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Preface

The Yield Transformation in Cereal Production

The need for food creates a relationship of fundamental importance between people
and the environment. If we do not understand this relationship, we remain unaware
of the critical dynamics that exist among human populations, culture, and nature.
At the foundation of the relationship are the major cereal grains, especially wheat,
rice, and maize, and the yields obtainable from them.

Yields of cereal crops went up dramatically during the past 100 years, and espe-
cially since 1950. This book is an effort to understand the yield transformation in the
basic cereal crops and thus gain insights into the relationship between people and
nature. Its starting point was to explore the scientific changes underlying the green
revolution, a public relations term referring to the changes after 1960 in the wheat
and rice yields obtainable by farmers in less industrialized countries. Use of the word
"revolution" suggested that a fundamentally new relationship existed between people
and their major food plants. "Green" implied a benign technology and emphasized
the positive nature of the relationship.

The term green revolution is widely recognized among agricultural experts and
development workers. An immense literature analyzes its scientific and technical
components, the economic policies needed to promote it and accommodate its
impacts, and its consequences. Despite many studies on the subject, relatively little
has been written about why and how the science underlying the green revolution
came to be. This book is an inquiry into the origins and unfolding of the scientific
work upon which the green revolution was based.
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Outline of the Argument

This book sketches the development by plant breeders of high-yielding varieties of
wheat, which was a major part of the green revolution. The story, however, could
not be confined to the traditional borders of the green revolution. Changes in the
agriculture of less industrialized areas were linked too strongly to events elsewhere
to be understood in isolation. Highly industrialized countries also developed and
adopted high-yielding varieties of wheat in ways that had important links, scientifi-
cally and politically, to events in the third world.

Wheat production is a large and important global industry, much too vast to ex-
amine here in its entirety. For reasons that are explained in chapter 1, this book
focuses on selected events in wheat production in the United States, Mexico, India,
and the United Kingdom. Thus the research for this book was built around an effort
to understand the plant-breeding science behind high-yielding varieties of wheat in
four particular countries, during the time period from about 1900 to 1980. As I worked
through archival documents, reports, publications, and personal interviews, however,
I realized that an originally unanticipated theme emerged and was essential to any
explanation of how and why wheat breeders formed their conclusions. This theme
was the immense importance of agriculture in general and the cereal crops in par-
ticular to the shape of human culture and the security of nations.

Understanding that wheat breeding had something to do with cultures and na-
tions came from the recognition that political support for wheat breeding was linked
to national security planning and to the need for countries to manage their foreign
exchange.

I concluded that considerations of national security and foreign exchange were
really important examples of an even broader concept: that wheat and people are
two species that have evolved a complex codependency since their first major en-
counter in the Neolithic agricultural revolution. In the approximately 10,000 years
in which people have intertwined their affairs with the wheat plant, we have created
a situation in which neither species has a future independent of the other.

Codependency of people and wheat made my task more complex. In order
to explain the importance of national security planning and foreign exchange
management in the affairs of wheat breeding, I had first to lay the foundation that
codependency had shaped both human culture and the wheat plant for thousands
of years. Accordingly, the narrative begins in chapter 1 with an explanation of politi-
cal ecology, a framework that opens the way to a consideration of codependency.
Chapter 2 then outlines the physical nature of the wheat plant and how humans and
this cereal have coevolved since the Neolithic agricultural revolution. Codependency
sets the stage for an examination of the origins and the socio-political position of plant-
breeding science, the subjects of chapters 3 and 4, respectively.

Wheat breeding was fully formed and recognized as an important activity by 1940
in the United States, Britain, and India. Events after 1940, however, sharply acceler-
ated the pace of work and amplified the science's strategic importance. Chapter 5
begins this part of the story by explaining how and why the Rockefeller Foundation
launched a major agricultural science project in Mexico, which launched wheat
breeding into international prominence. This chapter also recounts how the Mexi-
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can government embraced the Rockefeller Foundation program as its way of shap-
ing national security and managing Mexico's foreign exchange. The strategic impor-
tance of wheat breeding was rationalized in the United States by a theory I call the
population-national security theory, outlined in chapter 6.

Chapters 7, 8, and 9 move to reconstruct how three nations after 1945 each made
a strategic decision to embrace wheat breeding as a way of managing its national
security and foreign exchange problems. The United States (chapter 7) made com-
mitments to promote wheat breeding as part of the cold war efforts to contain the
former Soviet Union. In addition, the critical importance of agricultural exports in
the U.S. economy made wheat breeding important for foreign exchange manage-
ment. India (chapter 8) moved to embrace wheat breeding along the complex path-
way it took to recover from the effects of British imperialism and the shattering of
the economy of British India at independence. Security and autonomy of the Indian
nation and foreign exchange considerations were the prime drivers in the national
commitment to wheat breeding. Finally, the United Kingdom (chapter 9) vastly
expanded its commitment to wheat breeding as it struggled to reconstruct its post-
imperial economy. Once again, considerations of national security and foreign
exchange management drove the crucial decisions.

Chapter 10 reconstructs the science of high-yielding wheat in the United States,
Mexico, India, and the United Kingdom. Mexico and India constitute the heart of
what is usually considered the green revolution. At the simplest level, the material in
this chapter provides the answer to the question about how farmers in these coun-
tries obtained higher yields from their land. My argument, however, is that a fuller
explanation of how and why these higher yields came to be requires a larger frame-
work. The scientists sketched in chapter 10 would not have had the support, nor would
their products have been embraced as a matter of policy, without the perception of
national leaders that wheat breeding provided important avenues to security and
management of foreign exchange. This chapter also dramatizes the idea that the green
revolution was a global phenomenon, not just an event in the third world.

Significance of the Argument

This book's first objective is to provide an explanation of how humans make use of
resources that are exceedingly important to human survival and prosperity, namely,
agriculture. Accordingly, it is first and foremost a contribution to environmental
history, the effort to understand how human culture and the environment are re-
lated to each other. Reconstruction of an episode in the history of plant-breeding
science was the major vehicle to write this essay in environmental history.

The story told here, however, has policy implications. In particular, it is relevant
to the extensive debates over the social equity, or lack thereof, associated with the
agricultural enterprise, and the question of whether agricultural operations are ruin-
ing the resources needed for farming. In contemporary terms, these two questions
are often phrased in terms of sustainability, a term that often obscures as much as it
enlightens.

More specifically, the argument here appeared to be important for answering a
series of questions: Why was high-yielding agriculture developed and promoted, if
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in fact it is inequitable and destructive? Were, for example, the originators and pro-
moters unaware of possibly deleterious features of high-yielding wheat production?
Is it possible that the originators and promoters of the green revolution had a differ-
ent vision of the human condition, in which the allegations of inequity and destruc-
tiveness could not be understood? Did the forces that prompted the green revolu-
tion leave a legacy that any social or environmental reform efforts will have to address,
if the reforms are to be successful? It was beyond the scope of this book to explore all
of these issues fully. However, the epilogue sketches some of the more important
points. The argument is that reform of agriculture is unlikely to be successful with-
out a broad understanding of how contemporary practices emerged. An apprecia-
tion of how agriculture got to be the way it is by no means guarantees the wisdom or
success of the reform movement. Reform without an appreciation of history, how-
ever, is even more likely to aim at the wrong target and not succeed.

The relationship between national security policy and high-yielding agriculture
is the legacy that will hang most persistently over reform efforts to make agriculture
"sustainable." In addition, foreign exchange management has tight connections to
national security and national autonomy. Personally, I'm not happy that the con-
nections are so strong. I'd much rather see efforts to make farming less destructive of
the environment freed from the terrific emotions and fears that emerge from the
depths of national security considerations. Unfortunately, the links are there, and
powerful forces will keep agricultural reform tightly tied to efforts to keep nation-
states strong.

Any quest for sustainable agriculture will therefore be affected by considerations
of national security. I hope one modest contribution of this book will be to show that
appreciating the nature and complexity of this tie is helpful for those who would
reform agriculture to make it more sustainable. I fear that ignoring the tie will shat-
ter the reform efforts.

Inevitably, this book leaves much of interest unsaid. Stories remain to be told about
rice, maize, and other crops, and about soil scientists, irrigation specialists, fertilizer
producers, mechanical engineers, and other scientists. Most importantly, the book
is silent about the person who has to put all of the disparate pieces of knowledge into
practice: the farmer. Hundreds of millions of men, women, and children labor daily
to produce the food that keeps the billions alive, including those who write books.
Some are well rewarded for their work, but many are not. Farmers, however, what-
ever their status, work at the interface between humans and nature, which is funda-
mental to the survival and prospects of our own species and the many other species
with whom we share the earth. Those of us who do not work at this interface are well
advised at least to try to understand what is at stake.

Olympia, Washington J.H.P.
June 1996
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Political Ecology and the
Yield Transformation

The Central Issues

Something quite remarkable happened during the past century, and especially since
1950. Yields rose dramatically in the basic cereal crops such as wheat, rice, and maize,
and in other crops as well. Casual inquiry to an agricultural expert about the source
of the increase is likely to bring a response such as, "Well, farmers now use better
plant varieties and more fertilizer than they used to, so the yields went up."

At the simplest level, this response is perfectly adequate and true. Better varieties
and more fertilizer have made it possible to get larger harvests from the same plot of
ground. Unfortunately, the simple answer immediately provokes yet further ques-
tions: How did farmers obtain the new and better plant varieties? Why did they use
more fertilizer? When did farmers start changing their practices? Where? Why? Who
helped them?

The last question quickly leads the inquiry into the realm of agricultural science,
because scientists enabled farmers to change their practices. Especially important
were plant breeders and soil fertility experts. Thus a new realm of questions is opened:
How did scientists discover the methods for higher yields? When did they do their
research? Where? Why? Who paid for the research? Why? What is the significance
of this scientific change?

These questions seem simple, but agriculture is a tricky topic to address. It gener-
ates an inordinate number of paradoxes, puzzles, and ironies, which makes answer-
ing the queries difficult. Consider, for example, just a few:

3
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4 Geopolitics and the Green Revolution

Agriculture was once the place where the vast majority of human beings worked and
lived, but now it increasingly provides a place for only a small minority of people.

Agriculture's harvests are the only source from which most people obtain enough food
to stay alive, but few nonfarmers understand or care about its workings.

Agriculture is often considered to be a landscape that is alive, verdant, lush, and redo-
lent of wholesome naturalness, but in reality it represents the complete destruction,
indeed obliteration, of natural ecosystems and wildlife habitat.

Agriculture is thought, in American political mythology, to have produced the hon-
orable farmers who are the backbone of republican democracy, but in daily life these
same farmers are often ridiculed (unfairly) as naive bumpkins from the backwaters of
civilization.

Agriculture is often considered primarily a business, but it is also a human-created
ecosystem generating a food web of which we are an integral part and without which
most of us could not survive.

Agriculture is seldom considered to have much to do with the security of nations, but
in reality it may be as important as the military and industry in guaranteeing national
independence.

Agriculture is sometimes alleged to be on the verge of or already in collapse, but the
human population growth of nearly 100 million per year suggests food is still suffi-
ciently abundant to maintain growth.

Agriculture is often perceived as a romantic, tranquil refuge from the relentless blight
of industrial civilization, but it is buffeted by its own relentless technological change
and is also the foundation upon which the machinery of urban industry was built and
is maintained.

These seemingly endless internal contradictions suggest a complexity of the sub-
ject that makes it difficult to answer the questions about the yield transformation. At
the very least, attitudes toward agriculture are mixed and inconsistent, which hin-
ders comprehension. How, then, do we begin to construct meaningful questions and
answers for an inquiry into the whys and wherefores of the changes in harvest yields?

One useful way to begin is to analyze agriculture as a complex set of technologies
that access natural resources to produce food. More specifically, plant agriculture
consists of knowledge, such as how to (1) select appropriate plant varieties, (2) plant
seeds in properly prepared soils, (3) provide water and soil nutrients in the right
amount at the right time, (4) protect the crop plant against pests, (5) harvest and store
the crop, and (6) process the harvest for use. These agricultural technologies enable
people to make use of the natural resources upon which agriculture is based: sun-
light, soil, plants, water, and climate.

Put more generally, this image of agriculture rests upon the notion that technol-
ogy consists of knowledge by which people use environmental resources in order to
satisfy material wants and needs.1 In the case of agriculture, the materials produced
are the biomass of the harvested crop. Technology, in other words, mediates between
people and nature in ways that permit human beings to garner enough biomass to
survive, reproduce, and form cultures. Without technologies such as agriculture,
people would have to find their subsistence in other ways, such as fishing or hunting
and gathering. Schematically, the relationship is shown in Figure 1.1.
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Figure 1.1 Technology mediates between human culture and nature.

Once agriculture is seen as a technology that mediates between humans and natu-
ral resources by producing harvestable biomass, it can be explored from a political
ecological perspective: productivity of agricultural land is both an ecological and an
economic process. "Productivity," in other words, has two meanings. The first refers
to biological productivity, that is, the physical biomass produced in a particular area
in a particular time frame, measured in grams and calories. Second is economic
productivity, that is, the value in money or utility of the biomass produced in a par-
ticular area in a particular time frame. Economic output, in turn, is linked to the
power to control the distribution and enjoyment of the harvest. Therefore, develop-
ment of agricultural resources (e.g., land and water) is inherently both an ecological
and a political economic process. Political ecology seeks an explicit integration of
the political economic and ecological dimensions of agricultural management in
order to describe, explain, predict, and guide change.

Roots of Political Ecology

Political ecology rests upon many previous ideas. Many writers have developed parts
of it as they sought answers to how people should interact with the natural world.
Most explored the relationships among (1) the numbers of people and their consump-
tion habits, (2) forms of knowledge and social organization, and (3) natural func-
tions and processes. Since the mid-1960s, an especially large literature has developed,
motivated largely by a sense of impending crisis from environmental deterioration.
Almost all of these recent studies have related environmental impacts to one or more
of the factors: technology, population levels, and consumption levels. Unfortunately,
the frameworks developed in this literature were usually inadequate to answer a cru-
cial question: How can and should people collectively manipulate the biosphere in
order to satisfy the material needs for food for all people?

A few examples will illustrate the variety of themes in this literature. Some writ-
ers, such as biologists Paul and Anne Ehrlich, focused on the sheer number of
people and the resulting intolerable burdens placed on nature and food supply
systems.2 Others, such as biologist and political activist Barry Commoner, down-
played the role of population and laid more responsibility for environmental crisis
on the kinds of technology adopted.3 A third variant focused on the high material
consumption patterns of the industrialized nations as the source of excessive
resource exploitation and environmental exhaustion.4 Against the symphony of
doom from those who saw impending environmental collapse was a counterchorus,
usually economists, who believed that modern technology enabled a sustainable
consumption of high levels of material goods, including food, for a growing pro-
portion of a growing global population.5
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Other literature explored related subthemes. For example, philosopher William
Leiss explored the concept of "domination of nature" and its relationship to tech-
nology, emphasizing that those who sought technology for the control of nature
often found it necessary or desirable to control their fellow human beings as well.6

Historian Carolyn Merchant delved into the origins of modern science and the
resultant loss of belief in the vitality and female gender of nature, a change that made
exploitation of the earth more feasible.7

Environmental historians have made major contributions to the understanding
of the interactions between people and the natural world. Richard White, for example,
studied the different ways in which Native American and Euro-American settlers both
changed the ecology of Island County, Washington, in order to satisfy their respec-
tive needs for material resources.8 Fundamental to White's argument is the notion
that all people modify the ecosystems they live in as they become integral to those
ecosystems. Similarly, in New England Carolyn Merchant studied the integration
over time of changes in land-use practices, ideas about nature, and cultural patterns
by which people supplied their needs and reproduced.9 Merchant's emphasis on
reproduction was a vital addition to understanding the importance of interactions
between humans and nature.

More recently, biologist David Ehrenfeld and philosopher Luc Ferry explored,
in different ways, the importance of values in human interactions with the envi-
ronment.10 In a different vein, political analyst Norman Myers and others have
raised the issue of how environmental problems are major sources of conflict be-
tween nation-states.11 Jonathon Porritt provided a comprehensive articulation of
an environmentally based political platform, based on his experiences in the United
Kingdom.12

Asubtheme explored extensively in the early 1970s was a mass-balance approach
to the relationship between people and food. Several bouts of famine or near famine
between the mid-1960s and mid-1970s stimulated a vigorous debate about whether
technology was available to produce enough food to supply all people with an
adequate diet. One school of thought, exemplified by Georg Borgstrom's Harvesting
the Earth (1973),13 was heavily influenced by the Malthusian image of unending
human misery due to the postulated inevitability of reproduction to exceed the pow-
ers of food production. Greater optimism for human ingenuity was voiced by such
writers as Colin Clark in his Starvation or Plenty? (1970).14 These latter two studies,
despite their different conclusions, came close to the approach endorsed here be-
cause they emphasized two critical ideas: the role of photosynthesis in the human
food supply and the role of agricultural technology as a factor in the levels of the
harvest.

A study that uses a framework analysis very similar to the one adopted here was
So Shall You Reap by Otto and Dorothy Solbrig. They understood that farming
was a massive transformation of the environment and argued that life for over 5
billion people was simply not possible without agriculture. They correctly saw that
anticipated population growth in the next few decades necessitates increased pro-
duction. If those increases come through further environmental destruction from
agriculture, however, the ultimate hopes for human security and prosperity will
be dashed.15



Political Ecology and the Yield Transformation 7

Despite the enormous literature on the environment, technology, and agricultural
production, the questions asked and the frameworks developed to provide answers
have generally not yet integrated all the salient features of political ecology. Specific
problems include:

• Too tight a focus on population as the cause of environmental problems has tended
to ignore human ingenuity in problem solving and to slide past a critical moral
question: What do we do about all the people who currently exist and are very likely
to be born soon?

• An emphasis on technology choice as the major source of environmental problems
avoids blaming population but runs the risk of downplaying the role of population
or ignoring levels of consumption. Focus on technology also may ignore factors,
arising from competition between companies and between nations, which push
technological change whether or not the individuals who innovate want to change.

• Identification of overconsumption as a source of environmental problems is use-
ful. Unfortunately, this approach tends to ignore the extensive development of
infrastructure and ideology in modern society, which do not adjust easily, if at all,
to voluntarily reduced rates of consumption.

• A further problem with most of the existing literature that treats the interaction
among people, nature, and food is a lack of broad historical sensibilities.

Lack of historical insight is particularly troublesome in critiques of current agri-
cultural practices as environmentally destructive and socially inequitable. Although
both criticisms may be well founded, they avoid a crucial question: How and why
did countries and farmers adopt the practices now said to be destructive? Were people
coerced into doing something unwise? Were they venal or intellectually deficient?
Or did they act in ways that were necessary and honorable at the time, even if the
changes ultimately proved to be detrimental?

The latter questions are vital for what the political ecological framework seeks to
explore. In order to understand the significance of modern agriculture, it is not enough
to know that technical change occurred and that the economy of individuals and
nations was thereby shifted. In addition, it is not enough to know that the changes
led to more food production and thus the ability to support more people on earth.
Likewise, it is not enough to know that modern production practices may be associ-
ated with significant social inequalities and that they may destroy the ability of agri-
culture to produce in the future. All of these issues may be necessary to understand
modern agriculture but they are not sufficient, either to understand the past or to
guide the process of reform in the future. It is also essential to understand why the
changes occurred, and political ecology can help with this question.

Political Ecology as an Analytical Framework

Understanding the political ecological framework begins with a few fundamental
principles. The key concepts are (1) that humans are components of ecosystems,
(2) that of the necessity born of hunger, humans modify and harvest the productiv-
ity of the biosphere with agricultural technology in order to obtain food and other
materials, (3) that humans create political economic structures to control the pro-
duction and distribution of materials from the biosphere, and (4) that both the
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modifications of the biosphere and the political economic structures have a his-
tory that affects subsequent efforts to change either the technology or the social
structure of agriculture.

Political ecology's roots lie in both ecology and political economy. From ecology
comes the concept of biological productivity or the production of biomass on the
earth. More specifically, ecology seeks to understand the distribution and abundance
of organisms across the face of the earth. It seeks explanation for the common obser-
vation that organisms of a specific kind are abundant in some places, scarce in
others. In addition, population sizes can fluctuate, up and down, over time. Invari-
ably, the distribution and abundance of organisms, including people, depend upon
the biological productivity of photosynthesis and how a particular species is involved
with photosynthetic organisms.

Ecologists seek to understand the significance of relationships among different
species that live together in the same place. The term ecosystem designates the col-
lection of species in an area and their associated physical surroundings. Central to
the study of ecosystems are the mutual interactions and linkages among species and
between organisms and the surroundings.

Food webs are a major but not the only important interactions among species.
Food webs link organisms of different sorts: primary producers (green plants) fix
solar energy; herbivores feed directly on green plants; carnivores feed on herbivores
or other carnivores; omnivores (such as people) feed on both plants and animals;
and decomposers feed on all dead organisms. In these terms, agriculture is the way
people generate a food web and thus tap the primary production from solar energy
fixed by green plants. The food web supporting people is the key objective of agri-
cultural ecosystems.

In physical terms, ecologists seek to understand food webs through the flow of
solar energy into the earth, its fixation in photosynthesis and subsequent flow into
animals and decomposers, and its ultimate dissipation as heat into space. Associated
with the flow of energy are biogeochemical cycles that circulate chemicals within
the biosphere, from living creatures to the physical environment and back again to
living organisms. In these terms, agriculture is the way people tap the energy flows
from the sun and the associated biogeochemical cycles. Food is merely trapped
solar energy and associated minerals, needed for human survival.

Each species in the ecosystem has a population level that usually fluctuates up
and down through time. Ecologists seek to understand what determines the popula-
tion size and its rate of change over time. For many species, ecologists are also inter-
ested in carrying capacity, or the maximum number of individuals that can be sup-
ported for an indefinite period in a particular area. Estimations of carrying capacity
are an important component of ecological inquiry, particularly for species of high
interest to people. In these terms, agriculture is the way people have increased the
carrying capacity of the earth for humans. Agriculture permits people to capture a
larger amount of solar energy than they could through hunting and gathering, which
in turn permits a larger human population.

Ecology, and its concepts of ecosystems, populations, carrying capacities, com-
munities, food webs, energy flows, and biogeochemical cycles, has increasingly be-
come a part of everyday language. Much of the modern environmental movement
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rests upon the idea that industrial civilization can wreck the very ecosystems upon
which people depend and in which they must live. Apocalyptic visions predict the
collapse of existing ecosystems and the attendant misery of those people who sur-
vive. Such visions often lead to condemnation of lifestyles held not to be in compli-
ance with the dictates of ecological laws.

As powerful as the metaphors and concepts of ecology have been, ecology as a
science has generally been rather unhelpful in providing general laws about how to
delineate and manage whole ecosystems.16 Rather, the importance of ecology has
been in the vision of coexistence and codependency among the species in a commu-
nity. Detailed natural histories of particular species or small groups of interacting
species have also been extremely useful in understanding a limited range of interac-
tions that go on in ecosystems.

Ecology has proven particularly unhelpful at providing insights or guidance into
the dimensions of human life that most distinguish us from other species. Human
beings over time have developed elaborate institutions that govern the production
and distribution of biological productivity and wealth. Congruent with the institu-
tions controlling the production and distribution of wealth are those that focus
political power. Political economy is concerned with how human cultures inter-
twine the production and distribution of wealth with the exercise of power, or the
right to make decisions that matter. Classical political economy presumed a social
order composed of three classes —labor, landowners, and capitalists—and sought
explanations about how these classes could and should organize and share eco-
nomic production.17

In the twentieth century, academic institutions tended to separate political
economy into two different areas of study, political science and economic science.
In the former, the central concerns are the emergence and spread of philosophies
and ideologies about the meaning and autonomy of an individual within the larger
state or collective society. In addition, political science is concerned with the orga-
nizational structure and operation of governments, states, and political parties.

Economics, in contrast, seeks to understand how resources can be used efficiently.
Typically, economists are concerned that resources such as land, water, minerals,
energy, and people are deployed to produce maximum wealth or utility. Economists
believe they have solved resource allocation problems when they have identified a
scheme such that no other scheme exists that can enhance one person's utility with-
out decreasing another person's. Modern economics often divides its attention be-
tween the problems individuals have in resource deployment (microeconomics) and
the problems of the collective or the state (macroeconomics).

Political science and economic science had common origins in the eighteenth-
century studies of philosophers like Adam Smith, who intended to forge an inquiry
into the laws of political economy that would be the intellectual equivalent of
Newton's studies of the universe. By the early twentieth century, the rise of demo-
cratic culture and an embrace of mathematical modeling had obscured the political
dimensions of political economy to create economic science. Some scholars, such
as Marx and Veblen, continued to promote the integrated study of wealth and power,
but the preponderance of professional economic interest gravitated to abstract argu-
ments, often devoid of linkages to peoples' ordinary lives.18 Thus our language and
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frameworks of analysis acquired a mythology that led us to view the production and
distribution of wealth as separate from the creation and exercise of authority.

Not only did the dismemberment of political economy leave us unprepared to
deal with intertwined questions of wealth and power, but also both political science
and economic science tended to ignore the idea that the generation of wealth de-
pends in part upon the productivity of ecosystems. For example, agriculture allows
people to channel the productivity of photosynthesis into such products as grain,
which is a basis of wealth and power in virtually all human societies.

Political ecology synthesizes the concerns of ecology and political economy. Its
central mission is to understand historically how people modified ecosystems and
intertwined ecosystem productivities with the production and distribution of wealth
and the exercise of power. Political ecology absorbs the concept of the ecosystem
and emphasizes that it is the only practical source of primary production or photo-
synthesis. People are absolutely tied to the amount of primary production in the bio-
sphere (the global ecosystem) because that is the sole basis of the food supply. Agri-
culture is one of the key concerns of political ecology because it is the most important
technology with which people channel the primary productivity of ecosystems into
food for survival and into the wealth and power central to human societies.

Plant Breeding and Yields

An inquiry into agriculture from the political ecological viewpoint focuses on how
and why people modify and harvest ecosystems to obtain their needs, and create
political economic structures to control the production and distribution of the
ecosystem's productivity or yield. For most of human history, yield was always valu-
able and only occasionally became large enough to be considered excessive. (Gen-
erally the periods of surplus have been confined to the nineteenth and twentieth
centuries.) One chronic political ecological problem to solve, therefore, was how to
increase yields from the biosphere.

People who till the soil have known for millennia of two fundamentally different
ways to increase the yield of the harvest. The first method is to increase the amount
of land under cultivation, and the second is to increase the yield per area of land.
Either way, the total yield goes up. Expansion of cultivated area was the most impor-
tant way of increasing the harvest until about 1900. To be sure, history can point to
a few instances in which new methods increased yields per hectare before that time.
Nevertheless, from the beginning of agriculture some 10,000 years ago until 1900,
the primary method of increasing the total yield was to increase the amount of land
tilled.

A change of enormous importance happened in the years after 1900: farmers
guided by science learned how to make each hectare of land yield more. Traces of
this yield transformation were visible in the eighteenth century and before, but the
most dramatic increases in yield per hectare came after 1945. Particular spots in
Europe, Japan, and North America were the first locations of the transformation in
yields, but ultimately the knowledge on which it was based spread to many other
countries. By 1980, efforts were under way to make the knowledge available to every
part of the world.
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This revolution in yields was intimately connected to the factors determining land
control. An individual who could successfully use the higher yielding practices was
in a better position to amass wealth, with which acquisition of land might be pos-
sible. Reciprocally, control of land use was essential to using the new science-based
production technologies.

The yield transformation was also one of the factors that influenced the political
and military strength of nation-states. Cultures that first learned how to obtain higher
yields were in a better position to control areas of land. It is thus perhaps not a coin-
cidence that the yield-enhancing practices developed in Europe after the eighteenth
century partially enabled the spread of European imperialism in the nineteenth and
twentieth centuries.

New scientific and technological knowledge lay behind the transformation of
yields. What were the sources of the new science and technology? Why were these
new practices developed? What effects did the initial successes with yield enhance-
ment have on subsequent efforts to increase yield yet again?

Important new technological practices in eighteenth-century Europe, spawned
largely by gentlemen and farmers, were the proximate roots of the yield-enhancing
practices of the twentieth century. These were the days before professional cadres of
scientists, but by the early 1900s development of new agricultural technologies was
largely in the province of organized, institutionally supported professionals.

A key factor in the coalescence of professional science was the close relation-
ships among (1) the desire to develop better agricultural science, (2) the ability of
a society to support a cadre of scientists, and (3) the power to allocate resources
toward the research enterprise. Essentially a positive feedback loop developed in
which higher yields translated into more wealth, which in turn prompted landown-
ers and others to desire yet higher yields. The new wealth from the previous suc-
cesses in turn provided the potential to support yet further research and develop-
ment, and those who controlled this wealth had the power to direct its allocation
to research. New practices produced a new wave of yield enhancement, which
ignited the cycle again.

Plant breeders were the key people in the yield transformation because they
selected the plant varieties that were genetically able to produce higher yields. Indi-
viduals from other sciences were also involved, particularly soil scientists, fertilizer
chemists, hydrologists and irrigation specialists, entomologists and plant pathologists,
and statisticians. Nevertheless, it was the plant breeders who more than anyone else
created the conditions for the yield transformation, and it is primarily their story that
needs to be understood.

What is so remarkable about the plant breeders is that they are essentially unknown
by the general public. Yet plant breeders have been responsible for a radical revolu-
tion in human ecology. Larger yields after the eighteenth century increasingly en-
abled a higher proportion of people to forgo agricultural labor and turn to the emerg-
ing factories for work. Increased numbers of people working in factories ultimately
meant a redistribution of people from the rural to the urban areas. In a very direct
way, therefore, the development of higher yields must be seen as a component of the
industrial revolution and the general process of urbanization, which became global
in the second half of the twentieth century.
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In fact, it is possible to think of increased agricultural yields, particularly of cere-
als, as an ability to form capital—an accumulation of goods devoted to the produc-
tion of other goods. An increase in cereal yields, if it is beyond the needs of the pro-
ducers for their own subsistence, can be accumulated and used to support human
labor to make something besides more cereal grain. Therefore, the owner of surplus
cereal grain can turn the surplus into capital and thus promote the production of
many other types of goods and services.

Another way to look at the revolutionary implications of yield-enhancing tech-
nologies is to imagine life without them. First, on a dietary level, smaller supplies of
cereals would mean more expensive staples and livestock products. In addition,
industrial uses of grains would be less common. Lower yields would also mean that
more land had to be cultivated to get the same yield. It is possible, therefore, that the
earth would not now be supporting close to 6 billion people, that is, the population
growth of the last 300 years would have leveled off. Finally, the need to cultivate more
land, combined with fewer people working in industry, would probably mean that
farmwork would be less mechanized. As a result of less mechanization, more labor
would be needed in rural areas, and fewer people would live in cities. In total, the
lives of each of us probably would be very different had these yield-enhancing tech-
niques not been developed.

It is a more complex question to ask whether people would be better off without
the yield-enhancing practices. What is simple to say is that our relationships with
nature and with each other would be greatly different. Technologies that enhanced
yields changed human political ecology, possibly forever.

Global Links: Plant Breeding and Nation-States

Britain and the United States have heavily contributed to the development of plant
breeding. In the early part of the 1900s, agricultural scientists were located almost
entirely in industrialized countries. By 1980 many third world countries had acquired
a cadre of trained agricultural scientists, many of whom had received their advanced
work in the United States, Europe, or another third world country. Plant breeders in
each country worked to create and find the varieties that were suited to their loca-
tions, to the skills and aspirations of their farmers, and to the palates of local popula-
tions. Plant breeding, therefore, was a highly "site-specific science," that is, its
detailed events were tied to the specific conditions where it was used. Explaining the
yield transformation, therefore, requires a detailed look at specific events that are
considerably less than global in scope. At the same time, it will be important to
understand the links between events in different places in order to comprehend the
universal features of the yield transformation.

Plant-breeding networks now facilitate the exchange of people, seeds, and ideas
across national boundaries and among different crops. Industrialized countries, par-
ticularly the United States and the United Kingdom, played a fundamental role in
the creation of the most important networks. How are we to understand the concerns
of nations that developed the global network of plant breeders? Nation-states are the
creations of Mars, and their histories are often tied to the changing tides of war. Nation-
states can also be understood through their role in protecting property interests of a
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particular class (Marxist scholars) or by their role in promoting individual enterprise
(liberal democratic theorists). Pluralists see the state as the balancer among compet-
ing groups so that all are happy enough with the compromises achieved.

Thus there are many theories about the nation-state, but plant breeders have gen-
erally ignored them. Concurrently, those who theorize about the state have usually
ignored the work of plant-breeding scientists. Food supply, however, figures promi-
nently in the strength and stability of a nation-state. Internal stability in times of peace
is heavily dependent upon a safe and steady food supply, to both urban and rural
people. Advent of war brings the question of food supply into critical focus. Neither
armies nor urban workforces nor farmers can function to defend the nation if their
food supply is interrupted, inadequate in quality or quantity, or unsafe. Targeting
the enemy's food supply, a practice used more than once in the many bloody wars of
history, demonstrates the strategic importance of agricultural production.

