to provide finan-
cial support to organic agriculture within the framework of the Common Agricultural 
Policy	(CAP).	EU	grants	for	agri-environmental	and	rural	development	schemes	have	
provided a significant support for the conversion of land from conventional to organic 
foods	production	and	for	marketing	and	processing	of	organic	foods.	In	addition,	the	EU	
has also supported the development of transnational research projects focusing on various 
aspects	of	organic	food	and	farming	through	schemes	known	as	CORE-Organics	I and	
II.14 European commitment to the promotion of organic food is further evidenced by the 
development	of	and	publication,	in	2004,	of	a	European	Action	Plan	for	Organic	Food	and	
Farming (http://www.orgap.org).15 Finally, it might be noted that the enlargement of the 
EU has provided a powerful impetus for the development of organic farming in the post-
communist	states	of	Central	and	Eastern	Europe	(Stracansky	2010).	At	the	European	level,	
policy development and implementation involves extensive consultation with so-called 
stakeholders.	As	recognized	stakeholders,	representatives	of	the	organic	foods	movement	
have	been	able	to	exercise	considerable	influence	over	the	development	of	EU	policy	relat-
ing to organic food and farming. The organic foods movement has successfully portrayed 
itself not only as a repository of professional expertise, but also, and more significantly, as 
“owners	of	the	ideas	of	organic	agriculture”	(IFOAM	EU	Group 2006,	p. 5).	Because	of	the	
latter,	the	credibility	and	legitimacy	of	government	regulation	of	the	organic	field—par-
ticularly	as	this	relates	to	standards	and	certification—is	critically	dependent	on	official	
initiatives receiving the blessing of the movement.

http://www.orgap.org
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Clearly,	the	European	polity	has	functioned	as	a	“coral	reef,”	to	use	Tarrow’s	meta-
phor	(2001,	pp. 15–16;	2002,	p. 242),	that	has	provided	ample	institutional	opportunities	
for the development of transnational dimensions of the organic foods movement. To 
a somewhat lesser extent, but more global in scope, this is true also of UN institutions 
such	as	FAO,	the	UN	Conference	on	Trade	and	Development	(UNCTAD),	the	World	
Trade	Organization	(WTO),	and	the	World	Health	Organization	(WHO).	These	orga-
nizations	work	 closely	with	 IFOAM	 in	developing	 standards	 and	also	 in	promoting	
organic agriculture, not the least in developing countries.

The UN agencies have also helped legitimate further action to promote organic foods 
production.	A particularly	significant	UN-led	initiative	is	known	as	the	International	
Assessment of Agricultural Knowledge, Science and Technology for Development 
(IAASTD).	Initiated	by	the	World	Bank	and	co-sponsored	by	a	wide	range	of	UN	agen-
cies,	the	IAASTD	process	brought	together	representatives	of	governments,	civil	society	
(including	IFOAM),	and	scientists	to	make	an	international	assessment	of	the	role	of	
agricultural science and technology in “reducing hunger and poverty, improving rural 
livelihoods, and facilitating equitable, environmentally, socially and economically sus-
tainable	development.”	The	drafting	and	editing	of	the	report	provided	a	focal	point	for	
civil	society	activism	(Scoones	2009),	and	the	final	report,	presented	in	2008,	has,	with	
its	endorsement	of	organic	agriculture,	helped	shift	the	debate	on	agricultural	policy	in	
ways	welcomed	by	organic	food	advocates	(McIntyre	et al.	2009;	IAASTD	Watch	2008).

The Organic Foods Movement  
as a Model

The	rise	of	the	organic	foods	movement	to	a	position	of	power	and	influence	in	world	
politics may partly be explained by the efficacy of the organic frame and by the plethora 
of	institutional	opportunities	offered	by	states	and	international	organization.	However,	
how	the	movement	has	been	organized	and	operated	at	the	transnational	level	has	also	
helped legitimate the transnational dimension in relation to both its own members and 
to	 external	 stakeholders	 (states,	 corporations,	 international	organizations,	 and	other	
INGOs).	It	 is	a	telling	indicator	that	the	organic	foods	movement	has	come	to	serve	
as a model for other social movements seeking to develop a transnational element to 
their own work on issues relating to social and environmental “sustainability.” Notably, 
IFOAM	served	as	an	organizational	“blueprint”	when	the	Forest	Stewardship	Council	
(FSC)	was	founded	in	1993,	and	it	furthermore	“provided	the	institutional	model	for	
certification as the primary policy instrument used by the FSC and later also by a vari-
ety	of	other	transnational	rule-making	organizations”	(Dingwerth	and	Pattberg	2009,	
p.  723).16	 In	 addition,	key	organizational	 features	pioneered	by	 IFOAM	were	 subse-
quently	 adopted	 by	 other	 prominent	 international	NGOs	 (INGOs)	 concerned	with	
global sustainability. These include a parliamentary-style governing body and an 
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organizational	culture	that	emphasizes	democratic	norms	and	processes	(transparency,	
accountability,	participation,	etc.)	(Dingwerth	and	Pattberg	2009).	A recent	assessment	
of	the	“accountability	capabilities”	of	powerful	global	organizations	identified	IFOAM	
as	the	most	accountable	among	the	INGOs	(Lloyd,	Warren,	and	Hammer	2008).

The transnational organic foods movement thus derives its legitimacy, in no small 
part, from its embrace of “democratic” practices of two different kinds: first, by giving 
producers and consumers a choice about whether to make or buy “organic”; and second, 
by operating internal democratic procedures that give members effective voice in the 
continuous evolution of the meaning of “organic” and the methods used for certifica-
tion.17	Of	course,	this	does	not	mean	that	IFOAM	in	particular	or	the	organic	foods	
movement in general are immune from criticism. One notable area of concern is in 
regards	to	the	difficulties	that	producers	from	poor	countries	face	in	influencing	the	
formulation	of	organic	standards,	as	well	as	in	complying	with	them	(Hatanaka	2010;	
Vandergeest	2007).	Smallholders	in	tropical	countries	are	particularly	disadvantaged	by	
the expensive and bureaucratic certification regime that has been developed over the 
past few decades, primarily with the conditions of Western Europe in mind (Raynolds 
2004).

Conclusion

The transnational organic foods movement is today one of the most well-established of a 
new	crop	of	civil	society	organizations	and	networks	that	seek	to	discipline	and	“civilize”	
states, corporations, and individuals wherever on the planet they happen to be located 
(Bowden	and	Seabrooke	2006).	However	successful	it	has	been	in	the	past,	a	new	global	
context poses fresh challenges.

Whereas “organic” in the past few decades was fortuitously positioned, as a mat-
ter of definition, as the diametrical opposite of agricultural models that relied on 
the heavy use of synthetic pesticides and transgenic seeds, “organic” as it is cur-
rently understood has a much more ambivalent relationship to the issues on which 
IFOAM’s	most	recent	advocacy	campaigns	are	focused: climate	change,	biodiver-
sity,	and	food	security.	If	the	political	salience	and	urgency	of	these	issues	continue	
to grow in the years ahead, the organic foods movement may face a growing cred-
ibility problem. Although organic agriculture may very well have advantages over 
“conventional” agricultural methods in terms of carbon footprints, biodiversity, 
and	impact	on	the	world’s	most	metabolically	vulnerable	populations,	as	IFOAM	
asserts, it is not necessarily so. Whether it does is highly contingent on the con-
text.	The	movement’s	positioning	of	organic	as	an	answer,	if	not	the answer, to these 
global ills is rendered particularly vulnerable because certified organic standards do 
not	(as	yet)	differentiate	between	organic	farming	operations	that,	all	things	consid-
ered, have net beneficial effects on climate change, biodiversity, and food security, 
and those that do not.18
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Moreover, any current advantages associated with organic farming techniques 
may	prove	unsustainable	in	the	longer	term	as	organic’s	ideologically	less	constrained	
“Other”	(i.e.,	conventional	farming)	evolves	in	response	to	the	changing	political,	com-
mercial,	and	ecological	context.	In	so	doing,	it	is	able	to	draw	on	a	wider	repertoire	of	
agricultural	 models	 and	 techniques—conventional,	 organic,	 no-till,	 integrated	 pest	
management,	SRI,	conventional	and	genetic	plant	breeding,	and	more.19	 In	the	 long	
run, so-called conventional farmers are likely to be better positioned than their organic 
colleagues to harvest the private benefits of combining organic farming methods with 
transgenic technology while in the process generating larger positive externalities. 
The classic example is no-till farming, which typically is done with herbicide-tolerant 
transgenic	seeds.	In	this	light,	it	is	difficult	to	see	how	the	organic	foods	movement’s	
dominant	frame—positing	a	binary	between	organic	and	conventional—can	be	main-
tained as increasingly sophisticated and pragmatic consumers, producers, and regula-
tors search for answers to new questions. The transnational organic foods movement is 
vulnerable	to	shifts	in	the	standards	by	which	environmental	impacts	are	measured.

However,	efforts	to	adapt	to	these	shifting	priorities	and	standards	will	exacerbate	ten-
sions	within	the	coalition	of	diverse	interests	and	organizations	that	shelter	under	the	
transnational	movement’s	umbrella.	For	example,	while	IFOAM	has	put	the	issue	on	the	
top	of	its	advocacy	agenda,	many	organic	farmers	remain,	like	some	in	New	Zealand,	
“among	the	most	adamant	climate	change	sceptics”	(Campbell	and	Rosin	2011).	There	
may thus be less of an elective affinity between the environmental sensibilities of organic 
farming	and	other	environmental	concerns	than	is	often	assumed.	In	a	similar	vein,	the	
temptation to follow the cue of the “global justice” movement and adopt its communi-
tarian and anticapitalist answers to the question of “how to feed every person on the 
planet	whilst	safeguarding	its	future”	(Reed	2010,	p. 148)	must	be	tempered	by	the	real-
ization	that	doing	so	would	exclude	the	supporters	of	organic	foods	in	the	transnational	
“social	movements	for	global	capitalism”	(Sklair	1997),	most	notably	the	large	retailers.	
Managing	these	conflicting	external	pressures	and	internal	demands	is	the	challenge	that	
the	organizations	that	make	up	the	transnational	organic	foods	movement	now	face.

Notes

 1. The segment can be viewed at http://www.thedailyshow.com/watch/thu-may-14-2009/
little-crop-of-horrors. This public reaction can be contrasted with that experienced by 
Prince Charles, who was regarded as a loony eccentric who “talked to his plants” when he 
began	promoting	organic	foods	in	the	early	1990s	(Shnayerson	2007).

	 2.	 On	the	history	of	IFOAM,	see	Geier	(2007).
	 3.	 This	 is	part	 and	parcel	of	 the	broader	 trend	 toward	 so-called	conventionalization	 that	

has	been	observed	in	the	organic	foods	industry.	See,	for	instance,	Buck	et al.	(1997)	and	
Howard	(2009).

 4. For dairy, it was also the consequence of a negative consumer reaction to the introduction 
of	Monsanto’s	genetically	engineered	recombinant	bovine	growth	hormone	(rBGH)	in	the	
early	1990s	(DuPuis	2000).

http://www.thedailyshow.com/watch/thu-may-14-2009/little-crop-of-horrors
http://www.thedailyshow.com/watch/thu-may-14-2009/little-crop-of-horrors
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	 5.	 This	view	was	initially	rejected	in	the	United	States	(Mansfield	2004;	Eilperin	and	Black	
2008).

	 6.	 http://www.organicconsumers.org/
 7. On the relationship between fascist movements and ideas about organic farming, see, for 

example,	Brüggemeier	et al.	(2005),	Biehl	and	Staudenmaier	(1995),	Conford	(2001),	and	
Moore-Colyer	(2004).

 8. http://www.isofar.org/about/documents/isofar-statutes-2006.pdf
 9. http://www.organicfqh.org/about_fqh/index.html
	10.	 Demeter	International	was	founded	in	1997	by	16	national	biodynamic	agriculture	asso-

ciations (http://www.demeter.net/).	It	has	established	a	liaison	office	in	Brussels	in	order	to	
lobby the EU.

	 11.	 Indeed,	uncertainty	about	the	future	direction	of	public	policy	may	be	one	important	fac-
tor that is holding farmers back from converting from conventional to organic methods of 
farming	(Kuminoff	and	Wossink	2010).

 12. Such support can be justified if the price premium attached to organic food products is insuf-
ficient to compensate not only for the costs associated with the conversion from conventional 
to organic, but also for lower land and labor productivity of organic farms relative to conven-
tional farms and the higher transaction costs associated with certified-organic farming.

	13.	 By	the	late	1980s,	Denmark	had	developed	an	unusually	active	and	entrepreneurial	“grass-
roots” environmental movement, and, in national-level politics, a consensual approach 
that	emphasized	market-based	approaches	to	solving	environmental	challenges	had	been	
established. The organic foods initiative was thus just one of many similar “green” initia-
tives that, today, have helped establish Denmark as a leader in the field of organic agricul-
ture and wind-power technology. However, the success of the environmental movement 
has	also	engendered	a	backlash	in	the	form	of	environmental	skepticism	(Jamison	2004).

 14. Details on these transnational research projects can be found at http://coreorganic.org.
	15.	 In	addition,	many	individual	EU	member	states	have	developed	national	“action	plans”	to	

support the development of organic foods production.
	16.	 These	include,	most	notably,	the	two	remaining	founding	members	of	the	International	

Social	 and	 Environmental	 Accreditation	 and	 Labelling	 (ISEAL)	 Alliance	 (established	
in	 1999):  the	 Fairtrade	 Labelling	 Organizations	 International	 (1997)	 and	 the	 Marine	
Stewardship	Council	(1997).

	 17.	 IFOAM	has	three	different	levels	of	affiliation	(member,	associate,	supporter).	Full	voting	
rights at the general assembly are given to members only. To become a member, an organi-
zation	or	corporation	must	qualify	as	“predominantly	organic.”

	18.	 The	Climate,	Community	&	Biodiversity	Alliance	has	launched	a	certification	scheme	that	
attempts to address some of these issues. The Alliance is backed by leading NGOs, such as 
CARE, the Wildlife Conservation Society, and the Rainforest Alliance, and is funded by 
companies such as BP, Hyundai, and Weyerhaeuser.

 19. On the combination of organic farming with genetic engineering, see Ronald and 
Adamchak	(2008).
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Chapter 31

The Dialectic of 
Pro-P o or Papaya

Sarah Davidson Evanega and Mark Lynas

Introduction

Although according to some analyses genetic engineering is the “fastest-adopted 
crop	technology	in	recent	history”	(James	2014),	it	can	equally	be	argued	that	the	use	
of molecular techniques of recombining DNA for crop breeding has failed to achieve 
even	a	fraction	of	the	potential	for	which	its	early	developers	hoped.	Large-scale	adop-
tion has so far been limited to just four crops: corn, soy, canola, and cotton, and, among 
them,	just	two	traits—herbicide-tolerance	and	insect-resistance.

Major world commodity crops such as wheat and rice have so far been entirely 
locked out of the biotech revolution, while applications in fruit-growing and hor-
ticulture are noteworthy only by their scarcity. Some early innovations, such as the 
Flavr-Savr	tomato	and	NewLeaf	potato,	have	been	dropped	altogether,	despite	their	
promised benefits to farmers and others in the food sector. Other horticultural crops, 
such as squash and sweet pepper, remain at very low levels of adoption in only one 
or two countries, while others, such as bio-fortified and disease-resistant potatoes, 
bananas,	 beans,	 and	 others,	 remain	 in	 the	 development	 pipeline	 even	 after	many	
years of research work (efforts are ongoing by the African Agricultural Technology 
Foundation,	 the	Agricultural	Biotechnology	Support	Project	 II,	 and	other	projects	
worldwide).

A partial exception that proves the rule is the focus of this chapter. The development 
and rapid adoption of genetically engineered virus-resistant papaya in Hawaii, followed 
by its subsequent political rejection when introduced into Thailand, illustrate both the 
reasons for rapid adoption of plants of unique utility to growers and the political obsta-
cles that have slowed adoption of biotech crops. This case study of a little-known geneti-
cally modified horticultural crop is of sufficiently small scale that we can detail obstacles 
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to adoption in Thailand in ways that illuminate the global biotechnology controversy 
more	broadly	(see	McHughen;	Newell-McGloughlin;	Harriss	and	Stewart,	this	volume).

The papaya case study is of particular interest because this innovation rep-
resents a rare example of public-sector biotechnology aimed at supporting 
resource-poor farmers growing a relatively small-scale crop and, therefore, 
stands	 in	 contrast	 to	 genetically	 engineered	 (GE)	 applications	 developed	 by	
multinational	seed	companies	and	primarily	utilized	by	large-scale	farmers	pro-
ducing for world markets. The experience of GE papaya may also be helpful in 
disentangling the threads of opposition to biotechnology: widely held concerns 
about the patenting of seeds and the rights of farmers obviously did not apply in 
this case. The chapter will conclude with implications for projecting the future 
of projects developed in the public sector and focused on smallholder farmers. 
Virus resistance is a trait that is not available through other than molecular tech-
niques, unlike the more common applications such as herbicide tolerance; bio-
property	 is	not	 contested.	 In	 this	 sense,	 the	papaya	 case	parallels	 contestation	
around	 bio-fortification	 (see	 Stein,	 this	 volume).	 “Golden	 Rice,”	 for	 example,	
addresses a micronutrient deficiency in a major food crop in which no breeding 
alternatives	 for	 beta-carotene	 enrichment	 exist.	 Like	Golden	Rice,	 papaya	 is	 a	
public-sector project using techniques with no known alternatives. Despite these 
characteristics, genetically engineered papaya faced political resistance similar 
to that confronting bulk commodities in which the desired trait could be pro-
duced by other techniques and carrying property claims of major life-science 
corporations such as Monsanto.

Papaya as a Food Crop

Papaya is a minor crop by the standards of world trade, but as a fruit predominantly 
produced and consumed in the developing world it is nevertheless an important and 
highly nutritious food source for many consumers in poorer countries. Papaya is con-
sumed as a fresh fruit, as a raw green “vegetable” in salads, and as a cooked “veg-
etable.”	It	is	grown	in	the	developing	world	both	on	a	commercial	scale	as	well	as	by	
small-scale	 farmers	 for	home	or	 local	consumption.	 It	 is	close	 to	an	 ideal	crop	for	
small-scale subsistence growers because it can be easily grown from seed and requires 
few inputs. Moreover, the first mature fruits can generally be harvested a mere nine 
months	after	seed	sowing,	and	the	fruit	is	produced	continuously	year-round.	As	a	
tropical herbaceous plant, papaya trees can reach 12 feet tall in a single year of growth 
(Gonsalves	1998).

Papaya is a valuable source of micronutrients for impoverished people with diets 
dominated	by	rice	or	other	nutrient-poor	caloric	sources.	It	is	high	in	vitamin	C	and	
rich in pro-vitamin A  carotenoids, both of which indirectly facilitate iron uptake. 
A 100-gram	serving	of	ripe	papaya	(a	quarter	or	less	of	a	single	fruit)	provides	133 percent	
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of	the	recommended	daily	intake	(RDI)	of	vitamin	C	for	an	adult	and	33 percent	of	the	
RDI	 for	 vitamin	A  (Duxbury	 2003).	Thus,	 although	 it	 receives	 little	 attention	 from	
development experts concerned with food security, papaya already helps alleviate two 
of the “big three” micronutrient deficiencies that plague undernourished people glob-
ally	(iron,	vitamin	A,	and	iodine)	and	clearly	holds	considerable	promise	for	further	
diversifying the diet of the rural poor in tropical countries.

In	Thailand	papaya	has	special	culinary	and	cultural	importance.	It	is	the	primary	
ingredient in som tam	(green	papaya	salad),	which	is	consumed	daily	by	ordinary	Thai	
people—especially	rural	people	working	in	the	paddy	fields	where	a	shared	bowl	of	som 
tam	complements	the	sticky	rice	staple.	More	than	90 percent	of	papaya	consumed	in	
Thailand is grown in Thailand, much of that at the household scale in backyard gardens 
or	peripheral	areas	around	rice	paddy	fields	(Davidson	2008).

Papaya Ringspot Virus

Papaya	ringspot	virus	(PRSV)	belongs	to	the	genus	Potyvirus, and it has a single-stranded 
RNA	genome	encapsidated	by	the	genome-encoded	coat	protein	(CP)	(Tripathi	et al.	
2008).	PRSV	is	a	vector-borne	pathogen,	mainly	transmitted	by	aphids.	Symptoms	of	
infection typically include characteristic ringspot symptoms on the fruits of infected 
trees as well as chlorosis on leaves and the stunting of affected plants.

Although	first	reported	in	1945,	PRSV	may	have	been	observed	as	early	as	1937	on	
the	island	of	Oahu	in	Hawaii.	Initially	a	relatively	mild	pathogen,	PRSV	evolved	a	more	
virulent	strain	in	the	1950s,	virtually	wiping	out	the	papaya	industry	in	Oahu	by	the	
late	1960s.	Around	this	time	the	virus	was	first	detected	in	Brazil,	the	world’s	largest	
papaya producer, and it gradually forced the entire papaya industry to relocate inland 
away	from	the	initial	growing	areas	around	São	Paolo	and	Rio	de	Janeiro	to	more	pris-
tine	uninfected	areas	in	the	remoter	west	of	the	country	(Gonsalves	1998).	In	Taiwan,	
PRSV	had	spread	throughout	the	entire	island	by	the	late	1970s,	devastating	the	produc-
tion	industry.	It	was	discovered	in	1991	in	Queensland,	Australia,	the	center	of	papaya	
production in that country, and it is now considered a worldwide problem with no pro-
ducer country being free of the virus.

Various mitigation strategies have been attempted in different regions with vary-
ing	degrees	of	effectiveness.	In	Taiwan,	for	example,	the	destructiveness	of	PRSV	has	
forced farmers to grow papaya as an annual crop, with trees removed immediately 
after	the	harvest	of	the	first	mature	fruit,	by	which	time	they	will	usually	have	become	
infected.	In	Taiwan	some	farmers	have	also	adopted	the	expensive	strategy	of	growing	
papaya	under	protective	nets	to	exclude	aphids	until	first	fruit	production.	In	Brazil,	a	
vastly	larger	country,	the	key	growing	areas	have	continually	shifted	to	try	to	keep	one	
step ahead of the spread of the virus. However, this has raised shipping costs and low-
ered the quality of the fruit, which is fragile and easily damaged during transportation 
(Gonsalves	1998).
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Development of Transgenic 
Virus-resistant Papaya

Given the devastating effects of PRSV on papaya productivity and its increasingly global 
spread, scientists began more than forty years ago to investigate the potential for devel-
oping resistant papaya varieties. Early attempts focused on the possibility of “cross 
protection,” whereby plants would be deliberately infected with a mild strain of the 
virus	to	protect	against	later	infection	by	a	more	virulent	strain—a	process	analogous	
to vaccination with live but weakened virus in humans. These attempts met with only 
mixed results, however: The milder strains of PRSV still produced symptoms of infec-
tion,	marking	the	fruit	and	making	farmers	reluctant	to	deploy	it.	It	also	failed	to	confer	
total protection against virulent PRSV when deployed in the field in both Taiwan and 
Thailand	from	1985	onward	(Gonsalves	1998).

Coincidentally, at around this time, the science of molecular biology began to yield 
new tools for transforming plants and other organisms, including the use of recombi-
nant DNA technology, which offered the potential to move genes between unrelated 
organisms. Simultaneous advances in understanding of the mechanisms whereby plant 
viruses	parasitize	their	hosts	led	to	the	proposal	in	1985—by	John	Sanford	at	Cornell	
University	and	Stephen	Johnston,	then	at	Duke	University—of	“pathogen-derived	resis-
tance”	(PDR),	namely	that	resistance	to	a	pathogen	could	be	conferred	by	introducing	a	
gene	from	that	pathogen	into	the	host	(Sanford	and	Johnston	1985).

Sanford	and	Johnston	recognized	that	this	mechanism	already	exists	in	nature	in	the	
phenomenon	of	cross	protection	(discussed	above).	The	challenge	would	therefore	be	to	
refine the technique by introducing the necessary genes without the need to infect the 
plant	(or	other	organism)	with	a	related	virus,	and	to	do	so	reliably	with	the	genes	being	
heritable	as	necessary.	Later	this	phenomenon	of	pathogen-derived	resistance	was	iden-
tified	as	resulting	from	“RNA	interference”	(RNAi),	a	process	by	which	RNA	molecules	
inhibit gene expression. The two scientists who identified RNAi and coined the term 
(Andrew	Fire	and	Craig	Mello)	shared	the	2006	Nobel	Prize	in	Physiology	or	Medicine	
for their 1998 Nature publication identifying RNAi in the nematode worm C. elegans 
(Fire	et al.	1998).

A plant virus is a relatively simple structure composed primarily of its hereditary 
material	(either	RNA	or	DNA),	which	is	typically	housed	in	a	protein	structure	termed	
a	“coat	protein.”	Even	back	in	1985,	Sanford	and	Johnston	had	proposed	that	one	of	the	
ways	resistance	could	be	derived	might	be	from	utilizing	the	viral	genetic	sequences	
involved	 in	 producing	 this	 coat	 protein.	 Just	 a	 year	 later,	 a	 separate	 team	 showed	
that transgenic tobacco expressing the coat protein gene of tobacco mosaic virus did 
indeed	 exhibit	 resistance	 to	 infection	by	 the	 virus	 (Abel	 1986).	This	 appeared	 to	 be	
pathogen-derived resistance in action; in the case of tobacco the genes were introduced 
by the newly discovered method of using Agrobacterium tumefaciens to insert viral 
DNA into the genome of the target plant.
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In	the	same	year	(1986),	plant	virologist	Dennis	Gonsalves	at	Cornell	University	began	
a project to use pathogen-derived resistance against viruses that affect fruits and vegeta-
bles—principally	papaya,	but	also	cucumber,	watermelon,	and	squash.	Gonsalves’s	work	
was given additional real-world relevance by the anticipated likelihood that papaya 
ringspot virus would island-hop in Hawaii to affect the main papaya-growing Puna dis-
trict	on	the	Big	Island.	Given	the	sensitivities	that	would	eventually	arise	around	utiliz-
ing the new transgenic technology in an important food crop, an attractive aspect of the 
PDR	approach	is	that	no	actual	protein	is	expressed	by	the	plant—the	mere	introduction	
of viral DNA into the genome of the papaya plant is enough to shut down viral replica-
tion and thereby prevent infection by the virus.

Gonsalves	 and	 his	 team	 utilized	 the	 newly	 invented	 “gene	 gun”	 (rather	 than	
Agrobacterium)	 to	 introduce	 the	virus	coat	protein	genes	 into	papaya,	 together	with	
new techniques for tissue-culturing transformed plants. The first papaya varieties to be 
genetically	engineered	in	this	way	were	the	Hawaiian	red-fleshed	“Sunset,”	which	was	
subsequently	crossed	to	the	consumer-preferred	and	Big	Island–adapted	yellow	fleshed	
“Kapoho” variety. The resulting transgenic lines demonstrated extremely robust resis-
tance to Hawaiian strains of PRSV. By the end of 1992, the Cornell team began to con-
duct field trials of one of the new papaya varieties at Waimanalo on Oahu island, where 
PRSV was first discovered many decades earlier. Giving particular urgency to the proj-
ect, PRSV was indeed discovered in the main papaya-growing Puna region of Hawaii 
in the same year, and the virus began to spread rapidly. Despite an eradication program 
involving the destruction of thousands of infected papaya trees, within five years the 
entire growing region was severely affected and the industry under threat of destruction.

Introduction of Virus-resistant 
Transgenic Papaya in Hawaii

In	1995	a	large-scale	field	trial	of	new	transgenic	yellow-fleshed	F1	hybrid	“Rainbow”	
papaya	 variety	 was	 begun	 in	 Puna,	 Hawaii—resistant	 papayas	 were	 planted	 in	 a	
virus-infested area, with non-transgenic varieties surrounding the test site as controls. 
The reported results were striking: while the susceptible papaya varieties withered under 
the pressure of virus infection, the transgenic variety demonstrated near-total resis-
tance,	even	when	physically	inoculated	with	the	virus.	Yields	of	the	resistant	“Rainbow”	
variety	were	more	than	2,200kg/ha	(more	than	three	times	the	industry	average),	as	
compared	 to	 negligible	 56  kg/ha	 for	 susceptible	 “Sunset”	 variety	 after	 full	 infection	
(Ferreira	et al.	2002).	Because	the	trial	was	undertaken	in	the	primary	papaya-growing	
region, local farmers were able to visit and see evidence of the success of transgenic 
papaya at first hand in the field.

Meanwhile,	Hawaii’s	papaya	industry	was	suffering	a	crisis,	and	full-scale	collapse	
threatened: by 1998 commercial production had fallen to about half the 1992 level, and 
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what fruits were harvested all came from PRSV-infected fields. Three of the five papaya 
packing houses had closed in Puna by 1998, and the two remaining facilities had ceased 
to operate full-time. However, the process to deregulate transgenic papaya for full-scale 
production had already begun: Approval was obtained from the USDA-Animal Plant 
Health	Inspection	Service	(APHIS)	in	1996,	and	from	the	Environmental	Protection	
Agency in 1997, along with the necessary consultation with the federal Food and Drug 
Administration	(Fuchs	and	Gonsalves	2007).

With official clearance obtained, transgenic papaya seeds were distributed free to 
growers via the Papaya Administrative Committee in Hawaii under a lottery system 
based on need and the severity of PRSV infection on farms. Because of the severity of 
the	crisis,	most	farmers	planted	their	transgenic	seeds	soon	after	they	received	them—
within a year, by 1999, visibly healthy fields of papaya trees were commonplace. Today 
about	70 percent	of	the	papaya-growing	area	in	Puna,	Hawaii,	is	transgenic,	and	GE	
papaya fruits can be purchased by consumers throughout the United States, Canada, 
and,	to	a	limited	extent,	Japan.

To date no breakdown of resistance to the virus has been reported, even with rapid 
and widespread deployment. The commercial release of transgenic papaya has also had 
the wider benefit of assisting non-transgenic papaya recovery by dramatically reducing 
the	overall	prevalence	of	the	virus—an	example	of	the	so-called	halo	effect	of	some	pest	
and disease-resistant GE crops. Transgenic papaya has also had the environmental ben-
efit of allowing papaya production to be focused on existing virus-infected land, reduc-
ing the pressure to clear highly biodiverse forested land in a constant quest to avoid the 
virus	(Fuchs	and	Gonsalves	2007).

The introduction of transgenic papaya into Hawaii is particularly relevant for study 
because the transformed cultivars were not developed by private companies for com-
mercial gain but in the public sector by teams based at academic institutions (princi-
pally	Cornell	University)	in	response	to	perceived	need	in	a	small-scale	farming	sector.	
Papaya growers on Hawaii are primarily of Filipino ethnic background, and the indus-
try	mainly	consists	of	small,	family-oriented	growers—many	of	whom	supplement	their	
incomes	by	holding	off-farm	second	jobs	(Fuchs	and	Gonsalves	2007).	Thanks	to	this	
rapid and carefully targeted deployment of biotechnology, a family-farm industry con-
tinues today in Hawaii when it otherwise might have been wiped out by a virulent agri-
cultural disease.

Papaya Transformed for 
Virus-resistance in Thailand

As	 detailed	 earlier,	 papaya	 ringspot	 virus	 is	 not	 a	 problem	 confined	 to	 Hawaii.	 In	
Thailand	the	papaya	ringspot	virus	was	first	observed	in	1975,	and	in	following	years	it	
became an increasingly serious threat to production. An eradication program launched 
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by the Thai Department of Agriculture focused on the immediate eradication of 
infected trees, but this strategy met with limited success due to the reluctance of villag-
ers to destroy any papaya trees even with minimal fruit-bearing potential (Thitiprasert 
2003).	Because	of	the	burden	of	disease,	average	yield	from	papaya	cultivation	fell	sig-
nificantly	from	the	1980s	to	the	1990s,	while	the	price	per	kilogram	more	than	doubled	
nationwide	(Napasintuwong	2009).	Papaya	area	under	cultivation	and	overall	tonnage	
produced	continued	to	fall	by	50 percent	between	1997	and	2006.	Given	the	importance	
of papaya both in Thai culture and in the nutritional well-being of ordinary Thai people, 
PRSV had by this time been identified by the Thai authorities as an agricultural threat of 
national importance.

There was obvious potential, therefore, for the approach using transgenic 
pathogen-derived resistance in papaya developed for Hawaii to be also applied in 
Thailand. Thailand also seemed a promising location because the country had already 
established	a	reputation	as	a	leader	in	biotechnology: from	1992	to	2000,	forty	geneti-
cally engineered crops were approved for study in Thailand, and the Thai government 
had	 invested	heavily	 in	building	national	capacity	 for	biotechnology	 from	the	 1980s	
onward	(Sriwatanapongse	et al.	2007).	Thailand	also	had	expert	personnel	directly	con-
cerned with the protection and promotion of papaya cultivation. One of these, the gov-
ernment	plant	virologist	Vilai	Prasartsee,	had	worked	since	the	1970s	at	the	Khon	Kaen	
Plant Material and Technical Service Center in Khon Kaen, Thailand, a facility located 
in	one	of	Thailand’s	most	important	agricultural	areas.

Prasartsee was charged with finding a means to control the papaya ringspot virus in 
Thailand. With this objective in mind, she forged a collaboration with Dennis Gonsalves 
at Cornell University as early as 1981, at first employing non-transgenic approaches to 
control	the	virus,	though	with	little	success.	When	Gonsalves’s	group	finally	began	to	
make headway back in Hawaii by applying a transgenic PDR approach to virus con-
trol, Prasartsee and her team moved quickly to replicate the approach for Thailand. 
The effort would be more complex than simply importing Hawaiian transgenic papaya 
seeds,	however: The	sweet,	yellow-fleshed,	palm-sized	Hawaiian	varieties	are	neither	
adapted to Thai growing conditions nor acceptable to Thai consumers, who look for 
large	zucchini-shaped	varieties	bred	for	som tam.

The Thai researchers therefore had to separately transform their own locally grown 
Thai papaya varieties with the coat protein gene isolated from Thai strains of the 
virus.	This	work	began	in	1995,	when,	with	modest	 funds	from	the	Thai	Ministry	of	
Agriculture	and	Cooperatives	and	the	United	States	Agency	for	International	develop-
ment	(USAID),	Prasartsee	arranged	for	two	of	her	colleagues	to	go	to	the	Gonsalves	
laboratory at Cornell University with the aim of creating a transgenic, virus-resistant 
papaya. The researchers took with them isolates of PRSV from Thailand and their own 
papaya	material	to	transform.	Just	two	years	later,	they	had	successfully	transformed	
two Thai-preferred papaya varieties and returned home with the new transgenic plants.

The new virus-resistant papaya could not be released straight away, however, because 
of the need to demonstrate safety and lack of environmental harm for a transgenic plant 
to satisfy the regulatory process. Tests showed that the virus resistance trait was passed 
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down	at	least	three	generations	of	the	plant	with	enduring	97	to	100 percent	effective-
ness. Extensive multiyear health and biosafety tests failed to find any negative effects on 
human	health	or	the	environment	(Sakuanrungsirikul	et al.	2004).	Nor	were	any	nega-
tive effects identified on pollinators or on beneficial insects or predatory mites, and no 
differences were observed in soil microbes around GE or non-GE plants.

Allergenicity risks were also assessed and came up negative. The feeding behav-
iors of rats were studied and found to be equivalent between rats fed GE and those fed 
non-GE papaya. The nutritional profiles of GE and non-GE papaya were assessed and 
also	found	to	be	equivalent	(Sakuanrungsirikul	et al.	2004).	The	issue	of	gene	flow	was	
also judged to be of minimal concern: Most cultivated papaya plants are self-pollinated, 
and even in the worst case of outcrossing the result would be other papaya acquiring 
virus resistance; not necessarily a negative outcome for farmers. Moreover, it was argued 
that in Thailand no risk to wild relatives should exist, as Carica papaya’s	closest	related	
genus, Vasconcellea, has its center of origin in the Andes, far away from the fields of Thai 
farmers.

Greenpeace Challenges Deployment

The greatest challenge facing those charged with introducing virus-resistant transgenic 
into Thailand, however, turned out to be not a technical but a political one. Greenpeace, 
the	multinational	 nongovernmental	 organization	 (NGO)	 based	 in	 the	Netherlands,	
had	established	a	Southeast	Asia	office	in	2000	in	Bangkok.	This	Southeast	Asia	group	
took an early decision to drop the wider Greenpeace campaign for forest protection and 
focus instead on an anti-GMO campaign, an effort that was identified as having a higher 
chance	of	success	for	the	newly	established	organization	(Davidson	2008).	Prasartsee’s	
newly transformed virus-resistant papaya was identified as a campaigning target given 
that it would represent the first GE crop proposed to be grown in the country.

On	27	July	2004	Greenpeace	activists	dressed	in	white-hooded	personal	protection	
suits, goggles, and respiratory masks traveled to Khon Kaen research station and used 
a	ladder	to	climb	over	the	barbed	wire	fence	that	surrounded	Prasartsee’s	experimen-
tal GE papaya field trial. Having already alerted local and national television and print 
media, photographers recorded powerful and emotive images of gloved hands transfer-
ring	genetically	modified	plant	material	into	hazardous	waste	bins.	Other	activists	held	
large yellow banners that read, in both Thai and English, “Stop GMO Field Trials.”

Greenpeace’s	strategy	involved	more	than	a	direct	action	approach	aimed	at	symboli-
cally uprooting GE papaya crops in order to raise attention to its concerns. The orga-
nization	simultaneously	released	news	that	transgenic	papaya	seeds	had	already	been	
removed from the Khon Kaen station and they were in unregulated use by Thai farmers. 
This revelation established a clear media and political narrative for the issue as concern-
ing the unexpected and uncontrolled “contamination” of GE materials becoming wide-
spread	 in	Thailand’s	 environment.	The	Greenpeace	 allegation	 seriously	 embarrassed	
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the Thai government and, in particular, the Ministry of Agriculture, as it presented an 
undeniable failure of regulation. The ministry and the researchers therefore had little 
opportunity to defend the transgenic papaya on its own merits as the political scandal 
widened.

It	is	important	to	acknowledge	that	Greenpeace	was	almost	certainly	correct	in	its	
assertion	 that	 transgenic	papaya	seeds	had	 left	 the	research	station	prematurely	and	
were being cultivated by farmers. Although to date it is still not established beyond 
doubt what happened, the most likely explanation is that field laborers hired by the 
research	station	took	papaya	seeds	from	the	site	and	distributed	them.	Indeed,	villagers	
interviewed later openly admitted receiving papaya seeds from relatives who worked 
at	the	station	(Davidson	2008).	An	obvious	incentive	existed	for	them	to	do	this: The	
virus-resistant papaya looked healthy and appeared even to the casual observer to 
deliver a much more productive crop than the virus-affected plants farmers were used 
to growing.

The	2004	situation	in	Thailand	can	therefore	be	viewed	as	an	example	of	the	unreg-
ulated spread of GE “stealth seeds,” biotech seeds carrying highly desired traits com-
ing	into	use	by	farmers	long	before	being	assessed	or	approved	by	regulators.	In	India,	
for example, GE pest-resistant Bt cotton seeds were in wide circulation years before 
transgenic	cotton	was	deregulated	by	the	Indian	government	in	2002,	while	in	Brazil	
unapproved GE soy was similarly smuggled across the border from Argentina by farm-
ers	eager	to	utilize	its	herbicide	tolerance	trait	for	better	weed	control	(Herring	2007;	
Herring	2013).	There	are	many	more	examples: as	a	biologically	self-replicating	technol-
ogy, transgenic seeds are clearly difficult to control, especially in polities with little regu-
latory capacity and border protections.

Greenpeace took the opportunity of the failure of regulation of a genetically engi-
neered crop in Thailand to put strong pressure on the Thai government. A  “feature 
story” published on its international website on the day of the direct action began as 
follows: “We warned the Thai government over a year ago not to play with genetically 
engineered	(GE)	papaya	but	they	didn’t	listen.	Now	they	have	left	the	whole	country’s	
papaya	crop	wide	open	to	contamination,”	it	asserted	(Greenpeace	2004).	Greenpeace’s	
GE campaigner in Southeast Asia, Varoonvarn Svangsopakul, was quoted in the same 
piece as saying: “This is potentially one of the worst cases of genetic contamination of a 
major food crop in Asia as this station is one of the largest suppliers of papaya seeds in 
the country. This is the hard evidence we needed to prove that GE contamination has 
broken in Thailand.”

Greenpeace	was	therefore	able	to	portray	its	27	July	2004	action	as	a	last-resort	mea-
sure	to	protect	the	public	from	the	Thai	government’s	failure	to	properly	control	the	use	
of potentially dangerous technology. From the outset the issue was discussed by the 
activists, the media, and policymakers as one of how “contamination” could be con-
tained	before	it	escalated	even	further	out	of	control	in	the	countryside.	In	addition,	
Greenpeace	was	careful	to	present	itself	as	taking	the	side	of	Thai	farmers.	As	Jiragorn	
Gajaseni, executive director of Greenpeace Southeast Asia, stated at the time: “All farm-
ers who have purchased papaya seeds from the research station have a right to know 
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whether GE papaya trees are growing on their land and whether their families are 
already	eating	GE	papaya.	Farmers	[are]	a	victim	of	the	environmental	crime	commit-
ted	by	the	Department	of	Agriculture”	(Greenpeace	International	2004).

Impact on Thai Agriculture and 
Biotechnology

In	retrospect,	the	interests	of	Thai	farmers	were	certainly	not	as	readily	evident	as	repre-
sented by Greenpeace, however. Although the “contamination” issue led to uncertainty 
and confusion among producers, the eventual outcome of the saga was an undeni-
able	restriction	of	 farmers’	choice	over	whether	or	not	 to	adopt	 the	GE	approach	to	
virus-resistance in papaya that had long been successfully deployed in Hawaii. Farmers 
who were known to have purchased seed from the research station had their farms vis-
ited and checked for transgenic papaya by government staff mandated to carry out vil-
lage sweeps to eradicate any trees suspected to be virus-resistant.

Anecdotal	but	widespread	reports	told	of	negative	impacts	on	farmers’	livelihoods	
resulting from these actions. One instance, of farmer Mae Somkhuan from Khon Kaen 
province,	is	detailed	in	an	earlier	paper	by	one	of	the	current	authors	(Davidson	2008).	
Mae stated that she was visited by Greenpeace activists, who removed sacks of her papaya 
after	informing	her	that	it	could	“contaminate”	other	trees.	Rumors	spread	around	the	
village that her papaya could cause sterility, early death, or cancer, and Mae was socially 
ostracized	and	left	in	near-bankruptcy	after	having	invested	heavily	in	a	large	loan	to	
finance her smallholder papaya business. Many other smallholder farmers may have 
faced similar challenges, although this has not been documented systematically.

The wider impact of the scandal was to transform the political climate of 
Thailand from one that was cautiously supportive of agricultural biotechnology to 
one	of	outright	hostility.	The	minister	of	agriculture—formerly	a	supporter	of	 the	
virus-resistant	papaya	project—ordered	that	Prasartsee’s	field	trial	be	eradicated	and	
the project suspended. Workers cut down all the plant material in the 1.8-hectare plot 
and buried it in pits dug onsite. Greenpeace kept up political pressure by stating that 
these workers had worn “no protection” in destroying the GE papaya plots, again 
implying	that	they	were	dealing	with	bio-hazardous	material	(Greenpeace	Southeast	
Asia	2006).

Greenpeace also successfully recruited other key stakeholders to take up its campaign 
banner. For example, the chairman of the Thai National Human Rights Commission 
told the Bangkok Post	at	a	press	conference	in	September	2004	that	“it	is	likely	contami-
nation	has	occurred”	in	more	than	ten	provinces	and	emphasized	that	“the	danger	of	
genetic	engineering	technology	.	.	.	could	cause	grave	damage	to	the	country’s	agricul-
tural sector and biological resources.” Prasartsee, instead of being celebrated for saving 
Thailand’s	papaya	industry	as	she	might	have	anticipated,	was	left	facing	disciplinary	
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charges for “alleged negligence involving the leakage of GM papaya seeds from the sta-
tion,” as the Bangkok Post	put	it	(Samabuddhi	2004).

Victory for the anti-GE campaigners was finally cemented when the prime minister, 
backed by a cabinet decision, ordered the destruction of all GE field trials in the coun-
try	two	months	after	the	initial	Greenpeace	action	(Waltz	2009).	The	combined	effect	of	
Greenpeace’s	direct	action	and	“contamination”	revelations,	the	ensuing	scandal,	and	the	
resulting passage of prohibitive legislation was to bring all agricultural biotechnology in 
Thailand	to	a	virtual	standstill—a	situation	that	persists	more	or	less	unchanged	to	this	day.

It	is	important	to	emphasize	that	not	only	transgenic	papaya	was	affected	by	the	new	
more hostile political climate ushered in by the papaya scandal. Earlier GE crops trialed in 
Thailand had included chili and tomato resistant to viral diseases, yard-long bean and cot-
ton resistant to insect pests, and rice resistant to ragged stunt virus and tolerant to saline 
conditions	(Attathom	and	Navarro	2011).	Following	the	cabinet	and	prime	minister’s	ban,	
none of these projects could be continued or restarted, and to date all projects are either 
dormant or have been abandoned. Moreover, although twelve GE crop events received 
earlier official approval in Thailand (all for herbicide-tolerance and insect-resistance traits 
in	maize	and	soybean),	none	are	in	commercial	cultivation	(ISAAA).

Although	Greenpeace’s	campaign	clearly	had	enormous	impact,	it	did	not	arise	in	a	
vacuum—GE	field	trials	had	long	been	controversial,	with	NGO-led	protests	over	Bt	
cotton	field	trials	leading	to	an	earlier	suspension	of	field	trials	in	2001.	In	addition,	the	
political	instability	that	enveloped	Thailand	following	the	September	2006	coup	against	
the Thaksin government made it impossible to resolve the situation clearly, with sev-
eral changes of government and ongoing deadlock between monarchist protesters and 
pro-Thaksin government supporters on the streets of Bangkok.

When	specific	ministers	did	try	to	move	forward,	anti-GE	campaigners	remobilized	
to stop them: the post-coup agriculture minister Thira Sutabutra was ready to submit 
a	proposal	to	cabinet	in	August	2007	to	lift	the	GE	ban	but	held	back	after	Greenpeace	
protesters	 dressed	 as	 “zombie	 fruits”	 and	wearing	 alien	 eyeballs	 dumped	 10	metric	
tons	of	papaya	(labeled	“GMO?”)	outside	the	Agriculture	Ministry	(Davidson	2008).	
Embarrassingly for Greenpeace, all papayas were quickly scooped up and carried away 
by street crowds and workers in the ministry.

It	is	notable	also	that	the	pro-	and	anti-GE	forces	in	Thailand	do	not	divide	along	party	
lines	in	what	is	a	very	politically	polarized	country: instead,	the	anti-GE	campaign	has	united	
a coalition of civil society NGOs, led informally on occasion by Greenpeace in a so-far suc-
cessful campaign to prevent GE innovations from being tested or adopted in Thailand.

Conclusions

To return to some themes highlighted in the introduction to this chapter, we now 
consider what the virus-resistant papaya case study suggests in terms of reasons for 
the slow uptake of biotechnology outside the realm of a small number of large-scale 
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commodity crops. What lessons might be learned for understanding and predicting 
the future of non-commercial projects designed primarily for use in comparatively 
less-industrialized	 countries?	 Though	 concerns	 that	 relatively	 poor	 countries	 and	
farmers cannot benefit from agricultural biotechnology because of patents and con-
trol by multinational life-science corporations, the politically powerful property issue 
proves	 to	 be	more	 variable	 than	 common	 accounts	 suggest	 (Cohen	 2005;	 Lybbert	
2003).	 Some	 disaggregation	 of	 the	 lumped	 together	 term	 “GMOs”	 is	 illustrated	 by	
papaya.	In	the	case	of	PRSV-resistant	papaya	in	Thailand,	property	rights	should	not	
ostensibly have raised opposition from anti-GE activists on the specific grounds of 
multinational corporations being the sole beneficiaries, because the papaya was devel-
oped by a nonprofit-making international consortium of public-sector scientists; the 
seeds were distributed for free in Hawaii and would have been in Thailand as well had 
protests not succeeded.

Similarly, concerns about non-replicable and patent-protected seeds reducing the 
rights of farmers are shown in this case to be misplaced, as in the case of “Golden Rice.” 
The virus-resistance trait in papaya was fully heritable and any patents were registered 
and held in the public interest by universities and research institutes. Furthermore, pub-
lic fears about human health dangers of genetically engineered foods were addressed by 
multiyear safety trials published in the peer-reviewed academic literature, as has been 
the	case	with	other	GE	crops	(Chassy,	this	volume).	Finally,	the	proven	success	of	trans-
genic papaya in Hawaii could also have provided real-world evidence reassuring Thai 
farmers and consumers concerned about the prospects of GE papaya.

The issue of segregated international markets might, however, have raised some con-
cerns requiring careful consideration. Specifically, Thailand is a major trader in agri-
cultural commodities; export markets might be negatively affected by the presence of 
unauthorized	transgenes	in	papaya.	However,	economic	impacts	would	likely	have	been	
manageable given that the vast majority of Thai-produced papaya is consumed domesti-
cally; moreover, the smallholder papaya-growing sector produces exclusively for local 
consumption. The potential for cross-pollination from GE papaya, another frequently 
raised concern by opponents, was studied and found to be limited. Papaya is mostly 
self-pollinating; moreover, the impact of even a worst-case outcrossing of transgenic 
papaya would merely have been to spread virus resistance more widely, protecting more 
trees	from	disease	and	premature	death.	It	is	not	clear	why	this	outcome	would	neces-
sarily represent a genuine environmental threat such as those, like deforestation and cli-
mate change, on which Greenpeace typically focuses its campaigns.

These factors raise the intriguing possibility that it may have been precisely because 
the GE papaya could not be opposed on the basis of many of the most common anti-GE 
arguments that it generated such a strong outpouring of activist opposition in Thailand. 
A safe transgenic crop delivering obvious consumer benefits, produced in the public 
sector for the use of small farmers in a developing country, might therefore be seen as 
more threatening to activist groups than GE applications with a more explicitly com-
mercial focus, such as tolerance to proprietary herbicides. The stakes would have been 
particularly high with the new Greenpeace Southeast Asia office looking to mount a 
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successful	first	major	campaign	after	establishing	itself	in	a	rapidly	emerging	and	eco-
nomically important region.

The case of PRSV-resistant papaya in Thailand therefore illustrates the potential fate 
of	any	transgenic	crop	perceived	as	a	“gateway	GMO”	and	therefore	prioritized	for	oppo-
sition by activists. Related arguments have been made about other non-commercial GE 
crops developed with ostensibly humanitarian objectives, such as vitamin A-enriched 
Golden	Rice,	which	has	been	similarly	criticized	by	activists	as	a	 “Trojan	horse”	 for	
the	entrance	of	biotech	corporations	(Pringle	2003: chap. 2).	Moreover,	had	Thailand	
successfully gone ahead with transgenic papaya, governments and scientific agencies 
in neighboring Asian countries might have been emboldened by a GE success story 
to move forward faster with their own agricultural biotechnology programs. Thus the 
“gateway GMO” crop might have been regional or global as well as national in impact.

As an alternative outcome, a failure to deploy transgenic papaya could have a chill-
ing effect on biotechnology throughout the entire region, especially given the ban 
applied to all GE field trials and applications in Thailand triggered by the protests. This 
impact would also encourage activists to expand their campaigns elsewhere, and indeed 
Greenpeace campaigners have since opposed Golden Rice in Bangladesh, China, and 
the Philippines, and they have carried out a direct action attack on a Bt talong (egg-
plant)	field	 trial	 in	 the	Philippines	 in	February	2011	 (Greenpeace	 International	2013;	
Greenpeace	 Philippines	 2011;	 ISAAA	 2011).	 Genetically	 engineered	 eggplant,	 like	
papaya, is the product of international cooperation in which technology fees and pat-
ent claims are foregone by the developers and farmers are exempt from any additional 
charges	(Kolady	and	Lesser	2008).

One of the most salient lessons from the Thailand case is how the political and media 
debate played out. Once Greenpeace had successfully framed the media and politi-
cal narrative of GE papaya as being primarily about “contamination,” its activists had 
established a battlefield on which the agricultural scientists had little chance of win-
ning public support. The idea of “contamination” evokes visceral fears about pollution 
and loss of purity in food, always an emotive and controversial issue for obvious rea-
sons. Once placed on the defensive, the scientists were unable to make a clear case for 
why virus-resistant papaya was needed, safe, or useful in Thailand. The lesson here is 
clear: unless those charged with developing transgenic crop varieties demonstrate that 
they can control deployment of the technology in accordance with established regula-
tory procedures, opposition has an important political tool. The irony is that the “ter-
minator	technology”	so	effectively	used	in	mobilizing	anti-biotechnology	forces	in	the	
early	2000s	would	prevent	the	gene	flow	now	considered	“pollution.”	Yet	it	was	politi-
cal	opposition	to	the	“terminator”	that—along	with	doubts	about	efficacy—prevented	it	
from being deployed in any crop, popular media accounts notwithstanding.

Another clear lesson is that activists are better at politics than are scientists. 
Although their case might well have been hopeless, in retrospect it is also clear that 
the Thai scientists failed to mount a coordinated rearguard campaign to defend their 
work.	They	did	not	succeed	in	mobilizing	farmers,	the	intended	direct	beneficiaries,	
into a vocal constituency supporting the introduction of virus-resistant papaya. Nor 
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did consumers apparently express any enthusiasm about the prospect of being able 
to eat virus-free, cheaper, domestically produced papaya. Media access and savvy 
also prove to be important in GM politics. Media coverage was minimal in advance 
of	the	introduction,	enabling	Greenpeace	to	establish	a	political	debate	that	reflected	
its own perspective as the dominant narrative; there is a first-mover advantage in 
politics as in business. The case also illustrates a common phenomenon in the sociol-
ogy of science communications: Failure to put credible and useful information into 
the public domain in terms resonant with popular understandings of agriculture and 
science prevalent in mass publics can diminish public acceptance of new technolo-
gies. Transparency is limited by the isolation and technical difficulty of much scien-
tific	work,	contributing	to	a	 failure	to	mobilize	potentially	supportive	stakeholder	
constituencies to participate in a more inclusive and science-based debate. But sci-
entists in any event do not typically see political advocacy as their job or comparative 
advantage.

New technologies, especially those producing food, face an uphill struggle for many 
reasons,	as	the	long	European	debates	have	shown	(Bonny	2003;	Tait	2001).	Even	when	
a biotech crop appears to have become widely accepted and established, as has been the 
case in Hawaii with transgenic papaya, successes are not irrevocable and progress can 
be	unexpectedly	reversed.	In	2013	in	Hawaii	a	widespread	and	polarizing	public	debate	
took place about whether multinational companies developing transgenic seeds should 
be targeted with new restrictive local legislation. The spillover of this debate has also 
negatively affected public perceptions of the long-established GE virus-resistant papaya. 
Orchards were damaged or destroyed by vandalism and vocal demands made for the 
whole industry to be eradicated and replaced with virus-susceptible organic crops 
(Harmon	2014).	Despite	having	operated	apparently	successfully	and	with	little	chal-
lenge	for	nearly	two	decades,	Hawaii’s	papaya	growers	now	face	the	very	real	prospect	of	
losing the disease-resistance technology on which they have come to depend.

The case also has lessons for understanding the political obstacles to increased adop-
tion of transgenic crops. Opposition of anti-GE activists is deep-seated and persistent; 
it has proved resistant to contrary factual information or ameliorative policy measures 
to	address	specific	objections,	such	as	seed	patenting	or	corporate	ownership.	In	this	
sense, anti-GE activists mirror those opposing technological applications in other sec-
tors, such as the vaccination of children or the use of anti-retroviral drugs to combat 
HIV/AIDS	(Lewandowsky	et al.	2013).	The	widespread	Internet-based	dissemination	of	
demonstrably false conspiracy theories on GE is further supportive of this conclusion 
and suggests that tackling specific fears with only scientifically derived factual informa-
tion may not have much impact and may even be counterproductive.

Risks and benefits of GE crops will remain a highly contested area for many years to 
come.	As	a	consequence,	concerns	about	real	risks	not	targeted	by	political	mobilization	
remain unaddressed. Through this skewing of political practice, well-established poten-
tial benefits are foregone: in Thailand, transgenic virus-resistant papaya seeds remain 
locked in a refrigerator, while ring-spot virus continues to damage conventional papaya 
production	(Waltz	2009).	In	Hawaii,	Denis	Gonsalves	has	been	forced	out	of	retirement	
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in order to defend his virus-resistant transgenic papaya against activist demands that all 
GMOs in Hawaii should be eliminated by law.

Any	long-term	outcome	of	this	debate	remains	by	its	nature	unpredictable.	It	is	clear	
that activist efforts against GE crops that have been developed outside the main com-
mercial commodity sectors, where the presence of multinational corporate firms is sig-
nificant,	have	been—at	least	in	the	case	of	transgenic	papaya	in	Thailand—instrumental	
in preventing their deployment. The Thai case reinforces a general conclusion of com-
parative	studies: It	is	the	politically	controversial	nature	of	GE	crop	development	that	
has so far done most to limit its deployment rather than any limitations inherent in the 
technology	itself	or	its	failure	to	produce	tangible	benefits	(Herring	2008).
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Chapter 32

Thinking the African 
Fo od Crisis

The Sahel Forty Years On

Michael J .  Wat ts

Introduction

In	1948	the	first	Director-General	of	the	FAO,	Sir	John	Boyd	Orr,	resigned	
from	the	organization,	famously	complaining	that	“when	people	ask	for	
bread, we give them pamphlets.” . . . With pamphlets now replaced by sat-
ellite images and integrated information systems, the criticism remains 
hauntingly pertinent.

Rupert Alcock, Speaking Food,	2009

A	long	time	ago—in	the	early	1970s	to	be	precise—I	was	resident	in	Sahelian	West	Africa	
during	the	great	drought-famine.	Subsequently	I wrote	a	book,	Silent Violence	(Watts	1983),	
about famines and food crises in that part of the world, specifically the dryland savan-
nas	of	northern	Nigeria	near	the	Niger	border.	It	remains	an	open	question	whether	the	
political-economic conditions, the life chances, and the vulnerabilities to climatic vola-
tility	confronting	the	farming	households	among	whom	I lived—and	who	now	confront	
the	dark	clouds	of	global	climate	change—have	substantially	 improved	since	that	 time.	
Situating northern Nigeria on a larger Sahelian canvas extending from Senegal to the Horn 
of Africa, a reasonable person might conclude that the deep problems of poverty and food 
insecurity among peasant and pastoral forms of livelihood have been remarkably resistant 
to human intervention across the Sudano-Sahelian region. My intention in this chapter is 
to	reflect	upon	the	enduring	character	of	the	Sahelian	crisis—what	Lauren	Berlant	(2007)	
referring	to	rather	different	circumstances	calls	“slow	death”—and	what	it	might	suggest	
about the operations of, and prospects for, African agro-food systems, on a continent upon 
which the crashing waves of land grabs, climate change, resource scrambles, and the next 
phase of the GMO-charged Green Revolution are apparently already breaking.
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There are four sections to the chapter. The first examines empirically the dimensions 
of the current Sahelian food crisis in the context of the wider landscape of African, and 
indeed	global,	hunger.	The	second	reviews	theoretical	and	conceptual	scholarship—in	
large	part	triggered	by	the	African	famines	of	the	1970s	and	1980s—addressing	the	cau-
sation and dynamics of famine and starvation. The third section provides a detailed case 
study of the continuing crisis of food insecurity and agrarian stagnation by returning to, 
and	updating,	a	village	study	I conducted	between	1976	and	1978	in	Katsina,	northern	
Nigeria.	Finally,	I reflect	upon	how	the	Sahel	and	the	West	African	savannas	have	pro-
vided a sort of crucible within which theories and practices of food security have been 
forged, and indeed how these regions remain an important laboratory for the manufac-
ture of contemporary thinking about dryland development in a region now confronting 
the grave challenges of global climate change.

Sahel Reduxe

There are close to one billion people in the world who go to bed hungry each night.1 
In	historical	terms,	it	is	of	course	quite	true	that	the	proportion	of	the	global	popula-
tion	who	are	undernourished	has	fallen	since	the	late	1960s—according	to	the	United	
Nations	World	Food	Program,	hunger	prevalence	fell	from	33	percent	in	1969–1971	to	
16	percent	in	2011	(FAO	2011).	FAO’s	latest	2012	report,	armed	with	a	new	computa-
tional	methodology,	claims	that	undernourishment	since	1990	has	fallen	even	further	
than	was	previously	believed	(FAO	2012).	In	practice,	a	disproportionately	large	share	
of this impressive decline is accounted for by the explosive performance of the East Asia 
growth machine and its remarkable success in reducing poverty and improving well-
being.	Most	of	the	progress	in	reducing	hunger	in	any	case	was	achieved	prior	to	2007.	In	
short,	the	stark	fact	remains	that	15	percent	of	the	world’s	population	remains	malnour-
ished;	the	figure	for	sub-Saharan	Africa	is	26	percent.	Low-income	states,	in	fact,	have	
seen an overall setback in terms of the number of hungry people, from 827 million in 
1990–1992	to	906	million	in	2010.	Indeed,	the	complete	picture	of	hunger	in	the	Global	
South is incomplete because there is as yet no full accounting of the recent price hikes 
and economic recession in many parts of the globe.

Historically speaking, hunger has proven to be exceptionally durable. The world, 
as the Economist	(February	18,	2012,	62)	recently	put	it,	has	not	been	terribly	good	at	
fighting	hunger.	 Since	 the	 1960s,	 the	 global	hunger	headcount	has	 remained	 largely	
unmoved,	at	roughly	0.9	billion.	To	compound	this	sense	of	failure,	another	billion	are	
undernourished in the sense of micronutrient deficiency, and a further billion are mal-
nourished because they eat too much and are obese. A report by Save the Children titled 
A Life Free from Hunger	(2012)	claims	that	malnutrition	alone	accounts	for	2.6	million	
deaths	each	year—one-third	of	the	global	total.	One	in	four	of	the	world’s	children	are	
stunted, and global progress on reducing malnutrition has been pitifully slow for the 
last	twenty	years,	falling	at	an	average	rate	of	only	0.65	percentage	points	per	year	since	

 



774   Michael J. Watts

1990.	The	report	concludes	that	if	current	trends	continue,	an	extra	11.7	million	children	
will	be	stunted	in	sub-Saharan	Africa	in	2025	(compared	to	2010),	and	the	lives	of	more	
than	450	million	children	globally	will	be	affected	by	stunting	in	the	next	15	years	(Save	
the	Children	2012,	xiii).	In	January	2008,	The Lancet—one	of	the	most	respected	medi-
cal	journals	in	the	world—published	a	five-part	series	on	the	irreversible	effects	of	early	
childhood	malnutrition	(cited	in	Bread	for	the	World	2010).	When	all	is	said	and	done,	
it is a damning record on virtually every front.

As	I write	in	late	2012,	the	UN	is	calling	for	a	massive	food-aid	mobilization	in	view	
of a looming subsistence crisis in the Sahel; according to the World Food Program, over 
8 million	people,	in	the	wake	of	the	poor	2011	rains,	will	require	“life-saving	food	assis-
tance”	(World	Food	Program	2012).	The	World	Food	Program	notes	that	while	the	ear-
lier	food	crises	of	2005	and	2010	were	severe	in	Chad	and	Niger,	the	looming	current	
crisis is affecting a broad swathe of countries across the region. Output is down by at 
least	a	third,	food	prices	are	considerably	higher	than	in	2010,	and	many	households	
have not recovered from the food shortage and high prices of the previous year. Here is 
the	assessment	of	the	Sahel	forty	years	after	I first	saw	famine	refugee	camps	and	terrible	
hardship in the region:

The	 2009-10	 food	 crisis	 highlighted	 a	 host	 of	 long	 term	 policy	 failures,	 includ-
ing adapting to climate change and controlling volatile prices of food in the mar-
kets . . . linked to state fragility and governance, and the ineffectiveness of aid. The 
2010	crisis	made	visible	the	deep	structural	food	and	nutrition	security	problems	
that have persisted for decades. Most strikingly, the severe food deficit situation of 
households, combined with structural factors such as gender inequality and poor 
access to healthcare, have been generating catastrophic rates of child under-nutri-
tion	in	the	Sahelian	zone	of	Chad	for	many	years.

(Gubbels	2011,	41)

The structural hunger problem is now located on a yet bleaker landscape. The Sahel 
has emerged as a new front in the prosecution of a counterinsurgency against radical 
Islam.	The	donor	community’s	Sahelian	“success	 story”—namely	Mali—has	 recently	
descended into civil war. The Sahel is also one of the regions in which, according to the 
Intergovernmental	Panel	on	Climate	Change	(2007),	the	deadweight	of	global	warming	
is	about	to	fall.	In	some	quarters—Christian	Parenti	(2011)	from	the	left,	US	Department	
of	Defense	(2011)	on	the	right—this	new	conjuncture	of	violence,	poverty,	and	climate	
change	defines	the	coming	apocalypse—the	“tropic	of	chaos,”	as	Parenti	calls	 it.	The	
awful reality is that one can plausibly claim that large swaths of Africa suffer from some-
thing close to “permanent famine,” due to serial crises that have become the new nor-
mal.	It	is	a	life	of	what	Paul	Farmer	(2003)	calls	“extreme	suffering.”

To see durability in the world hunger picture is not to infer that nothing has changed 
over	the	last	fifty	years	in	the	West	African	Sahel,	or	for	that	matter	in	the	circumstances	
in which the poor across the African continent and the Global South find themselves as 
net buyers or sellers of food. The dynamics of food provisioning have changed, and the 
centrality of grain markets, and their operations, in the lives of the poor has deepened. 
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Take,	for	example,	the	enduring	question	of	the	price	of	bread	and	John	Stuart	Mill’s	
observation, long ago, that “men might as well be imprisoned, as excluded from the 
means of earning their bread.” Real and nominal prices of staple foods have actually 
declined	steadily	since	the	global	food	crisis	of	the	early	1970s,	and	they	remained	rela-
tively	low	and	stable	between	1990	and	2006.	Prices	surged	higher	between	late	2006	and	
mid-2008,	driven	by	the	financial	crises	and	the	biofuel	boom,	and	again	in	2010–2011.

According	 to	 the	UNDP	 (2012,	 41),	 however,	 these	 two	 price	 hikes	 had	 different	
causes	and	consequences.	The	2010–2011	price	hikes	were	led	by	maize,	wheat,	oil,	and	
sugar, whereas the price of rice, an import for many sub-Saharan African countries, 
spiked	in	2007–2008.	Rice	was	less	affected	in	the	later	episode	because	of	good	harvests	
in Asia, the main global supplier. A second difference is that the pass-through of global 
prices	to	local	African	markets,	strong	in	2007–2008,	was	weaker	in	2010–2011,	and	on	
the surface, the poverty impacts of the price spikes appear to have been more limited in 
2010–2011	than	in	2007–2008.

Nonetheless the effects on poverty in both instances were dramatic. Rising prices 
in	2007–2008	may	have	led	to	a	short-term	surge	of	105 million	more	extremely	poor	
people. An updated analysis suggests that the comparable price rise in the second 
half	of	2010	led	to	44 million	more	poor	people	(UNDP	2012,	41).	Between	2005	and	
2009,	the	world’s	hungry	probably	grew	from	roughly	850,000	to	slightly	over	1 mil-
lion. Price volatility and the turbulence of global food markets reverberated across 
the globe among the rural and urban poor, with catastrophic consequences for 
food-insecure	households.	Food	prices	had	fallen	sharply	by	mid-2008,	but,	omi-
nously,,	prices	began	a	sharp	ascent	once	again	two	years	later,	and	through	2011	they	
were	running	at	levels	in	excess	of	the	high	point	of	prices	in	2008.	What	is	new,	in	
other	words,	is	not	the	return	of	the	Malthusian	specter	(demographic	growth)	or	the	
challenges	of	low	agricultural	productivity—both	of	which	are	real.	Rather,	what	is	
on offer is a reconfiguration of the landscape of global food provisioning and a cou-
pling—what	Ghosh	(2012)	calls	an	“unnatural	coupling”—of	food,	fuel,	and	global	
finance.

Sahelian and Other Famines

I	wish	to	inquire	/	Into	the	whereabouts	of	the	dead.