Plant breeders and other agricultural scientists became part of the strategic per-
sonnel of a modern economy in the twentieth century as they developed the ability
to increase and stabilize yields per hectare. Their work was critical to assuring the
food and industrial supplies of the nation. Moreover, they helped develop yet new
accumulations of capital in the form of agricultural surpluses, which enabled ever
more people to forsake agricultural labor. The time scale on which plant breeders
work, often five to ten years to create a new variety, was disjointed from the time frame
in which national security matters were settled between nations, usually in months
or a few years. Nevertheless, the long-term health of the plant-breeding enterprise
became one foundation of a nation's security.

Not only did plant breeders find themselves part of the modern economy, but also
they became indirectly immersed in struggles over who would control land within
nations and who would farm. Agriculture's story in the twentieth century is one in
which landowners tended to replace human labor with capital inputs in the farm
production process. The plant breeder contributed to the process of capital substi-
tuting for labor because it was the plant breeder who identified the plant varieties
that did best with other capital inputs such as fertilizer, irrigation, pesticides, and
machinery. A modest yield transformation could have occurred without the efforts
of plant breeding, but the magnitude of what actually happened was critically
dependent upon the breeder.

Farmers and other businesspeople who mastered the technical and financial as-
pects of the capital-intensive innovations were able to use their skill to control the
land. Other farmers who were not so technically proficient often sold or lost their
land. As a result, modern farms became large, quasi-industrial firms characterized
by large yields per hectare and per person-hour of labor. Small farms, providing modest
but dignified employment to family labor, increasingly became a relic of the past.
This process has been characterized by economists as the operation of an agricul-
tural treadmill.19 Farmers who did not keep up with the changes in technology even-
tually saw their farms go out of business.

An explanation of the significance of plant-breeding science must therefore in-
corporate its importance for both the external and the internal political economy of
the nation-state. A country's position and strength in the world depended in part on
the plenty of its harvests. A farmer's position and strength in society depended in part
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on the magnitude of yields. Plant breeding played an important role in shaping the
external and internal destinies of nations. It thereby also affected the details of
human ecology: where people lived, what they did for work, and how they tapped
into photosynthetic energy were all impacted by the results of plant breeding.

Plant Breeding, the Social Aspects of Knowledge,
and Development

Political ecology seeks to understand how and why plant breeders modified agricul-
tural ecosystems and thus the wealth and power of individuals and nation-states. One
key to this effort is how social processes affect the development of technical and sci-
entific knowledge. A social constructionist perspective sees specialist knowledge as
one of the many artifacts that characterize a civilization or culture. It focuses on the
social processes by which people identify problems, search for technical solutions,
and put forth tentative answers.20 Adoption of an answer by others indicates whether
the new technical knowledge solves the problem and is the final arbiter of whether
the knowledge is true.

Social processes implicit in the identification of problems and the proving of pro-
posed new technological answers are usually the avenues by which political power
enters into the issue of which technologies get developed and adopted. Those people
who have power are able to argue that their identification of the problem is "cor-
rect," and they are able to guide the work of technologists and scientists toward solu-
tions that make sense for them. Powerful individuals are also able to establish the
parameters within which the verification and adoption steps are conducted.

In these ways, one component of the exercise of political power is the ability to
influence what sorts of technological practices get invented and utilized. Once
adopted, a new technology may increase the wealth and power of its advocates,
thus giving them further abilities to influence the next round of technological
development.

Plant breeding created new capital because it helped create surplus grain. Those
who controlled the distribution of this grain (some farmers, grain merchants, and
others) thus saw plant-breeding science as a potential route to further capital accu-
mulation, which in turn spurred interest in further development of high-yielding
varieties. In this way, the desire for capital accumulation, the fundamental motiva-
tor in capitalist societies, was harnessed to building political support for programs in
plant-breeding science. New knowledge produced new and higher yielding produc-
tion practices, which in turn promoted appreciation for yet further developments of
plant-breeding science.21

A second key to understanding plant breeding comes from the work of Joseph
Schumpeter and his concept of capitalism as a system of "creative destruction."
Schumpeter saw that new technological processes, constantly proliferated by capi-
talist economies, upset the existing methods of doing things. As a result, new pat-
terns of wealth, power, and prestige emerged to replace the old order, and the new
order itself would be replaced after yet another round of innovation.22

A political ecological framework thus attempts to understand plant breeders as
self-conscious inventors. Their views of the problems to be solved—low and often
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unstable yields—reflected the interests of political and economic leaders, including
some farmers, particularly the largest and most technically proficient ones. Plant
breeders sought new plant varieties that gave higher yields, and their work was sub-
jected to a testing process affected by a wide range of social interests, including farm-
ers, food industrialists, and consumers. In turn, this new knowledge fed into the yield
transformation that increased capital and created Schurnpeterian creative destruc-
tion. Social orders within and between nation-states changed in response to the wealth
and power generated by the increased yields.

It is ironic that the word "destruction" must enter into an understanding of the
work of plant breeding. After all, the science ostensibly was interested in the produc-
tion of plenty and the elimination of human drudgery. If plant breeders make better
plants that produce more food with less work, is that not a positive contribution? New
technologies, however, invariably created the seeds for the destruction of old ways of
doing things. Winners and losers emerged from Schurnpeterian creative destruction.
Most importantly, however, understanding the role of capital accumulation behind
the science helps illuminate why the increased plenty was not necessarily channeled
toward the elimination of hunger and starvation.

Knowledge of new plant varieties and how to use them, often accompanied by
a panoply of other technical and social changes, was the bedrock on which the
yield transformation of the twentieth century occurred. Many people who formerly
were farmers found it impossible to continue in that work. This was Schumpeter's
creative destruction in operation. At its foundation was the knowledge base of plant-
breeding science, constantly changing through the social processes of capitalist
economies.

Schumpeter envisioned creative destruction operating without heavy govern-
ment involvement in the details of change. After 1945, however, several govern-
ments began consciously to promote new technologies to develop other countries,
which was a euphemism for promoting creative destruction. Perhaps development
was one of the most ironic concepts to enter late-twentieth-century language, and
in basic ways its meaning was tied to the results of plant-breeding science and the
yield transformation.

Development commonly means a society that has material plenty through urban
industry and modern agriculture. Human labor in such societies is highly produc-
tive in terms of creating a great deal of wealth with relatively small inputs of labor.
An industrial society, however, rests importantly on the work of the plant breeder. It
was the breeder who found the plants that could be grown efficiently, that is, more
harvest with lower costs per unit of harvest. Fewer people could provide all the food
for a population, and many formerly rural people moved into the cities to work in
industries and services.

Cultures that have not made this transformation are considered backward, tradi-
tional, or undeveloped. The historical development of plant breeding was intimately
involved with efforts by people in the developed countries to spread the new tech-
nology of high-yielding plants to the less developed countries. In fact, it might be
said that being developed required the adoption of technologies created by the plant
breeders and other agricultural scientists. At a very fundamental level, therefore, use
of plant-breeding science became synonymous with the property of being developed.
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Nevertheless, considerable controversy about the use of high-yielding varieties re-
verberated among policy analysts of both the industrialized and less industrialized
countries. At least four different critiques and assessments emerged, although the
categories were not mutually exclusive.

One school of thought was developed by those connected to the actual work of
agricultural modernization. It tended to celebrate the scientific triumphs, particu-
larly as they occurred in less industrialized countries such as India, Pakistan, the
Philippines, and elsewhere in the third world. Development in this school was the
same as progress, and to undergo the yield transformation was a route to humanitar-
ian salvation, prosperity, and freedom for a previously poor people. In this analysis,
those who provided the technical assistance to promote the transformation acted for
the good of all humanity.23

A second set of conclusions was a somewhat more pessimistic analysis that ema-
nated from some who would not have disagreed with the previous analysis. Transfor-
mation of yield, in this view, may have been a technical and humanitarian achieve-
ment, but its primary function was to provide temporary relief from what was seen as
the inexorable and undesirable growth of the human population. Often the term
population monster was used to create the image of people breeding out of control
and threatening to outrun their food supplies. This second image of the yield trans-
formation had most of its intellectual and emotional roots in the political economic
thought of Thomas Robert Malthus, but it also drew on elements of ecological and
conservation science.24

Not all analysts were happy with what they saw from the yield transformation as it
occurred in both industrialized and less industrialized countries. A third school of
thought focused on the idea that the technology for yield transformation enabled
those farmers better endowed with education, capital, or political power to out-
compete their lesser endowed colleagues and thereby drive the latter out of business.
This analysis saw the yield transformation not just as a technical matter based on
plant breeding but as a source of social inequity and misery for small farmers. Rural
sociologist Jack Kloppenburg saw a different problem emerge from plant-breeding
research: the concentration of wealth through the use of legislation to protect plant
varieties. Justice, economic and political stability, and the moral legitimacy of soci-
ety were casualties of a Faustian bargain to get higher yields.25

Another branch of critical and pessimistic thought about the yield transformation
focused on the environmental damage caused by the transformation of yields. In this
fourth school of thought, the new varieties created by the plant breeders led to re-
ductions in biodiversity; destruction of the soil through erosion, salinization, or com-
paction; increased and unhealthy dependencies upon fertilizers and pesticides; con-
tamination or destruction of water supplies; and an inviable dependency on the use
of soon-to-vanish fossil fuels. In short, this analysis criticized the technology of the
yield transformation as ultimately unsustainable and therefore unwise.26

Each of the preceding four analyses of yield transformation is supported by an
empirical body of evidence. In addition, each has support from various segments of
society. Some would argue that any faults of the plant breeders' results could be
mitigated by appropriate social and environmental policies. Therefore, so the argu-
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ment goes, if some benefits were produced along with some faults, societies can keep
the benefits while softening the harsh consequences of agricultural modernization.

Unfortunately, arguments about the social and environmental meanings of the
yield transformation suffer from a limitation of view that renders each of them fa-
tally flawed as a guide for understanding past events and for shaping the agricultural
reforms of the future. This is not because no wisdom attends any of the four perspec-
tives, but because each in its own way has critical gaps that render it inadequate. The
political ecological framework for analysis helps to fill the most important gaps.

The Political Ecology of Transforming Yields

Political ecology begins with the premise that people must harvest and therefore
modify the ecosystem in which they live in order to survive. Considerations of how
much primary productivity (photosynthesis) must be captured, and how it should be
captured, in order to support a growing population of over 5 billion people lies at the
center of a political ecological analysis. Ecological science may not be able to tell us
everything about how an ecosystem functions, but detailed natural histories of par-
ticular species may tell us what we and they need to thrive.

Political ecology directs our attention to the particular technologies we use in order
to access natural resources to satisfy our physiological needs. This perspective reminds
us that we don't have the option of forgoing technology to harvest the primary pro-
ductivity of the biosphere. All we can do is understand which technologies are likely
to be capable of providing access to sufficient primary productivity and perhaps some
understanding of whether the use of those technologies is likely to destroy the very
resource they are designed to tap or other parts of the ecosystem upon which we and
other species depend.

Political ecology therefore grounds our understanding of the wealth needed to
support human culture directly in the functioning of ecosystems. As such it links
(1) an understanding of resources, (2) the technologies capable of accessing those
resources, (3) the transformation of those resources into wealth and power, and
(4) the role of capital accumulation in driving some entrepreneurs to seek new tech-
nologies in order to achieve yet higher yields. Political ecology helps focus our
attention on issues of physical potential, political economic impact, and moral
significance.

This book uses a political ecological perspective to explore the yield transforma-
tion in twentieth-century agriculture, particularly as it occurred after 1945. High-
yielding varieties of cereals are so important as human food that it is imperative to
know how these plant varieties were created and identified. It is also imperative to
understand why both nations and farmers all over the world made the decision
to use them.

Most of the crucial events of the story took place within a quarter century, be-
tween 1945 and 1970. Nevertheless, the roots of the change stretch easily to the late
nineteenth century. More subtle traces lead back to the Neolithic period and the
origins of agriculture. Thus the inquiry is a historical reconstruction of past events
in science, technology, and the political economy of agriculture.
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Agriculture is extremely complex, however, so this inquiry could not hope to be
comprehensive for all crops and all areas. Instead, it relies on a case study approach:
wheat in Mexico, the United States, India, and the United Kingdom. Other crops,
especially rice, also would have been interesting and informative, but the yield trans-
formation through plant breeding had some of its first successes in wheat. Similarly,
maize could have served as the crop example, but maize has less importance in many
areas as a direct human food. In addition, the genetic basis of high-yielding maize,
heterosis, is still less well understood than the simpler scientific information about
the genetic nature of high-yielding wheat.

The four countries that figure most prominently in the story are each present for
important reasons. Important formative events in modern plant breeding took place
in both the United Kingdom and the United States. Thus to understand the roots of
this science, one needs to understand both these countries. Administratively, the
United States provided the model, widely imitated, for organizing the work of plant
breeders and the technical support system for farmers who might potentially use the
new plant varieties. Chronologically, the first breakthroughs to get high-yielding
varieties of wheat (outside of Japan) came in Britain, the United States, and Mexico.
Events in Mexico had crucial significance for the yield transformation in India and
the United Kingdom. Both Mexico and India exemplified the processes by which
less industrialized countries decided to adopt the high-yielding varieties. Somewhat
ironically but importantly for understanding the global dimensions of the yield trans-
formation, the United Kingdom was one of the later arrivals to the countries that
decided to adopt the high-yielding varieties. An understanding of why Britain finally
embraced the science it helped create is crucial to understanding the overall reasons
for the yield transformation.

One other important point linked these four countries and wheat: wheat is a major
cereal crop in each of the countries. For direct human consumption, wheat has no
rivals in the United States and the United Kingdom. In Mexico, maize rivals wheat
as a grain for human food, and rice plays a similar role in India. Nevertheless, in
each of the four countries, wheat has been a significant crop—critical for the health,
prosperity, and stability of each nation. It generated a historical record that could be
used to understand why each country in turn made the switch to use high-yielding
varieties.

No single analytical framework can ever illuminate all facets of a complex sub-
ject. Nevertheless, political ecology can aid understanding of the world's premier
industry and the earth's most important human-dominated ecosystem.



2

Wheat, People,
and Plant Breeding

Selecting improved varieties of wheat from among existing wheat plants is an an-
cient art that dates back thousands of years. In contrast, the deliberate generation of
new varieties by controlled breeding is more recent. Wheat breeding developed from
an arcane art practiced only by a few isolated individuals into a global community of
professional scientists in the period from about the mid-eighteenth century to about
1925, but especially from about 1875 to 1925.

Wheat improvement, however, ultimately involved more than just finding or cre-
ating varieties with greater utility. A relationship between people and wheat devel-
oped over the millennia that increasingly left both species in a state of ever higher
mutual dependency. Put another way, wheat and people coevolved in ways that left
neither much ability to prosper without the other. Professional wheat breeders occu-
pied a pivotal role in this ongoing coevolutionary process, especially after the nine-
teenth century. An understanding of wheat breeding thus depends upon understand-
ing how wheat and people "grew up together."

The Wheat Plant

Wheat in everyday English designates a particular grassy plant that produces a
starchy grain or seed. Most people think of wheat primarily in terms of this grain,
which is used to make bread, cookies (biscuits), pastries, and pasta. Consumers
easily distinguish between wheat and other grains such as rice, oats, maize, rye,
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and barley as they appear in manufactured products or as ready-to-consume grain
in food stores.

In contrast to their savvy as consumers, most urban dwellers probably could not
differentiate between these grains in the farmer's field, particularly between wheat,
rye, and barley. Nor could they necessarily give a good explanation of why wheat is
particularly suitable for the products in which it is used. Moreover, they probably
would be unfamiliar with other uses of wheat, such as using the grain for feed or the
straw for fodder and roof thatching. Finally, in all likelihood these consumers would
be hard-pressed to give details about the quantities of grain that can be obtained per
hectare per year or much about how yields have increased in recent decades.

In short, most consumers know and appreciate wheat but only on rather narrow
and unsophisticated grounds. To understand the remarkable increases in yield that
were obtained in wheat after 1940 requires delving briefly into the botanical proper-
ties of the plant and knowing how wheat came to be the single most important grain
crop in the world. From a botanical point of view, three questions are most promi-
nent. First, what is the normal life cycle of wheat? Second, what are the basic ana-
tomical parts of the wheat plant? These first two questions are fundamental to the
working tools of wheat breeders because a major part of plant breeding involved learn-
ing to manipulate the life cycle and anatomy of the plant in order to achieve objec-
tives desired. Third, how can one most usefully distinguish the different types or
varieties of plants, all of which we call by the generic term, wheat?

Wheat's life cycle and anatomy can be briefly summarized (Figures 2.1 and 2.2).1

A wheat seed (grain) consists of a plant embryo and starchy endosperm surrounded
by a protective seed coat. Under proper conditions, the seed imbibes water and ini-
tiates the sprouting process by sending out a coleorhiza, which gives rise to roots,
and a coleoptile, a protective sheath that pushes above the ground and allows the
first leaves contained within it to emerge into the daylight and begin photosynthesis.
Until the first leaves start to photosynthesize, the young seedling is dependent upon
the sugars stored in the starchy endosperm for its energy.

Growth above the ground during the first part of the plant's life consists primarily
of the production of new leaves. Each leaf develops from a small ridge on the grow-
ing tip of the main stem of the young wheat plant, which for many weeks remains
hidden beneath the ground. In the early stages of the plant's growth, the distance
along the stem between leaves is small, and from above the ground it appears that
the leaves simply emerge from a small lump of tissue (the crown) that lies just be-
neath the soil surface.

Events of tremendous importance to yields, however, are occurring within the
crown of the young plant. The growing tip of the main stem, after four to eight leaves
have emerged above ground and after producing all of the ridges that give rise to
leaves, changes from vegetative growth (production of leaves) to ear and spikelet
formation, the structures within which the seed (grain) of the next generation will
form. Each growing tip produces about twenty spikelets on the wheat ear.

In addition to these changes in the growing tip of the main stem, the young wheat
plant also begins to form tillers, or secondary stems, that emerge from the axils of the
first several leaves. (Axils are the plant tissues between the main stem and its leaves.)
Each tiller also develops a growing tip that produces first leaves and then ears and
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Figure 2.1 Life cycle of wheat. Line drawing by Tim F. Knight. Adapted from E. J. M
Kirby and Margaret Appleyard, Cereal Development Guide, 2d ed. (Warwickshire, England:
National Agricultural Centre, 1987), p. 4.

spikelets. Not all axils produce tillers, but the ability of wheat to form these struc-
tures is critical to obtaining high yields from the plant. Typically, a modern high-
yielding variety of wheat will produce one main stem and about three tillers.

As the season progresses, the growing tips of both the main stem and the tillers
move from ear and spikelet formation into floret formation. The ear of a wheat plant
is called the spike, and spikelets are small structures along the ear that contain the
flowers or florets of the plant. Each floret has the potential to form a new seed (grain),
and each spikelet may form as many as ten florets. Seldom, however, do more than
three to six florets actually mature and produce a seed.

Once the florets are well formed but still immature, the process of stem elonga-
tion begins. Elongation brings the growing tips of the main stem and of the tillers
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Figure 2.2 Anatomy of the wheat plant. Line drawing by Tim F. Knight. Adapted from
E. J. M Kirby and Margaret Appleyard, Cereal Development Guide, 2d ed. (Warwickshire,
England: National Agricultural Centre, 1987), pp. 4, 12, 13, 14.

above ground, to a height of 0.5 to 2.0 meters, depending upon the variety. There
the florets mature, meaning the anthers release their pollen, which lands on the re-
ceptive stigmas of the female parts of the floret. Fertilization thus occurs, and the
floret proceeds to ripen a new seed. If the seed is used for replanting, the life cycle
starts again. If it is diverted for food or feed purposes, we call it grain.

Yields from seed to harvest are critically dependent upon the development se-
quence just described. Some simple arithmetic makes clear the magnitude of increase
that can be obtained: one seed can typically give rise to a main stem and three tillers
to create four ears of wheat. Each ear can have twenty spikelets, each with three flo-
rets that form a new seed. Thus one seed can give rise in the next generation to some-
thing like 240 seeds (4 ears x 20 spikelets/ear x 3 florets/spikelet = 240 new seeds). If
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the plant produces even one or two more tillers, the seed yield per plant can go over
300 seeds. To be sure, other factors, particularly soil fertility, plant spacing, tempera-
ture, water, and pest problems, can diminish these yields. But a potential for such a
high return on the seeds planted is present. Total yield of grain in kilograms per
hectare will also depend upon the size and weight of each grain.

In contrast to the relative simplicity of the life cycle and anatomy of the wheat
plant, its classification shows a bewildering confusion and uncertainty. Some sem-
blance of order and tidiness, however, emerges from realizing that wheat is now clas-
sified within two different but hierarchically related schemes. First, the plant is classi-
fied by botanists in ways that show how they think it is linked anatomically, genetically,
and evolutionarily to other species of plants. Second, wheat is classified by agrono-
mists in ways that distinguish critically important differences between varieties in terms
of how the crop can be grown and used.

Wheat has been placed in formal classification schemes since at least classical
antiquity, when Columella identified two classifications similar to what were later
called the "naked" and "hulled" categories.2 Naked wheats were those in which the
seed detached easily from the ear and spikelet; hulled wheats were those in which
the rachis, or backbone of the ear, broke ("shattered") and the seeds were tightly held
inside chaff (the glumes of the spikelets, which enclosed the florets).

Linnaeus in the eighteenth century, in contrast to Columella, placed all wheats
into one genus, Triticum, and identified a total of five species. Succeeding botanists
of the eighteenth and nineteenth centuries continued to grapple with what were a
seemingly unending series of variations by which wheat was known.3 The number
of species increased as scientific botanists became more familiar with a plant that
grew in virtually all parts of the world except the very humid rainy tropics. More-
over, no scheme agreed much with the others in terms of precise names, the criteria
by which names should be given, or how to relate the cultivated wheats with a num-
ber of grassy weeds that seemed to share many of wheat's characteristics.

A series of investigations in the twentieth century, however, brought a very differ-
ent foundation to the question of how to organize the different varieties of wheat. At
the heart of the matter was an understanding of how many chromosomes were in
the nucleus of each cell of a wheat plant. Chromosomes were first identified as deeply
staining bodies in the nucleus. Early in the twentieth century, Sutton and Boveri
synthesized the known behavior of Mendel's inheritance factors and of chromosomes
during cell division and reproduction. They argued that the factors controlling
inheritance must be located on the chromosomes. Chromosomes thus became parts
of the cell that were critical to the genetics and evolution of the plant. Contempo-
rary classification schemes for wheat are based on the number of chromosomes in
the somatic cells of the plants. (All cells are somatic except those giving rise to the
male pollen cells and female ovule cells.)

Most authorities now agree that wheat comes in three major groups.4 The "dip-
loid" group have fourteen chromosomes in each somatic cell, the "tetraploid" group
have twenty-eight, and the "hexaploid" have forty-two.5 Virtually all wheat cultivated
in the world today is a hexaploid wheat generally designated as Triticum aestivum.
Substantial quantities of the tetraploid wheat, Triticum durum, are also grown. Only
very minor quantities of other varieties are still in cultivation.
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Wheat is also considered by most contemporary botanists to be related in an evo-
lutionary fashion to a great many other grasses, many of which are of high economic
value to people. T. E. Miller, of the Plant Breeding Institute of England, places wheat
in the tribe Triticeae of the family Poaceae (Gramineae). The tribe contains twenty-
five generally recognized genera, each of which is composed of a series of species.
Some genera have only annuals, some only perennials, and some both. Within the
tribe Triticeae are three genera of high importance as human food and animal feed:
Triticum, which contains wheats; Secale, which contains ryes; and Hordeum, which
contains barleys.6 To the casual eye, in fact, wheat, rye, and barley can be easily con-
fused. To those who grow and use these cereals directly, however, the differences
between these three grains are large.

Agronomists and cereal technologists take up the classification problems of wheat
where the botanists leave off.7 Three sets of characteristics are generally of most
importance in the classification of wheat by practical considerations of growing and
using the grain: growth habit, hardness, and color.

Growth habit refers to the time of normal planting of wheat when it is grown in
the northern temperate regions of the world. "Winter" wheats are those that are
planted in the fall, grow for a short period before cold weather, remain dormant over
the winter, resume growth in the spring, and ripen for harvest starting about mid-
summer. "Spring" wheats, in contrast, are planted in the spring, grow over the sum-
mer, and ripen in late summer to early fall. Spring wheats are generally grown in
areas with severe winters that kill the overwintering plants of winter wheat varieties.
Winter wheats are otherwise often preferred because they yield more than do typical
spring wheats. The extra yield results primarily from the longer time they have in the
ground and from the fact that winter wheats resuming growth in the spring are
already established plants just waiting to take off.

Hardness refers to the texture of the starchy endosperm of the grain. In North
America "soft" wheat means a wheat that when ground into flour gives large amounts
of finely granulated material. In contrast, the "hard" wheats make a coarser product.
Hard wheats tend to have more protein, which is thought to adhere to the starchy
material in the grain and make the flour coarser than in soft wheats.8

Hard wheats, because of the extra protein, are good for making breads with a highly
spongy texture. In fact, some baking technologists go so far as to refer to bread as
"foamed gluten." Gluten is the elastic protein in wheat that is puffed up by the car-
bon dioxide released by yeast.9 They are used for the leavened breads typical of the
United States, Canada, and Britain. Soft wheats are good for making unspongy bread,
typical of "French" bread, crackers, pastries, cakes, cookies or biscuits, and noodles
typical of eastern and Southeast Asia.

Hardness is mostly an inherited trait, but environmental conditions can affect the
hardness of ripened grain. Higher nitrogen fertilizer use can increase the protein
content and hardness of wheat, but the effect of heredity is stronger.10

In Western Europe the distinction between hardness and softness refers to the
differences between grains of the species Triticum aestivum, all of which are "soft,"
and Triticum durum, which are "hard." Millers recognize that grains of Triticum
aestivum vary in hardness,11 but the differences apparently are not significant enough
to result in a definitive label as in North America. In North America, grains from
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Triticum durum are known as macaroni or pasta wheats, reflecting the predominant
uses of that variety.

Color is the third major trait for classification of wheats. Most wheats are either
"red" or "white," the difference being whether or not the seed coat contains a col-
ored, resinous material.12 Determination of color is genetic.13 In some areas such as
the United States, different wheat-growing regions are often known by whether red
or white wheats predominate.

The distinction between red and white wheats is highly visible in the harvested
grain, but it tends to be of practical importance only in special circumstances. In
South Asia, for example, people may have a strong preference for white wheats for
making chapatis because they prefer the lighter white color of flour made from white
wheats, but they will use red grains if no white wheats are available. In the United
States and eastern Asia, red soft wheats are preferred to white soft wheats for produc-
ing soup thickeners. This preference derives from the higher resistance red soft wheats
have to sprouting of the grain in the ear before harvest. When a grain sprouts, the
starch is degraded and is less suitable for uses such as soup thickener.14 A soup manu-
facturer is thus safer in buying soft red wheat than soft white wheat, which may have
been damaged by sprouting in wet harvest years.

Wheat: A Global Crop

Wheat is now grown on each continent, and, in terms of its total production is one
of the world's two most important cereal crops. Only rice rivals it, and maize, barley,
sorghum, millets, rye, and oats come behind (Table 2.1). Unraveling the origins of
wheat as a global crop involves two sorts of questions. First, what are the botanical
origins of the different types of wheat? Second, what role did the evolving wheats
play in the origins of agriculture as a mode of human life? Studies in archaeology,
paleoethnobotany, cytogenetics, and plant biochemistry in the past forty years have
been combined to suggest that the answers to these two questions are completely
and inseparably intertwined.

How wheat originated as a botanical species has long occupied the thoughts of
scholars, philosophers, priests, and scientists. For the Greeks, Romans, and ancient

Table 2.1 Worldwide major cereal crop production levels,
1993-94 to 1995-96

Crop (million tons)

Year

1993-94

1994-95b

1995-96c

Wheat

565

528

550

Ricea

529

540

545

Coarse Grains

803

884

839

All Cereals

1,896

1,952

1,933

aPaddy (grain before milling).
bEstimated.
cForecast.

Source: Food and Agriculture Organization, Food Outlook, no. 5-6, May-June
1995, p. 2.
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Chinese, the existence of wheat was connected to divinity. The Greeks, for example,
considered wheat the gift of Demeter, goddess of the fruitful soil. Ceres was the coun-
terpart of Demeter in Roman mythology,15 and our English word "cereal" is derived
from this ancient deity.

Science has preferred natural rather than supernatural stories for the origin of
wheat. A series of studies in the twentieth century have indicated that wheat in its
many varieties was the product of a complex series of hybridizations among what
originally were wild grasses of southwestern Asia (Figure 2.3). Some of these hybrid-
izations occurred most probably under conditions of cultivation, that is, after wheat
had been domesticated for agriculture.

The first hybridization of importance to the origins of Triticum aestivum was prob-
ably a cross between two wild grasses, Aegilops sitopsis and Triticum urartu. Each of
the two wild grasses was a diploid with fourteen chromosomes. The hybrid between
them, Triticum dicoccoides, was a tetraploid with twenty-eight chromosomes.16 Once
formed, Triticum dicoccoides tended to "breed true," that is, pollen tended to fertil-
ize ovules on the same plant so that each new generation would be like its parents.
Such self-fertilizing plants were prominent among the plants domesticated in south-
western Asia. This trait helped keep the newly domesticated varieties from interbreed-
ing with their weedy progenitors.17

Considerable uncertainty still surrounds the question of when and how Triticum
dicoccoides became the domesticated Triticum dicoccum, but little doubt remains

Figure 2.3 Origins of cultivated wheats from wild grasses. Numbers in parentheses refer
to number of chromosomes. Line drawing by Tim F. Knight. Adapted from T. E. Miller,
Systematics and Evolution, in Wheat Breeding: Its Scientific Basis, ed. F. G. H. Lupton
(London: Chapman and Hall, 1987), p. 22.
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that the cultivated variety was being farmed as early as 7800 B.C. By about 6000 B.C.
it was being farmed in southeastern Europe, and by 3000 B.C. in Egypt, the Mediter-
ranean basin, Europe, central Asia, India, and Ethiopia.18

Triticum dicoccum, also known as emmer, was almost certainly the dominant wheat
in Neolithic farming, but at an early stage of agriculture it gave rise to what we now
call Triticum aestivum, or common bread wheat. Cytological studies of wheat
chromosomes suggest that bread wheat resulted from the hybridization of Triticum
dicoccum, a tetraploid with twenty-eight chromosomes, with the wild diploid (four-
teen chromosomes) grass Aegilops squarrosa. Bread wheat, as a result, is a hexaploid
with forty-two chromosomes. Archaeological evidence suggests that hexaploid wheat
may have been cultivated as early as 7000 B.C.,19 certainly by 5000 B.C.20

Triticum dicoccum also gave rise to the other major variety of contemporary wheat,
Triticum durum, or macaroni wheat. Triticum durum is a tetraploid wheat, too, but
it differs from its progenitor in having a free-threshing grain with a tough, non-
shattering ear, that is, the grain detaches from the ear during threshing without bring-
ing along the rachis (backbone of the ear) or the glumes (chaff). Triticum aestivum
is also free-threshing. The difference between free-threshing varieties that give a naked
grain and those that give the hulled grains lies in one genetic trait, with the free-
threshing form being dominant to its counterpart.21

Free-threshing was a trait that admirably suited a cereal for human use because the
grain remained in the harvested ear until threshed. Ears that were not free-threshing
tended to "shatter" or break apart, an adaptation that helped disperse seed in a non-
domesticated plant. A plant that was nonshattering or free-threshing was dependent
upon people for dispersal and propagation of the next generation. This mutation was
one of the key changes in wheat that created the wheat-human codependency.22

During the Neolithic agricultural revolution, the dominance of emmer (Triticum
dicoccum), a tetraploid, as the major cultivated grain was rivaled and sometimes
surpassed by Triticum monococcum, a diploid, also known as einkom, from the Ger-
man meaning "one kernel." Each spikelet produces only one grain rather than the
three or more that are characteristic of bread and macaroni wheats. Wild einkom
was probably collected as early as 9000 B.C. and was definitely one of the first culti-
vated forms of wheat. Einkorn, like emmer, spread to Europe and continues to be
cultivated there in small amounts.23

We are particularly interested in the spread of wheat to the four countries critical
to the development of high-yielding varieties in the years after 1940: England, Mexico,
the United States, and India. In England (Figure 2.4) and India (Figure 2.5), wheat
came several thousands of years ago and has been cultivated every year since then.
In many respects both England and India are "wheat civilizations" in the sense that
this cereal was a prime component of their existence as settled societies. Wheat came
later to the United States and Mexico because it was an Old World crop that did not
reach the New World until Columbus's voyage of 1493.