W. G. Sebald, Across the Land and the Water,	2011

Nowhere has the acute stubbornness of hunger revealed itself with more drama than 
in	sub-Saharan	Africa	(FAO	2011,	2012).	Almost	a	quarter	of	a	billion	Africans	suffer	
from	hunger	and	malnutrition,	moderate	and	severe	stunting	stands	at	38 percent,	and	
the	number	of	undernourished	exploded	from	170 million	 in	1990	to	223 million	 in	
2006–2008	(the	proportion	of	undernourished	stalled,	only	shifting	from	26 percent	to	
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23 percent	over	the	period	2000–2012.	Nobody	seriously	expects	that	the	Millennium	
Development	Goal	(MDG)	of	halving	the	number	of	hungry	people	between	1990	and	
2015	will	be	met	in	Africa—or	indeed	globally.	The	new	UNDP	(2012)	human	develop-
ment report on Africa, devoted entirely to food security, paints a stark picture:

Sub-Saharan	Africa	is	plagued	by	intolerable	levels	of	malnutrition.	Left	unchanged,	
this could result in irreversible mental and physical disabilities in this and future 
generations. Chronic malnutrition, measured by the share of preschool children 
who	are	stunted,	is	estimated	to	have	fallen	only	2 percentage	points	(from	43 percent	
to	41%)	between	1990	and	2010	and	is	projected	to	fall	just	1 percentage	point	over	the	
next decade. For children who are underweight, a measure that also captures acute 
malnutrition, the picture is similarly grim. For both measures the absolute num-
ber of malnourished children has risen over the past two decades and is expected 
to	continue	to	rise	to	2020.	The	situation	is	particularly	worrisome	in	East	and	West	
Africa,	home	to	three	of	every	four	of	the	continent’s	malnourished	children	in	2010.	
All African sub-regions now have a higher prevalence of stunting than do Asia and 
South	America.	(19)

More than one-third of all climatological disasters affect sub-Saharan Africa, and agri-
cultural productivity, according to UNDP data, has remained essentially unchanged 
since	1960.	The	gendered	nature	of	the	food	security	question—	that	is	to	say	the	stark	
differentials between men and women as regards access to land, mortality and morbidity 
rates,	or	nutritional	status	—is	especially	bleak.	UNDP	(2012)	identified	three	sources	of	
instability in African food systems: weather variability, food price volatility, and violent 
conflict.	Recent	hikes	in	food	prices	sparked	demonstrations	and	riots	in	Burkina	Faso,	
Cameroon,	Cote	d’Ivoire,	Guinea,	Mozambique,	Senegal,	and	Uganda,	with	thousands	
taking to the streets. Studies show a positive long-term correlation between interna-
tional	food	prices	and	antigovernment	protests	and	civil	conflict	in	low-income	coun-
tries.	They	also	identify	three	emerging	threats—	environmental	degradation,	climate	
change,	and	demographic	pressures—that	will	increasingly	disturb	food	systems	and	
fray the link between food security and human development.

Globally,	the	incidence	of	famine—and	famine	mortalities—has	seemingly	declined	
since	the	1960s,2	leading	some,	like	Cormac	O’Grada	in	Famine: A Short History	(2009),	
to	refer	to	contemporary	food	crises	as	“small-scale	famines.”	Yet	Africa	remains	a	strik-
ing	outlier.	In	2011	some	10	million	people	were	drawn	into	the	clutches	of	the	terrible	
food crisis in Somalia, Kenya, and Ethiopia.

To	speak	of	famines—writ	small	or	large3—as	discrete	or	hermetically	sealed	events	
characterized	by	mass	mortality	and	starvation	is	open	to	question.	Famines	and	food	
crises are social processes, and complex processes at that. There is now a substantial cor-
pus	of	work	on	food	crises,	much	of	it	focused	on	Africa	and	the	semi-arid	zones.	One	
line of engagement, stimulating a substantial amount of debate, is derived, not unex-
pectedly,	from	Amartya	Sen’s	(1980)	work	on	entitlements.	Sen	and	his	collaborator	Jean	
Drèze,	in	their	important	book	Hunger and Public Action	(Drèze	and	Sen	1989),	address	
the poverty-hunger equation primarily in economic terms through forms of command 
over	food	(see	also	Drèze	and	Sen	1990).	Famine	and	hunger	are	defined	by	entitlement	
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collapse and expressed through the socially circumscribed distribution of entitlements 
over basic necessities. Although entitlement-based theories of vulnerability have the 
great merit of highlighting the specific social, economic, and institutional relations 
between food and people (in contradistinction to an emphasis on supply-side dynam-
ics),	and	why	some	social	classes	are	affected	by	hunger	and	others	hardly	touched,	there	
remains	a	question	of	what	sort	of	explanation	(if	any)	entitlements	actually	provide	
(Watts	and	Bohle	1993;	Watts	1991,	2000).

While	Drèze	and	Sen	see	entitlements,	in	a	wide	sense,	as	embracing	not	only	food	
intake	(biology)	but	also	access	to	health	care	and	education	(the	social	environment)—
that	is	to	say,	the	broader	domain	of	well-being	and	advantage—they	have	less	to	say	
about the political economy of what they call “capability” and the “totality of rights” 
that secure basic needs. Firstly, entitlement as commodity bundle provides a “con-
junctural” analysis, highlighting the immediate, triggering or proximate mechanisms 
(price	movements,	speculation,	drought)	that	precipitate	a	shift	in	entitlements.	It	has	
much less to say about the long-term structural and historical processes by which spe-
cific	patterns	of	entitlements	and	property	rights	come	to	be	distributed	or	shift	tem-
porally—in	other	words,	political	economy.	In	failing	to	elaborate	structural	and	often	
contradictory political, economic, and social determinants that mark the onset of the 
famine process, entitlement misses an important opportunity to link crisis theory with 
the longer-term processes that allocate and deprive households and individuals of assets 
and endowments.

Secondly, the entitlement approach also fails to take into account the central dimen-
sions	of	famine	consequence	and	recovery.	It	explains	neither	what	transpires	in	the	
wake of mass starvation nor the lineaments linking a single famine to earlier or later cri-
ses.	In	this	sense,	entitlement—especially	when	read	in	a	narrow	legal	or	market	sense—
runs the grave danger of neglecting historical processes and, to invoke Gramsci, the 
situations	and	conjunctures	producing	such	calamitous	outcomes.	Lastly,	entitlements	
have	often	been	construed	much	too	narrowly,	and	this	narrowness	of	vision	constrains	
the variety of social domains in which claims over food and security can be exercised, 
as well as the social processes that shape individual entitlements. Concerns with gender, 
generation and age, and caste and ethnicity, for example, have received less attention 
than occupational status, property, and the market4.

In	my	view,	entitlements	have	to	be	radically	extended	not	simply	in	a	social	or	class	
sense,	but	also	politically	and	structurally.	In	other	words,	an	analysis	of	famine	and	hun-
ger based on entitlements must account for the particular distribution of entitlements 
and how they are reproduced in specific circumstances; the larger canvas of rights by 
which entitlements are defined, fought over, contested, and won and lost (i.e., empow-
erment	or	enfranchisement);	and	the	structural	properties	(what	I have	called	“crisis	
proneness”)	of	the	political	economy	that	precipitates	entitlement	crises.	To	encompass	
these	questions,	entitlements	would	need	to	be	deposited	in	what	Sen	(1980,	180) him-
self	calls,	but	does	not	explore,	the	mode	of	production.	My	own	work	(Watts	1983;	Watts	
2001)	explored	how	climatic	variability,	food	price	volatility,	and	food	availability	were	
shaped not simply by inter-household inequalities, but also by the operations of the 
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grain, labor, and land markets that collectively could both impoverish and enrich differ-
ing	classes	of	peasants	during	periods	of	food	scarcity	and	famine	itself	(see	Davis	2001).

Another body of work has an even more restrictive economic account in that it limits 
the	purview	of	famine	to	the	functioning	of	markets	(see	Ravallion	1987).	More	pre-
cisely, famine in this view is seen as a function of imperfect markets that are weak, unin-
tegrated, and possibly driven by speculative or hoarding behavior. Collectively, these 
market	pathologies	drive	up	 food	prices	beyond	 the	 capacity	 (of	 some)	 to	buy.	The	
International	Food	and	Policy	Research	Institute’s	(IFPRI)	synthetic	work	on	African	
famines	is	a	case	in	point	(von	Braun	et al	1998).	Famine	is	largely	seen	in	technocratic	
terms—a	function	of	institutional,	organizational,	and	policy	failures—which	is	to	say,	
famine is a poverty problem rooted in poor economic performance and failed or weak 
states. Policy failures are never construed as political or military, both of which are sim-
ply seen as derivative of, and secondary to, low productivity of the poor and an anodyne 
sense	of	“policy	failure.”	Yet,	paradoxically,	much	of	the	famine	corpus	of	the	last	two	
decades necessarily focused on Africa, where it was glaringly clear that famines could 
only	be	understood	in	relation	to	politics,	civil	wars,	militarism,	and	Cold	War	conflict.

The politics of famine point to the third strand of research, which starts from the pre-
sumption that famines are crises of political accountability, both national and interna-
tional	(de	Waal	1989,	2009;	Keen	1994;	Kenally	2011;	Davis	2001).	In	this	accounting,	
famines	 are	 “complex	 emergencies”—humanitarian	 crises	 linked	 to	 large-scale	 vio-
lent	conflict—in	which	violence	is	the	handmaiden	of	food	distribution.	Compelling	
analyses of the food crises in Sudan and the Horn of Africa raise the prospect of what 
Devereux	(2007)	calls	“new	famines.”	Starvation	reflects	not	simply	the	absence	of	a	
political	contract—the	notion	that	crises	are	deterred	by	anti-famine	contracts	between	
rulers	and	ruled—but	also	of	the	failures	by	humanitarian	agencies	and	international	
governments	to	shape	how	and	whether	food	relief—the	central	requirement	in	alleviat-
ing	failed	entitlements—is	effective	(Clapp	2011).

Food	 and	 food	 aid	 are,	 and	 have	 been,	 regularly	 deployed	 as	 weapons—but	 the	
larger point is that food entitlements and food delivery are themselves political. Some 
of the most compelling work on famine of late extends politics beyond the boundar-
ies	of	African	civil	war	and	conflict	and	locates	the	crises	of	accountability	within	the	
vortices	of	state	power.	Mukerjee’s	(2010)	analysis	of	Churchill’s	secret	war	on	India,	
Frank	Dikotter	(2011)	and	Yang	Jisheng’s	(2012)	extraordinary	accounting	of	the	inter-
nal	political	struggles	surrounding	the	Great	Leap	Forward	and	the	devastating	Chinese	
famine	(1958–1962),	and	not	 least	Lizzie	Collingham’s	(2011)	brilliant	examination	of	
the global reverberations of the Second World War, which resulted in the starvation of 
over	20 million	people	(including,	of	course,	the	Great	Bengal	Famine)	are	outstand-
ing exemplars of the genre. Each of these studies can perhaps be best seen bookends 
to	the	remarkable—and	devastating—picture	painted	by	Mike	Davis	of	the	great	forc-
ing house of starvation produced by the intersection of two global processes: telekinetic 
activity	in	the	world’s	climate	cells	through	the	El	Niño	Southern	Oscilliation	(ENSO),	
and	the	late	nineteenth-century	imperialism	that	Hanna	Arendt	(1948)	called	the	politi-
cal emancipation of the bourgeoisie. The violence of primitive accumulation (draped in 
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the	ideology	of	late	Victorian	capitalism)	running	headlong	into	global	climate	pertur-
bation	took	the	lives	of	some	60 million	people.

One of the signal lessons to have been learned from the serial failures to improve 
food security and life chances in the arid lands of West Africa is that the boundary lines 
between mass starvation and the longue duree of permanent hunger and undernourish-
ment	are	porous	and	flimsy.	Existentially,	what	we	are	witnessing	is	something	close	to	
slow death, a death by attrition: “The phrase slow death refers to the physical wearing out 
of a population and the deterioration of people in that population that is very nearly a 
defining	condition	of	their	experience	and	historical	existence”	(Berlant	2007,	754;	see	
Nally	2011).	Put	somewhat	differently,	what	I have	called	“silent	violence,”	which	conveys	
the	permanency	and	normalization	of	hunger,	is	in	fact	the	necessary	ether	from	which	
famines and mass starvation draw their ignition and fuel. At the same time, this violence 
represents	the	radical	reduction	of	human	existence	down	to	what	Agamben	(1998)	calls	
“bare life.” Famine and hunger are inextricably intertwined, the deepest expressions of 
what	Davis	(2001)	properly	called	the	“war	over	the	right	to	existence.”

The Dynamics of Food 
Insecurity: A Nigerian Story (1976–2012)

My book Silent Violence was written against the backdrop of, and in some measure as 
a direct response to, the great Sahelian famine that struck West Africa and the Horn 
of	Africa	between	1969	and	1974.	Over	half	a	million	people	perished,	perhaps	many	
more.	In	its	wake	came	devastating	famines	in	Bangladesh,	Mozambique,	Sudan,	Korea,	
and	Uganda.	In	1976	I arrived	in	northern	Nigeria	to	conduct	a	village	study	in	Kaita,	
a Hausa community near Katsina town5	(Figure	32.1),	a	region	located	at	the	southern	
perimeter of the Sahelian savannas. The goal was to study a set of paradoxes; namely, 
why was hunger and starvation not accompanied by absolute scarcity (there was always 
food	in	the	market),	why	were	those	who	perished	typically	those	who	grew	food,	and	
why would farmers sensitive to the vagaries of rainfall in a drought-prone and high-risk 
environment resign themselves to starvation in the face of drought?

Silent Violence argued that Hausa peasants possessed a sophisticated grasp of local 
agroecology,	but	these	practices—in	relation	to,	say,	rainfall	variability—were	shaped	
by	their	class	position.	The	commercialization	of	land,	grain,	and	labor—and	the	coer-
cive	operations	of	these	markets	in	the	face	of	unequal	asset	distribution—produced	
particular social patterns of vulnerability to drought and food insecurity rooted in the 
relations of production. At the same time, local protection systems rooted in the moral 
economy of the community were rapidly eroding, exposing peasants to the vicissitudes 
of the market. These findings have, in a sense, become the starting point for the study of 
food	security	across	the	Sahel,	though	conventional	wisdom	held	otherwise	in	the	1970s.	
In	an	excellent	report	on	the	Sahel,	Gubbels	(2011,	16) argues	that	the	rural	economy	
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in the Sahel has become highly commodified, that food security for the poor is highly 
market-dependent, and that food security and livelihood security are all but indistin-
guishable. As he shows, the vulnerability of households to food insecurity in Niger is 
highly variable even within the same communities. There is growing inequality in the 
distribution	of	productive	assets.	In	particular,	wealthier	households	(one	quarter	of	the	
population)	generate	9	to	15	times	the	amount	of	revenue	compared	to	poorer	house-
holds,	and	they	possess	50 percent	of	the	cultivated	land	and	over	two-thirds	of	livestock	
assets	(15).

Since	the	1970s —and	in	spite	of	the	insertion	of	vast	oil	wealth6—northern	Nigerian	
agriculture seems to have changed little; indeed, the picture appears frighteningly, and 
instantly,	recognizable	(Mortimore	2010).	Land	scarcity,	endemic	poverty,	the	annual	
round of preharvest food scarcity, food price volatility, periodic bouts of asset liquida-
tion	as	farmers	desperately	purchase	grains,	harvest	fluctuations,	declining	food	output,	
and	stagnant	yields—all	these	woes	were	located	on	the	larger	canvas	of	a	deepening	
commercialization	of	the	food	sector.	The	area	harvested	in	Katsina	State	between	1990	
and	2000	reveals	a	secular	decline	for	almost	all	staple	foodstuffs;	yields	over	the	same	
period	did	not	budge—except	for	cowpeas	maize,	which	fell	dramatically,	and	cotton,	
which increased. Significantly average annual staple prices revealed a slow downward 
trend	over	the	same	period,	suggesting—something	to	which	I shall	shortly	turn—that	

Figure 32.1 Nigeria: GDP per capita by State and location of Kaita Village in Katsina State.
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cross-border trade and massive imports were compensating for the slump in domestic 
output	(Ayodele	Ariyo,	Voh,	and	Ahmed	2001).	Since	2003	the	staple	food	price	index	
has	risen	inexorably	from	100	in	January	2003	to	260	in	January	2011.	As	if	to	drive	home	
the sense of a food system on the brink, lurching from one bout of vulnerability to the 
next,	the	Katsina	State	government	was	compelled	to	release	grains	for	sale	at	a	50 per-
cent	discount	in	February	2012	in	the	face	of	unsustainably	high	local	prices	and	aimed	
at	“alleviating	the	suffering	of	the	people”	(Olaniyan	2008).	In	some	respects	it	all	seems	
the same, but worse.

None of this should imply a regional economy locked into the prison-house of rural 
stagnation and decay. The last three decades and more have witnessed an extraordinary 
transformation—or	rather	a	raft	of	transformations—	in	rural	and	urban	livelihoods	in	
Nigeria,	and	across	the	Sahel.	This	period	has	seen	extraordinary	rates	of	urbanization,	
Islamization,	 and	 deepening	 rural	 commercialization—the	 effects	 (always	 local	 and	
specific)	of	the	neoliberal	reforms	from	the	mid-1980s	and	the	waves	of	oil	revenues	cas-
cading through the economic and political system. What Katsina and Kaita village have 
to show for all of this oil wealth is precious little. The Nigerian Bureau of Statistics esti-
mates	that	the	poverty	rate	for	the	northwest	zone	(including	Katsina	State)	grew	from	
52 percent	in	1985	to	71 percent	two	decades	later	(the	comparable	figure	in	the	so-called	
South-South	region	for	2005	was	35 percent).	Nearly	three-quarters	of	northerners	cur-
rently	live	on	less	than	$200	a	year,	far	below	any	poverty	line	(Economist,	January	14,	
2012,	44).	In	Katsina	State	the	poverty	head	count	grew	from	54.7 percent	to	60.9 percent	
between	2004	and	2010.	After	four	decades	of	oil	development,	the	social	and	human	
development indices for the state remain shockingly low even by Nigerian standards. 
Among	a	population	of	6.4 million,	1.83 million	have	never	attended	school;	68.3 per-
cent reside in mud or thatch dwellings; almost half obtain water from lakes, streams, and 
unprotected wells; and nearly two-thirds are without electricity (Federal Government of 
Nigeria	2009).

A gloss of rural conditions in the state can be gleaned from a baseline study of farmers 
in	three	Katsina	local	government	areas	(LGAs)	in	2004,	conducted	by	UN	International	
Fund	for	Agricultural	Development	(IFAD	2004).	It	reveals	an	utterly	miserable	profile	
of	rural	poverty	in	the	state.	Two-thirds	of	the	sample	never	attended	school,	0.4 percent	
had	higher	education,	and	about	90 percent	of	the	respondents	had	never	taken	the	hadj 
(an	indication	of	economic	well-being).	91.7 percent	owned	a	wood/mud-thatched	roof,	
while	only	0.2 percent	owned	a	modern	cement	and	block/brick	zinc	roof.	The	survey	
revealed	that	71.4 percent	acquired	water	from	a	well,	while	2.3 percent	got	water	from	
rain	water,	and	90 percent	used	firewood	as	fuel.	Household	income	derived	from	the	
previous	season’s	crop	sales	revealed	that	about	67.4 percent	of	the	respondents	received	
N15,000	(US$115)	or	less.	Over	81 percent	of	the	respondents	held	less	than	one	hect-
are	of	land,	and	61.8 percent	of	households	purchased	food	(14 percent	daily,	35 percent	
weekly).	Three-quarters	of	respondents	indicated	a	food	shortage	coped	with	by	bor-
rowing	money	(27.5 percent),	borrowing	food	(23.5 percent),	and	selling	assets	(20.3 per-
cent)	(IFAD	2009,	30).	A subsequent	USAID	survey	in	March–April	2007	in	Bulungudi,	
Zango	LGA,	to	the	east	of	Kaita,	sketched	a	similar	pattern.	Almost	40 percent	of	the	
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households	were	poor	(less	than	two	hectares),	80 percent	of	staples	were	purchased,	
and	65 percent	of	household	 income	was	derived	from	casual	work	and	remittances	
(USAID	2007).	In	effect,	then,	almost	half	the	rural	population	were	semi-proletarians.

Katsina is certainly not the poorest state in the federation, but incontestably it is part 
of	a	vast	northern	region—a	Muslim	bloc	comparable	in	size	and	complexity	to	Egypt,	
Turkey,	and	large	parts	of	the	Middle	East—	now	mired	in	abject	poverty.	As	Lubeck	
(2010)	has	shown,	across	the	Sharia	states,	malnutrition	is	almost	twice	the	national	
average;	the	human	poverty	index	is	45.88,	compared	to	27.8	in	the	non-Sharia	states;	
female	literacy	in	the	north	is	17 percent	compared	to	69 percent	in	the	south;	the	per-
centage	of	married	women	using	contraception	is	3.4 percent	in	the	Sharia	states,	com-
pared to 14 percent nationally; and, not least, total fertility rates in the north are over 7 
per woman, making for a massive youth bulge (the comparable figure in the Niger delta 
is	4.7).	Overall,	the	picture	is	one	of	economic	descent	and	declining	per	capita	income	
coupled with radically declining health and education standards, but also of a crisis of 
legitimacy for the institutions of secular national development, and for northern ruling 
classes facing growing hostility from millions of talakawa	(commoners).	The	northern	
poor	occupy	a	world	of	material,	political,	and	spiritual	insecurity	(Last	2005).

These	enduring	weaknesses	of	northern	Nigeria’s	agro-food	provisioning	system,	it	
turns out, is rooted in the political economy of oil. Urban-based construction drawing 
labor	out	of	agriculture,	the	inflationary	effects	of	the	oil	boom,	and	disinvestment	from	
agriculture by political classes only concerned to capture oil rents trough contracting, 
public	office,	and	graft	triggered	the	downward	spiral	in	rural	livelihoods.	Oil	wealth	
did permit the state the capability to fall back on the global marketplace. Since the 
mid-1990s,	the	Nigerian	food	import	bill	has	grown	to	assume	truly	gargantuan	propor-
tions.	In	1994,	Nigerian	food	imports	amounted	to	0.67 million	metric	tons	(US$0.75	
billion);	 by	 2001	 it	was	 almost	 7 million	metric	 tons	 (US$	 2	 billion).	More	 recently	
(2008–2011),	food	imports	have	been	running	at	between	9	and	11 percent	of	merchan-
dise	imports,	costing	over	$3	billion	annually.	In	August	2011	the	minister	of	agriculture	
solemnly announced that Nigeria was one of the largest food importers in the world. The 
food	import	bill	of	Nigeria	in	2007–2010	was	a	staggering	N98	trillion	(almost	$8	bil-
lion).	In	2010	alone,	Nigeria	spent	635	billion	naira	on	the	import	of	wheat,	N356	billion	
on	importation	of	rice,	and	N217	billion	on	sugar	imports—all	commodities	cultivated	
in Nigeria, and for which the country purportedly possesses a comparative advantage.

The persistence of food insecurity in the north is rooted in the commodification of 
foodstuffs	and	patterns	of	rural	inter-household	inequality	(social	differentiation),	espe-
cially patterns of landholding, livestock and other assets, access to inputs, and household 
self-sufficiency	in	staples	(whether	households	are	grain	deficit	or	surplus).	As	Silent 
Violence shows, a significant proportion of households were already in grain deficit by 
1976.	In	Matlon’s	(1977)	study,	roughly	concurrent	with	my	own	in	a	grain	surplus	region	
of southern Kano State, indicates that high grain prices constituted serious threats to 
the	20 percent	of	households	that	were	grain-deficit	producers.	After	structural	adjust-
ment	in	the	mid-1980s,	the	impact	of	rises	in	production	and	reproduction	costs	com-
pounded the vulnerability of grain-deficit families. Rising prices of agricultural inputs 
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and	food	compelled	households	to	shift	to	off-farm	occupations,	especially	wage	labor,	
at	the	same	time	that	the	use	of	fertilizers	and	the	planting	of	the	hybrid	varieties	intro-
duced	in	the	earlier	period	decreased	substantially.	Mustapha	and	Meagher	(2000)	esti-
mate in their rural Kano study that the proportion of grain-deficit families increased by 
almost	20 percent	among	small	farmers	(and	by	almost	as	much	among	medium	farm-
ers)	between	1989	and	1993.	New	research	that	makes	effective	use	of	an	earlier	survey	
by	Chris	Udry	of	Yale	University	compares	agrarian	change	over	a	twenty-year	period	
(1988–2008)	among	four	communities	near	Zaria	(in	Kaduna	State),	and	is	suggestive	in	
this	regard	(Dillon	and	Quilones	2010;	Dillon	and	Quilones	2011).	The	increase	in	total	
land	cultivated	is	consistent	across	villages,	but	landless	households	increased	by	40 per-
cent.	Land	holdings	decreased	by	almost	three	hectares	over	the	twenty-year	period,	
while	the	number	of	plots	cultivated	by	households	also	decreased.	Plot	sizes	and	total	
land cultivated decreased, but access tolowland, fadama plots remained constant across 
households	between	the	two	survey	years.	Land	rentals—almost	nonexistent	in	1988—
are now widespread. Fallowing had in effect disappeared entirely, and farmers widely 
endorsed the view that soil fertility is declining. Crop values per hectare increased, but 
income	effects	were	radically	shaped	by	stark	class	differences.	In	sum,	the	class	map	of	
rural communities had changed, and was changing, dramatically, despite the picture of 
“economic recession.”

This is a specifically Nigerian story, of course, in which oil wealth makes it a special 
case. But the deepening commodification of land, labor, crops, and animals is the hall-
mark of the region as a whole. Unlike other parts of the continent, where purported 
land	grabs	have	shaped	these	agrarian	dynamics	(Thaler,	this	volume),	the	West	African	
Sahel has largely avoided these most direct forms of primitive accumulation. The con-
nection between food prices and speculative activity in global food markets (especially 
as	investors	withdrew	from	other	instruments	in	2008) is	another	story,	one	that	cer-
tainly is transforming the face of food provisioning. But to the extent the Sahel remains 
a diverse peasant-based economy, the question of the prospects of smallholder agricul-
ture	in	the	face	of	hard	but	uncertain	effects	of	global	climate	change—the	challenges	
of	adaptation,	as	the	conventional	wisdom	has	it—remains	at	the	heart	of	the	Sahel’s	
future.	It	is	here	that	a	historical	perspective—the	perspective	of	old	age	in	my	case—has	
much to offer.

Governing Food and Famine: The 
Sahelian Laboratory

In	the	1970s	the	arid	and	drought-prone	drylands	of	West	Africa	were	what	Tilley	(2010)	
calls	an	“African	laboratory.”	The	period	between	the	late	1960s	and	the	early	1980s	was	
a long decade of economic and political turbulence driven by the oil boom and bust, by 
financial	liberalization	and	the	launching	of	structural	adjustment	programs,	and	the	
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massive human ecological crisis triggered by the drought-famines that extended across 
the	Sahel.	At	base,	this	was	a	crisis	of	the	agrarian	and	pastoral	economies—peasants	
and	herders	for	the	most	part—who	occupied	the	great	swaths	of	the	semiarid	savan-
nas, which is to say the ecological heart of the continent. The great drought-famines 
of	the	1970s	were	framed	by	two	important	events: the	first	was	the	UN	Conference	on	
the Human Environment held in Stockholm in 1972, and the second was the release of 
the	Club	of	Rome’s	report	Limits to Growth	(Meadows	et al.	1972)	in	the	same	year.	Both	
were foundational to the rise of a sort of “international environmentalism” addressing 
what was later to be understood as the challenges of “sustainable development.” Both 
were fundamentally shaped by a robust Malthusianism. For the Club of Rome, founded 
as	a	global	 think	tank	in	1968	by	an	Italian	 industrialist	and	a	Scottish	 international	
scientific	civil	servant	(Aurelio	Peccei	and	Alexander	King,	respectively),	the	oil	crisis	
was a harbinger of a larger structural problem of resource scarcity, population pres-
sure, and ecological degradation. Methodologically, the Club outsourced its study to 
the	MIT	Systems	Dynamics	Group,	a	team	made	up	of	seventeen	researchers	from	a	
wide range of disciplines and countries, led by Dennis Meadows. They assembled vast 
quantities of data from around the world to feed into the model, focusing on five main 
variables: investment, population, pollution, natural resources, and food. Calibrated to 
examine the interactions among these variables and the trends in the system as a whole 
over	the	next	ten,	twenty,	and	fifty	years,	assuming	extant	growth	rates,	their	scenarios	
predicted various sorts of system collapse or system unsustainability.

Peter	 Taylor	 (1999)	 has	 referred	 to	 the	 prevailing	 Limits to Growth discourse as 
“neo-Malthusian environmentalism,” and he interestingly made use of, as a historian 
of	science	and	an	ecologist,	the	influential	studies	conducted	by	the	Systems	Dynamics	
team	at	MIT	on	agropastoral	systems	in	the	West	African	Sahel	conducted	in	the	wake	of	
the	1970s	crisis.	By	1973	the	semiarid	Sahel	region	had	experienced	five	years	of	drought	
and	developing	crisis.	Many	pastoralists	(livestock	herders)	and	farmers	were	in	refugee	
camps, their herds decimated and their crops having failed again. Prevailing analysis at 
the time focused not only on famine relief but on the causes of the crisis and on prospects 
for	the	region’s	future,	a	view	that	heralded	drought	and	famine	as	a	forerunner	of	future	
demographically driven scarcity and shortage (through human increases and related 
settlement into increasingly marginal and overexploited environments, and animal 
overstocking	on	open	ranges).	MIT	developed	a	capacious	menu	of	factors	and	math-
ematical relationships, all converted into a systems analysis anchored in (and confirma-
tory	of)	the	“tragedy	of	the	commons”	(Picardi	et al.	1974).	Garrett	Hardin	(1968),	after	
all, had raised the specter of the “lifeboat ethic” as the cost associated with the impla-
cable	logic	of	overpopulation,	overgrazing,	resource	scarcity,	and	inadequate	property	
rights	displayed	in	the	Club	of	Rome	report.	It	was,	in	sum,	a	Malthusian	dystopia.	The	
commons stood as a metaphor for the old anti-scarcity system, which, as Malthus and 
others predicted in the early nineteenth century, would compound the problem of food 
security, improvement, and growth. Soil degradation and eventual desertification could 
be avoided only if all the pastoralists replaced their individual self-interest (and out-
dated	forms	of	communal	property)	with	“long-term	preservation	of	the	resource	base	
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as	their	first	priority,”	perhaps	requiring	them	to	enter	ranching	schemes	that	privatized	
or strictly supervised access to pasture.

The	environmental	and	related	agrarian	crisis	of	the	1970s	proved	to	be	a	veritable	
laboratory for economic ideas. Ecology, food, and climate fed into arguably one of the 
founding documents in the rise and consolidation of neoliberal development and the 
rise	of	 the	Washington	Consensus,	namely,	 the	Berg	Report	 (named	after	Michigan	
economist	 Elliot	 Berg),	 released	 as	 Accelerated Development in Sub-Saharan Africa 
by	the	World	Bank	in	1981.	At	the	core	of	Africa’s	crisis	was	“domestic	policy”	and	a	
poor export performance in basic commodities in which the continent had a compara-
tive advantage. Distorted markets and state marketing boards became the conceptual 
front lines in a ferocious assault on the African state, a critique backed up with the 
prescriptive	 heavy	 artillery	 of	 structural	 adjustment	 and	 stabilization.	The	 solutions	
to the environment-development crisis resided in a technical fix (bringing the Green 
Revolution	 and	 irrigation,	 and	 improved	 transportation,	 to	 the	 continent),	 and	 in	
exploiting export markets by releasing peasant innovativeness from the yoke of the state. 
The African peasant emerged, in this account at least, as one part indigenous ecologist 
and one rational economic agent. But climate, environment, and populations needed to 
be managed, and improvement, market forces, and property rights were modalities to 
be	deployed.	It	was	the	vision	of	John	Stuart	Mill	and	Adam	Smith,	confirmed	by	the	raft	
of market studies conducted in the wake of the famine by, perhaps appropriately, Elliot 
Berg and his associates at the University of Michigan, who confirmed that markets were 
efficient and “non-monopolistic” but required investments in transportation and credit 
to	realize	their	potential	(Berg	1977).	Africa,	if	overpopulated	and	crippled	by	state	cor-
ruption and poor weather, was at least inhabited by some form of Homo economicus.

Eventually, the neo-Malthusian model and the incomplete or distorted market (neo-
classical)	account	were	increasingly	questioned	by	a	new	wave	of	social	science	research	
rooted in careful ethnographic and local studies of human ecological dynamics and 
the intersection of social and ecological relations of production among rural produc-
ers,	which	in	a	statistical	sense	represented	the	majority	of	Africans	(Richards	1985).	
The	challenges	came	from	several	fronts,	several	of	which	I have	already	gestured	to.	
Amartya	Sen’s	pivotal	book	Poverty and Famines decisively broke the purportedly causal 
connection between drought and famine. Food crises and starvation bore no necessary 
relation to absolute food decline, and the effects of drought were typically mediated 
by farming practice and the market (in the latter case compounded by the deleteri-
ous	effects	of	price	increases	and	entitlement	declines).	Second,	a	body	of	work	oper-
ating under the sign of peasant studies saw African communities as less composed of 
self-interested individuals (contra	Hardin)	than	enmeshed	in	processes	of	commodi-
fication and social relations of production that rendered significant proportions of the 
rural populace vulnerable to all manner of ecological events even in “normal” times. The 
effects of climate and of ecological conditions were, in other words, experienced differ-
entially in relation to class, asset holding, and the operations of the market.

The sense in which indigenous knowledge and vernacular peasant practice could be 
captured and deployed was sharply constrained by the social relations of production in 
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farming communities. The adaptive capacity much praised by geographers, anthropolo-
gists,	and	rural	sociologists	could	be,	and	often	was,	undercut,	eroded,	or	lost	by	the	oper-
ations	of	the	market.	This	was	the	heart	of	James	Scott’s	(1976)	influential	book	on	the	
moral	economy	of	the	peasantry	after	all—and	this	was	the	heart	of	what	I tried	to	argue	
in Silent Violence.	This	realization	had	direct	implications	for	who	was	vulnerable,	how	
ecological processes were experienced, and, in turn, how people and land might recover. 
Finally,	there	was	a	turn	toward	discursive	analysis,	 led	by	the	likes	of	Melissa	Leach,	
Jeremy	Swift,	and	others,	to	point	to	what	they	called	dominant	models	or	narratives	of	
environmental	crisis	that	reflected	particular	readings	or	constructions	of	local	African	
conditions	(Fairhead	and	Leach,	1996).	By	the	1980s	and	into	the	1990s,	these	intellectual	
developments—partly	rooted	in	the	field	of	political	ecology,	partly	in	ecological	science	
and	 science	 studies,	 and	 partly	 in	 anthropological	 critiques	 of	 development—repre-
sented a fundamental challenge to the legitimacy and standing of the conventional narra-
tives	of	Africa’s	environmental	conditions,	its	actors,	and	its	agents.	Curiously,	however,	
what has emerged from this critique is a new laboratory of ideas, this time shaped by the 
intersection of neoliberalism and the new science of resiliency that has taken on notions 
of peasant vulnerability, local adaptive capability, and empowerment and woven them 
into	an	all-encompassing	field	theory	of	stabilization,	protection,	and	human	security.	
Virtually the entire development industry addressing global climate change now rests on 
building resilient peasant households and resilient communities.