Wheat arrived in England thousands of years after Britain was colonized by people.
Archaeological evidence suggests that agriculture came to Britain around 3200 B.C.,24

about 3,000 years after the melting and receding glaciers had raised sea levels and
cut the land link between Britain and continental Europe. Emmer and barley were
the major cereals, but also of importance were einkorn, flax, bread (hexaploid) wheat,



Figure 2.4 Major wheat-producing areas of England. Line drawing by Tim F. Knight.
Outline of map adapted from National Geographic Society, British Isles (1:1,687,000)
(Washington, D.C.: National Geographic Society, 1979), 1 p. Wheat-growing areas adapted
from U.S. Department of Agriculture, Major World Crop Areas and Climatic Profiles
(Washington, D.C.: U.S. Department of Agriculture, 1987), Agriculture Handbook no. 664.
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Figure 2.5 Major wheat-producing areas of India and Pakistan. Line drawing by Tim F. Knight. Outline of
map adapted from National Geographic Society, South Asia with Afghanistan and Burma (1:6,522,000)
(Washington, D.C.: National Geographic Society, 1984), 1 p. Wheat-growing areas adapted from U.S.
Department of Agriculture, Major World Crop Areas and Climatic Profiles (Washington, D.C.: U.S. Department
of Agriculture, 1987), Agriculture Handbook no. 664.
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and spelt (probably Triticum spelta, a hexaploid wheat that has an easily shattered
ear and yields hulled grain with the glumes or chaff tightly attached).25

Wheat arrived in India somewhat before it arrived in England, about 4000 B.C.
Remnants of tools and weapons, dating to as many as 200,000 to 400,000 years ago,
suggest that people from East Asia were the first to migrate into the northern parts of
present-day India, while people from East Africa were the first migrants to the south.
Little connection seems to have existed between the two, distinct cultures. Despite
the relative nearness of India to southwestern Asia, the Neolithic agricultural revolu-
tion did not reach India until nearly 4,000 years after the first traces of wheat agricul-
ture can be found in southwestern Asia.26

Regardless of why it may have taken a long time for the cultivation of wheat and
barley to intrude into South Asia, one of the world's first complex and monumental
societies eventually emerged along the course of the Indus River in what is now
modern Pakistan. Harrapan culture, named after the major ancient city at Harrapa,
thrived from about 2500 to 1600 B.C. At its peak the Indus civilization stretched into
what are now the Indian states of Rajasthan and Gujarat. Wheat was its most impor-
tant crop, but these people were also the first to begin using cotton for cloth, and
they also relied on rice, peas, dates, mustard seeds, and sesamum. They also had
domesticated many animals, including dogs, cats, camels, sheep, pigs, goats, water
buffalos, zebus, elephants, and chickens.27 To this day, wheat remains a foundation
stone of the modern Indian civilization.

Human settlement of what is now the United States and Mexico (Figure 2.6) came
much later than the Old World settlements of India and England. People were surely
in those latter two places over 300,000 years ago, but humans probably did not reach
the Americas earlier than about 40,000 years ago.28 Wheat did not yet exist before
the land bridges to North America flooded with the retreating ice and isolated the
American continents from Eurasia. Therefore, the first people in the Americas had
no wheat or any other Old World cereal. Complex civilizations emerged on the basis
of maize and other seed crops in the Tehuacan valley in Mexico and from root crops
such as manioc, sweet potato, achira, and potato in the lowland and highland areas
of what is now Peru.29

Wheat came to the Americas with European invaders. Columbus recorded bring-
ing wheat, beans, and chickpeas on his second voyage in 1493. The Spanish con-
quest of Mexico led to wheat and barley being grown around Mexico City by 1535
and exported to the West Indies. As the Spanish invasion spread northward to what
is now Texas and New Mexico, wheat went along. French exploration and conquest
of Louisiana also brought wheat into Texas in the eighteenth century.30 Similarly,
the invading English brought wheat with them to North America, planting wheat at
Jamestown in 1607, and subsequent waves of settlers brought wheat to other Euro-
pean outposts.31 Wheat now ranks as one of the foundations of New World agricul-
ture. Only maize rivals it in terms of total production.

Wheat and People Coevolve

Many scholars have depicted wheat specifically and the Neolithic agricultural revo-
lution in general in ecological terms. In outline, people are herbivore/carnivore crea-



Figure 2.6 Major wheat-producing areas of North America. Line drawing by Tim F. Kmght.
Outline of map adapted from U.S. Department of the Interior, Geological Survey, North
America 1982 (1:10,000,000) (Reston, Va.: Geological Survey, 1982), 1 p. Wheat-growing
areas adapted from U.S. Department of Agriculture, Agricultural Research Service,
Distribution of the Varieties and Classes of Wheat in the United States in 1979 (Washington,
D.C.: U.S. Department of Agriculture, 1982), Statistical Bulletin no. 676, p. 3; and from
U.S. Department of Agriculture, Major World Crop Areas and Climatic Profiles (Washington,
D.C.: U.S. Department of Agriculture, 1987), Agriculture Handbook no. 664.
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tures who must consume the products of photosynthesis in order to live. We do this
either directly by consuming the products of plants or indirectly by consuming ani-
mals. Our consumption must include calories, proteins, fats, vitamins, and miner-
als. In these ecological terms, the Neolithic revolution was simply the process by which
people learned to raise and eat plants and animals under controlled conditions rather
than relying on what could be found growing wild. Once the technology of agricul-
ture had been learned, people over a period of several thousand years gradually be-
came completely dependent upon the domesticated products of agriculture rather
than the less controlled produce of the land.

The Neolithic revolution, described in ecological terms, ultimately allowed people
to capture more solar energy per hectare per year through the products of photosyn-
thesis and more essential minerals that plants took in from the soil than they could
reliably find through processes of hunting and gathering.52 A major dispute, how-
ever, centers around the interpretation given to the motivations and physical factors
that lay behind the efforts of our Neolithic ancestors. Did people invent and use
agriculture because they saw domestication of plants and animals as a way to mate-
rial and cultural progress? Did people fall by some sort of unconscious accident into
a codependenct relationship with domesticated plants and animals? Or did they re-
sort to agriculture only because they faced climatic shifts and/or population increases
beyond those that could be supported by hunting and gathering?33 In other words,
did people face the necessity of learning to farm or of dying, because hunting and
gathering could not garner enough resources to support the population levels of the
Neolithic period?34

Evidence for the factors behind the Neolithic revolution remains clouded and
ambiguous. What seems certain, however, is that the increased food supplies that
eventually came with agriculture permitted the human population to rise far higher
than it would have had people remained in hunter-gatherer cultures. Thus, what-
ever the reasons for turning to farming in the first place, the human species now has
no choice whatever about the matter: we are desperate, and we must farm or many
of us will die, rather quickly.35 To be sure, small groups and individuals may con-
tinue to forage as hunter-gatherers, but that mode of life is not an option for the vast
majority of humanity.

It is possible to argue at some length about just when the necessity to farm or die
really originated, but in all likelihood it was several thousand years ago. It is the long-
standing desperation implicit in our need for agriculture that powerfully weds the
politics of human societies to the ecological processes of agriculture: security and
survival of a group or culture came to be critically dependent upon the control of
land and of the plant and animal crops that could be raised on that land. Improve-
ment of agricultural yields very early became an event that conferred power and
prestige in political terms upon farming cultures. More recently, plant breeding was
a systematic effort to improve yields and therefore produce knowledge of both eco-
logical and political importance.

The fact that plant breeding is inherently both political and ecological leads to a
series of other questions that focus on wheat specifically. How did wheat as one of
the first domesticated species fit into the political ecological framework of Neolithic
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people? How has that political ecological context of wheat changed over the past
10,000 years? What are the links between the modern science of plant breeding and
earlier efforts to increase yields of wheat? And finally, what other political ecological
factors before the eighteenth century strongly helped shape wheat breeding? Frag-
mentary archaeological and historical evidence allows only the sketchiest of answers
to be given to these questions.

Domestication of wheat was complex not only because wheat was variable (dip-
loid, tetraploid, and hexaploid varieties) but because it was not the only species that
came into intimate codependency with people. Barley was domesticated simulta-
neously with the wheats, while rye, various pulses, and forage crops came later but
still in prehistoric times. Animals were also domesticated at about the same time and
place as wheat and barley, so sheep, goats, asses, camels, and horses became part of
a codependency complex with people.

It is possible to ask the question, Why wheat? A variation on the same subject would
be Why the changing fortunes of the different types of wheat? Some paleobotanists
have argued that the hexaploid Triticum aestivum originated only after the tetrap-
loid emmer moved from its origins in southwestern Asia with a Mediterranean cli-
mate to the area of what is now north Iran and southern Russia. There emmer bred
with wild Aegilops squarrosa to produce hexaploid wheat. This new type of wheat
may have been more ecologically flexible because it grew well in the Mediterranean
climate of emmer (mild winters, warm and dry summers) and in the more continen-
tal climate of Aegilops squarrosa (cold winters, hot and humid summers).36 Thus the
hexaploid's ecological strength and its good bread-making qualities were perhaps the
key to Triticum aestivum's dominance in contemporary wheat growing.

Whatever the reasons people chose to grow particular varieties of wheat, it seems
reasonable to assume that they would not have invested time and effort in farming
these grains unless they found it worthwhile. In ecological terms this meant that
people obtained more calories of energy from the harvest than they had to invest
in the growing of wheat and barley. In addition, perhaps they sought wheat's high-
gluten protein and its reliable yields. They may also have liked the taste and tex-
ture of wheat as a food. Regardless of why they grew wheat, the plant itself toler-
ated well enough the regime of temperature, water, and pest organisms that affected
its growth.

Not only did people have to choose among wheat varieties; evidence from the
historical period also indicates that the relative importance of the various wheats and
barley have changed in the millennia since their domestication. Barley and the vari-
ous wheats may have been more equal in their importance as human foods in pre-
historic and early historic times. Barley withstands drier conditions, poorer soils, and
some salinity.37 Indications from late medieval and early modern Europe are that
barley may have tended to yield more kilograms per hectare than wheat.38 If any-
thing, barley was probably the preferred grain at first. In modern times, however, wheat
clearly became the premium food, and barley became used primarily for beer mak-
ing and animal feed.

Within the wheats themselves, the first farmers probably emphasized emmer, the
first domesticated tetraploid wheat, in preference to the diploid einkorn and the
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hexaploid wheats. In modern times einkorn has essentially disappeared from com-
mercial production; emmer is a mere remnant; the newer tetraploid, Triticum durum,
has attained a small but secure commercial niche for pasta; and the hexaploid bread
wheat is commercially supreme over all parts of the wheat-growing world.

Why did such changing fortunes affect the wheats and barley so strongly? Was it
a matter of ease or reliability of production of the different grains in the field? Was
early barley better adapted to southwestern Asia than the early wheats? Or did people
find one sort of grain more satisfying than others? If the first uses of the grains were
as porridge or gruel, did the emmer wheats make a better meal than einkorn? Per-
haps the hexaploid wheats were not particularly useful until people learned how to
make leavened bread. Not all wheats make good bread, and barley, because it lacks
gluten, is not good for bread making at all.

Whatever the reasons for the changing fortunes of the early wheat domesticates,
over a period of thousands of years the fact of agricultural codependency among
people, wheat, other plants, and domesticated animals had a profound effect on
human ecology and politics:

• Sedentary rather than migratory life became the norm of the human condition. At
first, most people were sedentary in rural areas and the occupation for most was
farming. After the nineteenth century, the norm increasingly came to be sedentary
in urban areas with a steadily decreasing number of people engaged directly in farm-
ing. Regardless of residence or occupation, however, the human population as a
whole was almost completely dependent upon the produce of farming.

• With sedentary culture came a richer material life: at first ceramics, then metals,
and in more recent years a bewildering array of new materials in an endless parade
of tools, jewelry, and amusing trinkets, all of which probably would not have even
been invented, or at least not widely used, without a sedentary lifestyle.

• Sedentary cultures also were the ones that made the switch from oral to literacy
traditions. And with writing came different forms of learning, religion, and ultimately
that peculiar form of scholarship we call science.

• Also with writing came the ability to organize larger and more hierarchical human
societies with intense consequences for the distribution of political power within
groups. In fact, the ability of one group of people to control another inevitably came
to include authority over land and its use for agricultural purposes.

• Increased food supplies from agriculture made it possible to support more people
per unit of land than was possible with most hunting and gathering cultures. Quite
possibly, population pressure provided the impetus to begin agriculture, and agri-
culture itself became the vehicle through which more people could survive, thus
increasing the necessity of continuing agriculture, with ever higher yields. Not only
did the number of people increase, but the number of their domesticated animals
also increased because of the new supplies of feed from agriculture.

• Increases in the number of people and their livestock in turn created incentives for
expansion of agriculture into new lands not previously farmed. As agroecosystems
grew in extent, other collections of species disappeared. The woodlands and mead-
ows of southwestern Asia were replaced by fields of wheats and barley. In Southeast
Asia, fields of rice grew in the place of wetlands and tropical rain forests. Meso-
americans grew maize in the place of highland forests and meadows. Thus not only
was the ecology of Homo changed; Homo also changed the ecology of the globe.
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Wheat breeders in the modern sense, as we shall soon see, did not appear on the
scene until many thousands of years after the first crops of wheat and barley were
harvested in southwestern Asia. Nevertheless, the intricate connections of wheat
agriculture with the ecology and politics of human life were a major part of the con-
text in which wheat breeding was conducted. Because of these connections, wheat-
breeding science would inevitably have both ecological and political consequences.

Plant Breeding before 1900

The year 1900 provides an important but deceptively simple chronological milestone
for analyzing the emergence of plant breeding science. Clearly it was an important
year because three European biologists, Karl Correns, Hugo de Vries, and Erich von
Tschermak, published papers that resurrected a study on hybridization in peas done
over thirty years earlier by Gregor Mendel.

A casual glance at any textbook in plant breeding written after 1900 shows that
Mendel's concepts now overwhelmingly provide the major framework for understand-
ing plants and their behavior. Of particular importance were his notions of particu-
late factors governing inheritance, dominance and recessiveness, segregation of alle-
les, independent assortment of factors, and diagnosis of the existence of factors based
on ratios of progeny classes in precise records of their occurrence by generation. To
this Mendelian framework are appended a variety of other methods drawn from plant
physiology, biometrics, soil science, plant anatomy, plant pathology, and other
disciplines.

Mendel's contributions were crucial to the consolidation of what we now call
"plant-breeding science." Indeed, it would be impossible to recognize the discipline
in its modern form if Mendelian ideas were surgically removed from the tomes that
instruct new students in the art and science of plant breeding. However, it is decep-
tively simplistic to focus too intensively on Mendel's "rediscovery" in 1900. Several
lines of reasoning argue for caution lest we attribute overwhelming importance to
Mendel.

First, a vigorous and successful group of people worked throughout the nineteenth
century on the creation of new varieties by hybridization, as well as by the older
method of selecting "good" cultivars from a heterogeneous mix grown in farmers'
fields. Plant breeders also were active in moving seeds around the globe to test which
cultivars did well in new locations. In sum, even without Mendelian concepts and
methods, plant breeders saw themselves as a small but identifiable group of scien-
tists with a mission.

The second set of reasons for moving cautiously in trying to understand the con-
ceptual framework of plant breeding centers on what should be called the "silent"
conceptual framework for plant breeding compared with the "overt" framework.
Overtly, plant-breeding science is now based more than anything else on Mendelian
concepts. Beneath the surface, however, is the silent or frequently unspoken con-
cept: yield.

Yield is complex. It consists first and foremost of quantity. How much useful pro-
duce can be obtained per hectare per year from a piece of ground? Yield also must
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consider quality, however. To what uses can the produce be put? For wheat, is the
grain useful for leavened bread, for pastries, or for cattle feed? For rice, is the grain
sticky? Aromatic? For maize, are the seeds sweet or starchy? How hard is it? What
color? Would you use it for tortillas, for cornbread, or for feeding chickens?

Closely related to yield quantity and quality is the concept of yield reliability. Given
the climate, soil fertility, and presence of pest organisms, is it likely that the yields
will be stable from year to year? A cultivar that gives yields that fluctuate greatly from
one year to the next is likely to be considered unsuitable in terms of yield.

Contemporary plant-breeding scientists, when asked, are quite forward about the
importance of yield to their discipline. In fact, a question about why yield is impor-
tant is likely to bring the puzzled response of, "What else is there?" However, in
contrast to clearly giving homage to Mendel and continually showing their direct
intellectual debt to him, plant breeders are far less interested in explaining the ori-
gins of the centrality of yield in their discipline. Yet just as plant-breeding science in
its current form would be unrecognizable if Mendelism were excised from its body,
so, too, would the field as we know it cease to be if the presumption of yield as the
primary objective were removed.

Reconstructing the roots of plant-breeding science before 1900, therefore, requires
following two different threads and how they came together. First, we must be able
to speak to the primacy of yields and its significance for the science. Second, we must
understand the vigor, successes, and limitations of plant breeding in the first years of
modern agriculture. Chapter 3 addresses when and how Mendelian ideas formed
the overt conceptual framework of plant breeding and then examines the eclectic
addition of other bits and pieces of scientific lore that plant breeders adopted into
the heart of their knowledge.

The Primacy of Yields and Modern Agriculture

Just as the Neolithic revolution was critical to obtaining higher amounts of food per
hectare per year than in hunter-gatherer societies, the scientific and capitalist revo-
lutions of seventeenth-century Europe were key events that shaped a complex series
of changes in agriculture and all other human industries. From science and capital-
ism came both the methods and motives for constructing new methods of wheat
production. For wheat breeders, the intertwining of science and capitalism created
a context in which yields were the fundamental question of their discipline.

Inquiring into the specific origins of the importance of yields to plant breeders,
however, is very much like asking about the origins of modern industrial societies in
general. No one person, event, country, scientific idea, or technological innovation
can be identified as the "source." No one date can be advanced as "the time" after
which higher yields were clearly identified as the major objective of plant breeders.
Nor can improvement of yields be identified as the sole product of plant breeders rather
than other sorts of agricultural improvers. Instead, the importance of yield has to be
seen as a concept that emerged over a long period, at least 200 years, and in a com-
plex array of specific contexts, "caused" by an even more intricate network of interact-
ing factors. Indeed, the fact that physical yields of crops could be increased by plant
breeders and others became an integral part of that complex of interacting factors.
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Between the Neolithic agricultural revolution and A.D. 1200, farming people prob-
ably improved the yields of cereals and other crops by selecting better individuals to
save for seed and by improving other farming practices. We can make only approxi-
mate estimates, however, on the yields they obtained and the magnitudes of improve-
ments achieved. A variety of estimates suggest that, without manure or fallowing,
returns for planting wheat may drop as low as three units harvested for one unit
planted. Both fallowing and manuring, however, can yield substantial returns of over
fifteen to one. Neolithic yields of wheat may have seldom dropped below 400 kilo-
grams per hectare and more likely were in the area of 800 kilograms per hectare in
a climate like England's.39

The first improvements known with more certainty in historic times involve more
intensive farming practices. One of the best documented innovations was the switch
from the two-field system to the three-field system, a transition that took from the
eighth to the twelfth centuries in Western and central Europe. The three-field rota-
tion system allowed an increase in crop production of 50 percent for the same amount
of plowing labor invested.40 In addition, two-thirds of the cropland used yielded a
crop each year rather than just one-half. Yields of wheat from A.D. 1200 to 1700 in
England under the three-field system ranged from about 500 to 1000 kilograms per
hectare (446-892 pounds/acre; 7-15 bu/a).41

With a bit of oversimplification, therefore, we can argue that although significant
changes in farming occurred between the Neolithic revolution and about 1700, these
changes were not of a magnitude to move the mean yields of wheat in England above
1000 kilograms per hectare in good years. Peoples' abilities to get wheat from the land
were enhanced by better plows, use of animals for traction, and learning how to use
land more frequently (two years out of three instead of one year out of two). Output of
wheat and other crops per hour of labor invested undoubtedly went up, especially with
the use of animals for traction of tools, but the overwhelming majority of people lived
in rural areas and agriculture was the basis of most peoples' lives. England, for example,
had over 86 percent of its people living in settlements of fewer than 10,000 people
in 1700.42 Agriculture was also the main basis for the economies of all people all over
the world. It's not as though nothing happened between the Neolithic revolution
starting in about 7000 B.C. and A.D. 1700, but in many ways a person from A.D. 1700
might feel much more at home in 7000 B.C. than she or he would feel in A.D. 1900.

In barest outline, a series of events in agriculture and in other areas of human
endeavor occurred between 1600 and 1900, and as a consequence the nature of
human life changed fundamentally. Cause-and-effect linkages between the differ-
ent events are still hotly debated by scholars, but it is easy to list some of the more
prominent features of the changes:

• People learned how to get more food from a given piece of land each year. Average
yields of wheat in England went from between 500 and 1000 kilograms per hectare
per year in 1600 to about 1400 kilograms per hectare in 180043 to somewhat less
than 3000 kilograms per hectare per year by I860.44 Particularly high rates of an-
nual increases in yield occurred between 1660 and 174045 and then again between
1820 and 1860.46

• Rates of human population increase moved markedly upward in England after
1740.47 The human population had been increasing on a global basis since the
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Neolithic, but seldom at a rate to cause doubling of the human population in fewer
than seven centuries. In many years, declines occurred, often severe. After 1740,
however, England's population grew at a rate that caused doubling in just over a
century. Debate surrounds the issue of whether agricultural yields kept pace with
this population increase during the period 1740-1800, but in the years after 1800
the agricultural yield increases on a global basis were more than commensurate
with population-level increases.

• People moved to cities and began a wide range of economically productive activi-
ties other than agriculture. In many ways it is a toss-up as to whether this resettle-
ment pattern should be called an "industrial revolution" or an "urbanization revo-
lution," but no doubt attends the notion that the switch from predominantly rural
populations to predominantly urban ones was of fundamental importance to how
people lived.

• England clearly was the paramount pioneer in this urban-industrial venture, but
one could not predict this by looking at England's population in 1500 compared
with other places in Europe. In that year England had 3.2 percent of its people liv-
ing in towns of more than 10,000 people, but Europe as a whole had 6.1 percent
urban populations. France had fourteen towns with populations over 20,000, while
England had only London at that size. In 1500 both Paris and Lyon were larger
than London. Nevertheless, the rate of urban growth in England jumped to higher
levels after 1500, and by 1800 England was 24 percent urban compared with about
10 percent for Europe as a whole, except England.48 England was also the clear
leader in manufacturing and industry.

• Land use and land control underwent a dramatic shift from predominantly arable
fields with common woods and meadows for livestock and firewood to enclosed
fields for raising sheep or cereals and other crops. Significant enclosures were made
before 1600, but virtually all England came under enclosure in the century begin-
ning in 1750. Common lands essential to the subsistence living of peasants became
part of estates run with technologies and practices that could produce higher yields
of wheat, other crops, and livestock.

• New farm practices won acceptance over a wide area of England after 1600, and by
1800 almost all farms had moved to the methods that increased yields. Probably
the most well known of these innovations involved the use of turnips to provide
fodder for livestock, clover to supply nitrogen to cereal crops, and a four-field rota-
tion system that integrated the production of livestock with turnips, clover, and
cereals. The three-field system relied on fallowing for a year to restore soil fertility.
Four-field systems eliminated fallowing and permitted production on all fields
every year. Fertility was maintained by the clover and the manure from livestock.
In addition, new machines such as seed drills and cultivators gave better seeding
and weeding with less labor. In sum, the set of new technologies increased yields of
wheat and other crops both per hectare and per person-hour of labor involved. That
they were known in theory and practice long before they became commonly used
in England demonstrates that mere knowledge of the new practices was not suffi-
cient to promote their adoption.

• Climatic changes led to increasingly warm weather after 1700, a factor that was
conducive to higher and perhaps more reliable yields in agriculture. As the "Little
Ice Age" of 1550-1700 receded, wheat yields may have received a boost from the
warmer temperatures.49 Higher and more reliable yields may have created an
atmosphere of trust in nature, or a sense that nature did what people wanted. Higher
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yields from the same amount of human labor could have supported more people,
some of whom did not farm but lived in towns and cities.

• Not only were people changing their residence and ways of making a living; a small
cadre of thinkers were also changing the mental constructs with which people saw
the world and economic activity. Shifts in worldviews were not the exclusive pre-
serve of philosophers from England, but the following list suggests something of
the magnitude of what was involved:50

— Francis Bacon of England celebrated science and experimentation as the way
to control nature for human interests.

— Rene Descartes from France outlined a theory of a mechanical universe and a
mechanical man.

— Thomas Hobbes of England deduced from Cartesian mechanical philosophy
the need for a powerful, hierarchical central government that would keep people
from killing each other.

— John Locke of England softened the dictatorial harshness of Hobbes and argued
for a democracy of property holders who owned and traded land for money.

— Isaac Newton of England created a model of a mechanical universe whose laws
could be expressed mathematically.

— Adam Smith of Scotland outlined a theory of Newtonian-like natural laws about
how economic markets work and why feudal and mercantile policies should be
abandoned.

What we can now see that was created by these philosophers was an integrated
ideology of capitalism and modern science. It is not that capitalism was consciously
created as a part of science or vice versa, but thinking about markets and science
rested upon a number of common concepts:

Natural laws govern both markets and the natural world; philosophers learn to con-
trol nature by articulating natural laws, and capitalists use these laws to forge an
economy.

The material world is dead and without sacred or vital spirit; for the natural philoso-
pher there is only atomistic matter in motion, while the capitalist sees commodities
for trading.

Science is the handmaiden for controlling nature for the benefit of people and for
the prosperity of industry.

The concepts of individual rights and self-interest make it laudable that the philoso-
pher thinks and the capitalist pursues profit.

Ever-expanding knowledge allows the philosopher to predict and control an ever-
expanding realm in the natural world, and the capitalist uses knowledge to bring an
ever-expanding sphere of human activity into a form of commodities fit for trading
and profit.

Production of agricultural goods for market created incentives for increasing pro-
duction levels per hectare per year. New technologies from the industrial revolution,
particularly for the making of metal tools, created possibilities for increasing agricul-
tural yields, both per hectare and per hour of human labor invested. Markets that
helped engineer the exchange of land, labor, commodities, and capital spurred on
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an entrepreneurial and technical spirit that could lead to greater production efficien-
cies in English agriculture. Higher production efficiencies, in turn, could feed into
an ever-growing economy by either "freeing up" or "pushing out" labor from agri-
culture into the new factory system, thus creating further incentives for producing
more agricultural produce from less land and less human labor.

Populations could grow, and more people would find their livelihood in the cities.
More people freed from agriculture also gave the wherewithal for expansion of
European systems in other parts of the world. The growing global capitalist economy
provided the incentive for seizing control of land anywhere it could be found and
conquered. The nation-state that built social relationships on markets, highly pro-
ductive agriculture, and industrial capitalism was in a powerful position to dictate its
will to people everywhere.

It was in England where all these factors interacted in a way to consolidate a sys-
tem in which increased agricultural productivities could serve the needs and inter-
ests of those at the top of a new market capitalist society. And it was in England where
the advantages of new modes of agricultural production shaped the objectives of a
new agricultural science.

In contrast to the farming peasantry of continental Europe, India, and the Ameri-
cas, English farmers were the first to face and exploit a situation that encouraged
and possibly demanded a search for higher efficiencies. These efficiencies were for
both increased yields per hectare per year and increased yields per hour of human
labor invested. The demands for efficiency affected all crops, but the demands for
cereal crops such as wheat provide a useful focus for tracing how the demands were
met.

Early Traces of Plant Breeding

England provides the first traces of concerted activity by plant breeders, who tried to
improve wheat yields. Thomas Andrew Knight (1759-1838) is now generally acknowl-
edged by contemporary breeders to have been the first, in the 1790s. Later wheat
breeders credited Knight with being the first to make deliberate crosses between two
different wheat plants.51

However, the most notable successes came somewhat later with the work of John
LeCouteur and Patrick Shirreff (Figure 2.7). LeCouteur's work was based on select-
ing individual spikes of superior individuals and sowing the seeds from each spike
separately. In this sense LeCouteur was not strictly a wheat breeder because he did
not cross different parents and select from their progeny. But his methods were suc-
cessful in identifying the variety Talevara, which was used extensively by Shirreff.52

Shirreff used the selection method, but he also began crosses. Over a period of
several decades, Shirreff, at his station in Mungoswells farm, Scotland, identified
several important varieties. By selection he found Shirreff's Bearded Red, Shirreff's
Bearded White, Pringle, and Shirreffs Squarehead. He also used Talevara for crosses
and obtained King Red Chaff White, which he considered a worthy variety.53

Selection of pure lines and additional crosses to create and select useful hybrids
continued to be the output of the pre-1900 wheat breeders. Especially successful
practitioners in addition to LeCouteur and Shirreff were F. Hallett54 (England), Henri
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Figure 2.7 Patrick Shirreff. From Patrick
Shirreff, Improvement of the Cereals (Edin-
burgh: William Blackwood and Sons, 1873),
frontispiece.

de Vilmorin (France), Wilhelm Rimpau (Germany), Broekema (Netherlands, 1886),
Hjalmer Nilsson and Herman Nilsson-Ehle (Sweden), William Saunders (Canada),
William Farrer (Australia), and Liberty Hyde Bailey and W. M. Hays (United States).55

Successful as the breeders were before 1900, the rate of output of new varieties
was low and their ability to explain how and why they performed their crosses was
not entirely satisfactory. Science, as it gains control over a body of observations, moves
from observation to explanation to prediction to control. Before 1900, wheat breed-
ers were astute on observation and had schemes of explanation. They could not,
however, do much to predict the results of their crosses and therefore had only mini-
mal levels of control over the wheat plant's genetic resources. Mendel's theory about
the flow of information from one generation to the next provided the basis for better
prediction and thus better control. It is the subject of the next chapter.
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Wheat Breeding

Coalescence of a Modern Science,
1900-1939

Darwin, Mendel, and a New Theory of Variation

Plant breeding in general and wheat breeding specifically were rudimentary activi-
ties on many grounds in the nineteenth century. Not many people engaged in the
activity. Those who did were self-taught. because no formal educational programs
existed in the subject. For the most part, they had only a few very modest institu-
tional bases within which to work. Many farmers paid them little or no attention,
and governments usually ignored their contributions and gave them next to no sup-
port. They had no organized way of broadly disseminating their results, which in any
case were few in number.

By 1970, wheat and other plant breeders occupied a very different position within
both the scientific and political economic landscapes. Many people worked as breed-
ers.1 They were highly trained in educational programs dedicated to the reproduc-
tion of plant breeders. Elaborate networks of institutions gave them employment. A
substantial proportion of farmers cared very much what they did, and governments
gave substantial, sometimes lavish, support. They had means of communicating their
work that included both scientific and popular outlets. And they had substantial re-
sults to convey to farmers and the general public, some of them remarkable either
for their scientific cleverness or for their broad political, economic, and ecological
impacts, or both.

Another way of gaining perspective on the change in status of wheat and other
plant breeders is to suggest that their absence might not have been noticed by any-
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body but their families had they suddenly disappeared in the nineteenth century. In
contrast, the twentieth century came increasingly to depend upon the plant breed-
ers. Cessation of wheat breeding after 1970, for example, would have put some agri-
cultural systems in distinct danger of slow decline or even collapse and failure. In
both political economic and ecological terms, an increasing portion of the global
human community became absolutely dependent upon wheat breeders and other
plant scientists, certainly for prosperity as we now know it and possibly for survival
and security.

The transformation of wheat breeding from nearly invisible to virtually indispens-
able resulted from two mutually interacting events: a commercial-industrial revolu-
tion in agriculture and construction of a new science of plant breeding. The new
science had its origins in a philosophy of variation and inheritance grounded in the
works of Charles Darwin and Gregor Mendel. Darwin's thoughts were widely dis-
cussed after 1859, and Mendel rose to scientific prominence after 1900. The two
worked independently, and it was only after both had died that their ideas joined as
the foundation of a new applied science of plant breeding. Events in England and
the United States were paramount, but other major contributions came from Swe-
den, Denmark, Germany, and elsewhere.

Nineteenth-century wheat improvers found and created new varieties with higher
yields, but until Darwin's work from 1859 to 1868, variation was generally under-
stood as the result of divine creation or the result of slow change over time of one
form into another.2 After Darwin, wheat breeders may still have been uncertain about
the origins and heritability of variation, but they had an entirely new framework for
seeing variation as the source of new varieties and new species of plants and animals.
Darwin placed either natural selection or the actions of breeders and fanciers as the
cause, over a period of time, of the production of new species or new varieties,
respectively.

Darwin's provisional hypothesis of pangenesis was a valiant effort to account for
how specific characteristics of a particular individual could be passed on to future
generations in a way that allowed natural selection or selection of fanciers to create
their new species or varieties. In pangenesis, each cell of an individual produced
granules or gemmules that dispersed throughout the organism, multiplied by self-
division when given proper nutriment, and ultimately produced new cells like the
ones from which they were formed. The sexual elements were collections from all
parts of the individual of all the different types of gemmules, and this collection gave
rise to the next generation. Gemmules could also be dormant in a generation but
still be passed on to subsequent generations, where they would develop.3

Pangenesis was a reasonable attempt by Darwin to account for a number of things
he knew about inheritance and development, but for a variety of reasons it was found
wanting and never attracted much support. Darwin himself seemed highly tenta-
tive about his proposal. Gregor Mendel, however, working somewhat before Dar-
win developed the idea of pangenesis, outlined a mechanism of inheritance that
ultimately attracted support. It was Mendel's theory of the transmission of factors
governing unit characters that ultimately found acceptance and elaboration among
those scientists who worked to understand the origins, transmission, and signifi-
cance of variation.
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We will come shortly to the ways in which Darwin's and Mendel's theories
entered the work of plant breeding, but it is first necessary to note that the introduc-
tion of Darwin-Mendelism occurred in England and America during a period of
tumultuous economic and ecological change. Farming in both countries was under-
going a fundamental reorganization toward industrialized production for commer-
cial markets. New varieties, new machinery, and new knowledge enabled growers to
increase their output per hectare and per person-hour of labor. New lands were opened
for farming in areas previously not farmed at all. New related technologies, such as
railroads, made it possible to create a global network of markets for agricultural and
other goods. Population increases and migration created turmoil for farmers every-
where. At the same time, shifts of people out of agriculture into urban factory work
created mass markets for food. Pressures from these factors and others changed how
the state regulated trade and the balance of power between the countryside and newly
industrialized cities.