Securing Sahelian Futures: Building 
Resilience through Social Risk 

Management

The	West	African	Sahel,	according	to	the	Intergovernmental	Panel	on	Climate	Change	
(2007),	will	be	potentially	devastated	by	the	transformation	of	rainfall	dynamics	due	
to continued global warming. The threat of rainfall reduction and increased variability 
in heavily populated rain-fed agricultural regions has produced a wide-ranging policy 
debate	over	strategies	for	climate	adaptation	(Schipper	and	Burton	2009) and	“drought	
proofing.” At the same time, climate is now seen to be simply one dimension of a wider 
set of security problems; indeed, environmental security (encompassing food, water, 
energy,	pasture,	and	so	on)	provides	a	powerful	policy	discourse	designed	to	help	assist	
in how rural communities across the Sahel, confronting drought and resource scarcity, 
can	adapt	and	avoid	conflict	(Mason	and	Muller	2008).	Gone	is	the	language	of	over-
population, incomplete markets, poor transportation, and local management deficits; 
gone,	too,	is	any	lingering	sense	of	state	welfare.	In	its	place	is	a	model	of	security	to	be	
achieved by supporting local adaptive capacity in the face of vulnerability, managing 
risk	socially,	and	above	all	by	building	resiliency	(WRI	2008;	Gubbels	2011;	UNDP	2012;	
Adger	2006;	Folke,	Oslo	and	Norberg	2005).

 



Thinking the African Food Crisis   787

The very uncertainty of the effects of global climate change (global climate change 
models	are	robust	on	system	dynamics	but	weak	on	regional	and	local	predictions)	is	
antithetical to the sort of predictive modeling exercises practiced by the Club of Rome. 
The	 securitization	 of	 the	 environment	 not	 only	 embraces	 threats	 to	 food,	 agrarian,	
pastoral	and	water	systems	but	now	encompasses	 the	 likelihood	of	conflict	and	vio-
lence	around	access	to	scarce	resources	(Dalby	2009;	US	Department	of	Defense	2011).	
Implicit	in	the	science	behind	the	current	global	climate	change	debate	is	a	worldview	
somewhat at odds with the Dawinian orthodoxy of evolutionary gradualism (Boal 
2009).	 Climate	 could,	 and	 has,	 changed	 (historically),	 but	 for	 human	 occupation	
and	livelihood	this	represents	a	deep	historical	time—the	very	longue duree. What is 
on offer now is something unimaginable until relatively recently: abrupt, radical, and 
life-threatening	shifts	framed	in	the	language	of	uncertainty,	unpredictability,	and	con-
tingency.	It	is	an	emergent	science	of	planetary	disaster	demanding	an	urgent	public	
response—political,	policy,	civic,	and	business—of	an	equal	magnitude	and	gravity.

Global warming encompasses, and has direct consequences for, two of the most fun-
damental human provisioning systems, food and energy, but to these one can add war, 
conflict	and	militarism,	critical	infrastructures,	and	systemic	financial	risk,	all	of	which	
are now seen to be inseparably and organically linked in a complex of networks of tele-
connected	effects	(OECD	2003).	This	worldview	mobilizes	and	enrolls	powerful	actors	
around the threat of massive, catastrophic risks and uncertainties. Central to this vision 
is a construal of the nature of biological life itself, drawing especially upon the molecu-
lar	and	digital	sciences—complexity,	networks,	and	information	are	its	avatars—which	
shape	the	nature	of	what	is	to	be	governed	and	how.	If	life	is	constituted	through	com-
plex and continual adaptation and emergence, it rests upon a sense of radical uncer-
tainty in which danger and security form an unstable present, what Dillon and Reid 
(2009,	85) call	a	life	“continuously	becoming	dangerous.”	Ash	Amin	(2012,	138) sees	this	
as “the condition of calamity,” or catastrophism:

The	recurrence,	 spread,	 severity	and	mutability	of	 the	world’s	natural	and	social	
hazards	are	considered	as	symptomatic	of	 this	 state	 (of	permanent	risk),	and	 its	
latent conditions are understood to be too volatile or random and non-linear to 
permit	accurate	prediction	and	evasive	action.	In	the	apocalyptic	imaginary,	hazard	
and risk erupt as unanticipated emergencies, disarming in every manifestation and 
in every way.

In	this	account	each	threat	is	potentially	catastrophic	and	the	disaster	is	imminent	or	at	
least	foreseeable,	the	near	future	is	prioritized	(preemption,	precaution,	and	preparation	
are	its	key	deployments),	and	the	calamity	is	a	crisis	of	security	requiring	securitization	
(Anderson	2010;	Guyer	2009;	Floyd	2010).

Against this backdrop, the old models of Sahelian development have been replaced 
with new modalities that can render the uncertainties of global climate change think-
able	and	something	 that	can	be	prepared	 for	and	remediated.	 It	 is	at	 this	point	 that	
culture—especially	 institutions,	 many	 of	 which	 are	 indigenous	 or	 hybrids	 of	 local	
custom	and	the	modern—meets	up	with	the	so-called	resiliency	school	and	theories	
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of	“complex	adaptive	systems”	(Adger,	Lorenzoni,	and	O’Brien	2009).	Its	function	is	to	
incorporate social and economic systems in an overarching complex science of “socio-
ecological	resilience”	rooted	in	civil	society	(the	community	looms	very	large	here).	The	
scope	and	scale	(and	institutionalization)	of	resiliency	thinking	is	now	vast,	encompass-
ing	most	fields	of	expertise	that	address	security	in	the	broadest	sense	(from	the	IMF	to	
Homeland	Security).	Here	are	excerpts	from	two	reports	on	food	security	in	Africa	and	
the Sahel:

Resilience can be thought of as the opposite of vulnerability. Resilient food systems 
can withstand political, economic, social and environmental shocks. Resilience 
makes individuals, households and communities less vulnerable . . . it helps them 
withstand	multiple	stresses—occurring	with	varying	frequency,	predictability	and	
intensity—and	break	free	of	persistent	poverty	and	accelerate	human	development.

(UNDP	2012,	99)

Both analytically and pragmatically, resilience is becoming a more useful focus 
than vulnerability. Vulnerability refers to the inability of people to avoid, cope with 
or	recover	from	the	harmful	impacts	of	hazards	that	disrupt	their	lives	and	that	are	
beyond their immediate control. Vulnerability is a deficit concept. . . . Resilience, on 
the other hand . . . requires enabling people to discover how their livelihood/food 
access system might be made more resilient to shocks, and how to renew or reor-
ganize	their	system,	should	such	shocks	occur.	This	requires	developing	an	under-
standing of where resilience resides in the system, and when and how it can be lost 
or gained, which means identifying the points in the household food system where 
interventions	can	increase	the	resilience	to	future	hazards.

(Gubbels	2011,	144)

Resiliency	is	now	a	vast	academic	and	policy	industry—among	policymakers,	activists,	
consultants,	and	the	donor	community—that	encompasses	vast	swaths	of	 the	social,	
economic,	and	political	landscape	(Davidson	2010;	Adger	2006).	Local	knowledge	and	
practice,	notions	of	vulnerability	and	exposure—in	other	words,	the	critical	responses	
to	the	neo-Malthusian	approach	to	Sahelian	problems	of	the	1970s—have	been	grafted	
onto a new turbocharged systems theory, derived in particular from the work of the 
ecologist C. S. Holling and his associates, who have been brought together in a highly 
influential	 think	 tank	 called	 the	 Stockholm	Resilience	 Center	 (Holling	 1986,	 2001).	
Sahelian	communities	can	now	be	fine-tuned—paradoxically	building	on	their	tradi-
tional	strengths	(e.g.,	the	social	capital	of	village	communities)	yet	supplemented	by	the	
expertise of development and state practitioners.

Holling extended his view of resiliency by suggesting that all living systems evolved 
through disequilibrium, that instability was the source of creativity. Crisis tendencies 
were	thus	constitutive	of	complex	adaptive	systems.	Indeed,	resiliency	is	now	so	cen-
tral	 to	 the	 notion	 of	 environmentally	 sustainable	 development—the	 cornerstone	 of	
the	major	multilateral	development	and	international	environmental	NGOs—that	the	
complex	adaptive	systems	framework	(including	the	sorts	of	measures	of	standardiza-
tion	and	accounting	for	assessing	ecosystem	resilience)	has	been	taken	up	by	the	likes	
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of	the	World	Bank	and	UN	HABITAT	in	such	diverse	arenas	as	sustainable	urbanism,	
ecosystem	services,	and	climate	adaptation	and	mitigation	(Lentzos	and	Rose	2009).	
Resiliency, in short, is the form of governmentality appropriate to any form of pertur-
bation and uncertainty: dealing with extreme weather events in not merely analogous 
to coping with recurrent financial shocks. By integrating prior work on vulnerability 
and poverty, with current concerns with participation and empowerment at the com-
munity level, resiliency provides a powerful systematic, interdisciplinary, and pragmatic 
approach.	As	Béné	et al.	(2012,	11) put	it: “The	concept	of	resilience	is	thus	becoming	a	
form of integrating discourse that rallies an increasing number of people, institutions, 
and organisations under its banner, as it creates communication bridges and platforms 
between disciplines and communities of practices, and offers common grounds on 
which dialogue can then be initiated between organisations, departments or ministries 
which had so far very little, or no history of collaboration.”

The notion of adaptive capacity and resilient institutions through community orga-
nization	does,	of	course,	rest	on	a	substantial	body	of	research	demonstrating	how	rural	
communities	in	Africa	(and	elsewhere)	adapt	to	climate	change	through	mobility,	stor-
age, diversification, communal pooling, and exchange by drawing on social networks 
and	their	access	to	resources.	Yet	what	is	on	offer	instead	is	a	bland	and	bloodless	shop-
ping list of “conditions” for adaptive governance, including “policy will,” “coordination 
of stakeholders,” “science,” “common goals,” and “creativity,” all held together by social 
risk	management.	How,	for	example,	resiliency	will	be	built—to	take	the	conclusions	
of	the	recent	Sahel	report	(Gubbels	2011)—from	and	within	state	fragility	and	conflict,	
corruption, class power, land and asset inequality, and asymmetric state capabilities 
is entirely unclear. Perhaps most drastic is the failure of resiliency theory to propose 
an account of power and human agency. What is on offer is a particular view of indi-
viduals—peasant,	 pastoralist,	 woman—as	 autonomous	 agents	 who	 have	 the	 power	
to negotiate their own lives with the unproblematic arena of “the community.” Power, 
self-determination, and democracy fit very uneasily with the dynamics of living systems 
drawn	from	“non-equilibrium	ecosystems”	(Duit	et al	2010).

At the time that Holling was laying out his first ideas (and in the midst of the 
Sahelian	famine	in	Africa	as	it	happened),	Friedrich	Hayek	delivered	his	Nobel	Prize	
speech,	which,	as	M.	Cooper	and	J. Walker	(2011)	brilliantly	show,	has	an	elective	
affinity	with	Holling’s	ideas.	Hayek	was	moving	toward	his	mature	theorization	of	
capitalism as an exemplar of the biological sciences: the extended market order is 
“perfectly natural . . . like biological phenomena, evolved in the course of natural 
selection”	(Hayek	1988,	cited	in	Cooper	and	Walker	2011).	In	the	resiliency	paradigm,	
ecosystem-based enterprises, rooted in community resource management, will 
entail local-state and private-civic partnerships and enterprise networking. Markets 
in ecosystem services, and delegation of responsibility to communities and house-
holds	as	self-organizing	productive	units,	will	constitute	the	basis	for	survival	in	bio-
physical, political, economic, and financial worlds defined by turbulence, risk, and 
unpredictability. Some will be resilient, but others will be too resilient or not resilient 
enough.
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Resiliency is the calculative metric for a brave new world of turbulent capitalism, the 
global	economic	order,	and	a	new	ecology	of	rule.	The	Sahel’s	“bottom	billion”	provides	a	
laboratory in which the poor will be tested as the impacts of change manifest. Resiliency 
has become a litmus test of the right to survive in the global order of things (Cooper 
2010;	O’Malley	2010).	Resiliency	is	an	apparatus	of	security	that	will	determine	the	pro-
cess of “letting die.” Africa, once again, is the testing ground for a vision of security and 
care	in	which	life	is	nothing	more	than	permanent	readiness	and	flexible	adaptiveness.	
As	such,	it	is	a	deeply	Hayekian	project—an	expression	of	the	neoliberal	thought	collec-
tive—in	which	the	idea	of	a	spontaneous	market	order	has	become,	ironically,	a	form	of	
sustainable development. Building resilient peasants and resilient communities in the 
West African Sahel turns on an amalgam of institutions and practices geared toward 
individuals armed with improved and upgraded traditional knowledge and institu-
tions	but	rooted,	as	Dillon	(2008)	says,	in	a	distinctive	moral	and	behavioral	economy	
of existence. The challenges of adapting to the radical uncertainties and perturbations 
of global climate change produce a vision of Homo economicus for the new millennium; 
the	African	peasant,	as	Foucault	(2008,	241) noted,	becomes	“an	entrepreneur	of	him-
self,” a hedge-fund manager for his own impoverished life.

Notes

 1. Two-thirds of the hungry live in just seven countries (Bangladesh, China, Democratic 
Republic	of	the	Congo,	Ethiopia,	India,	Indonesia,	and	Pakistan),	and	over	40	percent	live	
in	China	and	India	alone	(see	The	World	Food	Program,	Global Hunger Declining but Still 
Unacceptably High,	Rome:	FAO,	September	2010.	http://www.fao.org/docrep/012/al390e/
al390e00.pdf.)

	 2.	 Devereux	(2000,	7) estimates	that	famine	mortalities	increased	every	decade	beginning	in	
the	1930s	to	peak	in	the	1960s;	they	fell	sharply	thereafter,	with	a	small	upward	trend	dur-
ing	the	1990s.	He	estimates	that	over	70 million	people	died	from	famine	during	the	20th	
century.

	 3.	 This	immediately,	of	course,	raises	the	thorny	question	of	how	precisely	one	defines	fam-
ine. Famines are less aberrant events than extensions of the normal; behaviorally, many 
famine victims do not regard excess mortality as the defining quality of famine, since 
many famine mortalities are a function of disease rather than absolute food scarcity (see de 
Waal	1989	and	Nally	2011).	Some	famines	are	ordinary,	some	are	catastrophic	and	deadly.	
As Devereux points out, “mass starvation is one possible outcome of the famine process” 
(2000:4).

 4. Only relatively recently have entitlement analyses begun to link different levels of inves-
tigation, focusing, for example, on household entitlements and their links to the state, 
regions vis-a-vis nations, and national entitlements in relation to global food security; see 
Devereux	(1993)	and	Platteau	(1991).

	 5.	 In	1976,	Kaita	was	located	in	North-Central	State;	it	became	part	of	the	new	Katsina	State	
in	1996.

	 6.	 Oil	revenues	after	1970	came	to	dominate	the	Nigerian	economy,	constituting	85 percent	
of	state	revenues,	98 percent	of	export	earnings,	and	close	to	40 percent	of	GDP.	Between	
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1970	 and	 2012,	Nigerian	 oil	 wealth	was	 over	 three-quarters	 of	 a	 trillion	 dollars	 (US).	
Nigerian became an archetypical “petro-state.”
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Chapter 33

Transformation of the 
Agrifo od Industry in 
Developing Countries

Thomas Reard on and C.  Peter Timmer

Introduction

The agrifood industry has been transforming rapidly over the past three decades in 
developing countries. What took a century in the United States and Western Europe 
has	been	accomplished	in	several	decades	in	many	countries,	often	in	ways	contrary	
to	expectations.	 In	retail,	 for	example,	a	“supermarket	revolution”	contradicted	both	
broadly	shared	self-perceptions	in	developing	countries,	as	well	as	the	pre-1990	retail	lit-
erature—where	often	one	read	that	“traditional	food	culture,”	dense	cities,	low	opportu-
nity cost of labor, and “habit of frequent shopping” militated against modern retail. Both 
market forces and government policy have shaped transformations of the sector; foreign 
direct	investment	provides	the	main	vector	of	effects	on	agrifood	globalization.	These	
transformations	have	potential	to	affect	farmers	via	increased	incomes	and	modernized	
technologies, and consumers via cheaper and safer food. On the other hand, modern-
ized	agrifood	industry	segments	(wholesale/logistics,	processors,	retailers)	are	broadly	
competitive	with—and	apparently,	over	the	longer	term,	broadly	destructive	of—their	
counterparts in the traditional sector. Consolidation within these segments, and syner-
gies across them, have emerged far faster than in currently wealthier countries, with still 
poorly	understood	consequences	for	the	units	that	matter	for	welfare	analysis—con-
suming	households	and	small	farms.	This	chapter	analyzes	the	sector	from	its	wholesale	
and logistics operations, which connect to farmers, through processing to retail estab-
lishments, which connect to consumers.

By transformation we mean changes in structure and in behavior. Structural changes 
include	consolidation	and	multinationalization;	changes	in	behavior	include	the	orga-
nization	and	institutions	and	technologies	of	procurement,	processing,	and	distribution	
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by firms. The drivers of this transformation include government actions through poli-
cies/regulations and investments in both infrastructure and in the segments themselves, 
and private sector actions in both institutions and investment activities. There have also 
been important concomitant actions by NGOs, donors, and farmer associations.

The most recent comprehensive reviews of comparative trends in the transformation 
of	agrifood	systems	in	developing	regions	were	by	Reardon	and	Timmer	(2007),	focused	
mainly	on	retail	transformation,	and	Wilkinson	(2004)	and	Gehlhar	and	Regmi	(2005),	
focused mainly on changes in processing sector trade, product composition, institu-
tions,	and	foreign	direct	investment	(FDI).	There	has	been	no	comprehensive	review	in	
the	2000s	on	the	wholesale	sector.	There	have	also	been	several	region-specific	reviews	
of	retail	and	processing,	such	as	Laffan,	2001,	for	Asia.	These	earlier	reviews	have	left	
several gaps.

First, the reviews tended to focus on one segment or other, but did not explore in 
depth	the	relations	of	transformation	among	the	segments—wholesaling,	processing,	
and	retailing.	We	will	show	that	“symbioses”	among	the	modernizing	segments	were	
important.

Second, the earlier cross-region reviews were mainly based on data from the mid-
1990s	 and	 before.	Much	 has	 happened	 both	 in	 the	 transformation	 itself	 and	 in	 the	
research literature on it in the past half decade. As we will show, there was a major cre-
scendo	in	the	 industry—a	full	 take-off	of	supermarkets—in	countries	 like	India	and	
Vietnam	and	a	continuation	of	extremely	rapid	growth	in	China;	in	Latin	America	and	
parts	of	Asia	the	wholesale/logistics	sector	experienced	a	wave	of	modernization,	with	
the	processing	sector	leaping	forward	in	regional	multinationalization.	Moreover,	pro-
curement systems for fresh produce started to transform, with an emergence of direct 
sourcing.

Third, in particular in the past half decade, a new set of development strategies has 
developed—partnered	by	governments,	agrifood	industry,	and	civil	society.	These	strat-
egies seek to increase linkages among agrifood industry segments and to small farmers 
by cutting transaction costs and increasing economies of agglomeration.

These three gaps in the literature are important because they include the channels by 
which the transformation has been accelerated, extended, and, potentially, made more 
inclusive. This review focuses on these gaps by updating the analysis on the transforma-
tion of the three basic segments of the agrifood industry and by evaluating the impact 
of	the	transformations	now	underway.	The	chapter	is	organized	around	the	three	seg-
ments, in parallel to the sequence of overall phases of transformation.

We	proceed	as	follows.	The	second	section	briefly	provides	a	new	framework	of	“driv-
ers” of transformation of the industry and its procurement systems/supply chains that 
are	shared	across	 the	segments—procurement,	processing,	and	distribution—as	well	
as a general sketch of the three geographical waves of transformation that apply to all 
segments.

The third section discusses the bimodal paths of transformation of the wholesale/
logistics sector. This was both the earliest sector to be transformed, with government 
actions	driving	transformation	from	the	1960s	to	the	1980s,	and	the	latest,	with	private	
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sector	investment	and	modernization	of	wholesale/logistics	in	the	late	1990s	and	espe-
cially	the	2000s.

The fourth section discusses the paths of transformation of food processing, which 
also had an early partial transformation with government-driven changes such as 
parastatals	from	the	1960s	on,	then	entered	a	modernization	phase	with	liberalization	
mainly	in	the	late	1980s	and	into	the	1990s.

The	fifth	section	discusses	the	paths	of	retail	transformation.	There	is	an	important,	
but little appreciated, initial transformation via government cum cooperative action, 
such as fair price shops and cooperative and state retail chains (little discussed in the 
retail	or	development	literature),	before	the	1990s,	often	for	food	security	reasons,	then	
the	rise	of	modern-private	retail	in	the	1990s	and	2000s.

The sixth section begins with a discussion of the “symbioses” among the three trans-
formed	agrifood	 industry	segments,	emphasizing	ways	 in	which	they	reinforce	each	
other and enter preferred supplier relations with each other. This sets the stage for dis-
cussing emerging impacts of the previously mentioned transformations on small and 
medium	enterprises	(SMEs)	and	farmers,	focusing	on	recent	evidence	and	noting	gaps	
in current knowledge.

The seventh section discusses a new set of policy/program drivers is emerging in the 
form of programs to develop linkages that encourage a faster, more integrated, and more 
inclusive	growth	path	for	these	transformations	over	the	next	decade.	It	is	far	too	early	to	
tell if these new programs will be successful, especially in keeping small farmers in food 
supply chains or promoting their welfare.

Determinants and General Diffusion 
Path of Transformation

There have been two “broad phases” of agrifood industry transformation over the past 
50	 years:	 “preliberalization/preglobalization”	 (mainly	 1960s–mid-1980s)	 and	 “liber-
alization/	 globalization”	 (mainly	 mid-1980s	 to	 now)	 (Reardon	 and	 Timmer,	 2007).	
Contained within those two stages are the successive transformations of the three seg-
ments of the agrifood industry. The timing of the transformation of each segment is 
approximate,	because	it	differs	by	region	and	country:	(a)	transformation	of	wholesal-
ing,	in	two	waves,	with	a	public-sector-driven	stage	mainly	in	the	1960s-1990s,	and	a	
private-sector-driven	stage,	mainly	in	the	2000s;	(b)	transformation	of	processing, with a 
colonial	and	public-sector	phase	mainly	up	through	the	1970s,	and	then	a	private-sector	
stage	mainly	in	the	1980s	to	now;	(c)	and	then	the	transformation	of	retailing, with a 
small	public-sector	stage	in	the	1960s-1980s,	then	a	private	sector	stage	mainly	in	the	
1990s–2000s.

Roughly shared over segments is a set of mutually conditioning determinants of 
transformation, with the specifics of the determinants differing somewhat by segment.
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First, there was a set of demand-side factors that determined demand for processed 
foods	 and	 transaction-cost	 saving	 in	 retail	 shopping.	 Important	 among	 these	 were	
income	growth	and	emergence	of	middle	classes	(Ravallion	2010),	urbanization,1 and 
women entering the outside-home labor force. The ability of consumers to use modern 
retail in turn was enabled by the diffusion of refrigerators and vehicles, as well as better 
infrastructure.	Urbanization	and	income	growth	also	gave	impetus	to	growth	of	whole-
sale	markets	(from	fragmented,	dispersed	origins).

Second, there were two sets of policy interventions partially driving transformation.
On the one hand, there were public investments in wholesale markets, logistics plat-

forms, processing parastatals, and state retail chains. These operated mainly in the 
1960s–1980s	(but	some	continued	beyond	that)	and	involved: (a) heavy	investment	by	
governments in public wholesale markets, first for grains, and then for produce, meat, 
and	fish;	(b) heavy	investment	by	governments	in	parastatals	that	had	wholesale	(pro-
curement)	arms,	as	well	as	capacity	for	processing/milling	and	distribution	to	the	popu-
lation,	sometimes	via	state	retail	chains	such	as	the	Fair	Price	Shops	in	India,	the	state	
grain stores in China, and so on. This development also gave rise to public certification 
of or operation of slaughterhouses.

These	interventions	were	driven	by	both	context	and	perceptions: (a) the	recurrence	
of	food-security	crises	was	perceived	to	be	linked	to	distribution	constraints;	(b) rapid	
urbanization,	laying	open	an	increasingly	large	urban	population	to	food-supply	con-
straints and vicissitudes, and required the efficient delivery of volumes, much larger 
than	in	the	past,	of	food	to	urban	areas;	(c) rapid	rise	in	incomes	(in	the	first	and	second	
wave	countries)	gave	rise	to—based	on	Bennett’s	Law—rapid	increase	in	demand	for	
meat,	fish,	fruits	and	vegetables,	and	dairy;	(d) perception	that	supply	chains	from	rural	
areas were fragmented and traditional (with what would later be termed “high trans-
action	costs”),	rife	with	exploitation	and	speculation	from	avaricious	middlemen,	and	
that urban markets were poorly served by a smattering of truck markets and small grain 
markets.

Third, there was a set of supply-side factors grouped around investment into the 
segments. The surplus for this investment came first from colonial enterprises (for the 
export	oriented	agrifood	industrial	enclaves	and	plantations)	and	the	state	(in	invest-
ment	in	public	wholesale	markets,	and	parastatal	processing	and	retail)	and	later	from	
state-owned	enterprises	(SOEs)	in	the	modern	sector,	investment	by	private	domestic	
conglomerates,	and	foreign	direct	investment	(FDI).	The	latter	is,	in	turn,	a	function	of	
relative saturation in sending countries (South Korean retailers into China, Thai proces-
sors	into	Vietnam,	UK	retailers	into	Asia)	combined	with	the	attraction	of	the	invest-
ment sites, itself a function of the aforementioned two sets of factors.

Fourth, there was a set of supply-side factors grouped around production- and 
procurement-system	 modernization	 by	 modern-sector	 firms	 in	 the	 three	 seg-
ments, which created efficiency gains that further increased their competitiveness 
vis a vis traditional firms. These included investment in scale of production to reap 
economies of scale and scope in processing, marketing, and procurement, and in 
procurement-system	modernization	such	as	use	of	distribution	centers	and	warehouse	
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networks, supply-chain coordination via explicit and implicit contracts (Key and 
Runsten	1999,	Dries	et al.	2009)	and	“private	standards”	(Reardon	et al.	1999,	Farina,	
Marino,	&	Guedes	2000,	Reardon	and	Farina,	2001,	Henson	and	Reardon	2005,	Fulponi	
2007,	Swinnen	2007),	and	use	of	modern	firms	to	coordinate	intermediation,	such	as	
“dedicated	wholesalers”	(Farina	and	Machado	1999,	Reardon	and	Berdegue	2002)	and	
modern	logistics	firms	(Reardon	and	Berdegue	2002,	Han,	Trienkens,	and	Omta	2009),	
themselves elements of a transformed wholesale/logistics sector.

The diffusion of a system of modern procurement, similar for modern processors and 
retailers,	is	a	function	of	several	elements	(Reardon	et al.	2003): (a) the	ability	of	the	
traditional wholesale system to meet procurement officer objectives without the chain 
having to resort to costly investments in an alternative system; this varies considerably 
over	countries,	for	example,	strong	in	China	(Wanget al.	2009)	and	weak	in	Indonesia	
(Natawidjaja	et al.	2007)	or	India	(Minten,	Reardon,	and	Sutradhar	2010,	Fafchamps,	
Vargas	Hill,	and	Minten	2008);	(b) the	need	to	reduce	costs	of	procurement	by	saving	
on inputs, in this case purchased product costs and transaction costs with suppliers; 
this need was driven by competition on costs and price-sensitivity of target consum-
ers;	(c) the	need	for	consistent	quality	either	of	inputs	(to	produce	quality	outputs,	or	to	
produce commodity outputs at lower cost, by having consistent quality inputs to reduce 
processing	costs,	as	in	dairy	in	Brazil	and	Argentina	(Farina,	2002;	Farina	et al.	2005);	
(d) the	financial	and	managerial	capacity	of	the	company	to	make	these	investments,	
favoring larger companies.

Given	 the	heterogeneity	of	distribution	of	 these	 conditioners	of	 transformation—
over	products,	over	firms,	over	countries,	over	regions,	over	time—one	expects	uneven-
ness in the diffusion of transformation. This unevenness was observed in a relatively 
homogeneous environment such as in retail in the United States over decades (Kinsey 
2004),	hence,	is	even	more	likely	over	the	extreme	economic	heterogeneity	of	develop-
ing countries. Still, there is some regularity and timing of “waves” of diffusion, which 
occurred geographically (over countries and within countries, over income classes, and 
over	products),	for	all	three	agrifood	industry	segments.

The first wave	tended	to	be	the	countries	that	started	their	post-WWII	growth	spurt	
earlier,	urbanized	and	started	industrializing	somewhat	earlier—in	particular,	the	larger	
South American countries, East Asia outside China, South Africa, and north-central 
Europe.	The	start	of	processing	transformation	occurred	with	FDI	liberalization	and	the	
start	of	privatization	in	the	mid-1980s	to	early	1990s,	and	retail	transformation	“took	
off”	from	the	early	1990s.

The second wave	tended	to	be	the	countries	that	had	their	growth	and	urbanization	
spurts	 later	and/or	had	strong	internal	pressure	to	limit	FDI;	these	limits	were	often	
more	 for	 retail	 FDI	 than	processing	FDI.	Hence	one	 found	 that	 in	Mexico,	Central	
America, Southeast Asia, and southern Central Europe processing transformation took 
off	in	the	1980s	but	retail	transformation	did	not	start	until	the	mid-	to	late	1990s.

The third wave	tended	to	be	countries	that	had	their	growth	and	urbanization	spurts	
mainly	in	the	1990s/2000s,	and/or	had	lagged	liberalization	into	the	1990s.	This	was	the	
case	of	Russia,	China,	India,	and	Vietnam,	among	others.	Processing	transformation	
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then	occurred	somewhat	before	retail,	with	the	latter	mainly	in	the	late	1990s	and	into	
the	2000s.	As	we	show	in	the	following	section,	the	retail	revolution	only	took	off	in	ear-
nest	in	the	mid-2000s	in	India	and	Vietnam,	and	then	grew	rapidly.	In	India,	although	
FDI	 liberalization	 in	retail	has	not	yet	occurred,	 the	 sales	of	modern	retail’s	 leading	
food-selling	chains	leapt	from	$200 million	in	2001	to	5	billion	in	2009	(Reardon,	Gulati,	
and	Minten	2010)—mainly	driven	by	domestic	conglomerates,	themselves	creatures	of	
the economic boom. This also happened in Russia and South Korea. There was also, as a 
lagged part of the third wave, a relatively weak emergence of processing and retail trans-
formation in a few countries in East/Southern Africa.

There were some striking anomalies in the waves, however, and, in particular, in the 
third	wave.	For	example,	India	had	as	early	a	public-sector	transformation	of	the	three	
segments as any first-wave country, and kept this public-sector apparatus to the present, 
not	only	intact	but	enlarged—whereas	transition	countries	such	as	China,	Russia,	and	
Vietnam	had	already	moved	to	privatizing	state	processing	and	retailing	in	the	1990s.

Finally,	diffusion	of	the	transformation	(in	all	three	segments)	tended	to	occur	earli-
est in more urban and later in more rural areas, and earliest and fastest in processed, 
then semi-processed, and then fresh products.

The Two-stage Transformation of the 
Wholesale/Logistics Segment

Public-Sector Induced Transformation of the Wholesale Sector

The “regulated” or state wholesale markets were substantial investments by cities or 
provinces,	and	were	put	in	place	in	waves	mainly	from	the	1960s	on,	starting	with	main	
cities, then secondary cities, and so on. A typical pattern was a hub-and-spokes model, 
with a set of primary wholesale markets in big cities and then “feeder” or secondary 
wholesale	markets	in	smaller	cities	and	rural	areas,	such	as	one	finds	in	Brazil,	China,	
Indonesia,	Mexico,	and	India.	The	large	markets	are	huge: today	Delhi’s	Azadpur	mar-
ket	moves	4 million	tons	of	fresh	produce	per	year;	Beijing’s	Xinfadi,	8 million	tons;	the	
markets in Mexico City and Sao Paulo are each much larger yet. The growth of pub-
lic	markets	was	spectacular.	For	example,	China’s	wholesale	market	volume	increased	
11,000 percent	 from	1990	 to	2000	 (Huang	et  al.	 2007;	Ahmadi-Esfahani	and	Locke,	
1998),	and	India’s	regulated	wholesale	markets	went	from	450	regulated	(formal)	whole-
sale	markets	in	1948	to	5,500	wholesale	markets	in	2008	(Reardon	et al.	2010).	A similar	
rapid	growth	had	occurred	in	the	first-	and	second-wave	countries	in	the	1960s–1970s.

The massive investments in public wholesale markets partially transformed this seg-
ment—substantially	“de-fragmenting”	and	integrating	markets,	by	providing	“econo-
mies of agglomeration” and channeling wholesale from field brokers into a network of 
covered markets with in situ wholesalers, and thus also altering both technology and 
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organization.	By	imposing	regulations,	public	investments	changed	institutions,	at	least	
for the portion that passed through regulated markets.

There	is	emerging	evidence	that	the	public-sector	“wholesale	market”	segment,	after	
being	established	and	proliferating,	is	consolidating	(shown	in	studies	from	Indonesia	
(Natawidjaja	et	al.	2007),	Mexico	(Echánove	and	Reardon	2006),	South	Africa	(China;	
Huang	et	al.	2007),	Peru	(Escobal	and	Agreda	1997),	and	India	(Minten,	Randrianarison,	
and	Swinnen	2009),	and	even	privatizing	(for	Brazil;	Farina	and	Machado	1999)	and	
multinationalizing	(for	example,	with	Paris’s	Rungis	market	investing	in	Chinese	whole-
sale	markets	in	joint	partnerships	in	2008	www.rungisinternational.com,	and	Sydney’s	
in	India’s,	see	Reardon	et	al.	2010).

On the one hand, there is some interwholesale market concentration, such as in 
South	Africa	(Louw	et al.	2007)	where	the	share	of	the	main	market	has	risen	over	time.	
Moreover, within wholesale markets there has tended to be consolidation over whole-
salers.	Some	of	this	was	driven	by	differential	capitalization	that	allowed	some	to	grow	
larger and larger based on economies of scale in transport and warehousing (for Mexico, 
Echánove	and	Reardon	2006,	and	Peru,	Escobal	and	Agreda,	1997),	and	regulations	lim-
iting	the	number	of	licensed	wholesalers	(as	in	India,	Minten,	Vandeplas,	et al.	2010,	
or	Turkey,	Koç	et al.	2007),	and	some	has	been	due	to	the	decline	of	the	traditional	cli-
ents	of	the	smaller	wholesalers	(such	as	the	small	shops)	in	the	1990s	on	with	the	rise	of	
supermarkets and competition off-market from “dedicated wholesalers” discussed next. 
There	is	also	emerging	evidence	(such	as	from	Indonesia	and	China)	that	wholesalers	
based in wholesale markets increasingly buy directly from farmers and compete down 
the share of the rural or field brokers.

Second Stage: Liberalization and the Rise of Modern Private 
Wholesale/Logistics

Building from the initial base of public-sector driven transformation of the wholesale 
sector,	emerging	in	the	1990s	and	2000s	(again,	depending	on	the	“wave”)	is	a	second	
stage	of	transformation—this	time	mainly	private-sector	driven.	This	transformation	
has several dimensions.

First,	in	the	1990s–2000s,	there	were	reactions	against	wholesaling	regulations—with	
charges that although those regulations were originally designed to quell speculation and 
mercantile oligopoly, they had eventually created anticompetitive forces and a cadre of 
entrenched commission agents who proceeded to earn oligopolistic margins. There were 
few formal tests of this hypothesis, but the perception became strong among two sets of 
lobbying	groups—the	farmers,	and	the	private	sector	logistics,	processors,	and	retailers	
who wanted to buy direct from farmers and bypass the mandated wholesale markets. 
Eventually,	in	some	countries,	such	as	Brazil	(Farina	and	Machado	1999)	and	South	Africa	
(Louw	et al.	2007)	in	the	late	1990s,	and	half	the	states	in	India	after	2003	(Reardon	et al.	
2010—in	Turkey	the	debate	is	still	engaged;	Koç	et al.	2007),	the	regulations	were	relaxed.
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This	liberalization	opened	the	door	to	progressive	“dis-intermediation”—such	as	con-
tract	farming	by	processors	and	collection	centers	by	supermarkets.	It	is	argued	by	vari-
ous	researchers	(e.g.,	Farina	and	Machado	in	Brazil,	Echánove	and	Reardon	in	Mexico,	
Louw	et al.	in	South	Africa)	that	dis-intermediation	combined	with	the	decline	of	tra-
ditional	clients	has	led	to	a	decline	in	volumes	of	wholesale	markets,	such	as	25 percent	
over	the	1990s	in	Sao	Paolo,	30 percent	over	the	first	half	of	the	2000s	in	Mexico	City.

Second,	 the	 counterpart	of	dis-intermediation	has	been	 the	 rise	 in	 the	 1990s	 and	
2000s	of	various	“off-market”	actors	specialized	in	meeting	the	sourcing	requirements	
of modern processors and supermarkets. These include the following.

The first of the modern actors are the “dedicated wholesalers” (such as Hortifruti 
in Central America, first associated with the Costa Rican multinational retailer CSU, 
then global retailer Ahold, then Walmart; or Bimandiri working with Carrefour in 
Indonesia).	These	wholesalers	are	dedicated	to	either	one	company	or	a	segment	(such	
as	modern	retail,	processing,	or	HORECA	(hotels,	restaurants,	catering)	or	exports),	
tend	to	be	specialized	in	a	category,	and	handle	procurement	relations	suppliers.	They	
add	value	(relative	to	the	simple	spot	market	of	the	traditional	wholesale	segment)	by	
managing the relation, collecting, sorting, grading, packing or processing, and deliver-
ing of commodities.

The second of these are modern logistics companies. Commonly they undertake a 
variety	of	logistics	tasks—wholesaling	(intermediation),	warehouse	management,	infor-
mation	and	communication	technology	(ICT)	system	integration	into	retail	and	distri-
bution systems of companies, cold chain development, and packaging. They may also 
forward integrate into retail management of specific divisions (such as Radhakrishna 
Foodland	in	India	becoming	an	external	“channel	captain”	managing	fresh	produce	for	
second-tier	India	supermarket	chains,	Reardon	et al.	2010).

FDI	has	been	an	important	driver	of	the	rise	of	these	firms,	spurred	by	liberalization	
of	FDI	as	part	of	general	liberalization	in	the	1990s	and	2000s.	In	China	and	India,	this	
occurred	in	the	2000s,	and	was	immediately	followed	by	a	rush	of	foreign	companies	
investing.	For	example,	Snowman	is	a	Japanese	company	in	India	that	has	become,	in	
a few years, one of the leading logistics companies in South Asia. Some (such as Penske 
and	TNT)	“followed”	global	 retailers	and	processors	 in	 their	 spread	 into	developing	
countries	 (Reardon,	Henson,	and	Berdegué	2007)—known	as	“follow	sourcing.”	For	
a food company, this creates a shortcut to the time waiting for local logistics capacity 
to build and adapt to their needs, and quickly puts in place state-of-the-art techniques 
that also give them an advantage over local firms using only traditional wholesalers and 
truckers.	In	some	cases,	a	large	retailer	seeks	a	multinational	logistics	company	that	can	
integrate its operations over a whole region, as in Central Europe (see Dries, Reardon, 
and	Swinnen	2004),	and	also	set	up	an	export	platform	from	that	country	back	to	the	
host region, such as Western Europe.

There has also been important domestic investment in this sector, sometimes from 
transport	company	roots	(such	as	CONCOR	in	India	for	the	rail	segment),	maritime	
company	roots	(such	as	Adani	in	India),	and	hotel	roots—in	short,	companies	that	had	
some transport functions that then were extended into logistics for modern agrifood 
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companies. Some were conglomerates that had food operations and saw the unmet 
demand	 for	modern	 logistics	 and	 added	 logistics;	 in	 India,	 Pantaloon	 (the	 leading	
retailer)	started	a	major	logistics	company	(see	Reardon	et al.	2010	for	India	cases).

A	third	element	of	the	modernizing	wholesale	sector	is	the	“cash&carry”	chain.	This	
is in direct competition with the traditional wholesalers and stockist networks, supply-
ing	traditional	retail	and	traditional	HORECA	(hotel,	restaurant,	and	catering	sector).	
Global	chains	operating	in	this	segment	include	Metro,	Walmart	(Sam’s	Club),	Makro,	
and	others.	But	domestic	retailers	also	tend	to	open	(or	start	as)	cash&carries,	as	they	
are	operating	 in	markets	 still	dominated	by	 small	 shops.	The	cash&carries	use	bulk	
buying and supply-chain efficiencies to lower costs, and then add services like bun-
dling,	delivery,	and	retail	 consulting,	 to	compete	with	 traditional	wholesalers.	Often	
the	cash&carries	start	as	wholesale	chains	and	transition	into	part	retail.	In	some	cases,	
global	retailers	enter	as	cash&carries	when	retail	FDI	restrictions	are	still	in	place,	as	
Walmart	did	in	2008	in	India	(as	a	cash&carry	and	as	a	“back-end”	or	procurement	
partner	with	Bharti,	a	domestic	conglomerate	operating	a	retail	chain),	and	Tesco	did	in	
2009	in	India	with	Tata	(in	a	similar	arrangement	to	Walmart’s).	The	cash&carry	format	
is	often	politically	advantageous	because	it	is	focused	on	serving	the	small	retailers	who	
form the opposition to the large retailers.

The Two-stage Transformation of 
Agrifood Processing

Key Stylized Facts and Trends as Background

Processed	foods	are	from	cereals	and	pulses	(dried	peas,	beans,	and	lentils),	tubers,	fish,	
meat,	dairy/eggs,	edible	oils,	and	condiments.	These	are	either	minimally	(semi-)	pro-
cessed or fully processed. They are sold both packaged (bagged, boxed, wrapped, bot-
tled)	and	nonpackaged	(like	loose	flour).	The	processed	food	sector	has	grown	quickly	
in	the	past	several	decades,	overlain	with	a	“westernization”	of	diets,	with	a	shift	to	rice	
and	wheat	 (Senauer,	 Sahn,	 and	Alderman	 1986),	 and	 to	 processed	meats	 and	 dairy	
(Pingali	2006).	These	trends	are	driven	by	increases	in	income,	urbanization,	women	
increasing their participation in labor markets outside the home and wanting to save 
time cooking, improvements in packaging and processing technologies, and eventually, 
by diversification of the variety of processed foods, abetted by modern retail (Gehlhlar 
and	Regmi	2005).

This rise is correlated both with rising incomes in a country over time, and over coun-
tries: using the “packaged food” subset of processed food, the share of packaged food in 
food	expenditures	is	roughly	7 percent	in	low,	30 percent	in	lower-middle,	and	45 per-
cent in upper-middle income countries; total packaged food sales are growing at only 
2–3 percent	annually	in	developed	countries,	versus	13 percent,	28 percent,	and	7 percent	

 

 



804   Thomas Reardon and C. Peter Timmer

in low, lower- middle, and upper-middle income developing countries, much faster 
than	GDP	growth	rates	(Gehlhar	and	Regmi	2005;	Wilkinson	and	Rocha	2009).

The composition of the food processing sector also changes with income: the share 
of	grains	in	processed	food	sector	value-added	is	about	20 percent	in	lower	income,	
and	drops	 to	 15 percent	 in	upper-	 and	 lower-middle	 income	countries;	 the	 share	of	
dairy	climbs	from	7 percent	to	10–13 percent	over	the	three	sets	of	countries;	the	rest	
is the share of processed meats, fish, fruits, vegetables, fats, and baked goods/noodles 
(Wilkinson	and	Rocha	2009).

Finally, the great majority of processed food output and growth has occurred domes-
tically within developing countries, rather than in international trade networks. 
Although	processed	food	trade	grew	quickly	up	to	the	mid	1990s,	it	has	stagnated	in	
the	 15 years	after	 that;	 at	present	only	 10 percent	of	global	processed	 food	output	 is	
traded	(Gehlhar	and	Regmi	2005).	In	general,	little	of	the	food	produced	or	consumed	is	
imported	or	exported: about	3 percent	of	produce,	4 percent	of	meat,	and	10 percent	of	
grain output or consumption of developing countries is exported or imported (Reardon 
and	Timmer	2007).

First Stage of Transformation of Food Processing—Driven 
Mainly by the Public Sector

As	with	wholesale,	governments’	effects	on	processing	transformation	came	via	direct	
action and policy.

Although the topic has been important in urban food security debates for decades, 
the	government’s	direct	role	in	inducing	food-processing	transformation	has	been	lim-
ited	in	most	countries,	even	in	its	heyday	in	the	1960s/1970s.	It	was	mainly	confined	to	
grain	sold	to	urban	markets.	In	that	period,	the	urban	population	share	and	the	mar-
keted share of grain were lower than today. The local small-scale (and thus not para-
statal)	share	of	grain	processing	was	higher.	And	the	parallel	market	(not	via	parastatals)	
was	often	larger	than	the	government	channels.	There	was	then	rapid	privatization	of	
grain	parastatals	in	most	countries	in	the	late	1980s	or	1990s.	Only	a	few	countries’	gov-
ernments	still	have	substantial	food	processing	operations	into	the	2000s.	For	example,	
in	Asia,	it	is	only	India	that	maintains	a	substantial	presence	via	its	grain	parastatal	(see	
Bharat	and	Ramaswami,	this	volume),	which	procures	only	20 percent	of	India’s	grain	
output	(and	40 percent	of	the	market).	The	numbers	are	far	lower	in	other	Asian	coun-
tries	(Rashid,	Cummings,	and	Gulati	2007),	and	lower	yet	in	other	regions.

Nevertheless, state policies had other effects. Policies cheapening credit increased the 
scale	of	plant	in	some	countries	(such	as	in	rice	processing	in	Indonesia,	Timmer	1974);	
regulations concerning hygiene and construction of slaughterhouses increased the scale 
and	formalized	livestock	slaughter.	In	many	countries	(such	as	Peru)	import	licenses	
were granted to a limited number of large feed mills and dairy firms to import yellow 
corn, powdered milk, and so on, and, thus, de facto consolidated part of processing (for 
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Peru,	 Lajo	 Lazo,	 1983).	 However,	 sometimes	 regulation	 resisted	 transformation:  for	
example,	 India	 “reserved”	most	 of	 food	 processing	 for	 small	 enterprises	 until	 1998	
(Bhavani,	Gulati,	and	Roy	2006).

Second Stage of Transformation of Food Processing in 
Developing Countries—Driven by Private-sector Investment

The	late	1980s	through	today	has	seen	rapid	growth	in	the	food-processing	sector	noted	
earlier,	 combined	with	 rapid	 consolidation;	multinationalization;	 and	 technological,	
institutional,	and	organizational	change.	There	are	several	salient	points.

1. The Initial Impetus for Transformation in the Second Stage: Privatization 
and Liberalization and the First Round of Consequences
In	many	countries,	with	structural	adjustment	in	the	1980s	and	1990s,	state	grain	mills	
and	slaughterhouses	were	privatized	or	eliminated,	and	import	licenses	disbanded.	This	
led to two contrary lines of consequences.

On	the	one	hand,	especially	in	the	1990s,	the	demise	of	public-sector	operations	and	
delicensing of processing, and diversifying products for growing urban and rural mar-
kets and encouraged by market deregulation led to proliferation of small and medium 
scale	enterprise	(SME)	grain	mills	and	dairy,	meat,	fish,	and	produce	processing	com-
peting for the newly opened space. Examples of such proliferation were observed in 
diverse settings, from dairy and wheat and horticultural product processing SMEs in 
Brazil	(Farina	2002,	1997)	to	maize	and	vegetable	and	fruit	processing	in	Africa	(Broutin	
and	Bricas	2006,	Jaffee	1995,	Jayne	and	Jones	1997,	Traub	and	Jayne	2008;	and	Rubey	
1995).	This	flowering	of	SMEs	was	indeed	a	goal	of	liberalization.

On	the	other	hand,	privatization	led	not	only	to	domestic	private-sector	bids,	but	also,	
due	to	widespread	liberalization	of	processing	FDI,	an	avalanche	of	FDI.	The	latter	came	
first mainly from Western Europe and the United States (with global firms like Nestle, 
Kraft,	Danone,	 seeking	 less	 saturated	markets	with	higher	profit	 rates,	Gehlhar	 and	
Regmi	2005),	then	Japan,	and	eventually	from	regional	multinationals	such	as	Mexico’s	
Bimbo	into	Central	America,	Thailand’s	CP	into	China	and	other	Southeast	Asian	coun-
tries	(last	year	CP	created	the	largest	shrimp	processing	firm	in	the	world	in	Indonesia),	
Philippine’s	San	Miguel	into	Vietnam	and	Del	Monte	Asia	(Philippines).

The consequence was that foreign firms form a major share of the large processing sec-
tor	in	a	number	of	first	and	second	wave	countries	by	the	2000s,	although	that	process	
appears	to	be	just	starting	in	third-wave	countries	like	China	and	India	in	the	2000s.	The	
consolidation	this	produced	is	often	striking.	For	example,	by	the	early	2000s,	Nestle	
alone	had	a	market	share	in	Latin	America	for	key	packaged	foods	(specifically,	confec-
tions,	soups,	pet	food,	baby	food,	dairy,	and	baked	goods)	of	61 percent,	and	26 percent	
in	Eastern	Europe;	in	Brazil	that	share	was	83 percent,	in	Philippines	37 percent,	and	so	
on. Unilever had similar dominance: its market share in a set of key packaged goods was 
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38 percent	in	Poland,	43 percent	in	Argentina,	37 percent	in	Indonesia,	47 percent	in	
South	Africa,	and	so	on	(Bolling	and	Gehlhar	2005).	However,	the	country	composition	
of	the	FDI	senders	may	change	over	time,	indicating	the	importance	of	rising	regional	
multinationals	in	“south-south	FDI”	(Wilkinson	and	Rocha	2009,	Reardon,	Henson,	
et al.	2007).

Moreover,	the	FDI	acquired	large	outmoded	grain	mills	and	dairies	and	slaughter-
houses and refurbished and relaunched them as modern, larger operations. For exam-
ple,	Smithfield’s	(the	leading	pork	processor	in	the	world)	acquired	Romanian	ex-state	
slaughterhouses at a tenth of the cost of such processing facilities in the United States 
in	the	2000s	(Sharpe,	2006).	In	the	late	1980s,	in	two	years,	Parmalat	bought	24	SME	
Brazilian	dairy	firms	as	part	of	a	much	larger	and	longer	acquisition	spree,	itself	much	
smaller than that of rival Nestle, that moved the two foreign firms from minor players 
in	Brazilian	dairy	in	1990	to	the	majority	of	the	sector	by	2000—a	sector	that	had	itself	
grown	10-fold	over	just	that	period.	This	same	story	played	itself	out	in	many	countries	
in	various	sectors—such	as	for	dairy	in	Argentina	and	Central	and	Eastern	Europe	in	
that	same	period	(Farina	et	al.	2005;	Hartmann	and	Wandel	1999).

Contrary	to	conventional	wisdom,	the	role	of	product	trade	in	the	globalization	of	
the food-processing sector was small, because the share of imports is small, and those 
imports	have	grown	little	after	the	early	mid	1990s.	The	flip	side	of	this	is	that	outgo-
ing	FDI	 in	 food	processing	 from	developed-country	firms	 is	much	more	 important	
than processed-food exports from developed countries by those firms; for example, 
U.S. processed-food firms produce five times more in foreign countries than they export 
to	foreign	countries	(Gehlhar	and	Regmi,	2005).	Many	reasons	(like	transport	costs	and	
tariffs)	make	FDI	more	attractive	than	export.	Agrifood globalization’s main vector of 
effects is FDI.	As	with	the	other	segments,	the	diffusion	path	of	that	FDI	was	correlated	
with the waves.

2. Consolidation in the Processing Segment into the 1990s and 2000s
There has been rapid consolidation in developing-country food processing (Rama and 
Wilkinson	2008),	again,	in	the	sequence	roughly	of	three	waves.	The	drivers	of	this	con-
solidation are as follows.

First, there is evidence that even in the SME subsegment, there has been gradual con-
solidation,	with	micro-enterprises	of	 1–2	persons	giving	way	(growing	 into	or	being	
out-competed	by)	SMEs	of	5	and	more	persons.	This	was	noted	in	India	by	Bhalla	(1997),	
showing	how,	 over	 several	 decades,	 rural	 food-processing	 SMEs	had	 shifted	 gradu-
ally from villages to rural towns along highway corridors, with an increase in average 
size.	Similarly,	in	Latin	America,	the	average	size	of	food-processing	SMEs	(and	other	
rural	nonfarm	firms)	has	increased	over	several	decades,	with	wage-labor	share	rising	
(Reardon,	Berdegué	and	Escobar	2001).	This	may	have	been	due	to	the	rise	of	secondary	
and	tertiary	towns	and	cities	in	the	1970s–1980s	and	the	“de-protection”	of	rural	econ-
omies by improvements in infrastructure and increased competition with processing 
firms	in	urban	areas	(as	suggested	by	Taylor	in	Mexico),	and	large-scale	factories	send-
ing their cheaper goods into rural areas, out-competing traditional micro-enterprises, 
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as	with	tortillas	in	Mexico	(Rello	and	Saavedra	2007),	or	cassava	gari	in	Cote	d’Ivoire—
and	indeed	with	packaged	biscuits	in	the	United	States	in	the	1880s	(Levenstein	1988).	
The emerging penetration of rural towns by modern retail, selling branded processed 
foods at a discount, may accelerate this competition (Reardon, Stamoulis, and Pingali 
2007).

Second,	 in	 some	 cases,	 such	 as	 India,	 the	 processing	 sector	 was	 “reserved”	 to	
SMEs,	to	protect	employment.	In	1998,	as	part	of	overall	liberalization,	the	sector	was	
“de-reserved,”	and	a	flood	of	 investment	quickly	 increased	the	concentration	indices	
and	deepened	capital	(Bhavani	et al.	2006).

Third, regulations affecting the segment appeared to accelerate the pressures on 
SMEs.	For	 example,	 rezoning	of	 cities	 to	 reduce	 congestion,	 application	of	 business	
registration laws to increase municipal revenues, and application of food-safety and 
hygiene regulations to food businesses have been important examples imposing special 
burdens on small firms who lacked the investment surplus and access to bank loans to 
shift	location,	register	their	firm,	and	adopt	all	the	measures	(such	as	hygiene	facilities	
and	cement	floors)	needed	to	conform	to	new	laws.	This	has	occurred	in	food	service	in	
Brazil,	and	poultry	and	egg	companies	in	Vietnam	with	avian	flu	regulations.	There	is	
mounting evidence that consumers are drawn to supermarkets as a result of food safety 
concerns about small processors and traditional markets (for Thailand, see Posri and 
Chadbunchachai,	2006).	After	the	recent	food-safety	crises,	the	Chinese	government	
is launching a food-safety regulatory initiative that it expects to bankrupt half the food 
processing SMEs. This would even pale with the massive impact such a food law had in 
the	United	States	in	1908	on	food	SMEs	through	the	1910s,	such	as	with	the	exit	of	90	
percent	of	dairy	SMEs	in	the	main	eastern	cities	just	in	the	1910s	(Levenstein	1988.)

Fourth, while the “pie” of the sector was increasing rapidly, the massive investments 
by domestic and foreign firms, creating or enlarging large-scale processors, has resulted 
in out-competing many small firms. There are several reasons for this.

	 1.	 Large	firms	have	the	bargaining	power	and	monitoring	and	“resource	provision	
contract” capacity to enforce coordination of their supply chains (such as via con-
tracts	and	private	standards).	They	can	 increase	 the	quality	and	consistency	of	
their intermediate inputs from farmers, driving down costs, controlling for plant 
size.	A striking	example	of	this	is	in	the	Brazilian	dairy	industry,	where	private	
standards enforced in coordinated supply chains reduced sediment and bacteria 
in milk, reducing processing costs for the large firms.

	 2.	 Large	firms	can	borrow	more	cheaply	than	small,	and	foreign	firms	more	cheaply	
than	domestic	(such	as	in	Mexico,	see	Shwedel	2003).

	 3.	 In	many	categories	of	processing,	larger	plants	have	economies	of	scale.	Moreover,	
a critical mass of output is needed to defend a brand, and the brand provides a 
competitive attribute over nonbranded product, especially where credence goods 
like food safety are involved. To these can be added economies of scope, as more 
lines can be added and thus the company can create a “one stop shop” for retailers 
to source the diversity they require.
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	 4.	 Large	processing	firms	(like	 large	retail	 chains)	have	greater	capacity	 to	put	 in	
place more efficient marketing systems; large processors put in place distribution 
centers	and	logistics	fleets.

Moreover, innovation on the input side, such as vegetable seeds that allow harvest at 
a single time rather than staggered over the season, or greater shelf life, allow large-scale 
plants to fill capacity and source threshold volumes. Multinational seed companies help 
drive this innovation, in symbiosis with large processing companies.

Finally, there has emerged a “symbiosis” between large-scale processors and super-
market chains. The latter drive down consumer prices and extend the market, as dis-
cussed next.

The Two-stage Transformation of Food 
Retail in Developing Countries

First Stage of Transformation of Food Retail—Driven Mainly 
by the Public Sector

Many developing-country governments have actively worked to develop modern 
retail—regardless	of	whether	they	termed	their	efforts	so.	There	are	three	types	of	pub-
lic	sector	cum	cooperative	retail	 that	flourished	mainly	 in	the	1970s/1980s,	and	then	
were	 dismantled	 or	 privatized,	 although	 some	 continued	 into	 the	 1990s/2000s	 and	
“morphed” into competitors with modern private chains. These included the following.

First, governments developed “food security focused” state retail chains dedicated to 
the	subsidized	distribution	mainly	of	staples.	Examples	of	these	include	the	Fair	Price	
Shops	in	India,	the	Grain	Stores	in	China,	the	SAM	stores	in	Mexico.	These	were	gener-
ally	in	forward-integration	from	grain	parastatals.	In	most	countries,	these	retail	chains	
were	privatized	or	dismantled	along	with	the	processing	parastatals	in	the	early	1990s.	
Some	survived	into	the	liberalization	era,	such	as	in	India,	where	the	Fair	Price	Shops	
form	about	15 percent	of	urban	food	staples	retail,	and	have	about	$600 million	of	sales,	
ranking	them	among	the	leading	chains	(Reardon	et al.	2010;	Gaiha	et al,	this	volume).

Second, closely related to the aforementioned were chain stores in forward-integration 
from	state-supported	or	 state-subsidized	cooperatives.	This	was	common	 in	Central	
and	Eastern	Europe	and	India,	among	other	countries.	The	most	common	was	in	dairy,	
but	it	was	also	done	in	meat	and	other	processed	goods	(Dries	et al.	2004).	In	many	
cases	these	were	dismantled	or	privatized	when	traditional	state	cooperatives	declined	
in	the	1990s.	Although	this	was	induced	by	SAPs	(Structural	Adjustment	Programs)	and	
strong competition from the rise of private modern retail in developing countries, it par-
alleled	the	rise	and	then	decline	by	the	1950s	of	coop	store	chains	in	the	United	Kingdom	
and	the	United	States.	Some	have	survived	into	the	liberalization	era: an	example	is	the	
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Mother	Dairy	chain	in	India—started	in	the	1970s	and	developing	by	the	late	2000s	into	
a	dairy	kiosk	chain	with	$200 million	in	sales	in	Delhi	alone	(Reardon	et al.	2010).

Third,	in	some	countries	there	are	state-owned	enterprises	(SOE)	that	made	a	transi-
tion from a staples stores or coop chains to SOE supermarkets. Such is the case of the 
number-2	chains	in	Vietnam	(Saigon	Coop)	and	China	(Lianhua,	with	$10	billion	in	
sales	in	2009) today	(calculated	from	data	from	www.planetretail.net).	They	were	mod-
ernized	and	capitalized	and	re-launched	to	compete	in	this	segment.	This	indicated	the	
importance	of	retail	as	a	modernization	mechanism	in	the	transition	countries.	Some	of	
these	have	been	privatized.

In	sum,	the	sheer	size	and	the	early	incidence	of	the	state	and	cooperative	cum	state	
sectors in initiating retail transformation has been neglected in the literature but has 
been significant and continues in some countries today as a significant impetus to 
modernization.

Second Stage of Transformation of Food Retail in the 
1990s-2000s—Driven Mainly by the Private Sector

1. The Rapid Rise of Supermarkets
The	retail	 sector	 in	many	developing	countries	has	been	 transformed—consolidated	
and	multinationalized—in	a	“supermarket	revolution,”	starting	in	the	early	1990s	and	
continuing to present. This was firmly predicted to be impossible by the retail literature 
in	the	1980s	and	before.	Its	surprising	takeoff	in	the	1990s	is	documented	by	a	body	of	
literature	emerging	mainly	in	the	2000s	(e.g.,	Reardon	et	al.	2003,	Traill,	2006).

In	broad	strokes,	the	diffusion	of	modern	food	retail	has	rolled	out	in	three	waves	
over	countries: (1) the	first	wave,	with	take-off	in	the	early	1990s,	was	in	East	Asia	(out-
side	Japan	and	China),	South	America,	South	Africa,	and	Central	Europe;	the	share	of	
modern	retail	in	food	retail	went	from	roughly	5–10 percent	in	1990	to	some	50–60 per-
cent	by	the	late	1990s;	(2) the	second	wave,	in	the	mid-late	1990s,	was	in	Southeast	Asia	
(outside	transition	countries	like	Vietnam),	and	Central	America	and	Mexico;	the	share	
reached	some	20–50 percent	by	the	late	1990s;	(3) the	third	wave,	in	the	late	1990s	and	
2000s,	has	been	mainly	 in	China,	Vietnam,	India,	and	Russia.	The	share	climbed	to	
some	5–20 percent	by	end	2000s,	in	a	rapid	rise.	In	Africa	outside	South	Africa,	mainly	
in Eastern/Southern Africa, modern retail is just starting in some countries.

There has been a steep crescendo in modern retail growth in the third-wave countries 
in	the	2000s.	For	example,	using	raw	data	from	the	leading	retail	data	source,	Planet	
Retail,	we	calculated	leading	modern	retail	sales	(for	chains	selling	food)	growth	rates	
in representative Asian countries in the three waves. The rates of growth vary over the 
“waves” as one would expect: the East Asian “first-wave” countries (South Korea and 
Taiwan)	 indeed	 show	 slower	modern-retail	 sales	 growth	 rates	 (a	 compound	growth	
rate	of	11.2	percent	over	the	8	years	from	2001	to	2009),	the	second	wave	(Indonesia,	
Malaysia,	Philippines,	Thailand)	in	the	middle	(a	compound	growth	rate	of	17.9	percent	
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annually),	and	the	third	wave	(China,	India,	Vietnam)	the	highest	(40.9	percent	com-
pound	growth	rate),	as	expected	due	to	the	most	recent	starters	advancing	fastest	and	
the earliest relatively saturated.2	These	rates	can	be	compared	to	approximately	5	percent	
annual	growth	in	real	GDP	over	2000–2008	in	the	first-	and	second-wave	countries,	
and	7.5–10	percent	in	the	third-wave	countries.	Even	at	these	rapid	GDP	growth	rates,	
modern	retail	sales	grew	2–3	times	as	fast	in	the	first-	and	second-wave	countries,	and	
4–5	times	as	fast	in	the	third-wave	countries.	This	implies	that	modern	retail’s	share	of	
the retail pie continues to expand.

Inside	a	country,	typically	the	diffusion	has	rolled	out	in	the	following	two	sets	of	
paths: (1) from	large	cities	to	small	cities	and	finally	into	rural	towns	in	adapted	formats,	
and	from	upper	to	middle	to	poorer	classes;	(2) from	processed	foods	to	semiprocessed	
foods to fresh produce.3 These paths are essentially the same as occurred “historically” 
(in	the	twentieth	century)	in	developed	countries.

2. The Determinants of the Accelerated Transformation
The accelerated penetration of retail clashes both with broadly shared self-perceptions 
in	developing	countries,	as	well	as	the	pre-1990	retail	literature	(where	often	one	heard	
that somehow the “traditional food culture,” dense cities, low opportunity cost of labor, 
and	“habit	of	frequent	shopping”	militated	against	modern	retail).	Why	did	it	occur	so	
quickly? Several factors explain it.

First,	 beside	 the	 growth	 in	 the	demand-side	drivers	 (such	 as	urbanization)	 being	
much faster than had been the case in developed countries as they experienced retail 
transformation,	there	was,	as	with	processing,	an	influx	of	investment	from	both	domes-
tic	sources	and	an	avalanche	of	FDI.	Retail	FDI	liberalization	occurred	in	the	first-	and	
second-wave	countries	mainly	 in	the	1990s	and	in	most	(but	not	India)	of	 the	main	
third-wave	countries	in	the	2000s—recently	culminating	for	example	in	full	liberaliza-
tion	with	World	Trade	Organization	(WTO)	accession	by	China	in	2004	and	Vietnam	
in	2009.	The	upshot	is	that	multinationalization	has	accompanied	the	rise	of	the	mod-
ern	retail	sector	and	its	consolidation: the	share	of	foreign	firms	in	the	top	6	firms	in	
Latin	America	is	the	ratio	4.5/6	(whereas,	in	most	countries,	the	top	chain	is	foreign),	
versus	about	the	ratio	3/6	for	the	“third-wave”	countries	in	Asia	and	Russia	(based	on	
www.planetretail.net	data).

Yet	competitive	domestic	investment	has	also	been	important.	On	the	one	hand,	the	
crucial	role	that	massive	investments	by	conglomerates	(their	presence	or	size	or	both	
generated	by	the	economic	boom	of	the	past	two	decades)	in	the	past	four	years	have	
played	in	the	spectacular	rise	of	modern	retail	in	India	is	striking—even	with	multi-
brand	 retail	 FDI	 still	 not	 allowed.	 Private	 domestic	 investment	 also	 created	 major	
regional	 multinationals—such	 as	 South	 Korea’s	 Lotte	 investing	 in	 China,	 Vietnam,	
Indonesia;	and	Hong	Kong’s	Dairy	Farm	investing	in	India,	China,	and	Southeast	Asia.

On the other hand, SOE chains continue to be an important investment driver 
in the second stage in particular in the “transition” countries. The share of SOEs and 
public	private	partnerships	(PPP),	or	joint	ventures	between	state	and	private	firms)	is	
also	about	a	third	($30.5	billion	of	sales)	of	the	leading	47	chains	in	China;	in	Vietnam,	
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$700 million	of	the	$2	billion	of	the	leading	15	chains	(based	on	www.planetretail.net 
data).	Instead	of	combating	and	regulating	heavily	supermarkets	as	the	United	States	
did	for	the	first	30 years,	egged	on	by	small	retail	lobby	forces	(Reardon	and	Hopkins	
2006),	the	third-wave	countries	(except	India)	are	actually	promoting	supermarkets	as	a	
modernization	strategy.

Second, using supply-chain efficiencies, modern retailers can charge lower prices for 
processed and semiprocessed foods (a dominant share of their sales as they are a domi-
nant	share	of	overall	food	purchases)	than	can	traditional	retailers.	(For	a	review	of	10	
countries’	evidence,	see	Minten	and	Reardon	2008,	and	Minten	et al.	2010	for	India,	for	
rice,	wheat	flour,	and	mustard	oil,	and	Gorton,	Sauer,	and	Supatpongkul	2009	for	veg-
etables	in	Thailand.)	These	efficiencies,	in	turn,	derive	from	modernization	of	their	pro-
curement systems, moving gradually from traditional spot wholesale market and stockist 
networks to using direct sourcing and dedicated wholesalers, distribution centers, pri-
vate	standards,	and	modern	logistics.	The	procurement	modernization	tends	to	occur	
earliest and fastest in correlation with the “waves,” with the efficiency of local wholesale 
markets,	with	the	size	of	the	chain	and	its	capacity	to	make	these	investments,	with	pro-
cessed and semiprocessed products much earlier than for fresh produce (the latter being 
about	10–15 percent	of	the	sales	of	supermarkets,	as	of	the	diets	in	developing	countries),	
and with the degree of development of modern logistics and agribusiness companies to 
act	as	partners.	Modernization	provides	a	cost	advantage	to	the	large	businesses	and	an	
acceleration of consolidation inside the modern retail segment, even at early stages.

Third,	the	retail	literature	on	developing	countries	of	the	1950s–1980s	held	a	rigid	and	
limited view of the format and socioeconomic targeting of supermarkets: that of a “big 
box”	(large	format	only),	focused	on	imports	and	processed	products,	targeted	at	the	
high-income niche consumers with cars and refrigerators, in big cities, and interested 
in “western” images. To that image was counterposed the characteristics of the mass of 
consumers (many in dense cities, without cars, or in towns, many with limited incomes, 
most	shopping	frequently	near	their	homes).	From	that	contradiction	was	derived	the	
prediction that modern retail could not “take off.”

But modern food retail spread beyond the upper-income niche, and beyond even the 
middle class, into the food markets of the poor, and into small cities and rural towns. 
That spread was accomplished both by lowering prices and by adapting formats and 
marketing strategies.

On the one hand, from an initial march from small to large supermarkets (usually 
stand-alone	but	sometimes	in	malls),	modern	food	retail	bifurcated	into	hypermarkets	
on	one	hand,	and	a	welter	of	“small	formats”	on	the	other—from	pushcart	chains	in	
India,	to	“hard	discount”	stores	in	Argentina	and	South	Africa	and	China,	to	“neighbor-
hood	stores”	in	India,	Mexico,	and	Thailand,	to	“fresh	produce	store	chains”	in	India,	
South	Africa,	and	Indonesia,	to	the	familiar	convenience	stores	in	most	countries.	This	
allowed	penetration	of	dense	urban	 spaces	 (allowing	 frequent	visits	 close	 to	home),	
scale to suit small towns, rapid rollout where real-estate markets are tight, a means of 
targeting and adapting to a variety of consumer types, a means of franchising (and thus 
co-opting	small	retailers),	and	a	means	of	getting	under	regulations	limiting	store	sizes.

http://www.planetretail.net
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On the other hand, the penetration of rural towns and poor areas in cities is facilitated 
by	the	small	formats,	cheap	pricing,	and	flexible	inventories.	The	latter	becomes	most	
innovative when modern retail sets up “one-stop shopping” for rural consumers. For 
example,	“rural	business	hubs”	in	India	are	combinations	of	small	supermarkets	and	
farm input stores with joint venture banks and even health units in rural areas, such as 
Choupal	Saagar	or	Hariyali	Kisaan	Bazaar	(Gulati,	Minten,	and	Reardon	2008,	Bell	et al.	
2007).	In	China,	the	government	has	started	chains	of	rural	supermarkets.	These	forays	
appear to be driven by increasing rural incomes, the dearth of services available locally, 
and the recognition that modern retail brings cheaper staple foodstuffs and nonfood 
goods	(Chakravarty	et al.	2007).