It is too simplistic to say that the profound changes of the nineteenth century
"caused" Darwin and Mendel to propose their philosophy of variation and its trans-
mission. At the same time, however, certain congruences and compatibilities appeared
between the theories of Darwin and Mendel and the demands of the newly industri-
alized economies. Specifically, Darwin and Mendel brought a sense of order, pre-
diction, and manipulation into the study of variation. These perceptions were criti-
cal to the construction of an agricultural plant science that served as the base for a
complete industrialization and commercialization of agriculture. The parallels thus
are useful in gaining an understanding of how plant breeding was constructed and
what sorts of roles it came to play.

Industrialization and the New Science of Variations

Industrial revolution, first in England and then elsewhere, is generally depicted as a
complex set of changes in technology, economics, and politics. Without doubt,
political economic changes during this period were stupendous and unprecedented.
What should not be overlooked, however, is that industrial revolution also resulted
in a fundamental shift in human ecology. Prior to industrialization, most people lived
in small rural villages or on isolated farmsteads. Virtually all members of the labor-
ing part of the population worked directly in food production. Only a tiny minority
worked outside of agriculture or lived in cities. After industrialization, an increasing
portion of the population lived in cities and worked at tasks other than agricultural
production.

Chapter 2 has traced some of the shifts in population to cities as industrial and
commercial activities increased. It was not until the nineteenth century, however,
that the political consequences of the shifts became clear. In many ways the most
important symbol of change was repeal in 1846 of the British Corn Laws, a substan-
tial tariff barrier to the free import of wheat and other grains from 1815 to 1846.4

These Corn Laws protected English wheat growers, who could not produce grain as
cheaply as it could be grown in other parts of Europe and, increasingly, in North
America. For the landed interests of England, the Corn Laws were a route to pre-
serving their traditional bastions of power and privilege in a political economy that
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saw urban commercial and industrial interests steadily eclipsing the old feudal power
systems based on landownership in the countryside.5

Owners of factories and pillars of the commercial community saw the Corn Laws
simply as a way to keep bread expensive to benefit landlords and farmers. They, how-
ever, wanted cheap bread in order to keep wages to their workers low. After years of
bitter division, their representatives formed the Anti-Corn Law League in 1839 in
Manchester. Duties came down in 1842 and, under the conditions of famine in Ire-
land, were phased out starting in 1846.6

Repeal of the Corn Laws resulted in a short-term decrease in wheat prices in
England, but other factors intervened to stave off for about twenty years a permanent
decline. Transport technologies were not entirely adequate to bring in large quanti-
ties of grain on a regular basis. In addition, outbreak of war in America and the Crimea
served to preserve a steady domestic market for English wheat growers. In fact,
repeal of the Corn Laws was followed by investment by British landowners and farmers
in such practices as field drainage systems, new buildings, and fertilizers. Their grain
production remained profitable, and for the period of about 1850 to 1870 England
enjoyed a "golden age" of agriculture.7

Prosperity unraveled after 1870 as railroad and shipping technologies made it ever
cheaper to import grains from abroad, especially from North America. Bad weather
and livestock diseases exacerbated the situation in the late 1870s.8 England moved
from importing one-fifth of her wheat in 1841 to three-fourths by the early 1900s.9

At the same time, rising incomes and changing tastes led to a pronounced shift in
preference for bread wheats rather than barley, oats, rye, and other crops as the staple
of British diets.10 High yields of wheat in England were still possible on physical and
biological grounds, but no English bread wheats could compete freely with foreign
bread wheats. England became a land of grazing and dairying, not of cereal produc-
tion, and labor left agriculture in ever larger numbers.11

Not only did repeal of the Corn Laws alter the rural landscape and economy of
England; their absence also created another situation that was symbolically of highest
importance to the shape and content of future farming economies and their need
for particular types of scientific expertise. When wheat, the foundation of the English
food supply, became simply one more commodity to be traded freely in a world
market, attachment to the notion of food self-sufficiency from the nearby region was
undermined. Capitalist markets would now be the arbiters for how much wheat would
be produced, where, and for what price it would be sold. A farmer who wanted to
survive in this market had to produce wheat for less money than the market would
pay for it. Differences between production costs and selling prices became the
supreme arbiter of a farmer's skill and fortune.

Repeal of the Corn Laws thus symbolized a major junction in the long transition
from farming as a means of local self-sufficiency to farming as simply another commer-
cial enterprise. Producers of basic commodities, first in England and eventually every-
where, increasingly had to come to grips with production for profit in a highly com-
petitive global market. Yield of the right type of crop was the primary means to achieving
low production costs in relation to market prices, and growers slowly came to learn of
their dependence upon plant breeders and other agricultural scientists to get the best
differentials possible. Higher yields at lower costs were key to economic survival.
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It is worth inquiring at this juncture whether repeal of the Corn Laws was the
only important factor in making yields primary. The short answer to this question is
no, for reasons that emerged at several points in Chapter 2 and will continue to
appear as the narrative moves on to the remarkable transformation of wheat yields
between 1940 and 1980. Other factors also affected whether or not an individual
grower was under pressure to maximize yields, including expansion of wheat pro-
duction into new lands, expansion of the human population, and mechanization of
agriculture. In fact, the political squabble in Britain over whether wheat should be
freely imported from abroad was a battle that could be fought only because new wheat
lands were being farmed abroad, generally by an expanded population of people of
European ancestry, who used new laborsaving technology. It was this complex of
factors that created the conditions for the ascendancy of yield as one of the best ways
for a farmer to ensure that selling prices of wheat were greater than production costs.

Expansion of population and of the area planted in wheat were closely linked
processes in the nineteenth century. From 1800 to 1900, the European population
increased from about 180 million people to about 390 million, a rate of increase far
in advance of any other group of people on earth.12 This "population explosion" went
hand in hand with another change: expansion of the wheat-growing lands by mil-
lions of hectares within a short period of time in North America, South America,
and Australasia.

Expansion of population and of wheat area interacted to produce a complex sig-
nal to individual wheat growers about their need to maximize yields. Expansion of
population meant that more people needed to eat and that more people were avail-
able to farm new lands. Extra people eating expanded the market demand for wheat,
which, in turn, could be met by the production on new wheat lands. So long as the
new lands were of the right size to provide for the new people, little change in wheat-
growing practices or in wheat markets would occur. For two major reasons, how-
ever, the ways in which both the cultivated area and population expanded were such
that severe competition fell on all wheat growers in both old and new lands.

First, only some growers were actually in a position to cultivate larger amounts of
land in wheat. One or more of four conditions had to be met for an individual farmer
to expand area: (1) the land was on the farm already, just not used (e.g., it might
have been wooded), (2) the land was on the farm already and used for another crop
that could be eliminated, (3) the farmer was on a "frontier" adjacent to land that
could be appropriated easily, or (4) the farmer was willing to pick up and move a
substantial distance to a new frontier. Farmers who could not meet one of these four
conditions and who wanted to grow more wheat were left only with improvement of
yields per hectare as a way to increase production. Even farmers who could expand,
however, were not immune to pressures to increase yields.

Second, it was the European population that exploded in the 1800s, and it was
the European expatriates who were most responsible for expanding the land area given
to wheat during that century. Over 50 million people, the largest migration ever in
human existence, left Europe to settle in what historian Alfred W. Crosby called the
Neo-Europes: the temperate regions of the Americas, Australasia, and Eurasia.13 This
exodus began in a small way in the sixteenth century, but it was not until the nine-
teenth that it reached its peak. As a result, the North American prairies, the Argen-
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tine pampas, Australia, and, for a short period, British India became immense gra-
naries that supplied ever-increasing amounts of wheat to a burgeoning population of
Europeans and Neo-Europeans.

As a result of unequal access to new lands, some wheat producers were "left be-
hind" on the old, settled wheat lands of Europe while others took up business on the
new lands. Economic and cultural links between the Neo-Europes and Europe,
however, were such that producers in the new wheat lands needed to trade with
Europe. For most of the nineteenth century, and even beyond, however, the only
products in abundance in the Neo-Europes were wheat and other agricultural com-
modities. Once transport links were cheap enough, the Neo-Europeans naturally
worked to sell their goods in Europe.

If land had not been plentiful in the Neo-Europes, if transport had not been cheap
enough, or if the Neo-European populations had been large enough to consume the
grain they raised, then no massive amounts of wheat would ever have been sent back
to Europe to compete with European farmers. Unfortunately for European farmers,
these conditional assumptions were not true. As a result, the grain harvests in the
Neo-Europes were sufficiently large and cheap that farmers everywhere, both in
Europe and elsewhere, entered a phase of intense competition on a world grain market
of limited demand compared with supplies after about 1870.

In order to better understand this competition, we now explore two of its major
features: the excess of land given to wheat and the advent of laborsaving machinery.
These two factors were the foundations upon which was built a receptivity for knowl-
edge about how to increase yields per hectare. Increasing yields was a critical weapon
for farmers in Europe and was the cornerstone for receptivity to the Darwin-
Mendelian theory of variation and its use in an applied science of plant breeding.

Excess of Land

Evidence suggests that sometime after 1850 the world entered a period in which
available technology for wheat production was sufficiently powerful to produce
amounts of wheat above what was needed for food and seed on the land suitable for
wheat cultivation. Disparities in wealth undoubtedly kept some people hungry and
malnourished, but their starvation was a matter of distribution, not lack of natural
resources to produce wheat. Economic historian Wilfred Malenbaum analyzed the
changes in global wheat acreage, production, and yields between 1885 and 1939.
He distinguished between the "necessary" acres needed to produce wheat for food
and seed and the number of acres needed to produce the total world wheat harvest
at average global yields; he called the difference "excess acreage." He found that from
1885-89 to 1899-1904, the world had an average excess acreage of 11 million acres
(4.6 million hectares), or 6.9 percent excess. From 1904-09 to 1934-39, the excess
grew from 14.9 million acres (6.2 million hectares) to 31.0 million acres (12.8 mil-
lion hectares), an increase of from 8.6 percent to 15 percent excess.14

Malenbaum thus argued that the farmers of the world planted too much land to
wheat in relation to the amount of land needed to provide food and seed. During the
half century after 1885, the excess planted became larger, causing the price of wheat
to fall absolutely and relatively to other commodities. Only the disruptions of nor-
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mal farming patterns in World War I had marked effects on these trends. For a vari-
ety of reasons, farmers persisted in planting more land in wheat than was needed to
satisfy the effective market demand for the cereal.

Not only was too much land being planted, but the opening of new wheat lands
and the construction of railroads, especially in the United States, after 1870 led to a
flood of American cereals into Europe. These new imports took a tremendous toll
on European farmers who were raising wheat. Most important, it was cheaper to grow
wheat in North America and ship it to Europe than it was to grow and consume the
grain there. In Germany, for example, production costs for winter wheat in 1910-14
ranged from $0.90 to $1.08 per bushel. Spring wheat in North America, however,
had a production cost range from $0.45 in Montana to $0.75 in the Canadian prai-
ries. Transporting wheat from Montana to Liverpool cost only $0.15 per bushel. To
make matters even worse for the European farmers, the North American wheat was
almost invariably of better quality for making raised loaves of bread.15 As a result,
American and Canadian growers were highly competitive with European farmers.

Europe itself was complex in terms of how different national economies related to
wheat. Some countries, such as Russia, Hungary, Bulgaria, Romania, and Yugoslavia,
were wheat exporters during the period 1885-1939. Others, such as Germany, moved
from being exporters before the 1880s to being importers due to competition from North
American wheat. Still others, such as France, were largely self-sufficient, with occa-
sional supplies for export. Finally, there were the British, who, after repeal of the Corn
Laws, became importers on a massive scale in the last part of the nineteenth century.16

Governments of these countries, both importers and exporters, had to come to
grips with a critical problem: How does a state govern its people and its countryside
to ensure a regular supply of food at a reasonable price? This question has always
been with human societies in one form or another, but it is crucial to see that the
advent of a global, competitive market in wheat completely reshaped the issues that
had to be faced. In Europe and the Neo-Europes, the specific question was how should
a government best ensure its nation a regular supply of wheat when that crop is being
grown in excess quantities and can be shipped cheaply all over the world.

Individual farmers and landowners in Europe and the Neo-Europes, in contrast,
had a much smaller set of concerns, but they, too, were of critical importance in
establishing the framework for decision making: How should this land be used so
that the farmer or landowner will be well served this year and be in a condition to
continue next year? At stake were decisions on how to exert human labor; how to
deploy land, crop species, and other resources; and how to maintain an individual's
power, wealth, and social prestige.

We can think of these sets of questions for farmers and landowners as the "micro-
political ecological" concerns, in contrast to the "macropolitical ecological" concerns
of how a government should control its people and resources to ensure a food sup-
ply. Governments, landowners, and farmers gave different answers to these questions,
according to their circumstances. Critical to their dilemmas, however, was the fact
that in the half century following the repeal of Britain's Corn Laws, too much land
was given to wheat while the technology for a global market emerged. Wheat growers
everywhere were in deep competition with one another, and everyone was looking
for new ways to produce wheat more cheaply.
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Laborsaving Machinery

In wheat production, the processes leading to higher yields per hectare changed only
slowly during the nineteenth century. Much more rapid was the increase in produc-
tion per hour of human labor invested. An incentive to create laborsaving machin-
ery came from the stiff competition among wheat farmers, which in turn came from
the excess lands planted in wheat. Not only did new machines thus play a role in the
global competitive wheat market; they also generated interest in the uses of science
in agriculture. One example, the mechanical reaper, illustrates the power of the new
inventions.

Before the nineteenth century, wheat was harvested with a great investment of
hand labor. Sickles and scythes cut the stems so that the grains could later be threshed
from the ear (Figure 3.1). In the late eighteenth century a modified scythe, called a
cradle, came into use in some areas. The cradle was a frame that caught the cut stems
and thus doubled the rate at which the field could be harvested, to up to four acres
per day by an expert (Figure 3.2).17 Even the cradle's effectiveness was debated, how-
ever, and agricultural improvers noted the need in America for a device that could
put an animal to work in grain harvest. By 1830, eleven American patents had been
issued and a number of machines from Europe had been tried.18

Right up until the 1830s, therefore, farming practices for wheat were based on a
high labor investment to capture all of the tiny little grains of wheat. In fact, the labor
investment was so high that wheat might not have been ecologically successful as a
human food crop19 except for the fact that once it was sown it required virtually no
labor until it ripened. The harvest labor averaged over the total time the crop was growing
was sufficiently low that wheat was considered "worth the effort" it took to get it.

Figure 3.1 Wheat harvest, scythe without cradle. U.S. Department of Agriculture.
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Figure 3.2 Wheat harvest, scythe with cradle. International Harvester Company Collection,
from the film Romance of the Reaper, 1930, State Historical Society of Wisconsin, Madison.

European expansion in the North American Neo-Europe, however, ultimately
proved conducive to the development of a radically new way of harvesting wheat:
the mechanical, horse-drawn reaper. Two Americans, Obed Hussey and Cyrus
McCormick, in 1833 and 1834, respectively, obtained patents for machines that could
harvest small grains and grass. At first the machines were of crude design, poorly made
of materials that quickly wore out, and of uncertain economic return. Persistence
from the inventors, promoters, and users, however, finally resulted in common adop-
tion of the machines by the 1860s. About 7,000 harvesters were made before 1850;
by 1864, nearly 100,000 per year were manufactured. Their use became general
throughout the United States.20

With the reaper using animal power and mechanics to amplify human labor, the
vast, flat, well-watered woodlands and prairies of central North America became ideal
country for raising wheat. So long as Native Americans could be pushed out, the
European and American immigrants saw an immense supply of land that could raise
wheat. A smart farmer was one who figured out how to use the reaper rather than the
sickle, scythe, or cradle and thus was able to harvest more land than his peers work-
ing with hand tools and without animal power.21

We can perhaps never know the exact course of the creative thoughts that led both
McCormick and Hussey nearly simultaneously to develop their machines. Never-
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theless, they created precisely what was needed to allow scarce human labor to work
its will on the very large North American landscape. They made it possible to grow
wheat far in excess of what an individual farmer's family could eat. They thereby also
made it possible for North American farmers to produce wheat more cheaply than
their counterparts in Europe, which in turn was part of the basis of a fierce global
competition in wheat production.22

This, then, was the context into which the Darwin-Mendelian philosophy of varia-
tion came into existence: population was growing rapidly; Europeans were flooding
the globe in the largest migration ever in human history; more land was found suit-
able for growing wheat, the staple of the European and Neo-European diet, than
was needed; huge wheat supplies accordingly put pressures on all farmers to seek
ways to produce at lower costs; and governments and growers everywhere were try-
ing to figure out how best to make their way. The European and Neo-European world
was awash with too much cereal, which hung over every farmer as a threat to finan-
cial solvency. Paradoxically, governments were threatened with famine and the ruin
of their farmers if they did not establish the right policies. Farmers were faced with
financial ruin and potential starvation if they could not grow a crop at a cost low
enough to be sold at a profit.

What were the right moves for governments to make? Was one set of answers
correct for all countries and farmers? To what extent could farmers and governments
make decisions independently of one another or of their peers (farmers with farm-
ers, governments with governments)? It is hard to judge whether people found the
"right" or "best" answers. What is clear is that countries found three different
responses.

First, some countries well endowed with good lands for growing wheat set a num-
ber of government policies that encouraged the development of a massive export
industry. Prominent among this group were the United States, Canada, Australia,
and Argentina. The United States and Canada used land and railroad policies promi-
nently to settle their vast prairies and grow wheat. Australia emphasized railroad
growth. Argentina focused on immigration policies to people the pampas.23

A second set of responses came from the European countries that prior to 1870
had been largely self-sufficient in wheat. They adopted tariffs to protect their grow-
ers against the more cheaply produced imports from North America, Australia, and
Argentina. Included in this group were Germany, France, Italy, Spain, Portugal,
Austria-Hungary, Sweden, and to some extent, Switzerland. Motives for protection-
ism were probably mixed between protecting farmers, preventing agrarian unrest,
and keeping wheat self-sufficiency for military and strategic reasons. Germany may
have been the most explicit in basing its tariff policies on the need for self-sufficiency
in time of war and the need for a strong agricultural population to provide manpower
for the German army.24

Britain essentially stood alone in Europe in not adopting protectionism. When
the Corn Laws were repealed in 1846, tremendous political sentiment continued to
resist their reimposition. As a result, the British became absolutely dependent for
survival on wheat from other countries, and the British market for wheat became the
dominant force in the world market.25 Although the British bought wheat from many
places, its special colonial and imperial relationships with Canada, India, and Aus-
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tralia were of special importance in guaranteeing its supplies of a vital material. Brit-
ain also had heavy investments in the United States and Argentina, which meant those
countries, too, needed to sell something to the British in order to service their debts.
Wheat was a prime export that served this purpose.

The third and final set of answers to the problem of wheat overproduction was on
the surface paradoxical, yet it was absolutely critical to the spread of the new science
of plant breeding based on Darwin-Mendelism: a number of countries created insti-
tutions dedicated to research and technological development in agriculture. Wheat
was invariably a prominent object for study in these new laboratories, and the goal of
research was to make it possible for their farmers to grow more wheat at lower costs
so they as individuals could compete in the hostile financial environment of the glo-
bal wheat market. Protectionism may have allowed farmers to survive in the enter-
prise of producing wheat in high-cost conditions, but science ultimately was intended
to lower the costs of production.

The Beginnings of a New Science of Wheat Breeding:
England and America

Two scientists, Liberty Hyde Bailey (1858-1954), an American, and Rowland Harry
Biffen (1874-1949), from England, made early, fundamental contributions to a new
science of plant breeding. We will trace how they adopted the new philosophy of
variation from Darwin and Mendel for the study of plant improvement. They were
not the only significant actors creating a new science of plant breeding, but their
respective thoughts about the manipulation of plant behavior exemplify the connec-
tions between applied plant genetics and the needs of civil society.

Bailey was a major conduit for moving Darwin's ideas about variation into the
mainstream of applied, agricultural science and plant breeding. He was born on a
farm near South Haven, Michigan, in 1858. Bailey was interested in natural history
from a very early age and read Darwin's On the Origin of Species by Means of Natu-
ral Selection before he was sixteen. He received his undergraduate training at Michi-
gan State Agricultural College and then worked with Asa Gray in botany at Harvard.
Gray was a leading spokesman for Darwin's views in America, and Bailey furthered
his appreciation for Darwin while in Cambridge.26

In 1885, at the age of twenty-seven, Bailey took a position as professor of horticul-
ture at Michigan State Agricultural College. He was insistent that the practical field
of horticulture be infused with the new science of botany that had been so influenced
by Darwin and others. Three years later, in 1888, Bailey was lured to Cornell by better
research support to become that university's first professor of horticulture. As a
horticulturalist using the science of botany, it was Bailey who coined the term "plant-
breeding."27

Bailey was by no means the first person to attempt to identify principles about
variation in plants and how they could be used to produce economically useful vari-
eties. He was, however, one of the first to attempt a systematic synthesis of this new
field of "plant-breeding." In 1891, at the age of thirty-three, he published "Philoso-
phy of Crossing Plants," followed in 1892 by "Cross-breeding and Hybridizing."28

In 1895 Bailey published his first book-length treatise, Plant-Breeding, Being Five
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Lectures upon the Amelioration of Domestic Plants. This book was derived from his
earlier work in 1891 and 1892 plus additional lectures he gave at the University of
Pennsylvania in 1895.29

Bailey began his 1895 discussion with a profoundly Darwinian theme. Variation
was a natural fact, and the problem was to understand its biological and evolution-
ary importance:

There is no one fact connected with horticulture which so greatly interests all per-
sons as the existence of numerous varieties of plants which seem to satisfy every need
of the gardener. Whence came all this multitude of forms? . . . Whatever attempt the
gardener may make at answering them is either befogged by an effort to define what
a variety is, or else it consists in simply reciting how a few given varieties came to be
known. But there must be some fundamental method of arriving at a conception of
how the varieties of fruits and flowers and other cultivated plants have originated. If
there is no such method, then the origination of these varieties must follow no law, and
the discussion of the whole subject is fruitless.30 (emphasis added)

Bailey then moved to a consideration of the causes of variation, which in his view
consisted of fortuitous variation without known cause, the variation arising from sexual
reproduction, physical factors in the environment, and the outcomes of the struggle
for life. The last cause led him to ask how nature fixed or made relatively stable cer-
tain variations. At this question Bailey moved directly to link Darwinian evolution
with applied plant breeding:

"This preservation of favorable individual differences and variations, and the destruc-
tion of those which are injurious, I have called Natural Selection of the Survival of
the Fittest." This is the philosophy which was propounded by Darwin, and which will
carry his name to the last generation of men. It looks simple enough. . . . Yet, this
simple principle of natural selection was the first explanation of the process of evolu-
tion which seemed to be capable of interpreting the complex phenomena of the forms
of organic life. . . . It seems to be indisputable that natural selection is the chief force
underlying the evolution of plants, and it is the only one with which the person who
desires to breed plants need intimately concern himself.31

According to Bailey's contemporaries at Cornell, it was precisely Bailey's use of
the concept of Darwinian evolution that made his teaching and research so exciting:

The glory of the instruction in the horticultural department was centered in the course
in evolution. In its day it was the most effective presentation of evolution given in
Cornell University and attracted students from all colleges. By gradual and easy steps
the student was led from the simple facts of variation to the most profound problems
of evolution.32

Bailey occupied a middle ground in late-nineteenth-century biology between those
who still saw a possible place for Lamarck's inheritance of acquired characteristics
as a source of variation and those who accepted Weissman's dictum that germ cells
(cells giving rise to pollen and ovules in plants) and somatic cells (the rest of the plant)
were separate and thus precluded the permanent acquisition of an adaptation to the
immediate environment. Bailey leaned primarily toward Darwin's notion that natu-
ral selection was the force molding the shape of species, but he left the door open to
Lamarckian views based on his experience that "every change or variation in any
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organism —unless it proceeds from mere accident or mutilation —may become he-
reditary or be the beginning of a new variety."33

Bailey recounted in 1914, in a historical preface to the fifth edition of his book
Plant-Breeding, that he still had a warm place in his heart for Darwin:

These new investigations have taken us far from the point of view of Darwin, in which
the original editions of the book were founded. I doubt whether the students receiv-
ing their instruction to-day . . . have any such feeling for a master-spirit as we had in
those days when the studies of Darwin had given a new meaning to nature, when there
were still a few naturalists left, and when the glow of his writings was warm in every
person's work. To one coming out of a plant-growing relationship, the masterful works
of Darwin had introduced order, and the forms of cultivated plants had been made
worthy of serious study. . . . All these writings were fascinating to read. How to pro-
duce new forms of vegetation seized some of us with irresistible power.34

What Darwin did for Bailey was to take the complexity of variation in organisms
away from being a distracting diversion and turn it into a focus for study. Darwin
also provided a rationale, evolution by natural selection, that gave a scientist hope
that natural, discoverable laws governed the function of nature's complex diversity.
Bailey used Darwinian theory as the springboard for making it possible, in his words,
to find a method to study the origins of the many forms of cultivated plants. Without
the method, all discussion of how varieties originated become "fruitless." Armed with
Darwin, Bailey was completely enthralled by an "irresistible power" to create new
varieties as a plant breeder.

Not only did Bailey serve to bring Darwinian order to the study of variation; he
also played a role with others in the introduction of Mendel's thoughts into plant
breeding, especially in the United States. His textbook Plant-Breeding was apparently
very popular, and it served as the vehicle for introducing Mendelism to a broad au-
dience. The book came out in a second (1902), third (1904), fourth (1906), and fifth
(1915) edition. All but the 1902 and 1904 editions had multiple printings. It was not
until the third edition, however, that Bailey incorporated the thoughts of Mendel
into his work. At that time (1903) he noted that the bibliography of his 1892 essay
contained a reference to Mendel's papers but that he, Bailey, had merely taken them
from a German book on plant crossings and had not actually read them. Bailey cred-
ited Professor Hugo de Vries of Amsterdam, William Bateson of England, and Herbert
J. Webber of the U.S. Department of Agriculture as the most active in introducing
Mendel to American scientists.35

A certain amount of confusion has surrounded the story of how Gregor Mendel's
work became integrated into the mainstream of twentieth-century agricultural sci-
ence. Mendel himself (1822-84) certainly did not make the connections between
his work and its applications. He was an Augustinian monk, the son of a small farmer
who was educated at a village school, ordained in 1847, educated at the University
of Vienna in physics, math, and biology, and a teacher at a technical high school
until he became abbot of the Monastery of St. Thomas in Brunn, in what is now the
Czech Republic. Most of his scientific work occurred during the time he was a teacher,
between 1857 and 1865, and he did no scientific work at all after he became an abbot.
The paper for which he is now most noted was "Experiments in Plant Hybridiza-
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tion," which appeared in 1866 in the Proceedings of the Natural History Society of
Brunn.36

What was confusing about Bailey's role in the integration of Mendelian thought
into twentieth-century biology concerned the statement of one of Mendel's redis-
coverers, Hugo de Vries. De Vries, the Dutch botanist now most remembered for
his theories about evolution by mutations, wrote on two occasions that he had been
led to Mendel's paper by Bailey's bibliography, but the exact publication of Bailey's
that de Vries said he used was contradictory. A careful reexamination of the situa-
tion suggested that de Vries received a copy of Mendel's paper from a friend at Delft,
not Bailey, probably in early 1900.37

Regardless of how de Vries was led to Mendel's paper of 1865, he was one of three
botanists who virtually simultaneously discovered a new significance for Mendel's
thoughts. Karl Correns, a professor of botany at the University of Tubingen, and Erich
von Tschermak of the Hochschule fur Bodenkultur in Vienna also came upon
Mendel's work in 1900.38 Of the three, only Tschermak was interested in the practi-
cal aspects of plant breeding. His work included peas, beans, wheat, barley, and rye.39

Correns was more interested in plant physiology, while de Vries was interested in
physiology and evolution. After 1900, de Vries was highly important in getting
Mendel's thoughts directly to English and American wheat breeders, but Tschermak
also contributed because of his contact with Swedish wheat breeders, who in turn
were influential with the English.40

Not only did confusion surround how de Vries was led to Mendel, but uncertainty
has surrounded the question of whether Mendel's paper lay relatively unnoticed for
thirty-five years and, if so, why. When it became famous, what were the reasons for
its transformation? A great deal of historical literature has dealt with the "rediscov-
ery" of Mendel, and some have suggested that in fact Mendel was not rediscovered
in the sense that his work was never noticed. Instead, Mendel's work reentered
twentieth-century biology because it was relevant to an entirely new and different set
of questions than those to which it had been directed.

Mendel at mid-nineteenth century very likely was interested in understanding how
species evolve through hybridization. As such, his paper was consistent with a sub-
stantial amount of other investigation at the time on this question. In contrast, when
Mendel's work was cited in 1900, the debate in evolution had shifted to two ques-
tions: (1) Could Darwin's mechanism of natural selection work if only very small
variations were present? (2) What might replace Darwin's faltering theory of pan-
genesis as a mechanism of heredity? De Vries was adamant that the answer to the
first question was no, and he viewed Mendel's observations on the stability of trans-
mission of large character differences as supporting evidence for his theories of evo-
lution by "saltation," that is, the importance to evolution of the inheritance of large
character differences.41

Once Mendel's thoughts were taken into the crucible of the debate over de Vries
and his saltation theories of evolution, the significance of Mendel's work was entirely
changed. It ended up caught between what historian William Provine has called two
warring camps of English biologists who were searching for ways to prove or disprove
Darwin's mechanism of evolution by natural selection working on almost impercep-
tibly small differences among individuals. On one side of the debate were the bio-
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metricians Karl Pearson (1857-1936) and W. F. R. Weldon (1860-1906), both of
whom adhered to Darwin's notion of evolution by natural selection acting on very
small variations. Both were inspired to use statistical methods by Francis Galton
(1822-1911), and they claimed him as their intellectual progenitor. Galton formu-
lated, and Pearson revised completely, what Pearson called Galton's law of ancestral
heredity, a statistical approach to inheritance that studied the means of measured
characteristics of interbreeding populations and not the particular outcomes of crosses
between specific parents.42

On the other side was William Bateson (1861-1926) from Cambridge Univer-
sity. Bateson, like Thomas H. Huxley (1825-95) and Galton, had become convinced
that Darwin's theory of natural selection acting on small differences was inviable.
Only if large differences arose by mutation could one expect to see the evolutionary
changes envisioned by Darwin. Their reasoning was based on Galton's earlier for-
mulation of the idea of regression, in which offspring tended to have means of char-
acteristics more like the population than like their parents. In other words, differ-
ences between parents and the rest of the population tended to be lost in the next
generation. Thus it was not possible to select for small, continuous variations in
order to create new species.

When they met for the first time in 1899, Bateson and de Vries were both advo-
cates of evolution by selection for large, discontinuous variations. When de Vries in
the following year brought Mendel's work to light, Bateson was delighted and be-
came the major champion of Mendelism in England.43 Bateson and de Vries both
were influential in taking Mendel to America. They both attended the International
Conference on Plant Breeding and Hybridization in New York City in 1902.
According to conference participant Liberty Hyde Bailey, Bateson's book Mendel's
Principles of Heredity: A Defense (1902) was the thing to read for all work in plant
breeding.44 De Vries also lectured extensively in the United States in 1906 and pro-
moted his ideas of inheritance and evolution.45 Bateson worked to create a commu-
nity of researchers at Cambridge who shared his enthusiasm for the new experimen-
tal way of studying inheritance and evolution. One of his colleagues who immediately
saw a way to use Mendel's ideas was Rowland Biffen.

Biffen, born in 1874, entered Cambridge University in 1893, where he studied
for the natural science tripos. He did so well that he obtained a studentship to study
fungi in 1896. A trip to explore for sources of rubber (1897-98) led him to see the
importance of botany for industrialized economies that increasingly ran on tires.
Accordingly, he switched to economic botany. In 1899 he became a lecturer in botany
in the university's new department of agriculture. Biffen was an early enthusiast for
Bateson's crusade for Mendelism, and he began to gather a collection of wheats and
barleys for studies in variation and inheritance. He outlined his research program by
1903 and published his first extensive results on wheat in 1905.46

What makes Biffen's work more interesting than the squabbling of Bateson,
Pearson, and Welden is that Biffen deemphasized the controversy over the mecha-
nisms of evolution. This is not to say that Biffen may not have been interested in
evolution or hostile to evolutionary theory, but he gave no evidence that he thought
Darwinian theory was the critical issue at stake in Mendelian studies.
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An anecdote recounted years later by the American botanist Edgar Anderson gives
some personal dimensions to Biffen's lack of engagement with the burning evolu-
tionary debates of the times. It seems that a young Russian wheat breeder, N. I. Vavilov
(1887-1943(?)), came to Cambridge to study wheat with Biffen. Soon, however,
Vavilov switched to studying with Bateson because of Bateson's encouragement to
study comparable (homologous) variations in different cereals. This work was pre-
liminary to Vavilov's later theory that the greatest variability of an organism could be
found near the origin of the species,47 but long before he became famous in his own
right he was asked why he left study with Biffen for Bateson. Vavilov is said to have
replied in his thick Russian accent: "Ahh, yes. Beeffeen. Beeffeen yess, he is a gude
man, a fery gude man, but you see, he has no phee-low-so-phee."48

Perhaps it is fairer to say that Biffen was interested in other philosophical issues
than the ones that so engulfed his colleagues at Cambridge. Biffen had a vision for
the importance of Mendelian genetics that, when properly considered, was astound-
ingly radical in its implications for the use of the English landscape, the role of agri-
culture in the British economy, and the place of the British state in governing the
food supply of the British people.

Consider the introductory paragraphs to Biffen's first article reporting the results
of his researches on Mendelian characteristics in wheat. He began not with Darwin
but with a recitation of the fate of the declining English agricultural economy dur-
ing the previous thirty years:

We [England] can grow on the average over 30 bushels to the acre where the United
States grow 14, Russia 10, and the Argentine 7. Yet the acreage under wheat in this
country has fallen from three and a-half million acres in 1876 to one and a-half mil-
lion in 1903, and we now grow approximately only one-fifth of the wheat we consume.
Further than this there is good evidence to show that the quality of the grain now
grown is inferior to that of twenty years ago. It has been sacrificed to yield, and many
of the better class varieties . . . have been more or less driven out of the field by [new]
varieties . . . which are capable of giving slightly larger crops of grain and straw. These
inferior varieties have now to compete with wheat imported from Canada, the United
States, Russia and other countries. The seriousness of the position becomes evident
when one finds English wheat selling at 28s. 6d. a quarter when Manitoba Hard is
selling at 35s.

. . . the miller tells us that English wheat . . . is lacking in "strength." . . . The flour
of English-grown wheat, alone, will not produce a loaf which is marketable under
present conditions. . . .

Since the opening up of the wheat-growing districts of the United States and Canada
. . . the milling trade has to a large extent found its way to the ports. The millers so
situated grind the strong wheat brought direct to their mills by sea. . . . The whole
question then pivots on the strength of the grain we can produce.49

Biffen then went on to report the results of his crosses in wheat in which he stud-
ied the inheritance patterns of over a dozen characteristics with at least two forms of
each characteristic. He found that Mendel's laws fit the behavior of characters that
were morphological, histological, and constitutional in nature. For Biffen, the Men-
delian scheme moved the art of predicting the outcomes of plant hybridization
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experiments away from being a complete game of chance to being an exercise in
order. Whereas before 1900 little existed other than intuition to guide breeding
experiments, Mendel's laws gave a method for how to plan and study such crosses.50

Bateson was perhaps more direct in stating the profound change that Mendelian
genetics gave the practical breeder: "Though, as naturalists, we are not directly con-
cerned with the applications of science, we must perceive that in no region of knowl-
edge is research more likely to increase man's power over nature."51

Biffen pursued his investigations in a way that reflected the optimism of Bateson,
but he used an entirely different perspective and language: he used Mendelism to
seek a new role for English wheat in the bread of Britain. Superficially, that may not
sound like much, but a fuller perspective would see Biffen's work as an effort to re-
verse the half-century decline and decay that had beset the English agricultural
economy since repeal of the Corn Laws in 1846. He saw no reason why England
should not produce high yields of strong wheat. He saw no reason why England should
not produce a substantial amount of its own wheat rather than rely on imports.

In essence, Biffen was countering the results of what the industrial revolution and
the opening of the North American prairies had done to English agriculture, but he
was using the tool of science rather than new Corn Laws to make British agriculture
more rational and more efficient. In a very real sense he was a prophet for bringing
the industrial revolution into agriculture. By 1910 he had released his first success-
ful new variety of wheat, Little Joss, which was resistant to yellow rust. He had deter-
mined in 1905 that susceptibility to yellow rust was a Mendelian character,52 and
Little Joss was the first refined product of that basic research.

In 1912 Biffen became the first director of the Plant Breeding Institute, funded
partially by Cambridge University and partially by a government grant. He also be-
came professor of agricultural botany at Cambridge in 1911, was elected fellow of
the Royal Society in 1914, and was knighted in 1925.53 His dream of an England
capable of raising large amounts of strong wheat was not to be realized for many
decades, but by his actions Biffen showed he had a sweeping "phee-low-so-phee."
Moreover, Biffen's philosophy of remaking British agriculture has continued to domi-
nate English agricultural science for decades, right up to the present.

Like Biffen in England, Liberty Hyde Bailey in America also became a powerful
spokesperson for a philosophy of agriculture, and agricultural science was seen by
him to play a pivotal role. Bailey's scientific career began in 1883 when he went to
work for Asa Gray;54 it thus overlapped substantially the fundamental transforma-
tion of the American economy from agrarian to industrial. It was during his life that
the United States moved from being a predominantly rural and agricultural country
to one in which most people lived in cities and worked in industry or services. Busi-
ness firms became integrated units controlling as much as possible of raw material
supplies, manufacturing, transport, marketing, and finance.55 In a similar vein, agri-
culture changed from being a mixture of subsistence and market-oriented activities
to being almost entirely market-oriented.

Transforming agriculture to a fully capitalist, entrepreneurial activity was as
wrenching for the American countryside as it was in England. American agriculture
had strong commercial attributes from the beginnings of European settlement in
North America. Until 1860, however, local rural communities had significant



Coalescence of a Modern Science 59

capacity for self-sufficiency in food and many other materials, except in the planta-
tion economies of the Deep South. Skills suitable for farming under such conditions
required little in the way of financial management or scientific and technical know-
how, other than what could be learned by young people as they grew up on farms.

After the American Civil War (1860-65), the nature of farming began to change
toward more commercial, specialized operations in which entrepreneurial skills and
business acumen were increasingly important. The fruits of technical invention,
particularly machinery, also became more important. What one had to know to thrive
in market-oriented agriculture was very different from what was necessary to prosper
as a largely subsistence farmer.

During the period 1870-1900, American agriculture became for many a life of
pain and suffering. Some distress was caused by drought, but many problems had
their origins in how societies organized their use of land and in the structure of the
economy. Opening the new lands, the resultant low prices, battles over the control
exercised by railroads and grain elevators, the effects of an almost continuous defla-
tionary policy by the U.S. government, and a shortage of credit were in many ways
symptomatic of the unceasing movement of capitalist markets and capitalist social
relationships into rural America.56 Some farmers learned how to work the rules of
the new agriculture and prospered. But some farmers did not, and their productivity
and prosperity remained low.

A variety of reform strategies emerged, each seeking a way to bring order, tran-
quility, and prosperity to the countryside. Fraternal and cooperative movements like
the Grange spread, especially in the new lands in the Great Plains.57 Political back-
lash against the crop-lien system and the railroad monopolies, the "Populist Revolt,"
swept many into partisan politics in the South and the Midwest.58 New business
methods brought forth another stream of reformers who labored to teach all farmers
the new, rationalized accounting methods of capitalism.59 Scientists, like Bailey,
preached the benefits of scientific farming.

All the ferment in rural America continually bubbled in American politics. Reso-
lution of the turmoil raised by the fiery Populists and others came after 1900, but it
was partly in the shape of higher farm prices and partly in a growing dominance of
scientifically progressive agriculture. Ultimately, the rationalism of the scientists and
the industrial commercialism of agricultural publishers and various agrarian philoso-
phers who voiced their views through the country life movement articulated the new
essence of American agriculture: it would be business-oriented and based on scien-
tific knowledge and technical expertise.

President Theodore Roosevelt created the Commission on Country Life in 1908
and at its helm put Liberty Hyde Bailey as chair. In some ways Bailey was an agrar-
ian romantic, but as chair of the commission he was a forceful voice for progressive,
scientific rationalism that would improve country living by consolidating the scien-
tific revolution in American agriculture.60 Bailey himself noted that the closing of
the frontier mandated a transition in American agriculture from ceaseless exploita-
tion of new lands to scientifically intensive management of a stable land base.61

Complexity of motive, however, permeated the country life movement, which
reflected the many dimensions of the context in which wheat breeding emerged. For
some, promotion of rural reform was a romantic nostalgia for an imagined bygone
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day in which yeoman farmers were the economic, political, and moral backbone of
the American Republic. For others, reform was a matter of hardheaded business sense
by urban capitalists and industrialists who recognized that industrial economies had
to have an efficient, highly productive agriculture in order to support manufactur-
ing economies. Yet a third group saw reform as an antidote to their fear of urban
industrial immigrants and a search for American native values in the rural areas. In
many ways, remaking the rural economy was parallel to the ideology of progressiv-
ism and a penchant for rationalism in all facets of life.62 The country life movement
encompassed all these complex motivations, and together they served as a powerful
foundation for support of a scientific enterprise that aimed to rationalize the wheat
plant and the methods of growing it.

By chairing the Commission on Country Life, Bailey was transformed from a
disciple of Darwin and Mendel among the agricultural biologists to a policy adviser
on reform of rural America. Bailey saw three fundamental conclusions in the final
report of the commission: (1) that society needed to have a great deal of factual in-
formation about rural areas in order to create site-specific plans for reform and im-
provement; (2) that the agricultural colleges must have the capacity to provide the
best scientific knowledge to every farmer; and (3) that the nation needed an ongoing
series of conferences on rural life at the local, state, national, and perhaps interna-
tional levels.63 Each of the three was in some way followed. The first was
influential in creating disciplines of rural sociology and agricultural economics. The
second was important in promoting the Smith-Lever Act of 1914, which provided
extension services in every county. The third helped inspire numerous country life
conferences after 1909.64

Bailey fully developed his philosophy of agriculture within the modern economy
in his book The Country-Life Movement in the United States, published in 1911. Here
Bailey spelled out quite explicitly that American agriculture had to change to an
industrial model. He went so far as to distinguish the "country mind" and the "town
mind," which had very different and antagonistic ways of approaching the problems
of life. Country folk were isolated and individualistic, while town minds saw the so-
lution to problems through cooperation and collective action. As a result, the city
could sit like a parasite on the countryside and determine its fate and the disposition
of the wealth and people produced in rural areas. In order to be perfected, civiliza-
tion had to forge organic links between city and countryside. Broadly trained people
working in the countryside and collaboration of city and country people were essen-
tial to making the needed adjustments.65

And what was the mission to be accomplished? It is here that Bailey was most
explicit. He saw the whole basis of civilization changing toward an industrial order
with trade over wide areas. To be sure, he saw a growing brotherhood among men
and the need for industrial societies to promote human well-being as well as finan-
cial gain. But above all the new industrial order was to complete the physical con-
quest of the earth. The rural people had a key role in that it was every farmer's prime
duty "to conquer his farm" in an unending struggle with better tools and methods.
Bailey wanted the countryside and urban areas evenly matched, because for him the
real battle was a rural and urban coalition working together to bring an industrial
order to the entire world.66
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Two characteristics stood out in Bailey's rural philosophy. He had a nostalgic
sentimentalism for the economic and moral virtues of country living.67 He also had
a profound belief in the value and power of education at all levels to mold human
life and economic enterprise.68

Unfortunately, a profound and irresolvable contradiction lay between Bailey's two
major beliefs. The romantic in him wanted rural people to find prosperity and hap-
piness in the countryside through agriculture as a living and a way of life. Yet pros-
perity in this enterprise, under the conditions of America's burgeoning industrial
capitalism, required efficient production methods, which in turn required sophisti-
cated education in the science and business of agriculture. As farmers turned through
education to more sophisticated methods of running their farm businesses, they found
they had to become materialistic, to adopt varieties and growing methods that pro-
duced the most at the least cost, to mechanize and thus reduce labor costs, and to
become fully integrated into the manufacturing, marketing, and finance worlds of
modern America. To keep the beauty of Bailey's agrarian dream was to eschew the
fruits of education in science and business methods. To adopt the products of re-
search and education was to leave behind the myth of an idyllic rural Utopia.

In the decades after 1900, Bailey's promotion of scientific education for farmers
had far more impact on American farming than did his admiration of a simple and
wholesome agrarian society. Bailey explicitly realized that the transformation of
agriculture to an industrial and scientific mode was simultaneously a transformation
of society and of peoples' lives and the ways they worked: "It has been necessary to
eliminate much of the old farm method in order to clear the way for the new. We
have also been undergoing a process of assorting the people, to determine who will
make the farmers that we need; this process is not yet completed."69

In the face of the wealth and comfort created by industrial economies, little at-
traction or capacity remained for staying in the countryside and facing hard work for
little material reward.70 Unless one became a progressive, educated, technologically
sophisticated farmer, agriculture in the twentieth century was not a very good way to
live. Bailey—as dean of agriculture at Cornell, proponent of scientific means of plant
breeding, and apostle of Darwin-Mendelian natural laws governing plant variation—
did far more to shape the emergent entrepreneurial agriculture than did Bailey, the
sometime romantic agrarian philosopher.

Bailey may not have wanted to take the message of a radical industrialism into
agriculture and have it contribute to the transformation of agriculture into a com-
pletely capitalist enterprise. Indeed he called for keeping a holy attitude toward the
earth.71 He maintained a spirituality that contrasted with the materialism and "irre-
sistible power" with which he approached the making of new plant varieties that
provided ever more efficient and higher yields in agriculture. His successors tended
to lose sight of Bailey's more spiritual attitudes, but they never lost sight of the fact
that he used Darwin-Mendelism to open up "a new meaning to nature," an "order"
to the myriad variations then known among cultivated plants, and made those crop
species "worthy of serious study." Bailey saw the need for "conquest" of earth, but
his spiritual dimension modified his quest for a new industrial order into a plea for
wise conservation and use of natural resources. Still, he was out to remake agricul-
ture, civilization, and the earth.
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Bailey had as sweeping and radical a philosophy in America as Biffen did in En-
gland, even though the specific circumstances under which the two men worked were
quite different. England had no opening of new lands to throw its agriculture into
turmoil, but the new lands in North America and elsewhere had a profound effect
on England. England had no waves of immigrants pouring into its borders; instead,
English people were part of the wave of immigrants to hit the United States. England
had no sentimentality for a bygone era of yeoman farmers as backbone of English
democracy; nostalgia for rural England was nostalgia for feudalism, and democracy
came through the struggles of the urban industrial class. In spite of these differences,
Bailey and Biffen both came to the same conclusions: agriculture, indeed civiliza-
tion, would be better if rationalized and industrialized through science and technol-
ogy. Scientific plant breeding with its intellectual roots in Darwin-Mendelism was
their contribution to the promise of tomorrow.

Plant Breeding Coalesces into a Formal Science

Contemporary plant breeding rests on a foundation of Mendelian genetics.72 On the
surface, therefore, it appears that the community of plant breeders was in some way
"receptive" to Mendelian ideas. But what does receptivity to a new idea or doctrine
mean? Is it possible to get a more precise notion of how individual scientists and
scientific communities received new principles and worked with them to create a
body of knowledge that had credibility and prestige within that group? Most impor-
tant, does such insight explain why certain forms of knowledge prevailed against
others?

In the years immediately after 1900, a Darwin-Mendelian theory of variation was
developed and propagated within scientific institutions created to bring scientific
rationalism to agriculture. As will be developed in chapter 4, many of them were
created to promote commercial efficiency in the face of the deluge of new produc-
tion that flowed from the newly developed lands of the Neo-Europes. Exactly what
the scientific questions were, however, involved a tangled complex of issues that can
be seen from at least two vantage points: first, all scientists have questions or prob-
lems upon which they formulate their immediate research objectives, and their re-
sults in some sense must be understood in the context of those queries.

Second, results of investigations frequently end up being interpreted or found
useful in contexts rather different from the concerns that motivated the work. With
hindsight it is frequently possible to see the importance of research in ways that were
not even imaginable before the work was done. In some ways, therefore, it is unfair
to original investigators to interpret their contributions from the present because our
hindsight makes so abundantly clear what their unknowns really were, at least from
our point of view. Looking from the vantage point of the present, therefore, can bring
an unfortunate sense of smugness about the "mistakes" made by an earlier genera-
tion of people. Nevertheless, when we see the list of questions that we can clearly ask
and answer, but which original investigators could not, we can see best the impact of
Darwin-Mendelism on the work of plant breeders after 1900.

Just what were the questions and uncertainties that a plant breeder in 1899 (pre-
Mendel) faced and for which the answers given by 1939 were vastly different and,
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from our vantage point in the present, show the confusions and uncertainties of plant-
breeding efforts before Mendel? The following questions highlight the important
issues, and the answers briefly recapitulate the results of extensive study and reorga-
nization of the knowledge of plant breeding in the forty-year period from 1899 to
1939.

QUESTION 1: No two individual organisms are identical, but is variation governed
by a set of principles, or is it chaos?

ANSWER: By the 1890s, Darwin's work clearly gave shape to a philosophy that viewed
variation not just as a random, chaotic event unguided by any principle or natural
law. On the Origin of Species (1859) provided the framework to see variation as
essential to the process of evolution by natural selection. The Variation of Animals
and Plants under Domestication (1868) rounded out Darwin's immense apprecia-
tion of variation by reviewing all the important examples of it he knew from domes-
ticated species. Cataloging variation in this way gave hope that the subject could be
studied and understood. Liberty Hyde Bailey clearly drew his inspiration from Dar-
win in his efforts to codify the methods of plant breeding in the 1890s.73

Despite Darwin's great contribution of giving the plant breeders faith that varia-
tion could be mastered and controlled, the theory of evolution by natural selection
was not particularly helpful in the design of methods for breeding. For reasons noted
in the following, Darwin's name began to drop from the cited references and from
the explicit discussion of practical plant breeding after about 1920 — not because he
was no longer believed but because he was no longer needed as an authority figure.

QUESTION 2: What is the relationship between variations among individuals and
the classification terminology that botanists and plant breeders developed in order
to identify and think about the organisms with which they worked: type, variety,
subspecies, elementary species, species, genus, and so forth?

ANSWER: This question has at its heart the mire surrounding efforts to understand
what a "species" was, an issue that continues to bedevil biologists even today. From
the time of Linnaeus in the eighteenth century until well into the twentieth century,
most classification schemes were what Ernst Mayr calls "essentialist" and "typologi-
cal," that is, they emphasized that a species was characterized by an unchanging
essence and that a type specimen existed that showed this essence, usually through
morphology. For Linnaeus, species were real, sharply separated from each other, and
constant. A countercurrent to the essentialist and typological scheme was a "nomi-
nalist" concept of species, in which the claim was made that only individuals were
real and all taxonomic groupings of individuals were, in the final analysis, arbitrary.74

Nominalist classification schemes were popular among botanists of the nineteenth
century, and Liberty Hyde Bailey worked within this framework.75

Practical plant breeders before 1900 were not hindered by the different philoso-
phies of classification. Instead, they made their crosses using parents that were inter-
fertile and tried to find the progeny they wanted. Then they hoped these progeny
would breed true so that the breeder could "fix the type." Major problems, however,
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came from new types that "ran out" over a period of several subsequent generations
or types that reverted to earlier ancestral forms ("atavism"). Whatever a species was,
"types" seemed to be an unstable category and their properties were not considered
reliably heritable.76

Instability of progeny potentially linked plant breeding to the deeply philosophi-
cal question of what was a species. If a species had material reality based on an
"essence," usually manifested by a morphological character, then passing on traits
to the next generation was simply a matter of transmitting the essence. In this frame-
work, reversion or instability in a progeny class would be troublesome because either
the "essence" was paradoxically plastic or the essence of the species lay elsewhere
than in the unstable character. Similarly, if species were mere arbitrary constructs
without material reality, and only the individual organism had reality, then presum-
ably some sort of rules had to govern how that individual passed on traits to offspring.
Otherwise, it was hard to explain how the offspring looked anything like the parents.
In both frameworks, therefore, the researcher seemed left standing in a quagmire in
terms of how to understand what a species was and from there how to build a work-
able research program in plant breeding. This uncertainty may be why Bailey, who
was a nominalist, introduced the whole subject of plant breeding with an extensive
discussion of the nature of variation and the concept of species in his 1895 book.77

Establishing a working concept for "species," therefore, was a problem for plant
breeders who were attempting to elucidate the laws of inheritance with Darwin-
Mendelism. It may be that de Vries achieved substantial influence between 1900
and 1910 among plant breeders precisely because he linked a concept of species with
ontological standing both to Mendel's scheme for inheritance and to observations
made by practical breeders. De Vries proposed "elementary species" as the building
blocks of a "species." Elementary species were individuals that possessed definitive
traits, easily noted compared with the individuals without the trait.78 Applied breed-
ers could plan their work as crosses between elementary species and interpret the
results with Mendel's rules. Ironically, de Vries himself lost interest in Mendelian
inheritance, because he saw it as of only occasional importance.79 His 1907 book,
Plant-Breeding, does not even mention Mendel in the index, although it mentions
other people liberally.80 Nevertheless, de Vries exercised substantial influence among
American scientific plant breeders such as Bailey, Edward Murray East, and Mark
Alfred Carleton in the first decade after the reappearance of Mendel's ideas.81

Despite a considerable amount of debate before 1920 about the concept of spe-
cies and the best terminology to describe it, the issue disappeared from the founda-
tion texts of plant breeding by the 1940s. Plant breeders after about 1920 also dropped
explicit reference to Darwin, de Vries, and evolution — not because these issues had
been resolved but because plant breeders no longer saw them as critical. Getting useful
new varieties was a matter of crossing parents with useful characteristics and no longer
seemed to have much relationship to the quasi-metaphysical debates over the onto-
logical reality of species.82

QUESTION 3: How do you distinguish and interpret variations that are large and
conspicuous rather than smaller and more subtle? How do you distinguish and
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interpret variations that are heritable and those that result from environmental
factors?

ANSWER: This complex question reflects the fact that scientific plant breeding had its
historical origins in two different problems: What was the role in evolution of small
rather than large differences among two or more individuals? And what was the role
in the development of an organism of variation caused by hereditary factors rather
than differences in the "environment" in which hereditary factors were expressed?
Although we can now ask these questions with some clarity, much of the difficult
work in plant breeding and genetics during the period 1900-1920 consisted of sort-
ing through the conceptual complexities involved, interpreting a wide variety of
empirical evidence, and developing new methodologies. Statistical methods and field-
testing techniques were new tools that were of special importance to scientific plant
breeding.

The story begins with wheat improvers of the nineteenth century, for example,
LeCouteur and Shirreff. Both made their fame by selecting marked differences among
individual plants in fields with much variation. These early workers, however, found
only a few new varieties. With the intensification of competition in the new global
agricultural market, however, a new problem began to take on increasing significance:
What strategy is best for a breeder who wants systematically to find a series of ever-
improving new varieties?

In essence, this was the problem Liberty Hyde Bailey set for himself in the 1890s
when he began to compile his thoughts on plant breeding, which he considered the
first "sustained attempt to account for the evolution of all garden forms" by making
"very brief statements of some of the underlying principles of the amelioration of
plants."83 Simultaneously with his own writing, Bailey was involved with a series of
editing efforts to bring the best of scientific thinking to a wide variety of popular works
on agriculture and horticulture.84 Unraveling the complexities of small differences
and heritable variation, therefore, was part of the larger project of rationalizing
agriculture.

Mendelian genetics, as noted earlier, began by playing a role in the debate about
whether evolution proceeded by the selection for small differences or the emergence
of new forms by an instantaneous jump or mutation. This was the debate among
Pearson and Weldon on one side and Bateson and de Vries on the other. Pearson
and Weldon argued that small, continuous differences were heritable and provided
the raw material for evolution. Bateson and de Vries argued that small differences
were not sufficiently heritable to provide the basis of evolutionary change; only large
differences were reliably inherited and thus were the material selection acted upon.
Biffen provided evidence about the reliable heritability of large, discontinuous dif-
ferences in wheat, which Bateson used in his defense of Mendelian genetics.

Methodologically the two camps were sharply separated. Pearson, Weldon and
the other biometricians measured the means, standard deviations, and correlation
coefficients of populations of parents and offspring. The Mendelians, in contrast,
identified parents with interesting and well-developed character differences, crossed
them, and followed the numbers of progeny in distinct character classes in subse-
quent generations. They had no need for the statistical measurements of the biome-
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tricians, and the biometricians saw no need for counting numbers of progeny in
conceptually distinct classes. As Edward Murray East said in 1907, "Galton's law is
statistical and deals with averages; Mendel's law is physiological and deals with
individuals."85

The biometrical methodology did not provide an explanatory framework for the
hereditary behavior of differences that were large and discontinuous. Similarly, the
Mendelian methodology tended to relegate the small, continuous variations to
the uninvestigated and uninteresting category of "fluctuations." Neither biometri-
cians nor Mendelians were searching for how to distinguish environmental from heri-
table variation, because both were chasing a different objective: the raw material of
evolution.

Although the initial research programs in Mendelian genetics after 1900 did
not immediately set out to distinguish between genetic and environmental varia-
tion, writers from Darwin and before knew that both types were always present.
Consider two brief remarks from Darwin's Variation of Animals and Plants under
Domestication:

The wonder, indeed, in all cases is not that any character should be transmitted, but
that the power of inheritance should ever fail.86

These several considerations alone render it probable that variability of every kind is
directly or indirectly caused by changed conditions of life.87

Although Darwin knew both inheritance and environment were important sources
of variation, he also knew, perhaps painfully, that he had no firm way to distinguish
whether a particular variation was due to inheritance or environment.88 Neither
experimental nor biogeographic methods of studying variation could claim to dis-
tinguish the two sources of variation. Bailey, even in the last edition of his book pub-
lished in 1915, could go no further than Darwin in distinguishing the two causes of
variation.

Bailey's book Plant-Breeding (plus his numerous other publications) provided
important syntheses of the effort to rationalize agriculture and agricultural research.
Nevertheless, Plant-Breeding was essentially conceived in the decade before Mendel's
work became important, and Bailey did only a little to make use of and synthesize
the four conceptual developments that ultimately created a methodology for distin-
guishing heritable from environmentally caused variation: Johannsen's work on pure
lines, Nilsson-Ehle's work on multiple-factor inheritance, adoption of biometrical
techniques for plant breeding, and development of field-testing techniques. Bailey
and his coauthor on the fifth and final edition, Arthur W. Gilbert, cited no literature
after 1912, which made the book somewhat obsolete by the time it came out in 1915,
with reprintings in 1916, 1917, and 1920.

Other, younger authors, however, soon prepared the broad, synthetic textbooks
that indicated plant breeding had reached a new level of maturity and consensus.
Ernest Brown Babcock and Roy Elwood Clausen, both geneticists at the University
of California, released Genetics in Relation to Agriculture in 1918, with a second
edition in 1927. By 1918, however, Babcock and Clausen had a very clear sense that
separating variation into heritable and environmental categories was the "fundamental
distinction" to be made in understanding variation.89 Because textbooks are written
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for didactic purposes rather than rigorous proofs, they do not neatly assemble all
elements of the methods for making the distinctions between the two classes of varia-
tion. Through the book, however, the key elements emerge as the products of work
on pure lines, multiple factors, biometrics, and field-plot techniques.

Pure-line theory came from the work of Wilhelm Johannsen (1857-1927) of
Copenhagen, who in 1903 published a paper in which he reported his investigations
on selecting for change in a continuously varying character, the size of seeds (beans)
in self-fertilizing Phaseolus vulgaris. Johannsen was seeking to gather experimental
evidence on whether evolution proceeded by mutations making large jumps or
whether it was more likely to come from selection acting on small, continuous varia-
tions. He was, in other words, working on the problem framed by de Vries.90

What Johannsen found was that, within pure lines started by one seed of the self-
fertilized plants he used, he could not further select for true-breeding larger seeds
instead of true-breeding smaller seeds. After numerous generations in which he con-
tinuously picked large seeds and small seeds, within each line, he found that both
large and small seeds still gave a range of seed size in the next generation that was
just about identical. Johannsen concluded that within a pure line, variation was the
product of the environment working on the internal, fixed, genetic properties of the
pure line.91

Johannsen's interpretation of his results went straight into the battle between de
Vries and Bateson, on the one hand, who were arguing for evolution through the
origins of substantial mutations, and Pearson and Weldon, on the other hand, who
were arguing for evolution through natural selection acting on small, continuous
variations. Although Johannsen may not have intended to provide a definitive and
formative experiment for practical plant breeders, Babcock and Clausen used his work
as part of the argument that variation was either heritable or environmental. By the
1930s, Johannsen's work had been appropriated to articulate explicitly a principle
that some variation was due to heritable differences and some was due to environ-
mental differences that are not heritable.92 Thus some small, continuous variations
were explainable not as differences in genetic constitution but as differences in the
environmental conditions in which the individuals had been reared.

Johannsen's work, however, did not mean that all small, continuous variations
were the result of environmental differences. Mendel's work focused on character
traits of markedly different form (e.g., tall and short stems or green and yellow seeds)
that were easy to distinguish and gave no intermediate forms (e.g., of medium-length
stems or of yellow-green seeds). Stark differences between the traits Mendel studied,
incorporated into de Vries's search for an evolutionary scheme based on big differ-
ences ("mutations"), steered the early investigations into distinguishing between the
big, discontinuous variations that behaved in "Mendelian fashion" and the small,
continuous variations whose behavior was better studied with biometrical methods.

Was it possible, however, that continuous variations also could be attributed to
Mendelian factors? Did any material differences exist between the continuous and
discontinuous variations? Herman Nilsson-Ehle of Sweden conducted a series of
studies on variations in oats and wheat between 1900 and 1908. His work at the Sval of
plant-breeding station involved crosses between what appeared to be good, discon-
tinuous Mendelian characters that would yield a typical 3:1 segregation pattern in
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the F2. What he obtained, however, were, in different crosses, ratios he interpreted
as 15:1 and 63:1 as well as some with 3:1. Nilsson-Ehle interpreted his results with
the explanation that some of what appeared to be simple Mendelian characters were
in fact traits governed by one, two, or three independent Mendelian factors. Those
governed by one gave ratios of 3:1, those governed by two gave ratios of 15:1, and
those governed by three gave ratios of 63:1. In other words, multiple factors could
govern the same character.93

Nilsson-Ehle went on to calculate that if each factor had two forms and neither
was dominant to the other, then the offspring in a cross could appear as 3N different
forms, where N is the number of factors involved. If ten factors governed a character
and each factor had two forms that were not dominant to one another, then nearly
60,000 different combinations could appear, and the differences between them would
appear as a continuous variable with little difference between individuals. Nilsson-
Ehle recognized that his results suggested a way to reconcile the differences between
the continuous and discontinuous variations: both types were due to Mendelian fac-
tors, and it was just a question of how many independent factors were affecting the
same character in the individual. Edward M. East independently came to the same
conclusions in the United States shortly after Nilsson-Ehle completed his work in
Sweden. In addition, Thomas Hunt Morgan, also in the United States, found Men-
delian factors in 1912 that caused very small but heritable differences in Drosophila
melanogaster.94

Johannsen's and Nilsson-Ehle's works together demonstrated that both environ-
mental and genetic factors could be responsible for small, continuous variations
among individuals. The problem still remained, however, of how to tell the differ-
ence between the two causes for a specific variable feature. Distinguishing the cause
of variation was perhaps the single most important problem for plant breeders: if they
could not tell the difference between genetic and environmental differences, they
could not recommend either a variety or a set of farm practices with any confidence
or authority. Without a reliable, practical method of analysis, plant breeding could
contribute little more than Darwin and Bailey's philosophy of variation. In fact, no
rationalization of agriculture could occur through varietal selection or fertilizing and
other soil manipulation techniques unless the conceptual distinctions between
heredity and environment could be clarified and reliable tests developed to identify
the source of specific variations.

A series of studies, many of them in the United States and Britain, in the first fif-
teen years of the twentieth century provided the nucleus of a practical methodology
for distinguishing on a reliable, cheap basis whether a particular variation was
genetic or environmental. The heart of the matter lay in adapting biometrical tech-
niques and field-plot study methods to practical plant genetics and physiology.
Babcock and Clausen were able to provide an introduction to these subjects by 1918,
and over the following two decades both statistical and field techniques were refined
considerably.95

Conclusions reached by Johanssen, Nilsson-Ehle, East, Morgan, and others
wended their way into the standard lore of applied plant breeding in the years after
1910. Over a period of time, they provided a new foundation for a philosophy of
variation: that variation came in at least two forms, heritable and environmental; that
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heritable differences between individuals were caused by Mendelian factors, ulti-
mately named "genes" by Johannsen; and that heritable differences could be distin-
guished from environmental factors with appropriate field experiments analyzed by
statistical methods. Johannsen also contributed the two terms now so familiar to all
who study genetics, phenotype and genotype, to distinguish the superficial appear-
ances of an individual, which was the manifestation of genetic and environmental
forces, from the genetic constitution, which could be identified only by breeding
experiments.96

QUESTION 4: Where in the organism are the Mendelian factors, and does their
location make much difference to the plant breeder?