Impacts on SMEs and Farmers

In	developing	countries,	millions	of	the	poor	are	employed	in	small	and	medium	enter-
prises	(SME)	in	all	three	agrifood	industry	segments,	and	on	farms.	The	transformation	
of	the	agrifood	industry	has	myriad	effects,	realized	and	potential,	on	SMEs	and	small	
farms. The research on these is only emerging, but already suggests some broad lines.

Modern agrifood companies have a direct impact only on SMEs in wholesale/logis-
tics,	processing,	and	retailing—from	which	they	may	directly	source	or	with	which	they	
directly	compete—and	fresh	produce	growers,	from	which	the	companies	may	source.	
Thus, we treat those two groups below. Here we do not consider indirect effects, such as 
how the relation between a supermarket and large processor in turn affects the farmers 
supplying the latter.

Impacts on Traditional-sector SMEs in Processing, 
Wholesaling, and Retail

First,	modernized	agrifood	industry	segments	(wholesale/logistics,	processors,	retail-
ers)	 are	 broadly	 competitive	 with—and	 apparently,	 over	 the	 longer	 term,	 broadly	
destructive	 of—their	 counterparts	 in	 the	 traditional	 sector.	 The	 modern	 company	
brings economies of scale and supply-chain sourcing efficiencies to bear on the produc-
tion/service-rendering and input sourcing side. On the marketing side, the company 
arms	itself	with	adaptive	flexibility	of	form	to	mimic	small	outlets	and	units,	variety	of	
output to adapt to differing tastes over classes and localities, branding to win consumers, 
credit programs for suppliers and consumers, and advertising.

Nevertheless, the traditional enterprise has some advantages it uses to resist or avoid 
competition from the modern segments. As it is in the informal sector, it saves the 
costs	of	taxes	and	registrations	(although	it	may	pay	bribes	to	police)	and	largely	avoids	
costs	of	meeting	regulations	on	food	standards.	It	uses	its	own	family	labor	flexibly,	and	

 

 

 



Transformation of the Agrifood Industry   813

intensively	 should	 target	quality	production	and	extra	 services.	 It	often	 forms	 long-
standing social networks and sometimes credit relations with clients and suppliers. 
Its	small	size	allows	it	to	fit	into	nooks	and	crannies	and	shift	its	locations.	But	from	
the steady march of the modern segments, of course at very different paces in different 
countries and products and segments, one can infer that these advantages are not deci-
sive or permanent.

Second, there is evidence emerging that the three modern agrifood industry segments 
are in a mutually reinforcing “symbiosis.” The following explains this critical point.

Large	 processors	 reduce	 transaction	 costs	 for	 modern	 retailers	 by	 facilitating	
dis-intermediation, delivering to the DCs or stores of the retailers (for Argentina and 
Brazil	examples,	see	Farina	et al.	2005,	for	Poland,	Milczarek-Andrzejewska	et al.	2008).	
They adapt packaging and variety to the needs of the retailers. Their inventory systems 
reduce chances of retail stock-out. Their national headquarters can negotiate deals with 
the retail headquarters, and if both are multinational, they can do so globally.

In	turn,	modern	retailers	facilitate	market	size	and	scope	development	for	large	pro-
cessors. Supermarkets tend to carry a limited set of brands per product category, and 
these tend to be mainly from medium and large processors, and a smattering of small 
company brands for noncommodity products. Retail chains provide large shelf space 
(compared	to	traditional	retailers)	in	which	to	multiply	the	diversity	of	the	processors	
products	(Dries	and	Reardon	2005),	cold	chain	and	shelves,	advertising,	and	promo-
tions. Modern retailers develop markets for processed products because they tend to 
sell	 them	cheaper	than	traditional	stores	once	procurement	systems	are	modernized	
(Minten	and	Reardon,	2008).	These	advantages	of	modern	retail	to	the	large	processor	
are	offset	partially	by	competition	from	retailers’	private	label	products,	slotting	fees	and	
other	charges,	and—if	the	chain	is	large—strong	bargaining	power	from	large-volume	
purchases.

Finally, large processors and supermarket chains provide the initial key markets for 
modern	 wholesalers	 (the	 “dedicated	 wholesalers”	 noted	 earlier)	 and	modern	 logis-
tics firms.4 These firms are competing with traditional wholesalers to serve the mod-
ern	retailers	and	processors—and	do	so	by	offering	often	superior	services	of	transport	
(with	 modern	 cross-docking	 and	 refrigerated	 vehicles),	 warehousing	 management,	
and services not usually found in traditional distribution segments such as operating 
packing	houses,	packaging,	ICT	systems,	and	cold	chains,	and	managing	contract	farm-
ing, merchandise inventory, and international networks. Multinational processors and 
retailers sometimes ask global or regional logistics firms serving them in developed 
markets to “follow source” into the new developing markets. For example, Carrefour 
brought	 Penske	 into	Brazil,	 and	major	Taiwanese	 and	 Japanese	 retailers	 bring	 their	
home logistics firms into China.

It	appears	that	these	developing	symbioses	among	modern	segments	lead	to	grad-
ual displacement of traditional retailers, wholesalers, and processors as suppliers to 
the	modern	segments.	For	example,	selecting	the	perspective	of	retail’s	sourcing,	one	
finds	ample	case-study	evidence	of	supermarkets	shifting	from	sourcing	from	stock-
ists and wholesalers and SMEs to preferred supplier direct relationships with large 
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dairies	in	Poland,	Brazil,	Argentina,	Zambia,	Russia,	with	large	flour	and	rice	millers	
in	India,	with	large	meat	packers	in	Central	America,	and	so	on.	Just	emerging	is	the	
evidence of supermarkets moving to dedicated wholesalers to dis-intermediate from 
traditional	wholesale	markets	in	fresh	produce—with	emerging	cases	as	recently	as	
the	early	 to	mid-2000s	 in	 the	first-/second-wave	countries	 like	Mexico,	 Indonesia,	
and	Brazil.

Impacts on Farmers

The	direct	impact	on	farmers	of	modernization	across	the	three	segments	is	a	complex	
subject. Assessment would require a review of contract farming of a wide variety of 
products by processors, and direct sourcing of produce by supermarkets and their dedi-
cated	agents.	A	recent	review	(Reardon	et	al.	2009)	finds	that	effects	differ	depending	
on	a	variety	of	conditioners,	such	as:	(a)	if	companies	have	access	to	medium	and	large	
farmers	and	have	an	option	to	eschew	small	farmers	if	they	want;	(b)	if	farms	are	mainly	
small, the distribution over farms of nonland assets such as irrigation and education or 
training	(such	as	in	Guatemala,	see	Hernandez	et	al.	2007);	(c)	if	factor	markets	function	
well or there are idiosyncratic market failures constraining small-farmer access to credit 
and	inputs.	In	the	latter	case,	companies	may	resort	to	“resource-providing	contracts”	
(Austin	1981)	that	have	been	found	to	be	common	in	export	agriculture	or	domestic	
markets, in which a processor is sourcing from small farmers.5

Given that supermarkets in developing countries have so recently started to sell pro-
duce and even more recently to source produce in ways other than through the use of 
wholesale	markets,	 the	 literature	on	 impacts	 is	only	 emerging.	 It	 is	 somewhat	more	
established for contract farming with processors.

In	terms	of	participation	(inclusion	versus	exclusion	of	small	farmers),	studies	show	
mixed results. Supermarkets and processors are found to source from large and medium 
farms where available. (Studies on the latter relationships tend to be case studies given 
the	small	samples.)	Where	large	and	medium	farms	have	better	options	(such	as	export)	
or are judged to have too much bargaining power, and companies or NGOs are willing 
to resolve idiosyncratic market constraints of small farmers, or where only small farm-
ers are available, companies source from small farmers. Evidence tends to point to their 
sourcing from small farmers with more nonland assets or “threshold investments” req-
uisite for consistent and quality supply, such as irrigation, road access, education.6

In	terms	of	impact	on	incomes,	many	studies	report	from	moderate	to	substantial	
gains in incomes comparing participants in modern supply chains versus traditional 
arrangements,	either	between	treatment	and	control	groups,	or	before	and	after.	But	
there are relatively few studies that control fully for the asset and liquidity situations 
of farmers so as to isolate the effect of the relation with modern channels per se. This 
relationship	is	somewhat	difficult	in	a	cross-section;	it	is	ideal	(but	rare)	to	have	a	panel	
data	set	to	test.	An	example	of	the	latter	is	Michelson	(2010)	showing	strong	impacts	on	
net income of farmers supplying Walmart in Nicaragua relative to traditional markets. 
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Some	studies	(such	as	Maertens	and	Swinnen	2008) show	indirect	effects,	on	off-farm	
employment in agro-industries.

Emerging Innovative Strategies to 
Facilitate Linkages Among Agrifood 

Sectors and with Small Farmers

The transformation of the agrifood sector in developing countries is having a rapid 
and profound impact on the structure, conduct, and performance of the sector. 
Consolidation within each of the three subsectors and synergies across them have 
emerged far faster than earlier experiences in developed countries, with still poorly 
understood consequences for the units that matter for welfare analysis, that is, consum-
ing households and small farms.

A number of policies and programs condition the speed and nature of the transforma-
tion,	as	discussed	in	previous	sections.	In	order	to	condition	the	impacts	of	this	trans-
formation on farmers, there is a welter of innovative development strategies emerging in 
the	2000s.	We	conclude	the	paper	by	focusing	on	these	innovations.

Governments, donors, NGOs, and the private sector are putting in place a vari-
ety of partnerships and programs to increase economies of agglomeration among 
agrifood industry segments and reduction of the costs of transaction of their linkages 
with	 farmers.	These	 strategies	 include:  (a)  corridors combining highways and other 
government-supplied infrastructure, agrifood companies, and linkages with farmers, 
such	as	the	new	Beira	Corridor	starting	in	Mozambique	to	stretch	to	Angola,	or	the	new	
corridor	to	stretch	from	the	Mekong	Delta	to	Southern	China;	(b) “hubs”	or	“platforms”	
or “parks” in which various companies and services cluster and include links with farm-
ers, such export platforms, new “mega food parks” or “integrated agrifood parks,” pri-
vate	rural	business	hubs,	and	modern	terminal	markets	that	cluster	sellers;	(c) “diamond	
linkages” involving partnerships over the three segments of the agrifood industry, plus 
a farmer cooperative, plus an input company, all supported by state-provided services. 
A prime example is Carrefour, aided by the dedicated-wholesaler Bimandiri, and input 
and	credit	provider	Syngenta,	with	specialized	extension	from	the	government,	working	
with	a	melon-farmers	association	in	Indonesia	for	sales	in	Indonesia	and	to	Carrefour	
stores in the region.

These approaches tend to cluster companies and add the state and NGOs to pro-
vide the missing services (such as output procurement, processing/packing/cooling, 
technical	 assistance,	 credit,	 insurance)	 and	 products	 (inputs	 and	 equipment	 of	 req-
uisite	quality)	 required	 for	 small	 farmers	 to	compete.	Moreover,	 there	 tends	 to	be	a	
“hub-and-spoke” model with collection centers or depots to which farmers deliver. This 
approach is designed to meet the input and service needs of farmers, reduce transac-
tion costs by putting retailers and processors into rural areas, but provide the missing 
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infrastructure and service base for the companies, who, in turn, make concomitant 
investment in packing plants and logistics facilities.

The general concept of the new approach is reminiscent of the “integrated rural devel-
opment	programs”	of	 the	 1970s/1980s,	 and	 the	 “processing	 export	platforms”	of	 the	
1990s.7 An important difference is that the integrated programs were usually govern-
ment investments in particular areas, and the earlier platforms tended to be focused 
only on exports. The integrated programs ended up in large measure failing due to 
coordination	and	management	problems—and	perhaps	because	there	was	not	often	an	
explicit and established link to dynamic sources of market demand and/or the requisite 
steps were not taken to meet the market requirements. This new wave of private-public 
hubs and parks may meet the challenges bequeathed by these earlier programs and serve 
as	dynamic	links	for	small	farmers.	It	is	early	on	in	the	new	approach	to	evaluate	their	
functioning and impacts.

Notes

	 1.	 The	urbanization	rates	in	these	countries	were	extraordinary: whereas	40 percent	of	the	
U.S. population	was	in	cities	in	1900	and	75 percent	nine	decades	later,	by	1990—that	same	
shift	of	shares	occurred,	for	example,	in	South	Korea	in	the	two	decades	up	to	1990	and	in	
Brazil	the	three	decades	up	to	1990	(Henderson	2002).

 2. The calculations are based on sales data for leading chains from www.planetretail.net
	 3.	 For	example,	in	“third-wave”	China,	Goldman	and	Vanhonacker	(2006)	found	that	mod-

ern retailers already have a retail market share of 79 percent in packaged and processed 
goods,	55 percent	in	baked	goods,	46 percent	in	meat,	37 percent	in	fruit,	35 percent	in	
poultry,	33 percent	in	fish,	and	22 percent	in	vegetables	in	large	cities.	Compare	that	to	the	
more	advanced	(“first-wave”)	case	of	Hong	Kong,	which	may	represent	the	average	Asian	
consumer	sometime	in	the	medium-term	future.	Hong	Kong	supermarkets	have	a	59 per-
cent	share	in	fruit	retail	and	a	55 percent	share	in	vegetables	(thus,	a	share	similar	to	super-
market	penetration	of	produce	retail	in	Brazil),	52 percent	in	meat,	39 percent	in	poultry,	
and	33 percent	in	fish	(Coca-Cola	Retailing	Research	Council	Asia	2005).	See	Ho	(2005)	
on modern retail penetration of rice retail in Hong Kong.

 4. For cases of partnering between modern logistics firms and modern processors or retail 
chains,	see,	for	example,	Han	et al.	2009	for	pork	processing	in	China,	and	horticulture	
products	in	India	(Reardon	et al.	2010).

	 5.	 See	Key	and	Runsten	(1999),	and	Schejtman	(1998),	in	general,	and	Bivings	and	Runsten	
(1992)	for	Mexico	and	von	Braun	et al.	(1989)	for	Guatemala	and	Minten	et al.	2009	for	
Madagascar	 for	vegetables,	Gow	and	Swinnen	(1998)	 for	Slovakia	 for	 sugar,	Dries	and	
Swinnen	(2004)	for	Poland	for	dairy;	there	are	a	number	of	other	examples.

	 6.	 See	Hernandez	et al.	(2007)	for	Guatemala,	with	similar	results	in	Indonesia,	Nicaragua,	
China,	Mexico,	Mozambique.	Studies	on	the	latter	tend	to	be	econometric	studies;	how-
ever	many	tend	to	be	cross-section	(given	limited	access	to	panel	data)	and	sometimes	to	
not adequately establish causality because asset observations were not lagged. The cited 
studies do not suffer from the latter.

	 7.	 For	an	example	of	many,	see	Cling,	Razafindrakoto,	and	Franc	(2005),	for	Madagascar.
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Introduction

In	Mali	in	late	2010,	the	2,000	inhabitants	of	the	farming	village	of	Soumouni	learned	that	
their	land	had	been	sold	to	Libya.	Their	houses	would	be	leveled	and	they	would	all	have	
to leave. The rice, beef, and other agricultural products grown on their land would be 
shipped	back	to	Libya	to	feed	Libyans.	Across	the	100,000	hectares	leased	by	the	Libyans,	
perhaps	20,000	farmers	would	be	affected,	and	those	who	protested	said	they	had	been	
beaten	and	jailed,	but	they	were	“ready	to	die	to	keep	their	land”	(MacFarquhar	2010).	
Several	months	later,	the	fate	of	the	Libyan	project	seemed	uncertain	as	Libya	succumbed	
to	the	wave	of	unrest	sweeping	across	the	Arab	world—unrest	that	many	have	attributed	
at	least	in	part	to	rising	global	food	prices	(Cha	2011,	Arezki	and	Bruckner	2011).

Two	years	earlier,	in	November	2008,	the	South	Korean	company	Daewoo	Logistics	
announced	that	it	had	negotiated	a	99-year	lease	for	3.2 million	hectares	of	farmland	
in	Madagascar,	or	about	half	of	all	the	country’s	arable	land.	Daewoo	planned	to	use	
three-quarters	of	the	land	to	grow	corn	in	an	effort	to	reduce	by	half	South	Korea’s	reli-
ance on corn imports from the United States and South America. The other quarter of 
the land would be used for palm oil production for biofuel. News of the deal sparked 
protests	 in	 Madagascar	 and	 inflamed	 sentiment	 against	 Malagasy	 president	 Marc	
Ravalomanana,	who	incidentally	is	also	the	owner	of	Tiko,	Madagascar’s	largest	food	
conglomerate. Popular anger over the deal helped solidify support for Antananarivo 
mayor	Andry	Rajoelina,	who	in	March	2009	succeeded	in	toppling	Ravalomanana	and	
seizing	power	in	a	coup.	One	of	Rajoelina’s	first	acts	on	coming	to	power	was	to	cancel	
the Daewoo land deal, underlining the critical role the deal had played in bringing down 
Ravalomanana’s	government	(Walt	2008;	BBC	2009;	Keesing’s	Worldwide	2009).

Food prices spur riots and topple regimes in North Africa, while land deals invite 
revolt in Mali and Madagascar. The global food system is teetering; its attempts at 
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balance are visible in nodes of violent urban protest and rural land use change, dispos-
session, and resistance. As many as thirty countries experienced food riots during the 
2007–2008	food	crisis	(Patel	and	McMichael	2009,	9).	In	its	aftermath,	observers	have	
noticed a rapid acceleration in large-scale land acquisitions, of which the Malagasy and 
Malian projects are examples, in a process that activists have labeled a “global land grab.” 
In	the	characterization	of	GRAIN,	an	international	NGO:

On the one hand, “food insecure” governments that rely on imports to feed their 
people are snatching up vast areas of farmland abroad for their own offshore food 
production. On the other hand, food corporations and private investors, hungry 
for profits in the midst of the deepening financial crisis, see investment in foreign 
farmland as an important new source of revenue. As a result, fertile agricultural land 
is	becoming	increasingly	privatised	and	concentrated.	If	left	unchecked,	this	global	
land grab could spell the end of small-scale farming, and rural livelihoods, in numer-
ous places around the world.

(GRAIN	2008,	1)

As this quotation indicates, the examples of “food security land grabbing” from Mali 
and Madagascar are just one face of the phenomenon of large-scale land acquisition. 
In	fact,	private-sector	land	transfers	(or	“investment	land	grabbing”)	are	estimated	to	
involve	much	greater	 areas	 than	government-led	deals	 (Anseeuw	et	 al.	 2012;	Cotula	
2011).1 Additionally, as in the case of the Madagascar deal for food and biofuel produc-
tion,	land	acquisitions	are	aimed	not	just	at	the	production	of	food	crops,	but	also	at	“flex	
crops”	that	may	be	used	for	food	or	biofuels	(e.g.,	soybean,	sugarcane,	oil	palm),	and	
nonfood	crops	(e.g.,	rubber,	jatropha).2	Land	grabbing	thus	involves	a	variety	of	public	
and private actors with distinct economic and political interests in different forms of 
agricultural production.

Developing a more complete picture of the magnitude and character of land grab-
bing worldwide is an extremely difficult endeavor: empirical data on land deals are criti-
cally scarce, in part because the details of many transactions are never made public. As 
a result, scholarly treatments of land grabbing have remained limited in scope or pre-
liminary	in	their	ability	to	generalize.	Currently,	efforts	are	underway	to	compile	more	
comprehensive data on land deals,3 and case study material is contributing to a more 
contextualized	understanding	of	the	phenomenon.4 At a basic level, however, it seems 
clear that the acceleration in large-scale land acquisitions by both public and private 
sector	actors	is	indicative	of	a	fundamental	shift	in	actors’	understandings	of	the	global	
food system and, more generally, of the global political economy.
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A Political Economy Approach

Given the nascent state of knowledge in this area, the purpose of this chapter is to situ-
ate the global land grab in its historical context and to explore some of the contours of 
the land grab phenomenon, especially in the dimension of the global political economy. 
Due	to	the	intimate	interconnections	among	various	actors	and	processes—foreign	and	
domestic capital, investment and food security land grabbing, agrofuel and agri-food 
production—Borras	and	Franco	(2010b)	advocate	focusing	on	the	“nature	and	terms	
of agrarian change” in the context of the “emerging global agro food-energy complex,” 
as opposed to focusing on the transnational character or nationality of home and host 
countries	for	land	deals	(2010b,	21).	Borras	and	Franco’s	approach	is	useful	in	its	attention	
to systemic developments in the global economy that drive land acquisitions through a 
variety of different concrete processes, but it elides the political geography of agrarian 
change. The identities of home and host country actors are key to the global structures 
of power and circuits of capital through which an “agro food-energy complex” is emerg-
ing. Consequently, the empirical and theoretical issues associated with land grabbing as 
seen from the standpoint of the global political economy, which comprehends the sym-
biotic relations of power and wealth, are integral to a complete understanding of agrar-
ian change. This chapter therefore seeks to present a political economy approach to land 
grabbing	sensitive	to	the	(trans)national	identities	of	the	actors	involved.5

The chapter begins by exploring what is “new” about the twenty-first century land 
rush. The first section describes the magnitude of the phenomenon, and the following 
section situates it in a historical context of political-economic change and crisis. The 
basic contention is that in response to the perceived instability of the global political 
economy, land grabbing represents an effort to reconstruct a stable political-economic 
order, both on the part of investment capital seeking to relaunch accumulation in the 
wake of the financial crisis and on the part of political actors and companies seeking to 
secure stable supplies of food and energy necessary for economic and social function-
ing. The next sections look at land grab investors and hosts, considering private sector 
and state investors followed by an examination of host countries. These sections pres-
ent an analytical framework for understanding the geography of the land grab through 
the interrelated variables of land availability, the structural position of a country in the 
global	economy,	and	a	country’s	domestic	institutional	structure.	Finally,	a	section	is	
devoted to sketching the main theoretical positions in the debate over land deals, and 
to exploring their linkages to different political positions on what is to be done with 
regard to large-scale land transactions. The conclusion offers a general view through 
a political economy lens on the theoretical and practical implications of the land grab 
phenomenon.
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What’s New about the Land Grab?

The	wake	of	the	2007–2008	food	crisis	has	been	characterized	by	a	sharp	increase	in	
international land transactions, as well as a trend toward more rapid expansion of the 
global agricultural area. Compared to an average expansion of global agricultural land 
of	less	than	4 million	hectares	per	year	prior	to	2008,	the	World	Bank	has	predicted	the	
opening	of	at	least	6 million	hectares	of	agricultural	land	annually	through	2030,	a	more	
than	50 percent	increase	(World	Bank	2010,	vi,	11).	Meanwhile,	an	analysis	of	the	Land	
Matrix	database,	the	most	comprehensive	record	of	land	deals	since	the	year	2000,	finds	
a	surge	in	the	number	of	land	acquisitions	after	2005,	accompanying	rising	commodity	
prices,	with	a	peak	following	the	global	food	crisis	in	2009.	Although	reported	land	deals	
have	declined	somewhat	since	2009,	possibly	as	a	result	of	the	financial	crisis	and	critical	
media coverage of land grabbing, the reporting of deals with signed contracts contin-
ues to occur at a level significantly higher than at the beginning of the decade, suggest-
ing an enduring increase in the number of international land transactions (Anseeuw 
et al.	2012,	6).	Even	deals	that	are	not	fully	implemented	may	impact	local	livelihoods	as	
expectations of foreign demand spur land grabbing by local elites, or as investors restrict 
access	to	an	area	and	then	fail	to	use	the	land	productively	(World	Bank	2010,	48–49).	
Furthermore, the rapid overall expansion of agricultural land and the acceleration of 
land	transactions	is	accompanied	by	a	shift	in	the	locus	of	production: the	UN	Food	and	
Agriculture	Organization	(FAO)	predicts	that	even	without	accounting	for	biofuels	and	
forest plantations, there will be a decrease of 27 million hectares of agricultural land in 
developed countries and an increase of 74 million hectares in developing countries from 
2010	to	2030	(World	Bank	2010,	11).6

In	qualitative	 terms,	 these	 land	deals	may	 appear	not	 as	 a	 fundamental	 break	with	
the	past,	but	rather	as	an	acceleration	of	historicaltrends.	De	Schutter	(2011)	notes	a	ris-
ing	trend	of	foreign	direct	investment	(FDI)	in	agriculture	prior	to	the	2007–2008	food	
crisis, as well as the prior existence of practices of offshore agricultural production for 
food	security	by	countries	like	Japan	and	China	(251).7 However, the sheer magnitude of 
reported deals8 and the significant projected increase in agricultural expansion approach a 
quantity-quality	threshold,	signaling	fundamental	changes	in	the	organization	of	the	agri-
cultural food-feed-fuel complex and in the perspectives of states and investors regarding 
agricultural production. These changes in actor perceptions and the evolving public and 
private sector interactions driving agricultural land deals emerge from the conjuncture of 
financial,	food,	and	ecological	crises	that	rocked	the	global	system	at	the	end	of	the	2000s.
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Change and Crisis in the Global 
Political Economy

The conditions for interlinked financial, food, and ecological crises developed over the 
1990s	and	early	2000s	to	reach	the	point	where	combined	weather	and	financial	shocks	
in	2006–2007	pushed	the	global	economy	into	a	critical	state.	Among	the	salient	back-
ground	processes	were	(1) financialization	in	the	global	economy	and	speculation	in	
commodity	markets,	(2) declining	investment	and	low	productivity	growth	in	food	pro-
duction,	and	(3) climate	change	and	climate	policy	responses,	especially	(4) the	expan-
sion of biofuels production.

Financialization	is	the	process	through	which	financial	transactions	come	to	repre-
sent an ever-larger share of economic activity and increasingly come to determine pro-
duction	and	circulation	in	the	real	economy.	In	the	United	States,	the	financial	service	
industry’s	share	of	corporate	profits	rose	from	10 percent	in	the	early	1980s	to	40 percent	
in	2007	(Quiggin	2010,	46).	Already	in	the	early	2000s,	prior	to	the	subprime	mortgage	
collapse, financial investors had begun to use commodities indexes to balance against 
stocks and other securities. These indexes included oil and minerals as well as agri-
cultural commodities, and so rising oil prices (driven substantially by speculation; see 
Dugan	and	Pleven	2011)	began	to	drive	up	agricultural	prices	not	just	through	rising	
costs of production, but also through the packaging of derivatives. The gross market 
value	of	commodity	derivatives	rose	by	a	factor	of	25	between	June	2003	and	June	2008	
to	reach	$2.13	trillion,	far	outpacing	the	growth	in	commodity	production	or	the	need	
for	derivatives	to	hedge	risk	(Moberg	2011;	Basu	and	Gavin	2011).	Thus,	external	to	the	
dynamics of food production itself, the conditions for food price volatility were sharp-
ened through financial speculation in commodities markets.

Declining investment and low productivity growth in food production, meanwhile, 
contributed	internally	to	the	fragility	of	the	food	system.	Timmer	(2010)	identifies	an	
agricultural investment cycle where high food prices are met with policies supporting 
increased production and lower prices, but subsequent low prices discourage invest-
ment in research and infrastructure to the point where the growth in the food supply 
falls behind the growth in demand, setting the stage for renewed crisis. Rising commod-
ity	prices	in	the	late	2000s	followed	a	period	of	low	food	prices	during	the	1980s	and	
1990s,	during	which	publicly	funded	agricultural	research	and	development	declined	
and	productivity	growth	slowed	(Timmer	2010;	Trostle	2008).	Rapid	growth	in	demand	
(due	in	part	to	growing	populations	and	changing	diets)	outpaced	growth	in	supply,	
leading	to	declining	global	stock-to-use	ratios	for	grains	and	oilseeds,	which	in	2007	
sank	 to	 their	 lowest	 level	 since	 1970	 (Trostle	 2008).	 Reduced	 stocks	 and	 increased	
demand made the food system less resilient in the face of the economic and environ-
mental	shocks	that	helped	catalyze	the	2007–2008	food	price	surge.

Climate change places additional pressure directly on food production. Rising tem-
peratures,	 in	 particular,	may	 be	 responsible	 for	 significant	 reductions	 in	maize	 and	
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wheat	production	since	1980,	contributing	to	a	net	increase	in	commodity	prices	on	the	
order	of	5	percent	(Lobell	et	al.	2011).	A	more	substantial	effect	of	climate	change	on	the	
food system in the near term, however, has resulted from the promotion of biofuels as 
a climate change mitigation strategy. Here, high oil prices and concerns about the cli-
matic effects of carbon emissions from fossil fuels were funneled by agribusiness lobbies 
into policies supporting the development of agricultural crops as “biofuels.” While the 
contribution of biofuels to reducing emissions is dubious (Pimentel and Burgess, this 
volume;	Kanter	2011),	impacts	of	biofuel	production	on	the	food	system	are	substantial.

Expansion of biofuels production strains food crop markets while increasing demand 
for	agricultural	land.	In	some	cases,	biofuel	production	removes	acreage	from	food	crop	
production and increases demand for fuel crops that are also important food and feed 
crops,	such	as	corn	and	soy	(Headey	and	Fan	2008;	Mitchell	2008).	Corn	ethanol	pro-
duction, in particular, has been singled out as a primary driver of rising food prices dur-
ing	the	late	2000s	(Lagi	et al.	2011).	Biofuels	substitute	for	fossil	fuels,	so	biofuel	markets	
respond directly to changes in oil prices. The expansion of biofuel production thus com-
bines	with	the	financialization	of	commodities	markets	to	link	food	prices	ever	more	
closely	to	the	vicissitudes	of	the	energy	market	(Timmer	2010,	6),	in	addition	to	increas-
ing demand pressure on food crops and land.

These	background	processes	of	financialization	and	speculation,	declining	investment	
and low productivity growth in agriculture, climate change, and the expansion of biofu-
els production contributed to the increasing interconnectedness of the financial system, 
the food system, and the global climate such that a combination of weather and financial 
shocks	in	2006–2007	pushed	the	food	system	into	full-blown	crisis.	Poor	weather	condi-
tions during this period resulted in a shortfall in the wheat supply.9 Coinciding with the 
collapse of the US housing bubble, which created an investment vacuum driving capital 
into commodities and other markets, the wheat shortfall triggered speculative invest-
ment	that	began	to	drive	wheat	prices	quickly	upward	in	May	2007,	followed	later	in	the	
year by corn prices under additional pressure from biofuel production.10	 India	expe-
rienced	a	poor	wheat	harvest	in	2007,	similar	to	other	parts	of	the	world,	and	the	high	
world	wheat	prices	made	it	costly	to	make	up	the	shortfall	with	imports.	As	a	result,	India	
decided to retain a larger share of its rice production for domestic consumption through 
the imposition of export restrictions. Other rice-exporting countries began to discuss 
restrictions as well, and importing countries, finding themselves in a vulnerable posi-
tion, quickly moved to increase domestic stockpiles, contributing to a surge in demand 
that	sent	rice	prices	skyrocketing.	While	grain	prices	later	declined	from	their	2007–2008	
peak,	they	have	remained	extremely	volatile,	spiking	again	in	2010–2011,	when	the	FAO	
Food	Price	Index	reached	its	highest	level	ever	(FAO	2011).11

The	2007–2008	food	crisis	thus	emerged	in	articulation	with	financial	and	climate	
crises as the concrete manifestations of longer-term trends in the global political econ-
omy.	Taken	together,	these	trends	are	representative	of	a	fundamental	shift	such	that	
“cheap	food”	and	“cheap	energy,”	the	foundational	inputs	of	the	post–World	War	II	eco-
nomic	order,	can	no	longer	be	guaranteed	(Araghi	2009;	Moore	2010).	The	2007–2008	
food	crisis	was	a	critical	event	that	altered	actors’	perceptions	of	their	structural	context,	
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exposing the instability of the global food system and heralding a new era of substan-
tially higher and more volatile food prices.12 Changing perceptions of structural condi-
tions	led	actors	to	update	their	preferences	regarding	the	organization	of	agricultural	
production and trade, leading to a new wave of foreign land acquisition that brought 
together investors seeking profits and governments seeking secure food and energy sup-
plies. The land rush was therefore triggered by the food crisis as one proximate cause, 
but more generally it is indicative of the punctuated evolution of actor perceptions of the 
changing structure of the political economy.13	In	sum,	as	a	response	to	perceived	insta-
bility, the land grab is an effort to reconstruct a stable political-economic order, both 
on	the	part	of	investment	capital	seeking	to	renew	accumulation	in	the	aftermath	of	the	
financial	crisis,	and	on	the	part	of	political	actors	and	companies	seeking	to	stabilize	the	
provisioning of food and energy necessary for economic and social functioning.

What is the geography of these land transactions? Who are the investors, and who 
are the host countries? The spatial configuration of land grabbing can be conceived 
as a function of the dynamic interaction between first-order or “local” phenomena, 
third-order or “systemic” phenomena, and second-order or “state-level” phenomena 
that mediate between the global system and the local context. At the local level, bio-
physical and domestic sociopolitical determinants of land “availability” are key deter-
minants of land deals. At the systemic level, the structural position of a country in the 
global political economy is a primary concern. At the state level, domestic institutional 
structures play a critical role in determining the nature of land transactions. The follow-
ing sections deploy this analytical framework of land availability, structural position, 
and domestic institutions in order to explore the geographies of the land grab, first from 
the side of investors, and then from the side of the host countries.

Who Are the Land Grabbers?

Private	investors	are	often	more	prominent	than	foreign	governments	in	the	current	
wave of land transactions, and domestic capital may in many cases be more important 
than foreign actors. At the same time, a focus on identifying home countries seeking out 
foreign agricultural land is critical to understanding the geography of emerging global 
transformations in production and circulation. This section discusses first the role of 
private sector actors, then the role of governments and private-public linkages in the 
rush for foreign farmland.

Private-sector actors seeking land generally take the form of either private companies 
or investment funds, with private companies representing the most active category of 
investor	overall	(Anseeuw	et al.	2012,	24).	The	involvement	of	investment	funds	in	land	
acquisition is related to the expectation of long-term price increases for land and agri-
cultural products, as well as to the desire to use land to diversify investment portfolios 
and	hedge	against	inflation	(Cotula	2012,	666).	While	the	growing	presence	of	invest-
ment	funds	in	land	markets	is	indicative	of	financialization	in	agriculture,	the	resurgent	
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preference of private companies for direct control over land and the agricultural pro-
duction	process	reflects	a	basic	transformation	in	the	logic	of	agricultural	value	chains.	
In	the	postcolonial	period,	the	agricultural	sector	has	been	characterized	by	the	disso-
ciation of capital from primary production and a concentration of capital in processing 
and distribution.14 The movement of agro-industrial capital into production responds 
to	a	shifting	calculus	of	the	ownership	of	productive	assets	versus	value	chain	coordina-
tion	(Cotula	2012,	665).	Where	the	2007–2008	food	crisis	signals	increased	supply	inse-
curity and price volatility for agricultural commodities, private companies are moving 
to	stabilize	their	supply	chains	and	profit	from	rising	land	and	commodity	prices.