ANSWER: Very soon after Mendel's work entered the mainstream of biology in 1900,
a number of speculative thinkers noted the similarity of the behavior of Mendel's
postulated factors and the behavior of chromosomes during the formation of gametes
or germ cells (sperm and eggs in most plants and animals). Walter Sutton (1877-1916)
in the United States and Theodor Boveri (1862-1915) in Germany were the first to
note that Mendel's segregation of factors to form pure germ cells was like the separa-
tion of homologous chromosomes in gamete formation. As a result, they indepen-
dently postulated that Mendel's factors were located on the chromosomes.97 Other
than similarities in behavior, however, neither Sutton nor Boveri had any real evi-
dence that linked the hereditary factors with chromosomes.98

Through a separate line of work by Edmund B. Wilson and Thomas Hunt Mor-
gan, both at Columbia University, chromosomes were implicated in the determina-
tion of sex in embryos in a wide range of organisms. Morgan had a long-term interest
in sex determination, as well as an avid interest in the model for evolution promoted
by de Vries, with whom Morgan was a good friend. Efforts to find evidence for de
Vriesian evolution eventually prompted Morgan in 1908 to begin work with the tiny
fruit fly, Drosophila melanogaster, to see if he could find de Vriesian-type mutations
that would be useful in studying evolution on an experimental basis.99

Morgan's search ultimately led him to a set of conclusions that, when compared
with his position in the early 1900s, was a startling reversal for him and garnered
him a Nobel Prize in 1933. Fruit flies proved to be a useful organism for genetic
studies because they had easily examined chromosomes, numerous character differ-
ences, and rapid generation times, and they were cheaply raised in large numbers.
Morgan utilized all these traits and had experimental evidence by 1910 that "Men-
delian factors" were real in the sense that they must be made of biological material
in cells and that the factors were located on the chromosomes. In his earlier work
Morgan had expressed severe skepticism that any experimental evidence supported
either of these conclusions, but ultimately he provided the empirical studies needed
to justify the claims.100

Morgan had little interest in the implications of his work for plant breeding, but
his results were quickly absorbed by both botanists and zoologists, who concluded
that the chromosome theory of inheritance had wide validity among many organ-
isms. Work by Harriet Creighton and Barbara McClintock in 1931 demonstrated
simultaneous crossing-over between chromosomes and crossing-over between Men-
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delian factors in maize, thus providing the final proof of the chromosome theory of
inheritance, and in a plant species to bolster the theory's universal applicability.101

Moreover, the chromosome theory of inheritance united two fields of biology that
had previously existed as separate lines of research: cytology and genetics.102 Within
twenty years, this union was the foundation for a number of conclusions in wheat
breeding that were of extraordinary importance.

First, Tetsu Sakamura in Japan studied wheat chromosomes and postulated that
wheat had a basic number of chromosomes that was seven, that is, its ploidy was
seven.103 Different kinds of wheat could be classified based on whether they were
diploid with fourteen chromosomes ( 2 x 7 = 14), tetraploids with twenty-eight (4 x
7 = 28), or hexaploid with forty-two ( 6 x 7 = 42). Tetraploid and hexaploid wheats
are called "polyploid species," and understanding their polyploid nature allowed a
series of studies, detailed in chapter 2, about the evolutionary origins of wheat. Once
the evolutionary origins were understood, it became feasible to develop methods of
crossing cultivated wheats with their ancestral, weedy grasses and thereby introduce
valuable traits such as disease resistance from the ancestors to the modern wheats.104

Beyond understanding the evolutionary origins of wheat and devising a classifica-
tion scheme, the chromosome theory of inheritance was critical to understanding
many basic phenomena, such as those now called "linkage" (i.e., when the genes
controlling two different characters are located on the same chromosome and thus
do not assort independently) and "aneuploidy" (i.e., when the number of chromo-
somes present in the individual is not the usual number, which usually causes
severe abnormality). By the early 1940s, one standard textbook for advanced students
in plant breeding stressed the critical dependence of plant breeding on the chromo-
some theory of inheritance as follows:

A knowledge of the chromosome basis of heredity is essential to the breeder. The
characters of a plant are the end result of the interaction of genes, carried in the chro-
mosomes, under particular environmental conditions. . . . The linear arrangement of
genes in the chromosome has been generally accepted, and the division of the gene
in mitosis and its segregation in meiosis have furnished the mechanism for the trans-
fer of the unit of inheritance, the gene, from cell to cell. A knowledge of the number
and nature of the chromosomes in each crop plant and their behavior in cell division
is fundamental to the study of plant breeding.105

QUESTION 5: How does one construct a systematic program of plant breeding for
the improvement of a crop species?

ANSWER: This question was, of course, not strictly a matter of science. Deciding
that a systematic improvement of a crop species was needed was as much or more
a political economic decision as it was a scientific one. Hence getting some under-
standing of how systematic breeding programs came to be constructed requires
attention to both social and scientific dimensions. We turn here to the scientific
problems and take up in Chapter 4 more details about the political economic
dimensions.
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First, it is important to note that crop improvement circa 1900 fell into several broadly
recognized categories. In 1916 Mark Alfred Carleton, in charge of cereal investigations
for the U.S. Department of Agriculture, prepared a treatise, The Small Grains. Carleton
saw the work of the scientifically trained breeder encompassing three major strategies
for improvement of wheat and other cereals: introduction of new varieties from other
places to see how they perform, selection of better individuals from highly heteroge-
neous mixed populations that characterized most varieties then grown, and hybridiza-
tion or the sexual crossing of two different varieties with subsequent selection of the
best progeny as a new variety. In shorthand, these three strategies were referred to as
introduction, selection, and hybridization, respectively.106 Introduction and selection
were both ancient in their origins, and both were extensively practiced in the nine-
teenth century, although only occasionally on a systematic basis.

For wheat, one of the first, major, systematic efforts of improvement came from
Sweden and was based on selection. Unfortunately, the work began before Johann-
sen's notion of a pure line was formulated, and disappointment followed the failure
of continued selection to effect desirable shifts in the characters of a wheat plant.

Hjalmer Nilsson began his selection work in Sweden in 1890 with what de Vries
called the "German method," in which the breeder took a bunch of ears from a
number of plants in a wheat field and used the mixture of seeds as stock for the
next generation. The ears selected seemed appropriate for the characteristics de-
sired, for example, higher yields or stiffer straw, but many individual plants served
as sources for these ears. Nilsson worked, therefore, on a theory that selection could
mold a plant in a highly elastic manner. Within a few years he gave up this strategy
because it was not yielding stable new collections of plants with the desired char-
acteristics. Instead he went to a method that involved selecting ears from an indi-
vidual plant that seemed to have the desired characteristic. The seed from this one
plant was the source of subsequent generations, and Nilsson found that starting
with just one plant for a parent could ultimately yield a uniform variety that had
the desired characteristic.107

What Nilsson discovered in his systematic improvement scheme was that plants
were not limitless in their plasticity. It was Johannsen's theory of pure lines that
finally clarified the reasons why breeders must start with one plant rather than many
and why they must pay close attention to the parentage of the progeny selected. Breed-
ers had to cross different parents if they wanted to extend the limits of plasticity. As
Mendel's theories were developed after 1900, hybridization came increasingly into
use along with introductions and selection.

Being able to delineate three major strategies for plant improvement, as Carleton
did, was necessary to the confidence of breeders that their exertions would be rewarded
with new crop varieties. Mere identification of strategies, however, was not sufficient
to give a method for proceeding with their work. Breeders also needed specific tac-
tics to guide them. Perhaps the best way to see the sizable changes in how biological
theory guided action is to compare the general guidelines drawn from Liberty Hyde
Bailey's pre-Mendelian treatment of the subject in 1895 with the advanced textbook
of 1942 by University of Minnesota breeders Herbert Kendall Hayes and Forrest
Rhinehart Immer.108
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Bailey

1. Avoid seeking features that are antagonistic or foreign to the species; for example,
don't try to get a tuber-bearing plant like a potato to bear fruits.

2. Faster results in hybridizing plants will come from species that are more variable
than from those that are less variable.

3. Breed for one trait at a time.
4. Don't attempt to get contradictory attributes in a plant; for example, if you select

for larger tomatoes, don't also try to select for higher numbers of fruits per plant.
5. When selecting seeds, look at the whole plant, not just one branch or one part of

the plant.
6. Plants may look alike but give offspring of very different sorts.
7. The less an individual varies from the norm of the species, the more likely it is

that its variation will be heritable; that is, wild aberrations are generally unstable.
8. Crossing two plants is only the beginning, not the end, of successful plant breeding.
9. If you cross two parents to get a new variety, use the preceding rules to select each

parent and have each parent be strong in the characteristics you wish to combine.
10. Have firmly in mind what you are seeking before you begin crossing plants.
11. Seek to make your plants vary in the direction you have in mind, either by cross-

ing or by altering the conditions under which they grow. (Bailey, in contrast to
most of the breeders who took up Mendel's work, was a Lamarkian who believed
acquired characteristics could be inherited.)

12. When seeking new varieties of perennials, look for bud varieties or sports that can
be propagated asexually.

13. All permanent progress lies in continued selection.
14. Even when a new variety is successfully achieved, it must be kept up to standard

by constant selection; that is, "there is no real stability in the forms of plant life."
15. The best progress will come as a result of "the best cultivation and the most intel-

ligent selection and change of seed."

Hayes and Immer

1. Genetic and cytogenetic principles are the fundamental principles of plant
breeding.

2. Know thoroughly the mode of reproduction of the crop you are working on, for
example, whether it reproduces asexually or sexually and, if the latter, whether it
is self-fertilized or cross-fertilized.

3. Self-pollinated crops can be improved, very marginally, by removing clearly ab-
errant types or by selecting good seeds, from an already successful commercial
variety, for seed multiplication. (This rule follows the results of Johannsen's work
on the limits of hereditary influences in pure lines.)

4. Cross-pollinated crops can be improved, sometimes substantially, by allowing natu-
ral selection to operate over a period of years, for example, by letting climate elimi-
nate those individuals not suited to the area.

5. Self-pollinated crops can be improved substantially by selecting from a variety
that is quite heterogeneous those individuals that are desirable and propagating
these individuals as new varieties.

6. Cross-pollinated crops can also be improved substantially by selecting individu-
als of high promise.
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7. Self-pollinated crops can be improved substantially by combining in one indi-
vidual two or more traits from pure-line parents that had these traits separately.

8. Cross-pollinated crops can also be improved substantially by combining in one
individual two or more traits that were previously in separate parents, but the seed
from these individuals may not or almost surely will not breed true, in contrast to
self-pollinated crops.

9. Statistical tests are needed to distinguish reliably the quality of the new varieties
produced by any of the methods of plant improvement.

10. Testing new varieties in the field requires picking test plots similar to the field
used by farmers and in using techniques to eliminate variation caused by differ-
ences in soil types or climate.

Several differences between the two summaries of principles for plant breeding
are striking. First, Bailey could not even speak of "genetic principles." The word
"genetics" had not been coined, and Mendel's work was not well known and cer-
tainly was not understood in a context of breeding experiments. Similarly, Bailey's
sixth point was merely a statement summarizing many experiences in plant breed-
ing, but why and how parents might produce offspring of different types had no order,
rationale, or explanation. By 1942 Hayes and Immer could simply assert as their first
principle that the breeder needed to follow "genetic principles," that is, the scheme
of analyzing parents and offspring derived from Mendel.

Second, Hayes and Immer very carefully separate their mode of studying plant
breeding into categories based on whether a plant is self-fertilized or cross-fertilized.
Bailey knew the different habits of plants, but the critical importance of knowing how
a plant reproduced simply was not clear. Bailey's context of understanding "self-
fertilization" was derived from Darwin's observations that most flowers functioned
to promote pollination of flowers on one individual by pollen from another individual
plant. Darwin generalized what was then known about self-fertilization by noting that
it tended to weaken the offspring.109 In fact, Bailey used "close-fertilization" for what
we now call self-fertilization and "cross-fertilization" for pollination of one individual
by another. "Hybridization" for Bailey was a cross between two different species.110

Both terminology and the conceptual links between reproductive modes and genet-
ics had changed mightily by 1942,

Finally, plant breeding by 1942 had incorporated a full complement of statistical
and field-testing techniques that Bailey could not have known and that provided a
way of separating heritable variation from that caused by unknown causes or the
environment. Plant breeders worked on the detection and manipulation of the heri-
table variations, while their intellectual siblings, the soil scientists, worked on the
latter. Bailey made no such clear separation. In addition, because he was one of
the remaining Lamarkians at the turn of the century, he still sought to propagate the
environmentally induced variations (his eleventh principle).

Plant breeding thus moved a great distance in the first four decades of the twen-
tieth century. It began its scientific debut as an offshoot of the study of variation and
evolution. Its roots were in the studies of variation conducted in the eighteenth and
nineteenth centuries by people who called themselves philosophers or scientists (like
Knight, Darwin, de Vries, Bateson, and Bailey) and by people who considered them-
selves practical men (like LeCouteur, Shirreff, and Hallett). Mendel's ideas were at
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first treated as abstract formalisms without a material base, but Morgan and his col-
leagues gave them a material foundation in the cell. With time, the burning con-
cern with evolution, along with explicit reference to Darwin and de Vries, passed
out of the pages of plant-breeding tomes. Only Mendel and those who directly added
to the ability to manipulate plants were left. Plant breeding was firmly an applied
science with the announced aim of producing as many new varieties as possible that
would have commercial utility.

Plant breeding by 1939 was first and foremost a compendium of knowledge, a
science and art form practiced by trained experts. In many ways, the experts wanted
simply to call themselves scientists who were doing their work and who served the
public welfare by making better plant varieties. Concurrently with the development
of plant-breeding theory, however, governments became more and more active in
the support of institutions that hired and supported the plant breeders. In addition,
in some cases large but private commercial interests became interested in the prod-
ucts of plant breeding—better seeds—as a source of profit.

Involvement of public and private agencies, spread over many countries, tightly
linked the outcome of plant-breeding science to affairs of the state and to power
politics. In various ways, the considerations of political economy also shaped the very
development of plant-breeding knowledge. Chapter 4 will describe how the state and
other groups became involved in scientific wheat breeding in several countries. With
an understanding of state involvement, we will be in a better position to pursue an
understanding of how states came to use plant-breeding science as part of their
devices to govern earth and its people.



Plant Breeding in Its Institutional
and Political Economic Setting,

1900-1940

Geneticists such as Liberty Hyde Bailey and Rowland Harry Biffen were prominent
leaders in the new science of plant breeding. By 1940 they and their successors had
constructed an elaborate body of theory and methods and had acquired a working
collection of plant germ plasm. Plant breeding was an ongoing enterprise in a few
countries, and production of such crops as wheat and maize already showed the
commercial importance of the science.

As noted in chapter 3, the promotion of plant breeding and other agricultural
science was part of the industrial revolution and stemmed from (1) the repeal of the
Corn Laws in Britain, (2) the development of international markets for wheat and
other grains, (3) the population growth and emigration of European peoples to many
other parts of earth, (4) the subsequent expansion of land in agriculture, and (5) the
increasing mechanization of agriculture. Each of these interlinked factors reflected
that the growing of wheat and other grains was increasingly a commercial matter
and enhanced the role of science.

Conditions conducive to the use of plant breeding also spawned organizations to
train plant breeders, support their research, and provide easy access to their results.
Agriculture, in turn, came increasingly to depend on a steady stream of new varieties
from plant-breeding research.

Institutional development in plant breeding did not occur in neat synchrony with
the conceptual and methodological breakthroughs outlined in chapter 3. Instead,
the growth of organizations depended upon (1) the promotion of the science by sci-
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entists, (2) the stresses imposed on farmers by market competition in agricultural
products, (3) the perils nations faced in war, and (4) in the case of India, efforts by
the British to alleviate famine so that India would remain profitable and governable.
Both the organizational infrastructure created by 1940 and the conceptual develop-
ments were critically important to the subsequent transformation of wheat yields that
occurred between 1940 and 1970. This chapter explores the institutional develop-
ments to 1940.

Prelude to 1900

Britain, America, and India each started to organize agricultural science before 1900
by forming scientific societies, agricultural improvement associations, private and
public experiment stations, educational institutions, and government ministries to
promote science. These various institutions created networks of people, all concerned
with the promotion of a more productive and efficient agriculture.

It is fruitless to search for an event that clearly separates early forms of prescientific
agriculture from later forms that incorporated science. Suffice it to say that before
1800, only a few tangible examples of agricultural improvement based on system-
atic, abstract principles of knowledge existed, and only a small number of professional
scientific investigators engaged in systematic research.

Members of the Royal Society in Britain, for example, had professed an interest
in turning science to the advantage of agriculture since the mid-seventeenth cen-
tury, and several voluntary associations for the promotion of efficient agriculture
formed in eighteenth-century England.1 The Royal Botanic Gardens (Kew Gardens),
founded in 1841, served as a place for botanical study and the movement of new
plant species and varieties within the British Empire.2

Although English settlement of America was concerned first with conquest and
expansion of landholdings, Americans soon developed similar societies to promote
the use of science in agriculture. Experimental gardens were established in South
Carolina, Pennsylvania, and Georgia long before the Revolutionary War, and in 1742
the American Philosophical Society began its promotion of scientific agriculture.3

Transfer of British modes of science to India was much slower than to America,
most likely because India was treated as a source of revenue and trade, not a place
for English settlement. Nevertheless, botanical gardens at Samalkot in the south and
Calcutta in the east were resources for study, new introductions, and experimenta-
tion in the late eighteenth century. The British East India Company was interested
in the potential of revenue enhancement of such study, but the work was done pri-
marily by European, not Indian, scholars.4

Continuing growth of science, commerce, industry, and population led to a quick-
ening of the pace of agricultural science in the nineteenth century. During this pe-
riod the organizational foundations emerged for professional, systematic investiga-
tions in agricultural science.

A faith in science for progress and prosperity was an important feature in the or-
ganization of the Agricultural Society of England in 1838, which became the Royal
Agricultural Society of England (RASE) in 1840. Major landowners and agricultural
publicists were the leaders, and RASE specifically provided a strategy for English
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agriculturalists who were economically depressed but believed that perpetuation of
the Corn Laws was not the way to build a strong rural England.5 "Practice with
Science," the motto of RASE, was the objective to restore prosperity to English
agriculture.6

RASE was a network of commercial agriculturalists and scholars that provided,
through its exhibitions and journal, an outlet for new scientific knowledge. Of more
importance, however, was the invention of what is now called the agricultural
experiment station, which can conduct a research program over a period of years.
John Bennet Lawes (1814—1900), born at his country manor, Rothamsted, was an
uncertain student with an avid interest in the new science of chemistry. Between 1836
and 1842 he conducted a series of studies on how to make bone powder into a reli-
able fertilizer. His development of superphosphate warranted a patent that enabled
him to start a profitable fertilizer business. It also enabled him to finance and con-
duct, with Joseph Henry Gilbert (1817-1901), a long series of soil fertility experi-
ments on wheat and other crops at Rothamsted. Primarily, Lawes and Gilbert were
trying to understand the origins of nitrogen in plants.7 The Rothamsted Station be-
came a model for systematic research in agriculture in Great Britain, the United
States, and India.

Formal governmental structures for agricultural science were slower in coming
to Britain. The Board for the Encouragement of Agriculture and Internal Improve-
ment, founded in 1793, was not able to establish itself as an indispensable part of
government and disbanded in 1822. The RASE took over some of its efforts to pro-
mote agriculture on a voluntary basis in 1838, and the government had no further
official duties in agricultural science until the Cattle Plague Department was cre-
ated in 1865 to control rinderpest.8

Sharp depression of Britain's agriculture in the 1870s, caused by bad weather and
the continued pressure of free trade in grains and meat, led to new calls for a section
of government to promote agricultural interests. A new Board of Agriculture was
created in 1889, and its president consolidated scattered government work on ani-
mal diseases, control of insects, information collection, and agricultural research and
education. Britain's agriculture, in spite of the board's presence, continued its de-
cline. Land previously given to cereal production was changed to livestock and dairy
farming. Free trade in low-priced grains meant imports continued to dominate
Britain's food supply until 1916.9 No significant infusions of money for research came
until 1910.10

Although German states and universities began to support agricultural research
in the early nineteenth century, Americans were among the first to unite government
with agricultural science in a comprehensive way. Teaching was the job of the land-
grant university system, which was created by Congress in 1862 and 1890.11 Research
was institutionalized by the Hatch Act of 1888, which funded an agricultural experi-
ment station at every land-grant university. The U.S. Department of Agriculture
(USDA) was created in 1862, became a part of the cabinet in 1889, and developed
an extensive capacity for research after 1897.12 Cooperative agreements linked uni-
versity and federal researchers.

The American system was completed with the creation of the Cooperative Exten-
sion Service in 1914, which tied the federal and state governments together in a
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scheme to promote change through science in every county of the nation. Rothamsted
may have inspired the notion that systematic long-term research was useful, but it
was the American system of education, research, and extension that provided a model
for government support of systematic, sustained agricultural research.

Despite experimental gardens and the founding of the Royal Agri-Horticultural
Society in Calcutta in 1820, British India remained virtually devoid of systematic
agricultural research during the nineteenth century. India before 1857 was the prov-
ince of a private company, and its management sought revenue for its owners. The
revenue came from taxes on agricultural land, which was the major part of the
economy of India. Moreover, the British tended to set revenue expectations based
on an estimation of what the land should produce, not on actual production. Such
a land-tax system indicated that the British had expectations about how the land must
be managed: with technology sufficient to produce at least enough product to pay
the land revenue.

After the rebellion of 1857, control of India passed to the British government, and,
in the United Provinces (now Uttar Pradesh), revenue policies were altered so as to
encourage the favor and support of the landlord castes. Land revenue remained
important, but other commercial activities served to reduce its relative importance
in financing the Government of India.13 Movement away from strict reliance on land
revenue may have reduced incentives for the Government of India to support agri-
cultural science so as to maximize production and hence potential tax receipts.

Two sources nevertheless promoted the introduction of agricultural science into
India in the last third of the nineteenth century, but both were denied by London.
First, the Cotton Supply Association of Manchester, speaking for the cotton textile
industry, implored the British government to start departments of agriculture in each
province of India in order to increase the supplies and decrease the costs of raw cot-
ton. Second, the earl of Mayo, governor-general and viceroy from 1869 to 1872, saw
great potential for agricultural science to increase the productivity of Indian agricul-
ture. Mayo, with the assistance of Allan Octavian Hume of the Indian Civil Service,
proposed to London that the Government of India start a Department of Agriculture
to promote the use of science. London permitted only a Department of Revenue,
Agriculture, and Commerce to be formed, but it never functioned to promote agri-
cultural science. Military control remained the primary purpose of the Government
of India.14

No change occurred in London's attitude toward India until a particularly hor-
rific famine in 1876-78 affected 60 million people, killing over 5 million. A famine
commission report in 1880 recommended both central government and provincial
government departments of agriculture, and the provincial departments were cre-
ated.15 Incorporation of agricultural expertise in the central government was delayed
until 1892, however, and then only a chemistry staff was added, for research and
teaching. Finally, in 1897, the Government of India appointed an inspector general
of agriculture, who provided the structure for bringing agricultural science system-
atically into the central government. No further appointments of scientific staff were
made, however, until after 1900.16

At the close of the nineteenth century, only the United States had a substantial
agricultural research capacity that included national and state activities. Britain had
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the rudiments of agricultural research and education, but they were not well sup-
ported and lacked effective ways of reaching most farmers. In turn, the British showed
at best a desultory interest in promoting agricultural research in India. In both Brit-
ain and India, the beginnings of scientific infrastructure were present, but conditions
had not yet persuaded London to develop that nascent system.

Developing the Systems, 1900-1914

Momentous changes in the organization of agricultural science appeared between
1900 and 1914. In India, the precipitating causes for reform were efforts by the British-
controlled Government of India to continue its hold on the subcontinent. Reform
in Britain came from efforts to end the stranglehold of the landed aristocracy on
Britain's politics and to revitalize its depressed rural economy. In the United States,
reform consisted primarily of an entrenchment of agricultural science as the major
method for the management of land and the rural economy.

In all three countries, these reforms established the case that the modern state
required scientifically based agriculture just as much as it needed control of its bor-
ders, criminal behavior, and currency. For the remainder of the twentieth century,
the question of state-sponsored research virtually ceased to be an item of political
debate. This period, therefore, was formative to the many changes that came to wheat
production in the years after 1940.

George Nathaniel Curzon (1859-1925), baron of Kedleston, served as British
viceroy in India from 1899 to 1905, the period in which, at Curzon's insistence, the
Government of India embraced the task of conducting agricultural research in a
systematic and ongoing manner.17 Curzon came to India on the heels of a collapse
of the value of the Indian rupee in relation to the pound, a severe depression stem-
ming from the rupee's collapse and the disappearance of European investment, an
outbreak of bubonic plague that caused many deaths and nearly closed the port of
Bombay in 1896, and severe drought in 1897.

Further failure of the 1899 monsoon rains, coupled with the earlier disasters and
a continual heavy drain on crop reserves by the revenue collection of the Govern-
ment of India, created the famine of 1899-1900. Given these calamities, the popu-
lation of India actually declined in number in the period 1895-1905, a sharp change
from the period 1872-1895, which saw an annual increase of about 2 million people
per year.18

Despite a surface tranquility caused by lack of a strong, coordinated resistance
movement, Curzon knew the Government of India was not doing well, and he feared
for the future ability of Britain to continue its domination of the Indian subconti-
nent. He feared the ultimate rebellion that would flow from the racist attitudes of
the Europeans, which blocked Indians from securing more than low-level positions
in the army and the civil service. He also knew that unpunished crimes committed
by Europeans and corruption in the police were time bombs waiting to explode under
British rule. Curzon was also a progressive who believed that human improvement
would come with education, science, and industry, and he foresaw a future India
that was strong economically and industrially. For Curzon, therefore, extensive re-
forms on many fronts were the hallmark of his rule in India.19
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Curzon's comprehensive reform agenda included agriculture. He promoted irri-
gation development, extended the Indian railway network and improved its manage-
ment, appointed an inspector general of agriculture for the Government of India,
and, most important for long-term changes, collaborated with the provincial govern-
ment of Bengal to create the Imperial Agricultural Research Institute (IARI) at Pusa
in 1905. In the latter task, he obtained an important donation of £30,000 from Henry
Phipps of Chicago, a friend of his wife's family.20

Curzon also arranged to have a fund of 2 million rupees devoted annually to ag-
ricultural education, demonstration, and research in the provinces. Six colleges of
agriculture were initiated, and each major province acquired a director of agricul-
ture. The research envisioned by Curzon in the provinces was not considered neces-
sary by London, however, so the major research efforts were confined to the new
IARI at Pusa.21

Despite the inability of London to see a need for a comprehensive center-provincial
system of agricultural research, the establishment of the IARI was the first in a long
series of events that had significant effects on India's agriculture. Within two decades,
substantial change came to Indian wheat production. In the long term, the IARI was
the center of activity for India's embrace of plant breeding as a major vehicle of re-
form in wheat production and other agricultural enterprises.

Albert Howard (1873-1947), a young botanist of thirty-two, accepted an appoint-
ment as imperial economic botanist at the IARI in Pusa in 1905. He had obtained a
first-class natural science tripos at Cambridge in 1898, a bachelor's degree in 1899,
and a master's degree in 1902. Howard grew up on a farm in Shropshire before head-
ing to Cambridge, from which he went first to the British Colonial Service in the
Caribbean. In 1903 he returned to England at the Wye College of Agriculture. In
1905 Howard married Gabrielle L. C. Matthaei, who had also completed a first-class
natural science tripos and a master's degree at Cambridge and begun her scientific
career with work on transpiration and respiration in plants.22 Although Albert left
Cambridge in 1899, just before the excitement in 1900 caused by de Vries and
Bateson over the work of Mendel, he and Gabrielle were fully in touch with the new
methods of plant breeding promoted by de Vries, Bateson, and Rowland Biffen.

From 1905 to 1924, the Howards worked closely as a team in India on an im-
mense range of problems germane to agricultural botany.23 Perhaps their most no-
table work was on the wheats of India, a topic for research that they received imme-
diately upon arrival. Wheat was such an important topic for the Government of India
that some consideration had initially been given to having Albert Howard work only
on wheat, a decision that was rejected in favor of the wider duties he received. Within
four years the Howards published a joint monograph, Wheat in India: Its Produc-
tion, Varieties and Improvement.24

Although the Howards were not the first to study wheat in India, earlier work had
been sporadic, uncoordinated, and done before the reintroduction of Mendelian
thought. Much of their early work was devoted, therefore, to a thorough survey of
the varieties and conditions of cultivation then known across the vast lands and con-
ditions of British India. They also began a series of breeding experiments, assisted by
Abdul Rahman Khan25 and based on the methods pioneered by Biffen26 at Cam-



Institutional and Political Economic Setting 81

bridge. From this work the Howards achieved wide respect in the scientific commu-
nity and helped establish the reputation of the new IARI.27

The Howards themselves noted that IARI came into being because of the advo-
cacy of Lord Curzon, the viceroy.28 The complexities of Curzon's reform agenda
make it difficult to explain his motivations, which brought modern plant breeding
to India. In all likelihood, however, Curzon understood that modern agricultural
science promised enhanced yields and better prospects for commerce, which in turn
could enhance the economic and political strength of the British Empire. The
Howards, botanists par excellence, probably seldom thought about imperial security
planning.

It is ironic but telling that the British government fostered an invigoration of ag-
ricultural science in India before it turned to its own land and agricultural economy.
Possibly the widely shared assumption that Britain was to manufacture and the em-
pire was to raise crops was the basis for this situation. Nevertheless, with the coming
of a Liberal government in 1906, Britain, too, entered a phase of intense reform29

that by the 1940s had immense implications for agricultural science and agricultural
production. Significantly, a major part of the reforms in Britain was based on a struggle
for control of land and its uses. From these efforts came the basic institutions in which
a few key researchers fully integrated the new Mendelian-based methods of plant
breeding into British agriculture.

Creation of a comprehensive system of agricultural research was part of the larger
reform that changed Britain from a feudal, rural, agrarian economy to a capitalist,
urban, manufacturing country. Prior to the industrial, commercial, and scientific
revolutions, the primary basis for wealth, power, and prestige in Britain was owner-
ship of land. By 1900 ownership of industrial facilities and commerce had come to
provide a new basis for wealth and power. Similarly, training in the learned profes-
sions had provided a vehicle for advancing in society. Enlargement of the franchise
brought many new occupations into political life, but the Parliament, both the Com-
mons and especially the Lords, was still heavily dominated by the remnants of the
wealthy landlord class.30

This landed aristocracy was broken permanently in the years after 1900. Working-
class fermentation over issues of wages, working conditions, and control of wealth
was a threat to power and privilege in all of industrialized Europe and in America.
In Britain, the firmly entrenched system of free trade in food and reliance on im-
ported grain had also left the farmers in a state of near-constant financial hardship
since the 1870s31 and farm laborers with a sense that they fared considerably less well
than their urban counterparts.32 With the cities seething and the countryside in dis-
mal decay, the Liberal Party, in conjunction with allies close to labor interests, sought
a broad reform in British politics after their 1906 victory.

Although the first two years of Liberal government brought little change, matters
began to heat up after 1907 when the Liberals started to use the budget as an engine
for social reform. A change in Liberal leadership brought Herbert Henry Asquith
(1852-1928) to the prime ministership and David Lloyd George (1863-1945) to be
chancellor of the exchequer in 1908. They launched reform through the budget in
a way that ultimately ended the landed aristocracy's control over Parliament through
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their domination of the House of Lords.33 In addition, they created conditions that
led to a massive sale of estates by the landed nobility to middle-class farmers34 and
began the construction of a comprehensive system for state-supported agricultural
research. British agriculture was thereby reformed over the next forty years. Farmers
gained incentives to seek out methods of high-yielding agriculture, which were pro-
vided by the newly enhanced research laboratories.

Introduction of the budget bill in April 1909 was the first step in this long line of
changes. Major points of contention in the budget were imposition of a steeper gradu-
ation in income taxes, a capital gains tax on land sales, and a tax on new leases of
land.35 These taxes struck at the heart of land as a special form of wealth and at the
class of people who owned large amounts of it. Inconspicuously riding on the backs
of these political giants were provisions to spend money to develop rural roads and
fund agricultural research.36

The Development and Road Improvement Funds Act (1909) began state fund-
ing for agricultural research on a systematic basis. Lloyd George proposed that the
Development Fund have £2.5 million to last for five years. Expenditures from the
fund were directed by the Development Commission of seven unpaid volunteers and
one full-time salaried employee. At £500,000 per year for expenditure, the Develop-
ment Fund eclipsed the previous levels of support for agricultural education of less
than £20,000 and for agricultural research of less than £500.37 Earlier funding by
the Board of Agriculture and Fisheries was quickly eclipsed by the Development
Fund. Expenditures made by universities and private trusts for agricultural teaching
and research, such as at Rothamsted, were expanded, and for the first time all parts
of Britain saw a more coordinated approach to agricultural science.38

One of the first beneficiaries of development funds was the School of Agriculture
at Cambridge University. This part of the university had begun its work informally
in the 1890s when the county councils were beginning to offer technical education
in agriculture, and it needed a supply of well-trained teachers. Instruction began in
1893, a diploma in agriculture was initiated in 1894, and some large donations led
the university to accept complete financial responsibility for the Department of
Agriculture in 1899. Rowland Biffen was appointed lecturer in agricultural botany
that same year. The department began to flourish, partly because it found an outlet
for its graduates not only in Britain's counties but also in the empire.39 Albert Howard,
one of its first products, went immediately into the Colonial Service and then spent
most of his later career in the Indian Civil Service. The department became the
School of Agriculture in 1910.