The line between private- and public-sector actors in land deals is frequently blurred, 
however,	and	the	public	sector	often	provides	crucial	support	 to	 investors	 in	private	
land	deals.	Cotula	(2011)	highlights	government	funds	providing	services	such	as	sub-
sidies,	loans,	guarantees,	and	insurance	to	companies	engaged	in	agricultural	FDI,	as	
well as informational, technical, and diplomatic support from government agencies and 
government-to-government investment treaties facilitating private-sector land invest-
ment. The involvement of a national government in foreign land acquisitions, and the 
public	or	private	modalities	it	employs	to	realize	these	investments,	can	be	understood	
as a function of land availability, the structural position of the country in the global 
economy,	and	 the	country’s	domestic	 institutional	 structure.	Land	availability	deter-
mines the need for foreign farmland, structural position determines whether the state 
has sufficient resources to become involved in offshore land deals, and the domestic 
institutional structure determines the modalities of state involvement.

The origin countries for land deal investments include emerging market countries 
such	as	China,	South	Korea,	and	India;	North	African	countries	(e.g.,	Libya,	Egypt)	and	
members	of	the	Gulf	Cooperation	Council	(GCC)	(UAE,	Bahrain,	Saudi	Arabia,	Oman,	
Qatar,	Kuwait);	and	the	industrialized	countries	of	the	Global	North	such	as	the	United	
States,	EU	member	states,	and	Japan	(GRAIN	2008;	UNCTAD	2009;	Daniel	and	Mittal	
2009;	Anseeuw	et al.	2012).

Land	availability	is	a	function	of	both	biophysical	(hydrological,	pedological)	sup-
ply	and	sociopolitical	(demographic,	dietary,	industrial)	demand.15 The United States 
and	European	Union	have	abundant	land	and	water	resources	and	heavily	subsidized	
agriculture, obviating the need for foreign food security investments. As a result, US and 
EU foreign land investments are primarily carried out by private companies (Anseeuw 
et	al.	2012),	often	producing	fuel	and	flex	crops	to	take	advantage	of	biofuel	mandates	
in their home countries. On the biophysical side, the presence of a number of North 
African and Middle Eastern states on the list of investor countries is supportive of the 
observation	that	the	land	grab	is	also	a	water	grab	(Brown	2009;	Vidal	2010;	see	also	
Woodhouse	2012).	Where	domestic	water	 scarcity	 limits	 the	productive	potential	of	
large-scale agriculture, acquisition of farmland abroad responds to food scarcity while 
conserving	domestic	water	resources—at	the	same	time	that	water	use	by	offshore	oper-
ations	may	well	conflict	with	the	water	needs	of	the	local	population	in	the	host	coun-
try. On the sociopolitical side, emerging market countries and the North African and 
Gulf states, many of which already suffer from biophysical constraints to agriculture, 
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are	characterized	by	growing	populations	and	expanding	industry,	leading	to	increased	
demand for agricultural commodities. At the same time, many of these societies are cur-
rently undergoing a dietary transition toward increased caloric intake and increased 
consumption	of	meat	and	milk	(Delgado	2003),	implying	a	massive	surge	in	the	demand	
for staple grains as both food for people and feed for livestock.16	Land	scarcity	in	these	
countries is thus partly a product of biophysical conditions, but it is also a product of 
demographic	and	industrial	growth	and	shifting	consumption	patterns.

For land-scarce countries, their structural position in the global economy deter-
mines whether the state becomes involved in foreign land acquisition. A  variety 
of market strategies, such as futures contracts and grain reserves, are available and 
already employed by land-scarce, food-importing countries to hedge against com-
modities markets. However, in the context of distorted and volatile markets exposed by 
the	2007–2008	food	crisis,	countries	have	an	incentive	to	seek	direct	home	control	of	
agricultural supply chains to insure the security of their food supply. The governments 
actually involved in offshore land deals generally represent land-scarce middle- and 
high-income countries, according with the popular depiction of land-grabbing coun-
tries as “capital-rich, natural resource-poor” (e.g., Robertson and Pinstrup-Andersen 
2010,	271).17 The involvement of these countries in the land rush is indicative at a general 
level of their deep integration into the circuits of global capital, the petrostates as suppli-
ers	of	energy	and	the	newly	industrialized	countries	as	suppliers	of	skilled	and	unskilled	
labor in manufacturing and services. Hence these governments have an urgent and fun-
damental	interest	in	stabilizing	the	global	political	economy	on	which	they	depend,	and	
land grabbing represents one project toward that end.

The domestic institutional structure of home country governments helps determine 
the modalities of state involvement in foreign land transactions. Domestic structure can 
be	difficult	to	characterize,18 and home countries directly involved in land purchases 
range	from	the	former	“neopatrimonial”	Qaddafi	regime	in	Libya	to	“cohesive-capital-
ist”	Japan	(cf.	Kohli	2004).	Nonetheless,	it	appears	that	states	that	have	somewhat	less	
highly	coordinated	economies,	such	as	India,	are	involved	in	land	deals	more	indirectly	
through support of corporate-led investment,19 whereas states with more highly coordi-
nated or authoritarian economies, such as China and the Gulf countries, are more likely 
to engage in direct acquisitions of land through state-owned enterprises or sovereign 
wealth	funds	(cf.	Cotula	2011,	9)	(Fig.	34.1).

Who Are the Hosts?

The necessary complement to an understanding of the identity of home countries 
in the land grab phenomenon is an understanding of the identity of the host coun-
tries.	 If	 the	 land	 grab	 is	 a	 political-economic	 project	 to	 expand	 and	 stabilize	 the	
agro-industrial food-feed-fuel complex in the interests of accumulation and systemic 
socioeconomic function, what determines the geography of that expansion? Why are 
some countries more likely than others to be involved in large-scale land transfers 
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to foreign investors and governments? As with the question of home countries, land 
availability, structural position in the global economy, and domestic institutional 
structure are likely to be key variables in determining which countries are the sites of 
large-scale land transactions.

With regard to land availability, host countries generally have higher ratios of arable 
land per capita and water resources per capita than home countries, and higher levels 
of land availability may also be associated with lower social demands on agricultural 
resources	(e.g.,	through	less	meat-intensive	diets).	The	World	Bank	(2010),	in	its	report	
on large-scale farmland acquisition, sought to identify the “potential supply of land 
suitable for rainfed cultivation” by country, considering, inter alia, potential output 
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for	five	major	crops	of	the	food-feed-fuel	complex	(wheat,	maize,	soybean,	sugarcane,	
oil	palm),	current	land	use,	population	density,	and	infrastructure	access.	The	report	
found the largest areas of land potentially suitable for cultivation in Africa, followed by 
Latin	America,	with	more	than	half	of	global	availability	(224 million	out	of	446 million	
hectares)	concentrated	in	seven	countries: Sudan,	Brazil,	Australia,	Russia,	Argentina,	
Mozambique,	and	Democratic	Republic	of	the	Congo	(World	Bank	2010,	56;	see	also	
Deininger	2011).20 As would be expected from these statistics, foreign investors have 
indeed	sought	land	in	all	these	countries	(GRAIN	2011),	and	Africa	has	been	particu-
larly prominent as a site of land transactions. Though the overall proportion of African 
deals	may	be	inflated	due	to	media	bias,	fully	62 percent	of	the	agricultural	land	deals	
in	the	Land	Matrix	database	were	 in	Africa	(Anseeuw	et al.	2012).	UNCTAD	(2009,	
122) also	highlights	the	abundance	of	water	resources	in	host	countries	relative	to	home	
countries,	though	per	capita	fresh	water	resources	range	widely—in	the	Gulf	States,	for	
example,	from	49	cubic	meters	(m3)	in	UAE	to	399	m3	in	Oman;	and	in	host	countries	
from	366	m3	in	Pakistan	and	813	m3	in	Sudan	to	29,000	m3	in	Brazil.21

Complementing biophysical and social conditions of land availability, the structural 
position of a country in the global economy bears on whether or not land is likely to 
be transferred to foreign investors. Middle-income, semi-peripheral countries such as 
Brazil	and	Argentina	and	high-income	countries	like	Australia	are	likely	to	be	attrac-
tive in principle to foreign investors seeking large tracts of farmland, due to their large 
areas of land potentially suitable for agriculture. However, these countries also have 
more	 developed	 and	 politically	 organized	 domestic	 agricultural	 complexes,	 and	 the	
overall economies in these countries are less critically dependent on agriculture than the 
economies	of	most	 low-income	countries.	Low-income,	peripheral	countries,	mean-
while, tend to have less capital-intensive, less market-oriented agricultural sectors,22 
but at the same time a proportionally greater dependence on agriculture for employ-
ment and foreign exchange. Under these circumstances, countries with more highly 
capitalized	domestic	agricultural	sectors	may	see	foreign	involvement	in	land	deals	as	a	
threat to national resource sovereignty and domestic agro-industry, while low-income 
countries may see the opportunity through land transfers to earn foreign exchange and 
develop	 domestic	 infrastructure	 and	 technological	 capabilities.	 Land	 abundance	 is	
therefore mediated by the structural position of a country in the global economy, with 
low-income countries with less capital-intensive agricultural sectors more likely to be 
hosts	to	offshore	farmland	investments	(cf.	Anseeuw	et al.	2012,	10).	As	an	example,	
Indonesia	(a	lower-middle-income	country)	in	2010	changed	its	regulations	to	allow	
foreign participation in staple food crop production, permitting foreign ownership of 
up	to	49 percent	in	staple	crop	plantations	(Government	of	Indonesia	2010),	while	Brazil	
(a	higher-middle-income	country)	since	2010	has	sought	to	impose	more	stringent	legal	
limits	on	the	acquisition	of	farmland	by	foreigners	(Government	of	Brazil	2010).

Domestic institutional factors interact with land availability and structural position 
to help determine host country participation in land deals. Data on land deals indicate 
that the most-targeted host countries for large-scale farmland acquisition tend to have 
weaker rural land tenure security, raising concerns for the respect of the rights of local 
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populations	affected	by	land	transfers	(World	Bank	2010,	37;	Anseeuw	et al.	2012,	10–11).	
In	general,	part	of	 the	 justification	for	 large-scale	farmland	transactions	rests	on	the	
claim that there are large areas of “potentially available,” “marginal,” or “reserve” agricul-
tural land that can accommodate the large-scale expansion of cultivation. (World Bank 
calculations	of	“land	availability”	are	one	example	of	this	perspective.)	As	Borras	and	
Franco	(2010a,	516) note,	“accepting	the	notion	of	reserve	agricultural	land	necessarily	
consigns existing local land-based social relations and practices that are diverse and dis-
tinct	to	being	vestiges	of	the	past.	.	.	.	They	simply	do	not	‘fit’	the	economic	development	
grid,	.	.	.	they	are	not	the	beneficiaries	of	the	‘responsible	agricultural	investment’	that	
is envisioned.” The likely outcome is “dispossession in the name of transforming “mar-
ginal” land into economically productive spaces.” They give the example of a land deal in 
the Philippines where 1.4 million hectares of “marginal” lands were promised to China. 
The lands were considered marginal because they were officially catalogued as public, 
but they were in fact inhabited by communities practicing a variety of land-based liveli-
hood	strategies	(517).	Indeed,	data	from	the	Land	Matrix	indicate	that	nearly	half	of	all	
land acquisitions target areas with existing agricultural activities, especially cropping 
mosaics	that	often	are	associated	with	smallholder	land	use	(Anseeuw	et al.	2012,	17–18).

In	countries	where	state	recognition	of	rural	land	rights	is	weak,	investors	may	be	able	
to obtain large tracts of land through host country governments without engaging the 
local population.23 These processes of dispossession and displacement of local popula-
tions may be compounded by corruption in host country institutions as domestic busi-
ness and political elites seek to benefit from foreign investment. The receptivity and 
attractiveness of host countries for investors may likewise be affected by the existence of 
investment treaties and trade agreements that limit the conditions host countries may 
impose	on	new	investment	(De	Schutter	2011,	266),	and	by	active	host	country	measures	
to attract investors, such as elimination of short-term property taxes and reduction of 
export	tariffs	(Robertson	and	Pinstrup-Andersen	2010),	or	allowing	for	greater	foreign	
participation	in	staple	crop	production	(as	in	the	case	of	Indonesia).	This	domestic	insti-
tutional context, and especially the conditions of rural land tenure, affects the social con-
struction	of	land	availability	and	is	constituted	in	interaction	with	a	country’s	structural	
position in the global economy. Taken together, these factors represent important deter-
minants	of	host	country	participation	in	large-scale	farmland	transactions	(Fig.	34.2).

Institutional Positions and  
Political Responses

The previous sections have attempted to situate the land grab in historical context and to 
provide a framework for understanding the geography of foreign farmland acquisitions. 
This section turns to an exploration of the current academic and political approaches 
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to land grabbing, which illustrate how scholars, activists, politicians, and others are 
attempting to come to grips with the twenty-first century land rush.

At present, theoretical approaches in academic and political discussions of land grab-
bing gravitate into two main perspectives. The liberal perspective is founded on a belief 
in the virtually unlimited potential of market capitalism to generate well-being. From 
this	perspective,	the	2007–2008	food	and	financial	crises	were	a	contingent	moment	
of instability in the global economy. The wave of large-scale farmland acquisition in 
response to this instability is seen as the linear continuation of the expansion of capi-
talist	 agriculture	 toward	 rationalized	 global	 production.	 Large-scale	 land	 deals	 for	
agro-industrial production are part of a natural unfolding of economic logic, and the 
most important practical issue is not whether such expansion should occur, but rather 
how	it	can	be	“managed”	to	accord	with	some	normative	standards—of	equity,	justice,	
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or sustainability, for example. The liberal perspective is common within many govern-
ments,	in	major	development	organizations	such	as	the	World	Bank,	and	among	aca-
demics	(e.g.,	Timmer	2010;	Robertson	and	Pinstrup-Andersen	2010;	World	Bank	2010).

An	alternative	perspective	emphasizes,	inter	alia,	historical	contingency	in	the	con-
struction of the political economy and the cyclical nature of capitalist growth and 
transformation. This perspective holds that alternatives to large-scale agro-industrial 
expansion are real and viable. The land grab is seen as deepening the contradictions 
of the agro-industrial food system, and thus is ultimately self-defeating. The practical 
issue for this perspective is how to discourage land grabbing and encourage alternative 
models of agricultural production. Actors adopting this alternative perspective include 
a	number	of	scholars	and	activist	organizations	(Araghi	2009;	De	Schutter	2011;	Borras	
and	Franco	2010a;	McCarthy	et al.	2011;	La	Vía	Campesina	2011b;	McMichael	2012).

These two perspectives inform distinct political responses to the land grab phenom-
enon. The main political response from the liberal position, which views large-scale 
agro-industrial expansion as inevitable, has been to propose a “Code of Conduct” for 
land deals to ensure that land transactions conform to general principles of justice and 
sustainability	 (von	 Braun	 and	Meinzen-Dick	 2009;	Deininger	 2011).24	 International	
organizations—FAO,	IFAD,	UNCTAD,	and	the	World	Bank—have	developed	a	set	of	
“Principles	for	Responsible	Agricultural	Investment”	(RAI)	as	a	contribution	toward	a	
code of conduct. These principles, and the advocacy for a code of conduct generally, 
are premised on engaging “multiple stakeholders” to manage the perceived “risks” of 
large-scale land transactions in order to achieve “win-win” solutions for development 
(Borras	 and	 Franco	 2010a,	 510).	They	 have	 been	 presented	 in	 various	 international	
fora, and are a part of the ongoing debate in the UN system regarding a global political 
response	to	the	new	wave	of	land	investment	(De	Schutter	2011,	254–255).

Actors taking an alternative perspective tend to oppose large-scale agro-industrial 
expansion	at	the	expense	of	smallholders,	and	they	have	argued	that	the	RAI	principles,	
by reframing the risks of land grabbing (violence, dispossession, ecological degradation, 
food	insecurity)	as	manageable	side	effects	of	an	“essentially	beneficial	cure”	(Borras	and	
Franco	2010a,	512),	serve	to	legitimize	land	deals	that	should	be	unacceptable	in	principle	
(De	Schutter	2011,	254).	They	argue	to	the	contrary	that	the	current	pattern	of	large-scale	
agricultural investment is supportive neither of food security nor of social justice.25

One alternative to the code-of-conduct approach comes from advocates of a “rights-
based” response to land grabbing that centers on the “right to food” (see Kotwal and 
Ramaswami,	 this	 volume),	 enshrined	 as	 an	 international	 legal	 human	 right	 in	 the	
Universal	Declaration	of	Human	Rights	(Article	25.1)	and	the	International	Covenant	
on	Economic,	Social	and	Cultural	Rights	(Article	11).	Some	actors	also	extrapolate	from	
the	right	to	food	a	basic	“right	to	land”	(Borras	2008,	265).	The	rights-based	approach	
has institutional backing in land-grabbing debates through the office of the UN Special 
Rapporteur on the Right to Food, Olivier De Schutter. De Schutter has put forward a set 
of	“Minimum	Human	Rights	Principles	Applicable	to	Large-Scale	Land	Acquisitions	or	
Leases”	that	mandates	the	prioritization	of	the	long-term	needs	and	human	rights	of	local	
communities in the context of any land deal. According to De Schutter,
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the human right to food would be violated if people depending on land for their 
livelihoods, including pastoralists, were cut off from access to land, without suitable 
alternatives; if local incomes were insufficient to compensate for the price effects 
resulting	from	the	shift	towards	the	production	of	food	for	exports;	or	if	the	rev-
enues of local smallholders were to fall following the arrival on domestic markets 
of cheaply priced food, produced on the more competitive large-scale plantations 
developed thanks to the arrival of the investor.

(2009,	para.	4)

Since he argues that in the majority of cases, large-scale land acquisitions and leases 
will	result	in	these	rights	violations,	De	Schutter	(2011,	250)	uses	the	rights-based	frame-
work to argue for an “alternative program for agricultural investment” to support small-
holder agriculture. Outlines of this program include public goods provision to improve 
productivity and market access, institutional developments such as cooperatives or 
contract	farming	(properly	managed)	to	increase	farmer	revenue,	and	equitable	access	
to land through land reform coupled with comprehensive rural development policies 
(262–263).

Dovetailing with the rights-based approach is the “food sovereignty” approach of 
activist	organizations	led	by	La	Vía	Campesina.	A	global	network	of	peasant	movements,	
La	Vía	Campesina	has	called	for	rejection	of	the	RAI	principles,	the	suspension	of	all	
large-scale	land	transactions,	and	redirection	of	investment	toward	food	sovereignty—
understood as “the right of peoples to healthy and culturally appropriate food produced 
through sustainable methods and their right to define their own food and agriculture 
systems”	(Via	Campesina	2011c).	In	addition	to	supporting	local	resistance	to	land	deals	
(e.g.,	through	a	“Global	Alliance	against	Land-Grabbing”	[La	Vía	Campesina	2011a]),	
actors taking a human rights or food sovereignty orientation toward land grabbing 
have sought to establish their position at the international level through the “Voluntary 
Guidelines	on	the	Responsible	Governance	of	Tenure	of	Land,	Fisheries	and	Forests	in	
the	Context	of	National	Food	Security,”	developed	through	the	FAO’s	Committee	on	
World Food Security. These guidelines, which received input from governments and 
international	organizations	as	well	as	independent	experts	and	civil-society	organiza-
tions	(De	Schutter	2011,	255),	were	substantially	influenced	by	a	human	rights	perspec-
tive,	and	their	adoption	in	May	2012	provides	a	further	tool	for	those	seeking	practical	
political action in response to the rising trend of large-scale farmland transactions.

Conclusion

This chapter has sought to develop a political economy perspective on the current wave 
of	large-scale	farmland	acquisitions—the	“global	land	grab”—and	to	review	the	main	
theoretical and political positions that have emerged around this phenomenon. The dis-
cussion has also highlighted a number of the potential implications of the land grab for 
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the future of the global system. This concluding section revisits the question of implica-
tions to underscore the main debates about the nature and effects of the land grab.

The recognition that many land deals are announced but never completed, and that 
actual	new	farmland	development	often	falls	short	of	its	planned	extent,	might	tempt	
us to conclude that the land rush is more apparent than real. However, available empiri-
cal work confirms that the areas of land changing hands are substantial, significant 
increases in agricultural expansion are projected, and perceptions of the importance of 
land and the nature of food security in the global economy have been fundamentally 
altered. As production from these new land investments comes on line in the future, 
the broader impacts of land grabbing on the food system will become more apparent. 
Immediate	impacts	are	already	substantial,	however,	with	billions	of	dollars	in	invest-
ment, millions of hectares changing hands, and tens of thousands of people displaced.26

On a more fundamental level, the land grab may prove symptomatic of a systemic 
crisis of the global political economy, with this wave of farmland acquisition establish-
ing the foundations for a new cycle of accumulation, or deepening the contradictions 
of the present crisis toward the disintegration of global capitalism as a socio-ecological 
system	(Araghi	2009;	Moore	2010;	McMichael	2012).	The	real	historical	significance	of	
structural changes in the global political economy, manifested in the coincident crises 
of finance, food, and ecology, and acknowledged in changing actor perceptions and 
actions including the rush for land, suggests that the implications of the land grab will be 
durable and systemic.

Understood	as	a	project	to	stabilize	the	global	political	economy,	the	twenty-first	cen-
tury land rush is effectively a synecdoche for the contemporary agrarian question. Can 
large-scale farmland acquisitions enhance global food security? Will they undermine food 
sovereignty? Does land grabbing generate a productive surplus, or only a redistributive sur-
plus	through	expropriation?	Can	large-scale	agro-industrial	expansion	stabilize	the	condi-
tions of production for the global economy, even launching a new wave of growth? Does the 
land grab spell the end of the global peasantry? These questions force a recognition of the 
agrarian	question,	crystallized	in	the	current	land	rush,	as	fundamental	to	our	present	con-
juncture and key to the future of the global political economy and global ecology.

Notes

 1. The terms of these acquisitions vary widely, from short- or long-term leases to freehold 
sales.	For	a	review,	see	HLPE	2011.

 2. The “land grab” framing has been further extended to consider nonagricultural land 
deals,	such	as	for	mineral	extraction	or	nature	conservation	(e.g.,	Zoomers	2011),	as	part	
of	a	general	phenomenon	of	“new	enclosures”	(White	et al.	2012).	This	chapter	maintains	
a	focus	on	land	acquisitions	for	agriculture,	which	represent	over	80 percent	of	the	deals	
catalogued	in	the	Land	Matrix,	the	most	comprehensive	available	database	on	interna-
tional	land	transactions	since	2000	(Anseeuw	et al.	2012).

	 3.	 The	best	available	global	data	on	land	deals	come	from	the	Land	Matrix	database,	compiled	
by	the	International	Land	Coalition	(ILC)	and	partner	organizations.	The	public	database,	
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released	in	beta	version	in	2012,	documents	924	deals	since	the	year	2000,	involvingmore	
than 48 million hectares of land (http://landportal.info/landmatrix).	GRAIN	also	contin-
ues	its	efforts	to	provide	more	comprehensive	aggregate	data	on	land	grabbing	(GRAIN	
2011).

	 4.	 A notable	effort	is	the	Oakland	Institute’s	Africa	country	reports	in	their	Understanding	
Land	Investment	Deals	in	Africa	series	(http://www.oaklandinstitute.org/publications).

	 5.	 A focus	on	state	actors	alone	is	clearly	insufficient	for	understanding	the	land	grab	phe-
nomenon, particularly when global political-economic processes are increasingly trans-
national in character, while local actors are highly differentiated in their political and 
economic relations. Given the prominence of national governments in international land 
deals, however, and the continued relevance of the state in the space connecting local and 
global processes, maintaining some focus on country-level phenomena remains impor-
tant and illuminating.

	 6.	 The	World	Bank	considers	all	low-	and	middle-income	countries	(i.e.,	those	having	a	GNI	
per	capita	of	US$12,275	or	less)	to	be	“developing	countries,”	and	high-income	countries	
are considered “developed” countries. Developed countries under this definition include, 
inter	alia,	most	EU	member	states;	the	United	States,	Canada,	Australia,	and	New	Zealand;	
Japan	and	South	Korea;	 and	 the	members	of	 the	Gulf	Cooperation	Council	 (Bahrain,	
Kuwait,	Oman,	Qatar,	Saudi	Arabia,	and	the	United	Arab	Emirates).

 7. The UNCTAD World Investment Report 2009 discusses similar examples of efforts at 
establishing	offshore	production	by	the	Gulf	States	and	Korea	in	the	1960s	and	1970s.

	 8.	 The	Land	Matrix	 records	 over	 1,200	 reported	 agricultural	 land	deals	 since	 the	 year	
2000,	covering	more	than	83 million	hectares	in	developing	countries,	an	area	more	
than	twice	the	size	of	Germany.	Production	was	reported	to	have	started	on	projects	
covering	over	 20 million	hectares,	 an	 area	 roughly	 the	 size	of	 the	United	Kingdom	
(Anseeuw	et al.	2012,	4).

	 9.	 The	chronology	in	this	paragraph	is	based	on	Timmer	(2010).
	10.	 Major	grains	are	mutually	substitutable	for	many	purposes,	and	their	market	prices	gener-

ally correlate.
	 11.	 Where	2002–2004	food	prices	are	weighted	to	100,	the	Food	Price	Index	for	February	2011	

averaged	238.
	12.	 In	a	typical	retelling,	Borras	and	Franco	(2010b)	describe	national	governments	of	food	

importing countries as “shocked” by the food price crisis and “rushing” to find land and 
labor	to	produce	food	for	themselves	(4	fn.	6).	UNCTAD	suggests	that	the	new	wave	of	
offshore food security land investments may be more successful than such investments 
were in the past, in part because “many home countries see the latest changes in the global 
agricultural industry as a sea change from the past, with high prices, shortages, and volatil-
ity	in	food	crops	persisting	into	the	future”	(UNCTAD	2009,	161–162).

	13.	 On	this	view	of	the	interaction	between	structural	change	and	critical	events	in	history,	
compare	Sewell	2005.

 14. Corporations involved in banana production in Central America, for example, have 
moved away from plantation production toward purchasing bananas from smallholders 
and providing technical assistance. The tea industry in Kenya and the tobacco industry 
globally provide similar examples of a transition away from direct corporate ownership of 
land	and	control	of	production	toward	a	model	of	decentralized	production	coupled	with	
centralized	processing	and	distribution	(UNCTAD	2009,	105).

http://landportal.info/landmatrix
http://www.oaklandinstitute.org/publications
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	15.	 In	a	similar	vein,	energy	scarcity	is	a	function	both	of	a	country’s	natural	energy	endow-
ments	 and	 that	 country’s	overall	 energy	demand	and	policy.	Oil	price	 shocks	 and	 the	
volatility of international markets have similarly led import-dependent countries to 
seek self-sufficiency or guaranteed supplies from abroad. One need look no further than 
American	energy	policy—from	domestic	oil	shale	development	to	military	commitments	
in	the	Middle	East—for	an	example.

	16.	 Japan	is	not	a	newly	industrialized	country,	but	it	is	in	the	later	stages	of	a	nutrition	transi-
tion	toward	a	diet	higher	in	fats	and	animal	protein	(e.g.,	Drewnowski	and	Popkin	1997).

	 17.	 Land-scarce	 low-income	countries	 (e.g.,	Rwanda)	do	not	have	 the	capital	 resources	 to	
develop offshore agricultural production.

 18. For a review of the domestic structure literature see Evangelista 1997.
	19.	 GRAIN	reports	that	India’s	Ministry	of	External	Affairs	targeted	Burma,	Australia,	and	

Africa	as	sites	for	Indian	agribusiness	firms	to	develop	food	crops	for	export	back	to	India	
(GRAIN	2008,	Annex).

	20.	 It	is	important	to	note,	however,	that	in	many	cases	investors	seek	not	uncultivated,	poten-
tially	available	land,	but	land	that	is	already	under	cultivation—irrigated	and	with	good	
access	to	markets	(Mittal	2011,	Anseeuw	et al.	2012).	Under	these	circumstances	a	land	deal	
may result in the displacement of local inhabitants. These land grabs are less a function of 
land availability than they are of domestic institutional characteristics, such as tenure inse-
curity and corruption, that facilitate dispossession and displacement.

	21.	 These	are	figures	for	the	year	2008.	World	Bank	calculations	of	land	suitability	focused	on	
rainfed cultivation, while measures of water resources per capita also bear on irrigation 
potential.

	22.	 Indeed,	developing	country	agriculture	has	been	systematically	undermined	by	the	cheap	
food	 regime	of	 subsidy-driven	US	and	EU	agriculture	 (Weis	 2007),	 and	by	 the	devel-
opmentalist bias of Southern elites who in many cases exploit agriculture to benefit an 
urban-industrial	“modernization”	perspective	on	socioeconomic	development	(see	Bates	
1984).

	23.	 Dispossession	and	displacement	of	local	populations	for	large-scale	agricultural	invest-
ment points toward questions of violence and the physical security of people and invest-
ments in land deals. There is an apparent paradox to investments that seek food security 
in insecure places, and land acquisitions that ignore local land rights may be rendered 
less economical by local opposition and resistance. A powerful example of the poten-
tial	 for	militarization	of	 land	 investment	 comes	 from	Pakistan,	which	has	promised	 a	
100,000-person	 security	 force	 to	 protect	 agricultural	 investors	 and	 their	 investments	
(Kugelman	2009,	3).	A full	exploration	of	the	security	issues	associated	with	land	grabbing	
is	beyond	the	scope	of	this	chapter.	I will	limit	myself	here	to	observing	that	the	security	
issues associated with offshore agricultural production are not novel, but in a context of 
systemic crisis in the global political economy, they may well become more intense, and 
they are intimately related to changes in the global security regime, such as the militari-
zation	of	accumulation	(Robinson	2010)	and	the	privatization	of	security	(Mandel	2002;	
Avant	2005).	The	toppling	of	the	Malagasy	government	and	the	contribution	of	food	inse-
curity to the Arab revolts are extreme examples of the kind of upheaval potentially associ-
ated with land grabbing in host and home countries at the present conjuncture.

 24. This code-of-conduct approach is analogous to approaches to “sustainability” or “corpo-
rate social responsibility” as voluntary multi-stakeholder processes that have emerged in 
other	sectors	of	the	global	economy	(e.g.,	rainforest-friendly	coffee,	fair	trade	handicrafts,	
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or	corporate	“social	investment”	funds)	as	the	retreat	of	state	regulation	under	neoliberal-
ism	has	externalized	corporate	oversight	to	the	sphere	of	domestic	and	international	civil	
society.

	25.	 Comprehensive	 critiques	 of	 the	 code	 of	 conduct	 approach	 and	 expositions	 of	 a	
rights-based	framework	are	Borras	and	Franco	2010a	and	De	Schutter	2011.

	26.	 The	Land	Matrix	database	includes	only	forty	cases	with	information	on	displacements	
(in	other	cases	whether	displacement	has	occurred	is	unknown),	but	of	those	forty	deals,	
twenty-five	are	reported	to	have	led	to	evictions	of	at	least	1,000	people,	with	ten	of	those	
cases	involving	evictions	of	over	10,000	people	(Anseeuw	et al.	2012,	41).
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Chapter 35

Agricultural Fu tures
 The Politics of Knowledge

Ian Sco ones

Introduction

Global assessments have become central to international debates on a range of key 
policy issues.1	The	International	Assessment	of	Agricultural	Knowledge,	Science	and	
Technology	for	Development	(IAASTD)	is	one	of	many,	following	in	the	wake	of	the	
International	Panel	on	Climate	Change	(IPCC),	the	Millennium	Ecosystem	Assessment	
(MA),	and	the	Millennium	Project’s	Millennium	Development	Goal	(MDG)	task	forces,	
among	others.	The	IPCC	even	won	the	Nobel	Peace	Prize	in	2007,	the	first	assessment	
to do so.2 All of these efforts attempt to combine “expert assessment” with processes 
of “stakeholder consultation” in what are presented as global, participatory assess-
ments on key issues of major international importance. Such assessments contribute 
to a new landscape of governance in the international arena, offering the potential for 
links	between	the	local	and	the	global	and	presenting	new	ways	of	articulating	citizen	
engagement	with	global	processes	of	decision	making	and	policy.	In	many	respects	such	
assessments respond to the critiques of the top-down, Northern-dominated expert 
assessments of the past and make attempts to be both more inclusive and more par-
ticipatory	in	their	design	and	process,	offering	new	opportunities	for	mobilization	and	
the articulation of alternative knowledge in the global policy domain. But how far do 
they meet these objectives? Do they genuinely allow alternative voices to be heard? Do 
they create a new mode of engagement in global arenas? How are local and global pro-
cesses articulated? And what are the power relations involved, creating what processes 
of mediation, inclusion, and exclusion?

Taking	the	case	of	the	IAASTD,	this	chapter	explores	these	issues	through	a	focus	
on the underlying knowledge politics of a global process. Four intersecting questions 
at the heart of contemporary democratic theory and practice are posed: How do pro-
cesses of knowledge framing occur? How do different practices and methodologies get 
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deployed in cross-cultural, global processes” How is “representation” constructed and 
legitimized?	How,	as	a	result,	do	collective	understandings	of	global	 issues	emerge?	
Drawing	on	a	detailed	analysis	of	the	IAASTD	process	between	2003	and	2008,	the	
chapter argues that, in such assessments, the politics of knowledge need to be made 
more explicit, and that negotiations around politics and values must be placed center 
stage. The black-boxing of uncertainty, or the eclipsing of more fundamental clashes 
over interpretation and meaning, must be avoided for processes of participation and 
engagement in global assessments to become more meaningful, democratic, and 
accountable.	Following	Mouffe	(2005),	the	chapter	offers	a	critique	of	simplistic	forms	
of deliberative democratic practice, and argues that there is a need to “bring politics 
back in.”

The International Assessment of 
Agricultural Knowledge, Science and 

Technology (IAASTD)

The	overall	purpose	of	the	IAASTD,	which	concluded	with	a	final	plenary	session	in	
Johannesburg	in	April	2008,	was	“to	assess	agricultural	knowledge,	science	and	technol-
ogy in order to use it more effectively to reduce hunger and poverty, improve rural liveli-
hoods, and facilitate equitable, environmentally, socially and economically sustainable 
development.”3 No one could argue with that goal of course. But how was this ambitious 
aim	to	be	realized?