Biffen's first theoretical successes came by 1904. His first major practical success
was in 1910 when he released a new wheat variety, Little Joss, resistant to yellow rust
(Puccinia striiformis) and suitable for light as well as heavier, wet fen soils (see Chap-
ter 3). Partly as a result of Biffen's successes, the Development Commission recom-
mended £18,000 be given to the university to establish the Plant Breeding Institute
(PBI) in 1912, with Biffen as its first director.40

PBI thus joined the earlier stations — Rothamsted Station (1843), the Long Ashton
Research Station (1903), and the John Innes Horticultural Institute (1910) —as part
of a growing network of experiment stations in Britain. The PBI was one of fourteen
institutes and research centers founded in 1911—13 by the Development Commis-
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sion.41 The institutional importance of the new Mendelian genetics in this network
was suggested by the fact that the first director of the John Innes Horticultural Insti-
tute was William Bateson, while the PBI was directed by Biffen—two of the major
pioneers in England in this type of research.

John Fryer and E. John Russel gave credit to Alfred Daniel Hall (1864-1942) for
the scientific leadership on the Development Commission in establishing the net-
work of research stations in Britain. Hall was trained in science and had a long
career of promoting scientific farming in Britain.42 It was David Lloyd George as Lib-
eral chancellor of the exchequer, however, who was the major leader in the political
crusade to reform rural Britain. In his first presentation to Parliament of the 1909
budget, which started the Development Commission, Lloyd George made it clear
that he had a magnificent vision for his complex reform package:

This is a War Budget. It is for raising money to wage implacable warfare against pov-
erty and squalidness. I cannot help hoping and believing that before this generation
has passed away, we shall have advanced a great step towards that good time when
poverty, and the wretchedness and human degradation which always follows in its
camp, will be as remote to the people of this country as the wolves which once in-
fested its forests.43

A. Whitney Griswold argued that a fundamental difference separated British and
American efforts at agrarian reform, a difference that provides useful insights into
what Lloyd George was trying to do. For Griswold, the British people, of all classes,
never developed an identity between democracy and the small family farm.44 For
many centuries British rural life was characterized by a tripartite division into owner-
landlords, tenant-farmers, and landless-labor. The lords owned and ran the nation,
the farmers ran the parish as the lords' tenants, and the laboring class did what they
were told.

Lloyd George was obsessed with the land, its ownership, and its importance for
remaking Britain into a nation that empowered and benefited all its members, not
just the tiny aristocracy that owned most of it. One song of the Liberals, "Song of the
Land," indicated that land and its ownership was a cornerstone of their vision for a
new Britain:

The land! The land! 'Twas God that made the land.
The land! The land! The ground on which we stand.
Why should we be beggars with the ballot in our hand?
God gave the land for the people!45

Lloyd George was also enthusiastic about agricultural science as one of the ve-
hicles for carrying out his program for social reform. For centuries science had car-
ried with it the promise of bringing nature under human control and thus enhanc-
ing human prosperity. But science alone could not transcend the barriers to prosperity
created by lack of ownership of land or lack of access to the fruits of knowledge be-
cause of poor schooling. Lloyd George believed science was essential for his pro-
gram of promoting more equality in Britain. In this respect he was very much like
his American counterparts, even though the social history of landownership and its
relationship to democracy was so different in the two countries.
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Despite the differences, the United States, too, went through important reforms
between 1900 and 1914. Earlier discussion (Chapter 3) outlined the ideological
change involved in turning American agriculture into a business rather than a ro-
mantically idealized "way of life." Liberty Hyde Bailey, plant breeder and member
of the Commission on Country Life, was a leading figure in articulating the philoso-
phy by which the rationalized scientific agriculture would be run as a sound business.

Bailey's eloquent philosophy of agriculture was complemented by a series of po-
litical, organizational, and administrative developments that affected the federal and
state governments' capacities to conduct research in the United States. The most
significant changes occurred during President Theodore Roosevelt's administration
(1901-9). In contrast to the situation in Britain and India, however, the changes in
the United States did not flow from catastrophic threats to governmental authority,
farmer distress, or conscious efforts by one class to supplant the power of another.
Instead, American reforms occurred in a period of recovery from years of agricul-
tural depression and a wave of strikes in the 1890s.

In the election of 1896, William McKinley and the Republicans decisively beat
William Jennings Bryan, candidate of the Democrats and of the Populists. Prosper-
ity for entrepreneurs was thus enshrined as paramount in politics, rather than the
interests of the working class and technologically unsophisticated farmers.

Farm incomes rose after 1900, effectively quashing the Populist revolt of a de-
cade earlier, and urban-industrial unrest also quieted with economic recovery. After
the assassination of McKinley in 1901 and the rise of Roosevelt to the presidency,
the relative domestic tranquility permitted a flowering of reform efforts built upon
rationalization, science, and efficiency.46 In industry and in agriculture, a loose coa-
lition of scientists, entrepreneurs, publicists, and their allied elected officials con-
solidated the role of science and efficiency as the arbiter of how to proceed.47 The
ideology of the Progressive Era was the hallmark of the Roosevelt administration,
and it brought changes in the form of irrigation and reclamation of arid lands, con-
servation of forest resources, control of fraud in the marketing of food and of agricul-
tural chemicals, regulation of railroads and trusts, and increased control of the move-
ment of animal and plant pests.48

Amid this enthusiasm for science, several specific developments were critical to
the fortunes of plant breeding. First, in 1901, the Bureau of Plant Industry (BPI) in
the USDA came into being, part of the reorganization begun in 1897 when Secre-
tary James Wilson began to expand the scientific capacities of the department. The
BPI became a center for plant studies, including genetics and plant breeding.49

Second, in 1906 the Adams Act substantially increased the support of the agricul-
tural experiment stations in each state. Moreover, funds from this act were specifi-
cally directed to be spent on original research, not for administration, general main-
tenance, or publications.50 Perhaps the most telling indication of the increase in
capacity for agricultural research was the growth in personnel, expenditures, and
buildings during the period 1906-14. In 1906 the agricultural experiment stations
had 950 administrative and research workers, a number that nearly doubled, to 1,852,
in eight years. Support grew from $2 million to $5 million, and the physical plant
grew from $347,000 in 1906 compared to $1 million in 1914.51
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Plant breeding had a well-supported home in what was starting to become the sprawl-
ing USDA land-grant university complex of research and education. More significantly,
in America as well as in Britain and India, plant breeding and the allied agricultural
sciences had become an established feature of government policy. Without any articu-
late opposition, the support of scientific work had become a feature of what a govern-
ment needed in order to conduct business in the twentieth century.

War, National Security, and Agricultural Science, 1914-1918

The First World War served both to destroy existing patterns of agricultural research
and to force creative change, or at least to force discussions about creative change.
At the outbreak of hostilities in August 1914, the United States was the only country
to have a comprehensive agricultural research system, and it was shortly thereafter
significantly expanded by passage of the Smith-Lever Act, which created the exten-
sion service. Britain and India both had small and relatively young institutions for
agricultural research, with a minuscule number of research workers compared with
the thousands engaged in the United States.

Agriculture in each of these three countries was affected differently by the con-
flict, but two major developments were especially important for postwar attitudes
toward agricultural production and science. First, food production as an element of
war became fully integrated into government planning efforts. Second, the capacity
for agricultural science became essential to build the food production system and
thus the military and economic strength of a nation. Britain and America were im-
mediately affected by these developments. India was affected only in modest ways
until three decades later, after winning independence from Britain.

Britain confronted military weakness from inadequate food production from its
own soils. The country began the war with no strategic stockpiles of food and a reli-
ance on imports for over 60 percent of the calories needed. In the decade before the
outbreak of the war, considerable political debate swirled around the vulnerability
created by this dependence upon imports, whether the military and economic power
of the empire were adequate for national security, and whether some sort of protec-
tive tariff (i.e., a revival of the Corn Laws) should be established to protect domestic
grain growers from severe foreign competition.52 Nevertheless, the only specific steps
to improve British agricultural production during this prewar period were the grants
made by the Development Commission for research institutions.

Increased prices, which encouraged increased domestic production of cereals and
potatoes, plus continued imports of food through 1916 kept the British food system
relatively intact. Unrestricted submarine warfare by Germany in 1916 and especially
in 1917 and after, however, threatened Britain's security. Wheat supplies dropped in
May 1917 to fewer than seven weeks' supply, a dangerously low level, but increased
production of ships and improved methods of protecting them from submarines re-
versed the trends. By September, after a new domestic harvest, Britain had a six-month
supply.53 A disastrous decline in North American grain production in 1916, in con-
trast to the huge harvests of 1915, however, sent another signal that reliance on for-
eign sources for food staples created national security risks.54
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Lloyd George became prime minister in late 1916 in a complex series of political
realignments prompted by the stalled British war effort.55 He regarded production
and distribution of food as essential to British success in the war, and he appointed
Rowland Prothero (later Lord Ernie) as president of the Board of Agriculture and
Fisheries with a seat in the cabinet. Prothero developed a series of strong measures
that included guaranteed prices for farm products and wages for farm labor, mea-
sures to ensure that every farm was worked as efficiently as possible for production of
calories, and government-controlled distribution and rationing of food.56

One of Prothero's key officials was Thomas H. Middleton (1863-1943), who had
served as the second chair of the School of Agriculture at Cambridge from 1899 to
1902. Although Middleton's strengths probably lay more in teaching and adminis-
tration than in research,57 it is interesting to note that he was at Cambridge during
the first years of Mendel's rediscovery.

Middleton's administrative leadership in the Food Production Department of the
Board of Agriculture was important to the campaign in 1917 and 1918 to substan-
tially increase British food production. In Middleton's view, the submarine warfare
campaign in 1917 forced the British government to seek an increase in grain pro-
duction by plowing up grasslands devoted to production of livestock.58 The Food
Production Department also sought higher production by utilizing the War Agricul-
tural Committees, which had been organized in 1915 in each county.59 These local
people organized the supply of agricultural labor and promoted the use of fertilizers,
machines, and other supplies to get the highest production possible.60

In addition to these voluntary efforts, the Board of Agriculture, through the De-
fense of the Realm Consolidation Act (1914), had the power to enter private land
not considered in top production, evict the current operator, and provide for new
management. The local committees, renamed War Agricultural Executive Commit-
tees in 1917, were responsible for implementing the board's control of farm land use.
Coercion was supplemented with an incentive through the Corn Production Act
(1917), which provided a guaranteed minimum price for wheat, a minimum wage
for agricultural laborers, and an injunction to keep landlords from raising land rents.61

Largely due to increased areas planted, wheat and potato production rose in 1918
to 64 percent and 40 percent more, respectively, than the average production levels
in 1904-13.62 New technology, however, did not raise the average yields per acre
during the war years. Historian Margaret Barnett has concluded, even more pessi-
mistically, that the campaign to grow more food in Britain may have raised the rate
of self-sufficiency in calories from 38 percent by only 1 percent. In addition, she has
raised serious questions about whether the Food Production Department's programs
could have maintained the increased production levels in 1919 and beyond.63

Despite, therefore, what might have been modest accomplishments that came only
late in the war, British agriculture was changed by the events of that conflict. State
intervention in the use of private land and the primacy of technically efficient produc-
tion had been accepted by portions of all political parties, at least for the duration of
the war. Some agricultural interests within the United Kingdom wanted to reconstruct
agriculture so as to create continuing self-sufficiency after the war,64 but, as discussed
later, such a reconstruction was not to happen in the immediate postwar period.
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It is interesting to note that Germany, in contrast to Britain, began the war with
official statistics indicating near self-sufficiency in food. For years Germany had
maintained tariff barriers against foreign grains in order to protect and nurture do-
mestic agricultural production.65 Mistakes made during the war, according to the
postwar analysis of the British Food Production Department, probably contributed
to substantial shortages of food in Germany by 1917 and imbalances in needed di-
etary ingredients even before that time. These defects in the German food supply
probably contributed to the country's eventual surrender.66 Blockade of imports plus
the general collapse of domestic production severely reduced German food supplies
and led to severe malnutrition and hunger-induced disease in the postwar period.67

India, in contrast to Britain, did not undergo any fundamental agricultural changes
during the First World War. Instead, the Government of India, beholden to Lon-
don, rallied some support for the British war effort from portions of the Indian middle
class. India served as a source of manpower for the armed forces, which served in
France, East Africa, the Suez Canal zone, and the Persian Gulf.68 Rewards for mili-
tary service included the allocation of thousands of acres of newly irrigated lands in
the Punjab, a largesse that was used partly for horse breeding for the army and
increased agricultural production but which under British rule had little effect on
development of an independent economy.69 Exports of Bengal jute and imports of
textiles and kerosene were disrupted by the war, and these trade problems adversely
affected millions of Indians, especially the poor.70

Other than these types of indirect effects on Indian agriculture, the First World
War served mainly to promote more activity in nationalist and independence move-
ments. The Ghadar movement based in North America attempted to raise support
for a violent overthrow of British rule, and the Home Rule League in India agitated
for more control of India by Indians. It was the latter movement that ultimately
breathed vitality into the Indian National Congress.71 Perhaps the most significant
feature of the war from this point of view was the demonstration in Europe that Brit-
ain was not omnipotent.72 Sowing the seeds for national independence had profound
effects on Indian institutions for agricultural science, but not until after 1947. Dur-
ing the war itself, however, the programs started by the Howards at IARI in Pusa re-
mained the major features of wheat breeding in India.

Just as India's remoteness from the battlefields of Europe provided some insula-
tion from the direct effects of war, so too was America partially insulated from the
conflict, at least from 1914 to 1917. Disruption of European agriculture led to a
substantial expansion of export opportunities for American wheat and other produce.
Nevertheless, the United States finally entered the war on 6 April 1917, on the side
of Britain, and direct participation in the war had immediate and far-reaching ef-
fects on the conduct of American agricultural production and science. New organi-
zations, new patterns of behavior, and the indelible impacts of war on individuals all
left their traces and scars in ways that profoundly influenced the developments of
high-yielding agriculture after 1945.

Americans in 1918 were deeply affected by the recently ended war, although in
ways quite different from those experienced by the British. America was a food-
surplus, exporting country, while Britain faced food-deficits and relied on imports.



88 Geopolitics and the Green Revolution

In the absence of invasion and conquest, therefore, Americans were never threat-
ened with starvation.

Despite this fundamental difference, after entering the conflict the United States
moved swiftly (Food Control Act of 10 August 1917) to establish central control over
the production, trading, and distribution of foodstuffs, partly to channel needed food
supplies to the Allied powers in Europe and partly to avoid disastrous fluctuations in
prices and supplies on the domestic market.73 In addition, USDA mobilized scien-
tific resources, such as the newly created extension services, in an effort to maximize
production.74 It was from this scientific program that the most far-reaching effects
came in the field of wheat breeding.

The story begins with the outbreak of the war in 1914, which was followed by a
nearly immediate rise in wheat prices.75 Because of the continued expectations of
favorable prices, American wheat farmers increased their planted acres for the 1915
crop from 54.7 to 61.6 million acres. Yields in 1915 were the highest on record for
the United States, nearly 17 bushels per acre, and the total crop was 1.026 billion
bushels, a record and 66 percent more than needed for domestic consumption.
Unfortunately for the American farmer, yields elsewhere in the world were also uni-
formly good, and prices dropped to levels below those in the fall of 1914. As a result,
American growers cut their planted acres for the 1916 crop to 56.9 million.76

Lower acreage plus a drop of average yields to about 11.2 bushels per acre led to
a production drop of 38 percent in 1916, to about 636 million bushels.77 Poor weather
and an outbreak of black or stem rust (Puccinia graminis tritici) contributed to the
lower yields. Although many farmers had little to sell, the price of wheat rose dra-
matically, from $1.06 in June 1916 to $3.40 in May 1917.78

Although the United States still exported 246 million bushels of wheat in 1916,79

the crop for that year provided a surplus estimated at the time of about 20 million
bushels.80 Only the large 1915 crop kept supplies moving to Europe. Acreage for 1917
remained about the same as in 1916, and severe winterkill in parts of the wheat belt
kept total production at about the same level, 637 million bushels.81 It was this sec-
ond year of low yields, combined with the devastating losses of ships to German sub-
marines, that created the conditions for a rapid price rise of wheat in the months
after the United States entered the war in April. America still exported over 200 million
bushels of wheat in 1917, but this was possible only because of the last supplies re-
maining from 1915 and a decrease in domestic consumption.82

After American entry into the war, all government agencies moved to increase
food production in order to support the Allied powers. USDA, for example, doubled
the number of extension agents between 1917 and 1918. Of more immediate im-
portance to farmers, prices and marketing moved to full central control by the U.S.
Food Administration, headed by Herbert Hoover.83 Thus was the United States able
to play a preeminent role in supplying its own and its allies' larders during the last
eighteen months of the war.

American participation in the war lasted only eighteen months and had major
effects on only one cropping season (1917-18). Therefore, the efforts to mobilize
scientific resources to increase production probably had only minimal effects on the
outcome of the First World War. Nevertheless, the war ultimately had far-reaching
consequences for American institutions of agricultural science.



Institutional and Political Economic Setting 89

The disastrous stem rust epidemic of 1916 stimulated federal and state scientists
to organize a massive campaign to control the disease. In the process, those involved
created a coalition of scientists, farmers, and industrial and political leaders. Expenses
were high, and for a period this effort to control the rust represented the largest single
expenditure made for crop improvement research. Symbolically, the stem rust cam-
paign became a moral crusade that united science, farmers, and the state in a effort
to increase yields in the name of national security and industrial well-being. Efforts
to create high-yielding varieties of wheat later used aspects of the stem rust control
campaign as a model of how to proceed. Given the magnitude and novelty of this
campaign, it was hardly a coincidence that a prime leader of later efforts to improve
agricultural production obtained his first and formative experience by leading the
campaign against stem rust.

Elvin Charles Stakman (1885-1979) (Figure 4.1) was just about a month shy of
his thirty-second birthday when the United States entered the war in April 1917. Born
in Algoma, Wisconsin, Stakman was by then an associate professor of plant pathol-
ogy at the University of Minnesota, where he had received his education and had
taught since 1909. Already he had a reputation for intelligence, hard work, energy,
commitment, and a love for argument and persuasion. His 1913 doctoral thesis broke
new ground in understanding the ecological and genetic relationships between plant
pathogens and their host plants. Although it was not explicit, Stakman's thesis work
was compatible with ideas of Mendelian genetics.84

In early 1917, before the declaration of war, Stakman was invited to Fargo, North
Dakota, to address the Tri-State Grain and Stock Growers' Convention on stem rust
and its control. In collaboration with his colleagues Henry L. Bolley of North
Dakota Agricultural College and Mark A. Carleton of the Bureau of Plant Industry,
USDA, Stakman decided to emphasize breeding wheat for resistance to the rust, stud-
ies on the origins of rust epidemics, and the eradication of the barberry plant, at least
in the local neighborhood of wheat fields. Barberry (Berberis vulgare) had long been
known to be an alternate host of stem rust, so eliminating it from the vicinity of wheat
was reliably considered to help prevent the spread of the disease to wheat.85

As a result of Stakrnan's talk, North Dakota moved immediately to pass a state law
providing for the eradication of barberry. However, it was only after the outbreak of
the war and Stakman's appointment to the War Emergency Board of Plant Pathol-
ogy that the next developments occurred. As the board toured the country to pro-
mote the use of plant pathology as a means of increasing food production, Stakman
continued to argue for the importance of barberry eradication on a very large scale.
He and other plant pathologists met in Chicago in 1918, and this meeting endorsed
a full-scale, national campaign as a wartime effort.86

Bolly and Stakman left immediately from Chicago for Washington, D.C., where
they similarly convinced the Bureau of Plant Industry and then the secretary of agri-
culture, David Houston. Houston quickly approved the effort and put $150,000 per
year toward it, an extraordinarily large allocation for the time. On 21 February 1918
the bureau formally asked the University of Minnesota to release Stakman for full-
time work as director of the barberry eradication campaign, a request that was granted
by March.87 Stakman was already well known to bureau scientists through his work
as a part-time collaborator since 1914, and he had been offered a job in Washington
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Figure 4.1 Elvin Charles Stakman in a wheat field at Chapingo Agricultural Station,
Chapingo, Mexico, 1953. Courtesy Rockefeller Archive Center, North Tarrytown, New York.

at the bureau during a temporary assignment there in 1919-14. He served as full-
time director until May 1919.88

To get a better sense of just how novel and ambitious the barberry eradication
campaign was, it is important to recall that plant pathology itself was a very young
field of study. When Stakman started graduate work, only the University of Minne-
sota and Cornell University had programs.89 In addition, Stakman had to start an
organization that ultimately spanned thirteen states,90 each of which had to pass its
own eradication law; organize its state department of agriculture, farmers, and agri-
cultural university; and develop cooperative arrangements with the bureau. Oppor-
tunities for conflict among these players were plentiful. Stakman was also an early
advocate for the active involvement of private industry, mostly from the millers. He
believed that their participation was important to promote an expensive operation.91

The fact that he obtained the collaboration of the industry people is indicative that
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they had come to see steady supplies of high-quality grain as essential to their own
operations.

Stakman's forceful evangelism for agricultural science was remembered by E. M.
Freeman, his dissertation adviser and department head at the University of Minnesota:

The most vivid picture which I carry of the early days of the campaign took place . . .
at the Minneapolis Club, where [F. M.] Crosby [of General Mills] had assembled
the business heads from every kind of business or other activity centered in the Twin
Cities[:] Presidents of the largest banks, transcontinental railroad presidents, heads of
milling and large mercantile establishments, governors of several States, legislators,
judges.. . . Crosby ... called immediately on Stakman ... [who] jumped up and with
that semi-belligerent air of eagerness to enter a fray of discussion and wits, strode sol-
idly down the center aisle. Before he reached the speaker's platform ... he began his
speech and . . . continued ... for an hour a veritable verbal barrage that held the
intense interest of every man in the audience. He told simply and effectively the story
of the rust of wheat and the role of barberry, the complicated problem of barberry
eradication, and the need of support not only from public agencies and the farmers
but from business men and the urban centers.92

Stakman's initiative and energy were successful in launching and continuing the
barberry eradication campaign. Although he relinquished the directorship of the effort
in 1919, he toured Europe in 1920 to gather firsthand evidence of the success of
barberry eradication there. Upon his return home, he was even more convinced of
the campaign's necessity.93 Some of his disciples, such as F. M. Crosby of General
Mills, continued to lobby for funds for eradication, even to President Hoover in
1929.94

In that same year the Bureau of Plant Industry estimated that over two-thirds of its
funds went for barberry eradication, clearly making it a major focus of activities.95

Eradication efforts continued until the 1970s, when federal efforts ended, due at least
partially to the paucity of barberry plants remaining and to the development of
genetically resistant varieties of wheat.96

After 1919 Stakman continued to serve as an adviser to the campaign, but he re-
sumed his research on stem rust. He had, in 1914, identified the concept of physi-
ological races in stem rust, an idea that secured his reputation and to this day contin-
ues as a major concept in plant pathology. Stakman also obtained evidence, after
1918, that stem rust epidemics spread from Mexico up through the southern Ameri-
can states to the upper Midwest and Canada each summer.97

Barberry eradication to control stem rust was a campaign that had few direct
precedents, but it fit well into the creation of a national rationalized food produc-
tion and distribution system. Despite the fervor of what has been called the Pro-
gressive Era, by 1914, or even by 1917, the United States had done little to ratio-
nalize its agricultural system other than to create the educational-research-extension
services of the USDA and the land-grant colleges. Farming was still primarily an
unregulated business in which many small and a few large entrepreneurs made
their way as best they could. To be sure, the country life movement had called for
new standards of efficiency and profitability as the way to the future, but many
American farmers were still just beginning to embrace the promise of new tech-
nology and science.
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Many forces acted quickly after April 1917, however, to change the relationships
among the farmer, the state, and modern science. Loss of labor because of conscrip-
tion for the armed forces was an immediate blow that disrupted farm operations and
spurred considerable interest in mechanization. The wartime responsibility of feed-
ing all of America and a great deal of Europe required the state to signal that it wanted,
indeed insisted upon, maximum production from American land. Although Ameri-
can entry into the war came after little could be clone to improve the 1917 wheat
harvest, by early 1918 the USDA was moving resolutely to ensure that stem rust would
never again take a major tax from the farmers' wheat crops. Stakman and his col-
laborators brought all wheat farmers in the spring wheat belt into full embrace with
modern plant pathology.

As it turned out, the war effort never benefited much from the barberry eradica-
tion campaign because Germany and Austria-Hungary collapsed in the fall of 1918.
Nevertheless, the United States had invented a new institution for control of land
use by the state. Even in the absence of wartime emergency, the American state would
not sit idly by while a controllable fungus wreaked havoc on the harvest.

Twenty-three years later, when Stakman was fifty-five, he was named by the
Rockefeller Foundation to head the survey commission to Mexico, an exercise that
led to the development of high-yielding varieties of wheat, or the green revolution.
Even though the barberry eradication campaign was very different from the
foundation's work in Mexico, they were joined by a common theme: the unrelent-
ing, systematic planning of land use by experts and policy makers to extract maxi-
mum agricultural production through the use of modern science, to build a strong,
industrial state.

Given the immense geographic scope of his organizational and research work, it
is not surprising that Stakman could later imagine remaking the agricultural systems
of Mexico. Indeed, his work on barberry eradication and stem rust, and his later work
for the Rockefeller Foundation in Mexico all had the trappings of a moral crusade
to remake agriculture and govern the use of land through a complete partnership
among the farmer, the state, modern industry, and modern science.

American wheat, soldiers, and guns, possibly in that order of importance, may
be said to have tipped the balance in favor of Britain and the other Allied govern-
ments in their conflict with Germany and Austria-Hungary. Both Britain and the
United States, in different ways and for different periods of time, marshaled agri-
cultural land and people into service for the military strength of the country dur-
ing the war.

At the end of hostilities, however, both countries had readjustments to make. The
British faced the issue of whether they should permanently improve their abilities to
feed themselves, a mission that could be accomplished only with an invigorated
agricultural science. The British also faced the continuing and now more difficult
problem of Indian pacification. Any "success" they would have in such a venture
would surely also depend on the invigoration of the Indian economy, which in turn
meant invigoration of agriculture through science. The period between the two world
wars was thus filled with further developments of the institutions of agricultural
science.
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Developments between the Two World Wars, 1918-1939

Events during the First World War brought farmers, industry, the state, and science
into new types of relationships, but the collaboration born from wartime emergency
did not long survive the end of hostilities. In both the United States and Britain, the
government backed away from guaranteed prices for staple grains in 1921, which
put farmers back on the untender mercies of competitive markets, even though some
producers welcomed freedom from regulation.98

Agricultural science fared somewhat better than farmers in each of the three coun-
tries. In Britain, lack of state interest in maintaining more food self-sufficiency again
dominated, but agricultural science found legitimization in a new Agricultural Re-
search Council. The gathering of European war clouds, however, rekindled serious
government interest in self-sufficient agricultural production, a transformation that
was to prove stable for many years. India remained a producer of raw materials for
imperial Britain, but the extensive inquiry of a royal commission pointed the way
toward a vision of more science in agriculture, a vision unfulfilled until after inde-
pendence. In The United States the system of rational industrial agriculture came to
dominate the landscape and was of direct importance in the development of high-
yielding agriculture. Each of these threads is traced in the following.

United Kingdom

British agricultural scientists at the end of the war were anxious to resume the growth
they had experienced from the Development Commission in the few years before
1914. They saw an opportunity unlike any they had seen before because of the high
priority given to domestic production as a result of the wartime emergency. Alfred
Daniel Hall, who had designed the agricultural research system for the Development
Commission, in 1918 sought to mobilize the advice of all the directors of the re-
search institutes on what he hoped would be a thorough reconstruction of British
agricultural science once the war was over:

The [previous] scale of operations ... was limited by pre-war conceptions of the sums
which it might reasonably be expected that the Development Fund could spare, and
there was in the background also a certain superior limit set by conceptions of what
sums it was likely that Parliament would be willing to provide. We now live under
another sky. Not only has the need for a liberal expenditure on industrial research
been recognized and practically unlimited sums been made available for the purpose,
but the paramount and vital importance of increased home production of food places
the claims of agricultural research on a pinnacle which overtops all other demands."

Hall clearly had a vision for the use of the land in Britain to provide something
closer to food self-sufficiency. He also fit well with the Liberals like Lloyd George
because he was a fervent supporter of land nationalization. Hall wanted Britain's
agriculture to be organized into large farms on which the best scientific practices
would predominate.100

Rowland Biffen, director of the Plant Breeding Institute at Cambridge Univer-
sity, may or may not have shared Hall's vision of a more egalitarian Britain, but he
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certainly agreed with Hall's hopes for a more scientifically productive agriculture.
He responded to Hall's request on a number of fronts, including research philoso-
phy, research priorities, and the need for a more stable and predictable career path-
way for researchers beginning their work.l01 It was on this latter theme of developing
a career ladder for agricultural researchers that the next developments were based.

Rowland Prothero, who became Lloyd George's president of the Board of Agri-
culture when the board joined the wartime cabinet, turned his attention to enhance-
ment of the board's research capability near the end of 1918. He asked for £2.5 mil-
lion over the following five years, a figure the Treasury reduced to £2 million or
£400,000 per year, a considerable increase over the prewar expenditures of £142,000
per year.102

The Board of Agriculture and Fisheries continued this theme in the fall of 1919
by asking the Development Commission for £90,000 per year to establish a "quasi-
service of research workers." New funds were not forthcoming above the £2 million
already approved, but the commission did accept the notion of a uniformly graded
salary scale for staff researchers of the board, to be comparable to salaries in colleges,
research institutions, and elsewhere in the government service.103 Thus was a step
made to establishing a career in the civil service for agricultural scientists.

Also in late 1919, Hall, by then the secretary to the Board of Agriculture and Fish-
eries, moved to upgrade the technical advising received by the board on agricultural
research. He reconstituted the Technical Committee so that it had two standing
subcommittees, one on research composed of directors of institutes and one on ad-
vising (extension) composed of advisory officers and some members of institutes. The
new research council held four meetings by February 1921, with discussions focused
mostly on the progress of work, the graded salary scheme for scientists, and the need
to coordinate research programs.104

For nine years after 1921, however, the research subcommittee did little, possibly
reflecting a sense in the Conservative (1922-24, 1924-29) and Labour (1924) gov-
ernments that research was not a high-priority issue for either party. From 1922 to
1924, neither Conservative prime minister (Bonar Law and Stanley Baldwin) was
likely to have been impressed by the need for research. Law generally disliked all
government activity, and Baldwin believed more in the spiritual values of rural life
as an escape from the crassness of urban commercialism. Prime Minister Ramsey
MacDonald's Labour government was in office for only nine months in 1924, so it
had little time to initiate reforms.

Baldwin's return to the prime ministership in 1924 created another five years of
relatively low interest in agricultural science. Such discussions as there were on agri-
culture during his second tenure were oriented to the question of tariff protections,
credit provision for land purchases, marketing reform to standardize products, emer-
gence of domestic agriculture as a market for British industry, and debates about the
privileges that were to be granted to the import of empire-produced farm products.
All of the Conservative initiatives in agriculture pointed toward a growing vision of
agriculture as a business based in science, but the formation of the second Labour
government in 1929 put the Conservatives in opposition.105

Prime Minister Ramsey MacDonald's second Labour government held only 288
seats (47 percent), so collaboration with the 59 Liberals (10 percent) was needed to
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keep the government in power.106 Unlike its Conservative predecessors, MacDonald's
government was unambivalent about its vision of agriculture: it was to be based on
the tools of modern science and run with businesslike efficiency. Both Labour and
the Liberals were free-trade advocates, so neither party wanted tariff barriers to pro-
tect farmers from foreign competition. Higher prices for urban consumers were the
inevitable result of protectionism, and MacDonald's government was based primar-
ily on urban votes. Enhancing the capacity of agricultural science, reform of mar-
keting, and encouragement of larger scale farming were thus the keys to the new
government's agricultural vision.107

Although the Conservatives might eventually have moved toward an enhancement
of agricultural science, too, MacDonald's government took the first major steps since
Lloyd George's move to establish the Development Commission in 1909. Within
four months of coming to power in May 1929, he had appointed the Committee on
Agricultural Research Organisation, part of the Economic Advisory Council. The
committee reported on its recommendations on 29 April 1930, and by 28 July 1930
the Labour-Liberal government had invented a new institution: the Agricultural
Research Council (ARC).108 A royal charter made the ARC an independent agency
in 1931, and its first members included Daniel Hall and Thomas Middleton,109 both
of whom had played prominent roles in the Development Commission and in the
Ministry for Agriculture and Fisheries to build momentum for scientific agriculture.