The	IAASTD	was	announced	during	2002,	and	it	was	initiated	on	five	continents	in	
early	2003	with	a	series	of	consultation	meetings.	Since	then	five	regional	reports	and	
one	global	report	(IAASTD	2009)	have	been	produced,	all	contributing	to	a	synthesis	
and summaries for decision makers for each continental report and the global report. 
A total	of	400	authors	were	recruited	to	write	the	reports,	and	an	overall	framework	was	
hammered out in a series of meetings,4 a process overseen by a complex governance 
structure	(Scoones	2008).

The	 IAASTD	 received	 very	 substantial	 financial	 backing	 from	 a	wide	 range	 of	
bilateral	donors,	UN	organizations,	and	the	World	Bank,	with	a	total	budget	of	more	
than	US$15m.5 With agriculture and technology once again rising in importance in 
the development agenda, many agencies saw this as an excellent opportunity to map 
out a way forward. A combination of a multi-stakeholder and an intergovernmental 
UN process proved appealing, as this offered the combination of inclusion and dia-
logue, including civil society and private business actors as well as formal decision 
making	and	buy-in	by	nation-states.	Was	 this	perhaps	 the	model	 for	 the	 future—
picking	the	best	of	the	IPCC	and	the	MA	and	combining	them	in	an	approach	to	
global decision making that was at once scientifically sound, politically legitimate, 
and participatory?
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A number of unique attributes are highlighted by Robert Watson, the director, 
including:  an advisory structure that encompasses governmental representatives 
as well as civil society; the “inclusion of hundreds of experts from all relevant stake-
holder groups”; an “intellectually consistent framework”; a global, multi-scale, and 
long-term	approach,	resulting	in	“plausible	scenarios”	to	2050;	the	“integration	of	local	
and institutional knowledge”; and a multi-thematic approach, encompassing nutrition, 
livelihoods, and human health, linking science and technology issues to policies and 
institutions.6 A multi-stakeholder process involving everyone from grassroots groups to 
scientists and representatives of large corporations, with the final product being signed 
by	national	governments,	 the	 IAASTD	constitutes	a,	 to	date,	unparalleled	approach.	
As	such,	the	IAASTD	provides	fascinating	insights	into	processes	of	participation	and	
global engagement and the implications that these developments have for the contesta-
tion	of	global	knowledge	and	the	construction	of	global	citizenship	(Leach	and	Scoones	
2005).

The	IAASTD,	as	with	the	other	global	assessments,	is	seen	by	its	proponents	as	a	brave	
attempt at engaging a diverse group of stakeholders on a key topic with major global 
ramifications.	In	this	regard	it	marks	a	major	departure	from	previous	models	of	global	
expert decision making, where attempts at dialogue and debate were largely absent and 
processes were open only to an exclusive expert elite.

In	this	way,	the	IAASTD	is	in	harmony	with	a	central	theme	of	the	more	optimistic	
strands	of	the	literature	on	globalization	and	civil	society.	These	suggest	that,	with	the	
opening up of opportunities for engagement at the global level and the increasing con-
nections between local-level actors and issues and those in global arenas, the opportuni-
ties	for	participation	and	influence	increases	through	a	“global	civil	society”	(Archibugi	
2008;	Edwards	and	Gaventa	2001;	Keane	2003).	With	this	opening	up,	processes	become	
more	complex	and	require	increasingly	sophisticated	forms	of	mobilization	by	activists	
and	movements	in	order	to	engage	(Tarrow	1994).	But	the	net	result	is	a	pluralization	of	
knowledge and claims and inputs into cosmopolitan global contexts, which, it is argued, 
results ultimately in a more democratic and accountable system of governance and poli-
cymaking	(Held	and	McGrew	2002;	Heater	2002).

The	IAASTD	could	be	seen	as	one	avenue	for	such	new	styles	of	engagement,	knowl-
edge production, and claim making; and, indeed, the rhetoric associated with it suggests 
that this is, in part, the wider aim. A vision of cosmopolitan diversity and democratic 
decision making is portrayed, governed by rules and procedures allowing rational deci-
sions and objective science to prevail.

A	closer	look	at	the	processes	and	practices	of	the	IAASTD,	however,	reveals	some	
major	limits	to	such	a	vision.	In	particular,	it	highlights,	following	Fischer	(2000),	the	
important contemporary tensions between professional expertise and democratic gov-
ernance,	and	that,	as	Jasanoff	and	Martello	argue,	with	the	reassertion	of	local	knowl-
edge claims in global environmental processes, “the construction of both the local 
and the global crucially depends on the production of knowledge and its interactions 
with	 power”	 (2004,	 5).	 Tracing	 these	 knowledge-power	 interactions	 is	 thus	 central	
to any understanding of local-global engagements. The aim has been to go beyond 



Agricultural Futures   847

the	 well-rehearsed	 rhetoric	 of	 participation,	 inclusion,	 and	 citizen	 engagement	 and	
ask: What	has	been	the	practice,	experience,	and	underlying	politics	of	the	IAASTD?	
The next section looks at the particular interaction between diverse sources of expertise 
and	the	way	this	politics	of	knowledge	constructs	notions	of	citizenship.

Experts and Citizens

The assessment process witnessed the engagement of diverse forms of expertise beyond 
the “usual suspects” of accredited scientists and government representatives, and they 
included	nongovernmental	organizations	(NGOs),	farmers’	groups,	consumer	organi-
zations,	and	others.	What	has	this	revealed	about	the	relationships	between	experts	and	
citizens,	and	how	have	diverse	forms	of	citizenship	been	practiced	in	such	local	to	global	
engagements?

In	international	assessment	processes	of	this	sort	much	of	the	hard	work	comes	in	
the review and editing process. Here the minutiae of textual differences are discussed 
and	a	particular	wording	and	pitch	is	required.	A (perhaps)	apocryphal	story	suggested	
that the US government had employed a thousand people in the US Department of 
Agriculture	and	USAID	to	go	over	the	final	documents	with	a	fine-tooth	comb,	pick-
ing up sections, paragraphs, and even words, which their negotiators would dispute 
in the final sessions before approval was granted any text. To be effective, this required 
hard work and the learning of new negotiation skills by NGO/CSO participants. As 
one	complained: “Our	work	is	unrecognizable	in	the	final	version.	The	odd	bit	here	and	
there,	but	often	not	the	meaning.”7 Another countered: “this is part of the re-shuffling of 
understanding that is the positive outcome of multi-stakeholder dialogues and efforts 
to create something new together.”8 The internal dynamics of author groups was critical 
along with the capacity for effective, inclusive facilitation.

But to what degree does this sort of slow, highly political negotiation process allow for 
the “injecting” of alternative, grassroots perspectives from farmers themselves? How does 
“the local” get represented in “the global”? And what kinds of knowledge politics emerge? 
In	discussions	with	a	variety	of	participants	in	the	assessment,	a	number	of	themes	were	
raised.9	Everyone	recognized	that,	because	of	the	way	the	IAASTD	was	organized,	“real”	
farmers	and	their	organizations	did	not	really	get	a	look	in—whether	at	the	early	consul-
tation stages in the regions or subsequently. Some regarded this as a fundamental design 
flaw	of	the	whole	process,	undermining	the	legitimacy	of	the	effort	as	a	whole;	others	
saw it as probably a necessary consequence of convening such a process, but one that 
allowed space for representation by NGOs and other CSOs. For some this mediation role 
was not a problem: These were people who worked on the ground in different locations 
and	so	could	reflect	the	concerns	of	farmers.	Others	saw	the	processes	of	intermediation	
and translation as problematic as well as the claims made by NGOs to “represent” others. 
Some industry and government participants, for example, claimed that GM crops were a 
concern	to	(Northern)	NGOs	but	not	to	farmers	from	the	Global	South.10
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Participants	also	reflected	on	their	own	positions—both	as	experts	and	as	citizens	
from particular places, and how their origins, ethnicity, gender, and experience were 
intimately bound up with their contributions as experts. As one African author, a 
middle-class	university	lecturer	in	Zimbabwe	who	was	trained	in	the	UK	but	who	came	
originally	from	a	rural	home	in	a	farming	area,	observed: “Yes	I am	an	economist,	but	
I am	also	from	Africa,	and	I am	a	woman.	I have	lived	in	these	places,	and	experienced	
the life of farming in a dryland setting.”11 Of course, much politically correct talk is asso-
ciated	with	the	IAASTD	about	Southern	perspectives	and	involvement,	but,	in	practice,	
the	Southerners	who	get	a	look-in	are	sometimes	as	elite—in	their	lifestyles,	outlooks,	
and	influences—as	many	of	their	Northern	counterparts.	Does	living	behind	razor	wire	
in a smart suburb of Harare or Nairobi provide special access and insights? Or is this 
just	another	of	many	different	“lived	citizenships”	that	are	rather	selectively	added	to	
the	mix?	Thus,	in	people’s	own	experiences	of	the	IAASTD	a	multiplication	of	identi-
ties, types of affiliation, and forms of solidarity are apparent. A fragmented and contin-
gent	notion	of	citizenship	is	realized	through	such	experiences—constituting	the	wider	
political	action	that	this	implies	(Leach	and	Scoones	2006).

The	professed	aim	of	the	IAASTD	was	to	involve	a	more	diverse	group	of	expertise	
than would be usual in a conventional approach, and a very conscious effort was made 
to be inclusive; however, in the end, it was deliberation on the basis of scientific evidence 
that would be the key. Thus, an interesting contradiction occurred in the simultaneous 
talk of engagement and involvement of diverse, multi-stakeholder perspectives and its 
confrontation	with	the	ideal	of	consensus	and	an	appeal	to	a	universalized	objectivity	of	
science	and	expertise: the	ultimate	global	vision.	Often	this	tension	was	not	addressed	
and led to some underlying challenges such that knowledge politics and power relations 
failed	to	be	confronted,	resulting	in	some	major	fudges.	Yet,	in	a	more	pragmatic	tone,	
one participant commented:

Perhaps for the first time, different constituencies had to wrestle with the evidence 
and experiences that inform a point of view. These could no longer be dismissed 
as simply differing ideologies or power gradients. We all had to put our trust in the 
IAASTD	principles.	The	hard	part	was	getting	all	contributors	to	be	accountable	to	
them.12

Confronting Controversy: GM Crops

But	what	happened	when	people	disagreed—on	science,	on	values,	 and	on	politics?	
Perhaps	inevitably	the	biggest	controversy	that	dogged	the	IAASTD	process	was	that	
surrounding	GM	(genetically	modified	and,	specifically,	transgenic)	crops.	When	the	
assessment	was	proposed	in	2002,	this	issue	engendered	a	raging	debate,	particularly	
in	Europe	and	across	NGO	and	civil	society	groups	around	the	world	(Scoones	2002).	
While some from mainstream scientific institutions and biotechnology corporations 
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dismissed this uproar as a diversion, one that was not based on “sound” understandings 
of science and one that resulted in the undermining of poverty reduction and devel-
opment by withdrawing new scientific and technological opportunities, it was a debate 
that would not go away.

Many	in	the	NGO	community	feared	that	the	IAASTD	was	simply	going	to	serve	as	
a front for the backers of GM crops and that the enlistment of NGOs and civil society 
groups under an umbrella of participation and consultation was going to provide an 
illegitimate justification for recommending GM crops be central to future agricultural 
R and D strategies globally. Given the keen interest of some important industry players, 
as	well	as	some	major	GM	advocates	within	the	CGIAR	system	for	example,	this	fear	
was, given the timing, probably justified. For example, the pro-biotech, industry-funded 
website	run	by	the	ISAAA	argued	that	the	IAASTD	would	provide	a	scientific	assess-
ment of biotech crops and so perhaps “proof ” of their utility.13

Following the report of the steering committee and the subsequent first plenary ses-
sion in Nairobi,14 alongside the thirty government representatives, six members of 
NGO/civil society groups had accepted invitations to serve on the Bureau of the assess-
ment	(including	Greenpeace	International,	the	Pesticide	Action	Network,	and	Practical	
Action),	and	so	they	were	central	to	the	overall	governance.	But	so	had	representatives	
from	“industry”	(including	Syngenta,	Unilever),	“consumers”	(including	the	Center	for	
Science	 in	the	Public	Interest	and	Consumers	International),	“producers”	(including	
International	Federation	of	Agricultural	Producers	and	 the	 International	Federation	
of	 Organic	 Agriculture	Movements)	 and	 “institutions”	 (including	 the	Third	World	
Academy	of	Sciences,	the	World	Conservation	Union	(IUCN),	the	CGIAR,	and	CAB	
International).	This	group	of	 thirty	 to	 sixty	government	and	 thirty	non-government	
organizations	was	not	an	easy	group	to	convene,	let alone	one	in	which	agreement	on	
anything	could	be	easily	reached.	A co-chair	of	the	assessment	reflected:

This	was	a	difficult	time.	No	one	trusted	anyone	else.	X	kept	walking	out.	It	was	very	
disruptive, and we could not make much progress for a while. We had to be patient. 
The GM issue was a diversion. We had to get down to the real issues.15

While	 the	GM	debate	continued	to	be	discussed,	and	while	 it	 remained	often	the	
“elephant in the room,” the overall framework and approach of the assessment cast 
the	debate	much	wider.	Indeed,	by	framing	the	overall	debate	 in	relation	to	broader	
questions	of	agricultural	knowledge,	science,	and	technology	(AKST)	within	a	 loose	
framework that looked fundamentally at outcomes relating to poverty reduction and 
environmental	management,	it	was	possible	for	a	much	larger—some	would	say	poorly	
focused—discussion	to	take	place.	This	was	framed	not	in	terms	of	whether	GM	crops	
are somehow “good” or “bad” but in terms of what combination of technologies make 
sense given the diverse future requirements of the needs of different peoples in different 
parts	of	the	world.	Thus,	the	overall	framing,	and	the	decentralized	process,	managed	
at times to get away from the narrow perspective of the GM debate, which dominated 
discussion at that time by either firmly pro- or anti-camps. Debates centered on whether 
new	 GM	 crops	 met	 the	 exacting	 IAASTD	 goals	 on	 the	 basis	 of	 well-documented	
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evidence. The challenge, of course, was that much talk of new biotechnology application 
in agriculture, by both the science establishment and the corporates alike, is one of pros-
pect and promise. The evidence from the field remains weak, limited, and contradictory 
(Glover	2010).	The	argument	presented	is	that	“if	only	companies	are	given	the	freedom	
to	operate,	then	all	sorts	of	panaceas	for	the	world’s	ills	will	be	unleashed.”	This	claim	is	
countered by the argument that current evidence does not stand up to scrutiny and a 
highly precautionary stance must be applied to future options. Wider questions of cor-
porate control, intellectual property, and biosafety were also introduced as arguments 
against a simple endorsement of GM crops. A stalemate therefore quickly emerged, with 
fundamentally different framings competing with each other.

The sense among Bureau members interviewed was that the GM issue was not the one 
to confront; yet, it persisted through the writing and reviewing process with attempts by 
different groups to insert elements of their positions. The final global synthesis report 
ended	up	quite	equivocal,	and	this	is	reflected	in	the	summary,	which	states:

A	problem-oriented	approach	to	biotechnology	R&D	would	focus	 investment	on	
local priorities identified through participatory and transparent processes, and favor 
multifunctional solutions to local problems. These processes require new kinds of 
support for the public to critically engage in assessments of the technical, social, 
political, cultural, gender, legal, environmental and economic impacts of modern 
biotechnology.16

Interpretations	of	this	final	outcome	differ	(inevitably).	Some	view	this	as	a	fudge,	a	
failure to address the issues; while others view this is a sensible way forward, one that 
settles an unhelpful debate and moves on. Certainly the private sector company repre-
sentatives involved in GM technology found it unacceptable. They angrily abandoned 
the	process	in	late	2007	before	the	conclusion,	provoking	a	storm	of	controversy	and	
leading to much frustration among certain writing teams, who had been subject to 
foot-dragging delays over many months.17	A representative	of	CropLife	International,	
a biotech industry umbrella body, indicated that this decision was prompted by “the 
inability	of	its	members	to	get	industry	perspectives	reflected	in	the	draft	reports.”18	In	a	
clearly heart-felt opinion piece written for the New Scientist, Syngenta scientist Deborah 
Keith explained why she, along with other industry representatives, walked out:

Despite	our	active	participation,	the	draft	IAASTD	report	does	not	adequately	rep-
resent the contributions of plant science to sustainable agriculture. . . . The decision 
was not taken lightly, given our commitment to agricultural development and sus-
tainability. But there was blatant disregard for the benefits of existing technologies, 
and	for	 technology’s	potential	 to	support	agriculture’s	efforts	 to	meet	 future	crop	
needs.	I think	this	was	in	part	because	the	differences	between	various	participants’	
perceptions about these technologies, and the scientific facts, were not maintained 
and highlighted. Sadly, social science seems to have taken the place of scientific 
analysis.19

Of course this sort of naive appeal to a particular set of “scientific facts” and a dis-
missal of what she calls “social science” has been typical of many interventions by the 
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biotechnology industry over time, but the impasse that this created, with the industry 
lobby unable to countenance a compromise framed by interests other than their own, 
proved a big, and late, stumbling block, allowing certain governments to pull back from 
the process and back their industry lobbies.

Although	approved	by	fifty-seven	countries,	the	final	document	remained	unsigned	
by the United States, Canada, and Australia, with the United Kingdom, in the end, 
signing up.20 Objections are contained in the annexes of the agreed documents. The 
Canadian government resorted to a similar argument about “objectivity” in complain-
ing that “there remain a number of assertions and observations that require more 
substantial, balanced and objective analysis.”21 Many in the NGO community believe 
that the real reason for the reluctance of certain countries to sign up was because of 
the pro-GM position of key governments and their unwillingness to back a document 
that, if not explicitly anti-GM, is certainly not enthusiastically in favor.22 This is appar-
ent, for example, in the US objection noted in the Annex to the Global Summary for 
Decision	Makers: “the	USA	does	not	believe	that	there	is	sufficient	balance	in	reflecting	
the use/range of new technologies, including modern biotechnology in Key Findings 
10	and	11.”23

Despite the failure of some governments to sign up, the conclusion of the final ple-
nary session and the majority agreement of the final document by governments from 
across the world gave rise to exuberant celebrations by the NGO grouping whose mem-
bers	had	worked	so	hard	to	influence	the	process.	The	press	releases	highlighting	par-
ticular	passages	of	the	final	document	emphasized	how	“the	old	paradigm	of	industrial,	
energy-intensive and toxic agriculture is a concept of the past. The key message of the 
report is that small-scale farmers and agro-ecological methods provide the way for-
ward.”24	In	numerous	press	interviews,	YouTube	clips,	and	podcasts,	Watson	himself	
has argued that “business as usual is not an option.”25

But did this change of tune and the promotion of a integrative, holistic vision really 
mean that local voices were finally being heard in the international arena? Was this the 
genuine success of an inclusive, deliberative process? Or, rather, was this another type 
of	selective,	global	expertise	getting	the	upper	hand—through	hard	work,	diligent	cam-
paigning,	and	the	deployment	of	alternative	forms	of	elite	expertise?	In	the	next	section,	
the way expertise is constructed and negotiated in a “global” context is discussed along 
with the implications this process has for participation, accountability, and wider gover-
nance of international processes.

The Politics of Knowledge in  
Global Assessments

So	what	does	the	IAASTD	experience	suggest	for	wider	debates	about	democracy	and	
participation in global arenas?
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The	IAASTD	reports,	as	we	have	seen,	like	many	others	of	a	similar	ilk,	represent	the	
bringing together of diverse types of knowledge as largely unproblematic. The empha-
sis is on neutrality and objectivity. For example, the guidelines state that “assessment 
reports should be neutral with respect to policy, and deal objectively with scientific, 
technical and socio-economic factors.”26 But these assumptions are difficult to uphold 
under closer scrutiny. Further questions inevitably arise: Whose expertise counts? How 
are cultural and institutional commitments brought into supposedly neutral expert 
statements and review processes? What overt and tacit routines legitimate and validate 
collective	knowledge?	What	happens	to	other	forms	of	knowledge	and	expertise—with	
different epistemological and ontological bases? These processes played out in different 
ways in different parts of, and at different moments in, the assessment. Sometimes the 
knowledge	encounters	were	productive	and	fruitful,	challenging	participants	to	reflect	
on assumptions and to include otherwise neglected perspectives. At other times, such 
engagements were less productive, being dominated by particular perspectives and 
interests.

While the explicit, formal design of the assessment was rather blind to the questions 
of knowledge politics, in practice in the author groups, the review process, and the 
wider	discussion	around	the	assessment	intense	reflection	on	knowledge,	its	validity,	
and the nature of expertise took place. As in the case of GM crops, contests over knowl-
edge claims and the framing of issues have been very important. The end result allowed 
a plural set of perspectives to emerge despite attempts by powerful interests to constrain 
the debates. This shows, at one level, a sensitivity of the process to such issues. But this 
was not explicitly part of the formal design, and a key lesson has been that such issues of 
knowledge framing need to be more centrally and explicitly considered from the start.

A key feature of such assessments is that they are in some way “representative,” invest-
ing	as	they	do	in	large-scale—and	very	expensive—consultations.	The	IAASTD	website	
makes great plays of the diversity of actors involved, and the Secretariat includes a num-
ber of Southern researchers, activists, and others. Clearly, simple forms of representa-
tion—direct	or	indirect—are	impossible	at	a	global	level.	But	how	do	global	processes	of	
this sort gain legitimacy for what they do and how are representatives and representa-
tion	constructed	by	the	organization	itself,	its	sponsors,	and	the	actors	involved?

As discussed above, the formal process allows for representation by different groups 
according to strict quotas, with nongovernment and government, NGO and business 
all carefully balanced numerically on the Bureau, for example. As an intergovernmen-
tal	process,	 representation	 is	also	via	states,	with	110	countries	 involved	and	thirty	
government representatives from all regions on the Bureau. And in the public review 
process,	the	web	commentary	facility	allows	anyone	with	access	to	the	Internet	to	have	
their	say.	This	means	representation,	and	ways	to	influence	the	process,	can	happen	
via multiple routes. The NGO/civil society grouping, for example, has been very active 
in	mobilizing	participants,	engaging	in	debate,	and	tracking	the	process	through	a	
dedicated website. Equally, the US government invested substantial resources in the 
review process, persistently trying to get its view across and objecting to alternative 
framings.
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The NGO/civil society grouping is seen by the conveners of the assessment as a key 
route through which voices of poorer farmers across the Global South can have a say, 
thus bringing wider legitimacy to the process and its outcomes. But this is an awkward 
intermediary, bridging position. Some NGO groups argue that, despite the fact that they 
have no formal mandate to represent “poor farmers,” this is a legitimate role, one based 
on	solid	experience	and	dialogue	with	people	in	the	field.	Yet	this	position	clearly	comes	
with	much	baggage.	It	is	far	from	neutral.	Indeed,	there	is	a	clear	line	on	many	issues,	
linked to some high-profile, strategic campaigning, something that critics see as more 
reflective	of	a	middle-class,	left-leaning,	European/North	American	position	than	the	
legitimate	voice	of	the	masses.	In	the	context	of	the	IAASTD,	whether	on	issues	con-
cerning GM crops or industrial agriculture, some NGO groupings have been voluble 
and	consistent	in	their	positions,	something	not	necessarily	reflecting	the	diverse	and	
often	conflicting	views	of	poorer	farmers	across	the	world.

A	key	challenge	for	democratic	 theory	 in	an	era	of	globalization	is	how	collective	
perspectives, values, and outcomes are negotiated across diverse cultural and institu-
tional	settings	at	an	international	level.	Global	assessments,	such	as	the	IAASTD,	claim	
to do this through a process of expert assessment supported by stakeholder consulta-
tions. But how collective is the “collective vision” that is exemplified in the final report? 
What have been the processes of exclusion, dissent, and controversy that lie behind an 
expert-approved “consensus”? What are the unwritten codes and practices that shape 
formal	choices	and	decisions	reflected	in	the	final	report?	How	have	perspectives	from	
particular places, including those drawing on more experiential knowledge, interacted 
with global ones situated in particular centers of power?

As we have seen, the final global report, as well as the summary for decision mak-
ers,	has	been	at	pains	to	include	a	diversity	of	views	(IAASTD	2009).	For	some	this	is	
a	“lowest	common	denominator	consensus—a	24	hour	wonder”;27 for others it is the 
result of effective inclusion, a process in which controversies have been dealt with and 
compromise sought. Three styles of knowledge politics were ongoing simultaneously 
in	 the	 IAASTD	(Jasanoff	2005):	 “the	view	 from	nowhere,”	dominated	by	“objective,”	
universalized	facts	and	statistics,	competed	with	“the	view	from	somewhere,”	based	on	
particular, located experiences and case studies, and this competition was mediated in 
turn by “the view from everywhere” that tried to incorporate, combine, and generate 
consensus through a complex representative stakeholder process defined by governance 
structure and the writing and review procedures. Each of these styles of knowledge poli-
tics acts to include and exclude, creating winners and losers in the process. Those able 
to	move	between	such	approaches—arguing	their	case	on	the	basis	of	formalized	data	
at	the	same	time	as	drawing	legitimacy	from	particular	settings	and	experiences—were	
those most able to make the case that theirs was the consensual “view from everywhere.”

The complexity and intensity of the process added to the processes of exclusion too. 
Only	those	with	the	time	and	resources—and	endless	patience	and	attention	to	detail—
were able to engage effectively to the end. While opportunities arose for linking those 
in	expert	mediating	roles	with	broader	communities,	this	was	often	in	practice	limited.	
As one African author explained: “There is no money to do consultations. We are based 
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here	and	try	to	reflect	the	situation,	but	we	cannot	go	out	and	have	discussions	with	
farmers. We must look at the literature and find our way.”28	Indeed,	it	was	often	the	prac-
tical difficulties of communicating and discussing under intensive deadlines that proved 
to be the major constraint. One African author put it as follows: “The time is too tight. 
The	chapter	draft	comes,	we	have	to	revise	it,	and	then	we	must	go	to	the	next	meet-
ing. My email was down for weeks here at the university so we are very behind on our 
chapter.”29

The elaborate governance structure and procedural arrangements for the prepara-
tion of the reports created a particular style of knowledge making. This was centered on 
the principles of inclusion and deliberation but within severely circumscribed limits. 
Again,	such	formality	excluded	some.	A set	of	institutionalized	routines	allowed	for	the	
involvement of different interest groups or “stakeholders”; each had particular repre-
sentation on the decision-making body of the Bureau and each was supposed to have 
equivalent input into the expert-led report production and review process, garnering 
a procedural accountability and so, it was hoped, trust and confidence in the author-
ity and legitimacy of the process. This structured form of representation thus aimed 
at global coverage, covering all bases and creating a comprehensive, all-encompassing 
approach to knowledge making on a global scale.

But these formal arrangements were of course also complemented by more informal inter-
actions and processes of alliance building and lobbying. As discussed in relation to the NGO/
civil society grouping (and no doubt replicated among governments and private-sector 
“interest	groups”),	much	maneuvering	took	place	to	gain	access	and	influence.	Peer-to-peer	
relationships within the Africa writing group too allowed for more personal connections to 
be	made	and	for	informal	networks	to	arise	through	the	process,	which	transcended	often	
the	“interest	group”	categorization	of	the	governance	structure	to	create	forms	of	association	
around the regional, African position vis à vis the “global” perspective.

This vision of multiple voices being heard in an open deliberative forum at the global 
level	is	certainly	the	ideal	to	which	many	aspire.	In	this	sense,	the	IAASTD	is	seen	as	a	
potential	for	the	realization	of	a	global	deliberative	democratic	institution,	that	numer-
ous	 theorists	and	commentators	have	argued	 for	 (Dryzek	2002).	A key	argument	of	
the	IAASTD	is	that,	through	engaging	multiple	stakeholders	in	an	open	debate	about	
the future, an institutional form will develop, resulting in more robust frameworks for 
policy decision making. This is an argument put forward by many involved in debates 
about institutional transformation, particularly when dealing with scientific debate and 
public	controversy	(Miller	2007).

The	ideal	 is	 to	create	a	“reflexive	 institution”	that	 is	 inclusive	and	deliberative	and	
allows multiple, culturally embedded versions to be discussed and a collective vision 
to	be	produced.	It	allows	contrasting	framings	to	be	debated	and	different	political	and	
value	positions	to	be	acknowledged.	It	also	does	not	bury	uncertainty,	controversy,	or	
dissent; rather it makes these explicit in interrogating alternative options (Voss and 
Kemp	2006).	This	is	a	tough	call,	especially	for	disciplinary	and	professional	orienta-
tions built on particular forms of certainty and expertise and where ambiguity is threat-
ening and where it is unheard of to admit ignorance.
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Beyond	the	conceptual	discussion	of	principles,	discussion	of	what	a	“reflexive	insti-
tution”	actually	looks	like	is	often	vague,	and	certainly	it	is	so	at	a	global	level.	In	many	
respects	the	IAASTD	is	seen	by	its	proponents	as	an	attempt	to	create	a	reflexive	insti-
tution, although they do not use this language. Many of the key design principles are 
there—inclusivity,	openness,	plurality	of	knowledge,	and	a	commitment	to	democratic	
processes. But there have been notable limitations. These center on two issues. The first 
involves the challenges of confronting uncertainty and controversy and the expecta-
tion that these will be resolved by rational, objective, scientific debate among expert 
peers.	The	second—and	related—is	the	obscuring	of	very	real	struggles	over	knowledge,	
politics, and values in an attempt to construct the “view from everywhere” by seeing 
this primarily in terms of representation of different interest groups. These two gaps, 
I would	argue,	have	at	times	created	a	lack	of	reflexivity	in	the	process—a	lack	of	abil-
ity	to	reflect	on	positions,	framings,	and	politics,	which	sometimes	has	resulted	in	an	
inability to deal with the really tough issues and choices confronting the future of sci-
ence and technology.

Conclusion

The key lessons from this case study are that the politics of knowledge must be made 
more explicit and that negotiations around politics and values must be put center stage. 
In	addition,	we	must	avoid	black-boxing	 issues	of	uncertainty	or	more	fundamental	
clashes over interpretation and meaning. And, finally, we must seek ways by which pro-
cesses of participation and engagement can become more meaningful, democratic, and 
accountable.

These are, of course, major challenges at the center of debates about democratic 
theory, and they constitute the core of the concerns of this book. As Chantal Mouffe 
(2005)	argues	in	a	critique	of	the	recent	arguments	for	deliberative	forms	of	democratic	
practice,	a	need	exists	to	“bring	politics	back	in.”	In	a	withering	attack	on	those	who	
believe	“partisan	conflicts	are	a	thing	of	the	past	and	consensus	can	now	be	obtained	
through	dialogue”	and	the	assumption	that	“thanks	to	globalization	and	the	universal-
ization	of	liberal	democracy,	we	can	expect	a	cosmopolitan	future,”	Mouffe	challenges	
this “post-political” position:

Such an approach is profoundly mistaken and that, instead of contributing to the 
“democratization	of	democracy,”	 it	 is	 at	 the	origin	of	many	of	 the	problems	 that	
democratic institutions are currently facing. Notions such as “partisan-free democ-
racy,” “good governance,” “global civil society,” “cosmopolitan sovereignty,” “absolute 
democracy,”—to	quote	only	a	few	of	the	currently	fashionable	notions—all	partake	
of a common anti-political vision which refuses to acknowledge the antagonistic 
dimension constitutive of “the political.” Their aim is the establishment of a world 
“beyond	 left	 and	 right,”	 “beyond	 hegemony,”	 “beyond	 sovereignty,”	 and	 “beyond	
antagonism.” Such a longing reveals a complete lack of understanding of what is at 
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stake in democratic politics and of the dynamics of constitution of political identities 
and, as we shall see, it contributes to exacerbating the antagonistic potential existing 
in	society.	(2005,	1–2)

It	 is	this	absence	of	an	explicit	attention	to	the	political	that	has	been	perhaps	the	
Achilles’	heel	of	the	IAASTD.	The	formal	assessment	process	did	not	confront	contro-
versy head-on, even if the micro processes in author groups and review interactions 
certainly did. No procedures or mechanisms appeared to exist to either surface or deal 
with	such	debates	and	divergent	views.	A lack	of	recognition	of	antagonistic	politics—
over	knowledge,	identity,	and	the	construction	of	futures—means	that	the	cosmopoli-
tan,	deliberative	ideal	that	the	IAASTD	presents	as	its	model,	suppresses,	diverts,	and	
bottles up such tensions; or, at least, it relegates them to off-the-record debates within 
text-writing and reviewing groups rather than making such issues central and explicit. 
How can this be addressed?

On	 a	 practical	 level,	 a	 key	 lesson	 for	 the	 IAASTD—and	 similar	 assessment	 pro-
cesses—is	the	urgent	need	to	inject	some	systematic	reflexivity	into	the	process,	one	
that involves all parties. This requirement is an explicit way of meeting the challenge of 
Mouffe and others of ensuring that politics are central. As she argues:

. . . the belief in the possibility of a universal, rational consensus has put democratic 
thinking	 on	 the	wrong	 track.	 Instead	 of	 trying	 to	 design	 the	 institutions	which,	
through	 supposedly	 “impartial”	 procedures	would	 reconcile	 conflicting	 interests	
and values, the task for democratic theorists and politicians should be to envisage the 
creation of a vibrant “agonistic” public sphere of contestation where different hege-
monic political projects can be confronted.

(Mouffe	2005,	3)

In	focusing	on	the	concept	of	“reflexive	institutions”	and	the	governance	processes	
they require, this chapter highlights the challenge of finding ways that design elements 
can	be	introduced	into	the	procedures	and	practices	of	assessments	such	as	the	IAASTD	
in ways that allow this type of explicit confrontation of politics, perspectives, values, 
and interests. While the design of the process, its governance, and institutional form 
can	be	criticized	for	lack	of	reflexivity,	the	behind-the-scenes	negotiations	over	fram-
ings, values, and politics have, as we have seen, been heated and continuous. However, a 
key starting point is to make the framing of assumptions around diverse positions and 
knowledge claims more explicit: placing them front-stage, not just backstage. This of 
course does not mean that the examination of scientific issues should not take place; 
instead,	such	reflexivity	hopefully	results	in	increased	rigor,	avoiding	the	dangers	of	a	
false,	fudged	“consensus.”	I would	argue	that	opening	up	both	the	inputs	and	outputs	
of the assessment process, including an acceptance that consensus and agreement may 
not be appropriate or desirable, can result in more effective, rigorous and more widely 
accepted	outcomes	(Stirling	2005).	The	IAASTD	has	been	an	ambitious	attempt	to	cre-
ate	a	forum	for	cross-stakeholder	dialogue	of	a	critical	issue	at	the	global	level.	It	has	
inevitably	been	fraught	and	flawed,	but	there	have	been	some	important	lessons	learned,	
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some	of	which	have	been	highlighted	by	this	chapter.	The	challenge	for	the	future—as	
new,	different	issues	emerge	that	require	similar	global	responses—will	be	to	develop	
new	designs	and	processes	that	allow	for	even	more	effective,	inclusive	reflexive	gover-
nance that build firmly on these lessons.
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