Lord Richard Cavendish, chairman of the Development Commission, became
chairman of the ARC as well. Staff from the Development Commission served as
staff for the ARC and the Committee of the Privy Council for Agricultural Research.110

Thus transition of responsibility for agricultural research was a cooperative devolu-
tion of responsibilities from the Development Commission.

One of the immediate consequences of the ARC's formation was that the previ-
ous advisory council to the Ministry of Agriculture and Fisheries, composed of the
directors of the research institutes funded by the Development Commission, were
no longer the primary advisers to the ministry. They would meet only as an annual
conference of directors.111

Both the language and the structure of the new ARC indicated that agricultural
science had legitimacy at the highest levels of government. Medical and industrial
research councils had been formed in 1913 and 1915, respectively. From the begin-
ning, they had reported directly to the Privy Council, which suggested they were seen
as vital to all aspects of government, at the highest level.112

A major battle in establishing the ARC involved deciding whether it should re-
port directly to the Ministry of Agriculture and Fisheries and the Department of
Agriculture of Scotland. Both the ministry and the department argued strenuously,
in May 1930, that the ARC should report to them, primarily on the grounds that
they were responsible for virtually all agricultural research, even though it was spon-
sored by grants from the Development Commission.113 Counterarguments were that
an independent ARC was more likely to attract scientists of the highest caliber and
that research free from bureaucratic intrusion of the departments would be more
productive.114 A compromise was reached in June, with an arrangement for the ARC
and the departments to consult extensively. Reporting, however, would be to the
Committee of the Privy Council for Agricultural Research.
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The ARC's structure, responsibility, and reporting lines are of more than casual
interest, because the arguments over how they should be arranged reflected the ex-
ercise of political muscle and over the next several decades influenced how agricul-
tural science in Britain would proceed. The most plausible explanation for the con-
flict was that at the first level it was a battle waged by scientists for financial support
under conditions of autonomy. In a word, the scientists advocated and wanted the
enhanced support of the state, but without the fettering ties of the departmental
bureaucracy in Whitehall. Ministers, for their part, were unhappy giving up the con-
trol that an independent ARC represented.

That the scientists were successful suggests that MacDonald's government bought
the argument that better scientists, working under conditions of relative autonomy,
would be more productive in meeting the government's goals for British agriculture.
Those goals were to make farmers more productive so as to relieve their financial
distress, but to do so without resorting to tariffs on imported food. Urban politicians
essentially sought an arrangement in which their primary constituents, urban con-
sumers, would not be harmed yet the discontent of the countryside would be answered.
Scientists, for their part, achieved relative autonomy, because an ARC heavily ori-
ented to scientific appointments would be preferable to supervision by the nonsci-
entistsofWhitehall.115

In the debates on how to enhance and structure agricultural research in the 1920s
and early 1930s, one particular argument disappeared, despite the fact that it had
effectively driven thinking about agriculture during the war period of 1914-18: food
self-sufficiency as a means of national security in wartime. Given the precarious nature
of Britain's food supply during 1917, it is in retrospect difficult to understand why
the succeeding Conservative and Labour governments were both indifferent to the
issue. Price supports and control of agricultural practices ended after the war, and
the British habit of dependency on foreign imports again predominated.

Several voices made complaints and called for a continuation of the massive re-
forms begun during the First World War. Daniel Hall, who had designed the research
institutes for the Development Commission and then become secretary to the Min-
istry of Agriculture and Fisheries, was one of the most vocal advocates of a new pro-
gram for British farming. In 1916, in the midst of the Great War, he laid out a plan
that called for state ownership of the land, reorganization of farms to be large enough
for laborsaving machinery, programs to support more food (i.e., wheat and potatoes)
production rather than livestock products, and the adoption of the most modern
scientific and technical practices possible.116

Hall, of course, had spent his entire career in agricultural science, first as a re-
searcher and teacher and later as an administrator. Perhaps, therefore, he remained
unheard because he seemed to be pleading for more jobs and support for his peers
in science. When the war ended in 1918, most British people involved in policy
matters probably thought that never again would such a horrible and dangerous war
erupt in Europe. The empire was still together, the Royal Navy continued as one of
the preeminent navies of the world, and British prosperity and safety may have been
seen as more attainable by careful nurturing of the empire and dominions rather than
reverting to the agricultural production practices of the 1870s and before.
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Furthermore, agricultural science, despite some new and useful developments
such as Biffen's Little Jost and Yeoman wheats, could not yet provide production costs
as low as those of foreign competitors in North America and elsewhere. Hall was
faced with arguing that science might create an agriculture that would be competi-
tive and that would protect the nation in case of war, if such an unexpected thing
should happen. Perhaps it was remarkable that he had any support outside a narrow
group of security-conscious "food-firsters" or technocrats who couldn't tolerate the
notion of continued inefficiency in British agriculture.

Yet Hall was not completely alone. Another prominent spokesperson was Chris-
topher Addison (1869-1951), who by 1939 had become Lord Addison of Stalling-
borough. Addison, the minister of agriculture and fisheries from 1930 to 1931, agreed
to the final compromises that led to the ARC. Although Addison was raised on a farm,
he was trained as a physician, his first career. Addison showed an early interest in
politics that brought him as a member of Parliament in the Liberal Party. During
and after the war he served as a minister both in munitions and in Health and Hous-
ing in Lloyd George's government, but he resigned in 1921 in a falling-out with the
prime minister and then lost his seat in the elections of 1922. He was always on the
left of the Liberal Party, and he switched to Labour in 1923, from which he reen-
tered Parliament in 1929. During his time out of office, Addison reformulated
Labour's policy on agriculture, especially with his 1929 work, The Nation and Its
Food. This laid the groundwork for the establishment of marketing boards, through
which farmers could fix higher prices for their goods. After 1945, his policy for Labour
formed the basis for Labour's further reform of British agriculture. He was made
parliamentary secretary to the minister of agriculture, Noel Buxton, in 1929. At
Buxton's resignation, MacDonald named Addison to be minister of agriculture and
fisheries in 1930.117

Although Addison was not kept in the government when MacDonald's govern-
ment had a falling-out with the Liberals in 1931 and had to reconvene as a National
government with Conservative support, he maintained a strong interest in British
agriculture. In 1939 he published A Policy for British Agriculture, which, like Hall,
put forth a strong plea for major reform. Addison's first concern was that people
working in agriculture should not be consigned to poverty. Beyond these welfare
concerns, however, he made a strong plea that the world was in troubled times and
that national security in war depended upon a much revitalized agriculture. More-
over, he felt that with coordinated planning from government and state ownership
of the land, Britain's farmers could produce much more high-quality produce for
the home market.

Although Hall, Addison, and their allies could not convince the Labour, National,
or Conservative governments of the 1930s to embrace radical reform, memories of
the famine scare of the Great War were not completely absent. With the rise of Hitler
in Germany, Stanley Baldwin's Conservative government in 1936 took steps to reor-
ganize the War Agricultural Executive Committees. As in the First World War, these
were bodies of farmers in each county who, under the general supervision of the
Ministry of Agriculture and Fisheries, would ensure that every farm in the area was
run with the best technology possible. Farmers who could not or would not adopt
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scientific practices could be replaced. Activation of the committees came immedi-
ately after the British entered the Second World War in September 1939.

In the two decades between the world wars, therefore, British governments for
the most part tried not to alter their agricultural policies any more than necessary
from the benign neglect of laissez-faire. Historian Jonathan Brown argues that all
governments seemed most interested in promoting Britain's industries, keeping bread
cheap for the urban working class, and keeping Britain the industrial workshop of an
empire that supplied raw materials and food.118

Perhaps the only significant difference in agricultural policy between the Labour-
Liberal, Conservative, and National governments was one of style. Labour, as repre-
sented by Christopher Addison, believed that the state should play a prominent role
in organizing agriculture, perhaps drawing its models from the military and feeling
free to use coercion. Conservatives, represented by Addison's successor, Walter Elliot,
wanted to use the state to help farmers organize rational production and marketing
schemes that vertically integrated production with processing and marketing.119 No
party saw a farm economy with larger production to be an important goal.

A few reformers sounded the alarm that all was not well, but only modest changes
were made in the institutions of agriculture. Science in the form of the Agricultural
Research Council received a prestigious place in the halls of power, but very little
money came with the honor. Moreover, the council's first priority for research was
on animal diseases and their control, not on crops like wheat and potatoes to increase
the food self-sufficiency of Britain. Ambitious plans envisioned by reformers such as
Hall and Addison lay stagnant and unheeded. Britain continued to eat imported food,
and her own farming industry continued in a very depressed state. Only Germany's
invasion of Poland forced a change of course.

India

Changes in Indian institutions of agricultural science between the two world wars
were largely derivative of the arguments and concerns that originated in London, on
the one hand, and the developing strength of the nationalist freedom struggle in India,
on the other hand. Perhaps the best explanation for why Britain sponsored reform in
agricultural science in India is that Stanley Baldwin's Conservative government
(1924-29) needed to demonstrate action to counter the growing challenge from
Mohandas K. Gandhi's Indian National Congress and others who would have India
free.

Although the congress had its origins in the late nineteenth century, until after
the end of the First World War it was a tiny, ineffective movement of some wealthy
and well-educated Indians. British solicitation of Indian collaboration in the war,
however, created a set of expectations in India that loyalty in time of war would win
concessions and some sort of political self-governance. Within a year of the armi-
stice, Lloyd George's coalition government managed to convince the Indian nation-
alists that nothing was to be gained by further cooperation with London. Most hor-
rific in their impact on Indian consciousness were the Rowlatt Acts and the massacre
of about 400 Indians by General Dyer at Jallianwala Bagh in Amritsar, Punjab.
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Although Gandhi had arrived in India in 1915, it was not until the Rowlatt Acts
were proposed in 1919 that he emerged into political struggle at the national level.
These bills, designed to stop terrorist strikes at British authority, served powerfully to
unite Indians of all political persuasions in the belief that the British could not be
trusted. Gandhi called for non-cooperation with British authority to begin on 6 April
1920. Demonstrations were held across India, including Amritsar. Brigadier R. E. H.
Dyer, military commander of the area, had previously forbidden gatherings of any
type. When thousands came to participate in a Hindu festival, he ordered his troops
to fire, leading to the massacre at Jallianwala Bagh.120

Further fuel was added to the fire in 1920 when the British made it clear that they
intended to dismantle the Ottoman Empire, Germany's ally, as a part of the spoils of
the war. India was far away from this seizure of Arab lands, but the Muslims of Brit-
ish India accepted the caliph of Turkey as the spiritual leader of Islam. Destruction
of the Ottoman Empire thus became an insult to Muslims in India, which pushed
them into noncooperation with the British. Gandhi joined their efforts and soon
thereafter brought the Indian National Congress to agree to noncooperation, which
was formally launched on 1 August 1920. Indians were called on to stop the use of
British textiles, schools, law courts, councils, titles, and honors; to resign from gov-
ernment service; to pay no taxes; to preserve peace among Hindus and Muslims; and
to renounce "untouchability" and violence.121

Gandhi's noncooperation movement ended in 1922 because of an outbreak of
violence against Indian constables and, perhaps, because Gandhi believed the move-
ment had spent its enthusiasm and needed to regroup. Gandhi personally moved
out of direct confrontation to British authority and into contemplation and working
with villages on issues of education and sanitation. British authorities then arrested
him and sent him to prison for his promotion of the noncooperation movement.122

Yet a significant hurdle had been passed, from which British ability to rule never
really recovered. Millions of Indians had been mobilized and showed they could resist
the most powerful imperial force on earth.123 To be sure, Britain held on to India for
another quarter century, but doing so required a continuous stream of concessions
and reforms designed to thwart the rising passion for freedom.

A new Government of India Act (1921) created a two-chambered Parliament, each
with a majority of elected members. In 1923, Indian nationals who wished to join
the Indian Civil Service were permitted to take the examination in New Delhi in-
stead of making the long trek to London. Also, Indians were accepted for officer train-
ing in the army for the first time. Establishment of a Tariff Board provided some fis-
cal autonomy for Indians working within the Government of India.124

It was into this atmosphere of reform out of desperation to keep power that Stanley
Baldwin's government came after the Conservatives' election win in 1925. Baldwin's
viceroy in India, Edward Wood (Lord Irwin), was a committed Christian reformer125

who, somewhat like Lord Curzon, viceroy from 1899 to 1905, saw a need to pro-
mote prosperity in Indian agriculture. And like Curzon, the new viceroy sought that
prosperity through agricultural science.

In 1926 he appointed the Royal Commission on Agriculture, charged to study
how the Government of India might organize agricultural research and education.126
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As chair was Victor Alexander John Hope (1887-1952), second marquess of Lin-
lithgow, from Scotland, and among the members was Sir Thomas Middleton. An
extraordinary itinerary occupied them from October 1926 through December 1927,
as they interviewed 395 witnesses from all parts of India and in Britain, at a cost of
over 1.3 million rupees.127

The Commission's Report in 1928 was most unusual in two respects. First, its fif-
teen volumes were undoubtedly the most thorough inquiry into agricultural research
that any British commission had ever made, either for the United Kingdom or for
any part of the British Empire. Perhaps the sheer length of the document reflected
the fact that the British government itself had no ready solution to the question of
how to organize agricultural science, either for the United Kingdom or for any part
of the empire.

The second and related feature is that the Report recommended that a truly na-
tional system of research be created between the Imperial Agricultural Research
Institute (IARI) at Pusa and the provincial departments of agriculture. A newly cre-
ated Imperial Agricultural Research Council (IARC) would

promote, guide and co-ordinate agricultural research throughout India. It would not
exercise any administrative control over the Imperial or provincial research institu-
tions. It would be a body to which the Imperial and provincial departments of agri-
culture could look for guidance in all matters connected with research and to which
such research programmes as they might choose would be submitted for criticism and
approval. Our object in proposing that such a body should be constituted is to pro-
vide provincial governments with an organisation embracing the whole research ac-
tivities of the country, veterinary as well as agricultural, in which they can feel that
they have a real and lively interest. . . . The Council should be entrusted with the
administration of a non-lapsing fund of Rs. 50 lakhs [5 million rupees] to which addi-
tions should be made from time to time as financial conditions permit.128

What is interesting about this proposal is that it seems to have stemmed directly
from Daniel Hall, who by the time of the Royal Commission's work had left the
Ministry of Agriculture and was director of the John Innes Institute, where he had
succeeded William Bateson. In his testimony to the commission during its tour of
England, Hall stated directly that the Government of India needed a Council of
Agricultural Research, primarily to create the conditions that would reduce the pro-
portion of the Indian population in agriculture from 60 percent to 10-20 percent.129

As he had for Britain, Hall advocated for India a scientific and technically effi-
cient agriculture. His desire that the proportion of the population engaged in agri-
culture should decline was also implicitly an advocacy that India should mechanize
its agriculture and that the people should move into an industrial economy. Cre-
ation of a council to guide agricultural development was a major vehicle by which
this transformation would occur. Hall was not clear, however, on exactly how India
was supposed to become an industrial power when its "function" within the empire
was to purchase manufactured goods from Britain. It seems unlikely that Baldwin's
government, representing as it did the strength of the industrial capitalists of Britain,
would have been enthusiastic about creating a competitive industrial infrastructure
in India.
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Despite the likely incompatibility of Hall's vision for Indian agriculture and the
political realities of Tory Britain, his proposal for a council resulted in the viceroy's
creation of the Imperial Agricultural Research Council in 1929, two years before
the formal chartering of the Agricultural Research Council in Britain. India thereby
had a mechanism at the level of the central government for coordinating and guid-
ing the course of agricultural research in India. Ultimately this reform was not enough
to stem the tide of nationalist sentiment. In fact, the Indians who served on the council
may have had their appetites for self-governance whetted by the experience.

After 1947, independent India kept the council with merely a name change, to the
Indian Council for Agricultural Research (ICAR). ICAR was a prominent focus of efforts
to create the green revolution. For scientists like Sir Daniel Hall and Sir Thomas
Middleton, it just may be that their ability to create a coordinating council in India
gave them an impetus and legitimacy to do the same thing in the United Kingdom.

The United States

In contrast to Britain and India, the United States had a comprehensive agricultural
science establishment by the end of the First World War. For this reason, develop-
ments in the United States between the world wars were considerably more minor.

As was the case in Britain and India, prices received by American farmers dropped
precipitously after 1919, rebounded briefly in 1925, and then dropped steadily until
1931.130 Thus American farmers were in a state of economic depression throughout
much of the interwar period. Unlike Britain, however, the political force of the farm-
ing population was sufficiently strong to force continual debate in Congress about
how to provide relief to farmers. As scientific research was already provided, most of
the proposed reform ideas focused on schemes to get prices for basic commodities
to a higher level.

Reforms at the periphery of American agriculture had some impact on the insti-
tutions of agricultural science, particularly after President Franklin D. Roosevelt's
government came to power in 1932. Reclamation schemes to develop irrigation; the
Tennessee Valley Authority, which brought flood control, irrigation, and cheap power
and fertilizer; and the Rural Electrification Administration, which brought electric-
ity to American farms, all encouraged the further commercialization and intensifi-
cation of agriculture. In addition, the price supports provided by the Agricultural
Adjustment Acts of 1933 and 1938 provided a guaranteed, stable price regime under
which farmers could plan their efforts to adopt more technologically complex
practices.131

Thus despite the absence of defining new scientific institutes, America, too, just
like Britain and India, underwent changes that further solidified the role of agricul-
tural science in the national political economy. In all three countries, the advent of
more scientific inputs to agriculture created conditions under which it became in-
creasingly difficult to farm without those inputs. Farmers, agricultural scientists, the
industrial economy that depended upon a productive agriculture for inputs and
markets, and the power brokers in government and industry all came to be increas-
ingly intertwined. Political power was increasingly reflected in the ways the people
on the land used the landscape.



The Rockefeller
Foundation in Mexico

The New International Politics
of Plant Breeding, 1941-1945

Events during World War I and in the years between the two world wars demon-
strated that agricultural production was essential for the security of individual na-
tions. No country could afford to neglect its food supply if it wished to maintain its
status as a major military power. In addition, pressures from technically sophisticated
farmers and industrialists, both interested in efficient agricultural production, solidi-
fied the use of scientific research in reforming the agricultural economy. Underly-
ing the drive for both military power and efficient agricultural production was a
powerful vision of the nation-state as an industrial economy in which all natural re-
sources, including agriculture, were marshaled by the rational control of modern
science. Both people and nature were subservient to the imperatives of power and
rationalism in the new scheme of things.

What was largely missing from the pre-1939 vision, however, was a sense of how
nations might interact to address issues of industrialization and agricultural modern-
ization. By 1939 industrial states like the United Kingdom and the United States
developed a sense of how individually they should manage their industrial and agri-
cultural resources, and the British government certainly had a clear sense of how the
Indian economy should be controlled. Outside of the realms of direct imperialism,
however, industrial countries had only vague notions about how to use scientific and
economic policy to foster their aims internationally. Furthermore, no country had any
profound sense, incorporated into policy, that rich and powerful countries should as-
sist the poor countries to achieve a better standard of living for humanitarian reasons.
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Aside from imperialism, therefore, in 1939 no analytical framework existed to see
how agricultural science and technology and modernization of agriculture fit into
the overall scheme of international relations and power. Perhaps the only exception
to this situation was a small program of the Rockefeller Foundation in China. In
1924 the International Education Board of the Rockefeller Foundation began to assist
the University of Nanking with wheat improvement, economic issues, and other
projects.1 In addition, during the 1920s, the foundation supported medical reform
in China.

Despite the fact that China was the second-largest recipient of Rockefeller Foun-
dation funds (after the United States), the different projects were not coordinated.
Selskar M. Gunn, vice president of the foundation, traveled in China in 1931 and
recommended a substantial increase in foundation activities there. Most important,
Gunn articulated a vision that the foundation should structure its program to raise
the educational, social, and economic standards of rural China. Gunn's report was
adopted in 1934.2 China thus became the foundation's first large, coordinated for-
eign effort for rural reform based on medical and agricultural projects. The Chinese
programs emphasized technical reform in the midst of substantial social unrest, about
which the foundation was silent.3

The outbreak of war in Asia and Europe in the 1930s led to a series of changes in
the philanthropic programs of the Rockefeller Foundation. The foundation's sup-
port of scientific research in both China and Europe came to an end. Until 1945,
the foundation had to create a new program of giving that was centered in the Ameri-
cas. From these new endeavors created by wartime exigencies came new concepts of
how agricultural science could be a tool for strategic planning. Within a period of
ten years after 1939, assistance in agricultural science came to be seen by the devel-
oped countries as a comprehensive need for all less industrialized countries. More-
over, efforts by industrialized states to help modernize agriculture in less industrial-
ized states came to be seen as a critical component of political relations between
nations.

Rockefeller Foundation work in China and Mexico helped officers of both the
foundation and the U.S. government understand agricultural development as a part
of international politics and relations. The foundation's Mexican Agricultural Pro-
gram (MAP), especially, was a critical event in the transformation of agricultural
science from a tool merely for industrial modernization into a device for power rela-
tionships between nations. In order to appreciate the catalytic effect of the MAP, it is
first necessary to understand the circumstances and context in which it originated.4

Formation of the Mexican Agricultural Program

In 1963, the Rockefeller Foundation reorganized its giving programs. One of its major
areas was to be "Toward the Conquest of Hunger," which in turn was closely linked
to two companion areas, "The Population Problem," and "Strengthening Emerging
Centers of Learning." This reorganization strongly reflected the foundation's sense
of success with the Mexican Agricultural Program (MAP), begun in 1943.5 The foun-
dation thus gave a clear statement that had it found its interactions with Mexico to
be positive, a basis for future action.
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Despite this positive judgment, the foundation's statement about hunger in 1963
reflected little sense of Mexico as a place with a history:

About half of the human beings on earth have an inadequate diet, and millions live
constantly on the edge of starvation, despite the fact that an overabundance of food is
being produced in a few technologically advanced countries. A world which possesses
the knowledge and methods to confront the demands of hunger must accelerate its
efforts to increase the production and improve the distribution of food supplies.6

A brief recapitulation of Mexican history will shed light on the situation that the MAP
faced when it began its work in 1943.

"In the beginning there was malnutrition— "7 With this stark description, Gustavo
Esteva characterizes the food situation that existed in Mexico starting with the con-
quest by Spain in 1519. But, as Estava continues, the prevalence of malnutrition was
only one of the many dimensions of what European conquest meant for the Indian
peoples who lived in Mexico before the arrival of Cortes.

Put bluntly, European conquest was an unmitigated environmental disaster for
the Indian civilization of Mexico. In a process that lasted for nearly 400 years, the
new elite systematically appropriated the land of Mexico and all its attendant
natural resources. As a result of this theft, with its concomitant enslavement and
pauperization of the people, the Indian population dropped from a high that has been
estimated at somewhere between 7 and 25 million to a low of about 1 million after
100 years of Spanish rule.

Independence from Spain in the early nineteenth century did little to alleviate
the poverty and oppression of the Indian majority in Mexico. An elite of European
descent continued its iron grip on the natural resource base of the country. By the
end of the century, during the dictatorship of Porfirio Diaz (1876-1911), a tiny
minority of about 1 percent of the population controlled 90 percent of the land. A
mere 8,000 of the largest haciendas held 113 million hectares of land, about three-
fifths of Mexico's total land area. Ninety percent of the people were completely land-
less and at the mercy of the landholders for "opportunities" to labor for subsistence
survival.8

The Diaz government favored the production of export crops in place of staples
as a way to earn foreign exchange. Consequently, malnutrition and poverty were
intensified in his period of rule.9 Rebellion over the gross inequities erupted in 1910
into a revolution that dragged on for seven years of intensely bloody warfare. Death,
destruction of buildings and railroads, and disruption of economic activity were
extremely widespread. Some place the death toll in the millions.10 Bitterness at the
oppression and poverty of the Diaz period elevated land reform and alleviation of
hunger to among the highest priorities of the revolution.

With victory, the revolutionaries made the first efforts to redistribute Mexico's land
to the millions of people without access to this most fundamental resource in an
agrarian economy. In halting steps, between 1917 and 1934, 7.7 million hectares
were distributed to 783,000 people. Impatience with the pace of reform was an im-
portant factor in the rise to power of Lazaro Cardenas, Mexico's president from 1934
to 1940. During his administration, between 18 and 20 million hectares were dis-
tributed to about 0.75 million people. This was an estimated 65 percent of all land



New International Politics for Plant Breeding 105

distributed between 1917 and 1940. By 1940,13 percent of Mexican land had been
redistributed to small holders.11

Cardenas was an idealist dedicated to the egalitarian spirit of the Mexican Revo-
lution.12 When he took office in 1934, he quickly moved on agrarian reform by re-
distributing land and breaking up large estates, including some lands owned by
Americans. In 1938 he seized oil properties belonging to American, British, and
Dutch concerns, including lands held by Standard Oil, which was the basis of the
Rockefeller family's fortune.13

His reform actions brought Cardenas into direct conflict with the United States.
During his entire tenure as president, much of the correspondence between the
American embassy and the State Department in Washington concerned claims of
Americans who demanded compensation for seized property.14 Secretary of State
Cordell Hull asked for daily reports from Ambassador Josephus Daniels on the situ-
ation surrounding the seized oil properties.15

Conflict between the Mexican and American governments about seized property,
however, was simply one dimension of the overall ferment in which the Cardenas
reforms occurred. Europe seethed with fascist and communist reformers, and these
conflicts had a direct spillover into Mexico. Cardenas made clear that his govern-
ment supported the Republican forces in the Spanish civil war, and Mexico became
a source of relief for these people. Cardenas's support for the Republicans put him
at odds with conservative elements of Mexican politics, who were more in sympathy
with the fascists. Moreover, Mexico granted asylum to Leon Trotsky, which aroused
the anger not only of Trotsky's enemies in the Soviet Union but also of the organized
communists of Mexico allied with the Soviets.16

Conflicts within Mexico were as much a concern as disputes over oil and other
seized property, because the Roosevelt administration wanted neither a socialist
nor a fascist country on its southern border.17 Although Roosevelt had pledged
the Good Neighbor Policy as a way to reform the interventionist history of U.S.-
Latin American relations, some private citizens put pressure on the American gov-
ernment to take action against Mexico if solutions suitable to American interests
were not forthcoming.18 To its credit, the United States does not appear to have
acted on these suggestions. Instead, negotiations continued through the efforts of
Ambassador Daniels.

Despite the dramatic initiatives made by Cardenas in land reform and seizure of
oil properties, his government also pursued avenues of change that were very differ-
ent in character and, ultimately, had as much or more effect on the agriculture of
Mexico as did the land reforms and empowerment of the ejidos (land held in com-
mon by local groups). First, Cardenas continued the development of large-scale
irrigation works, an effort that had its roots in the prerevolutionary period of the Diaz
government.19 Second, Cardenas weathered threatened and attempted coups against
his government from 1934 to 1940, but his sentiment was to pick a successor who
was less a fiery leader and more a conciliator with conservative elements within
Mexico and with the United States. General Manuel Avila Camacho became presi-
dent in 1940, over the strong challenges by General Francisco Mugica, who was more
in line with the radicalism of the Cardenas reforms, and General Juan Andreu
Almazan, who had the support of Catholic and conservative elements.20



106 Geopolitics and the Green Revolution

In his campaign, Avila Camacho stressed the need to secure title to landownership
more than the need for further reforms. He also favored moves toward small pro-
prietorships rather than the communal ownership of the ejidatarios. Avila Camacho
also stressed the need for industrialization and modernization rather than further
radical social reforms. He also wanted foreign investment for Mexico and felt it was
essential to reach a settlement with the Americans.21 The United States responded
in kind, and President Roosevelt designated Vice President Elect Henry A. Wallace
to be "Ambassador Extraordinary and Plenipotentiary" at the inauguration of Avila
Camacho in 1940.22 This recognition of Avila Camacho as the new head of the gov-
ernment of Mexico may have been a key element in quieting a remaining claim to
the presidency by General Almazan.23 All indications are that the Roosevelt admin-
istration felt it could work well with the new president at a time when Europe and
eastern Asia were already at war and the United States wanted first and foremost to
secure its base in North America.

Concern about security in a dangerous world was therefore the primary frame-
work within which the Rockefeller Foundation worked to create an agricultural pro-
gram in Mexico. Whatever the meaning of the foundation's formal purpose of fur-
thering the well-being of humankind, it certainly could not counter the efforts of the
U.S. government to create a working relationship with Mexico, despite the mutual
antagonisms between them. More important, given the foundation's desire to pro-
vide leadership in reshaping modern life through science and technology, it would
be most likely to support the development of modern technology in Mexico, as
advocated by Avila Camacho.

Creation of Rockefeller's Mexican Agricultural Program

Proposals for the Rockefeller Foundation's involvement in Mexico began as early as
1933 with discussions between the foundation's regional director for public health,
John A. Ferrell, and Josephus Daniels, the American ambassador to Mexico.24 Little
came of these early talks, however. It was not until Vice President Elect Wallace's
trip to President Avila Camacho's inauguration that serious movement began.

After Wallace's return to the United States, a number of conversations among
Wallace, Nelson Rockefeller, Ferrell, and Daniels led to a meeting of Wallace, Ferrell,
and Raymond B. Fosdick, president of the Rockefeller Foundation.25 Fosdick re-
counts that Wallace remarked on the benefits that could come to Mexico if anyone
could improve the productivity of corn (maize) and beans, the staples of the Mexi-
can diet. Fosdick was also probably seeking new philanthropic activities for the foun-
dation because the war had ended the foundation's major programs in Europe and
China.26

Upon his return to New York, Fosdick consulted with Warren Weaver, director
of the natural science program at the foundation.27 Weaver, whose technical back-
ground was in mathematics and the physical sciences, remembered that at first he
did not know how to respond to Wallace's suggestion. Nevertheless, the natural sci-
ence staff met with Albert R. Mann, who had formerly been dean of agriculture at
Cornell University and who had directed the foundation's work in Chinese agricul-
ture. They proposed to send three experts to Mexico: Paul C. Mangelsdorf, a geneti-
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cist and plant breeder from Harvard University; Richard Bradfield, a soils specialist
from Cornell; and Elvin C. Stakman, a plant pathologist from the University of
Minnesota.28

The survey team toured extensively in Mexico in the summer of 1941. Its lengthy
report was in some ways sensitive to the cultural and social diversity of Mexican
agriculture, but it was quite specific in its main recommendation: the Rockefeller
Foundation could best assist the improvement of Mexican agriculture by establish-
ing a four-man commission in or near Mexico City to advise the Mexican Depart-
ment of Agriculture. In priority ranking, the four men should be (1) an agronomist/
soil scientist, (2) a plant breeder, (3) a plant pathologist/entomologist, and (4) an
animal husbandman.29

Once the experts' report was in, the foundation negotiated with the Mexican gov-
ernment for an invitation to provide assistance in developing Mexican agriculture.
Invitation in hand, the foundation selected J. George Harrar as director of the pro-
gram and launched activities in February 1943.30 In 1943 Harrar was joined by Edwin
J. Wellhausen, a maize geneticist; in 1944, Norman E. Borlaug, a plant pathologist
and plant breeder, joined the MAP.31 Both Harrar and Borlaug had completed their
doctoral degrees with Stakman at the University of Minnesota.32

Before practical work could begin, the foundation had to reach an agreement with
the Mexican government about the subjects of research and the organizational struc-
ture within which foundation staff would work. Negotiations on both began in early
February 1943, when Harrar, Stakman, and Henry M. Miller Jr. (the latter a perma-
nent staff member of the foundation who had been involved in the MAP from its
inception) arrived in Mexico City. Negotiations were concluded within a week,
and the foundation signed a memorandum of understanding with the Mexican
government.33

Two specific research problems were identified by the Mexican government for
research: wheat rust and improvement of maize varieties. Ironically, these two
activities were different from what was expected by Stakman, the chief adviser to the
foundation on the MAP. Stakman felt that since Mexican scientists were already try-
ing to obtain improved maize varieties, it would be inadvisable for the foundation to
start a parallel investigation. Offended feelings might be a problem. Instead, he
anticipated that Harrar and his staff would advise on maize work. For wheat, Stakman
noted that the secretary of agriculture, Marte Gomez, felt that wheat rust was the
most important single problem. Stakman did not agree with this assessment, but he
recognized that Gomez reflected the desires of President Avila Camacho, who wanted
increased wheat area and production. Stakman therefore agreed that control of wheat
rust should be the beginning of a general project for wheat improvement and expan-
sion of acreage.34 For reasons that will be developed in chapter 8, the inclusion of
wheat rust as a high-priority research topic had an important influence on the re-
search program that led to the green revolution.

Organizational structure was of equal or more importance to the foundation staff.
Essentially, the foundation wanted to hire U.S. scientists who would pursue research
on topics mutually agreeable to the secretary of agriculture for the Mexican govern-
ment. Foundation funds would pay for salaries, equipment, library resources, travel
expenses, and office expenses. Mexico was asked to pay for land, greenhouses, manual
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labor, and technical assistants. Foundation officers would select, from the technical
assistants and others, Mexican nationals to go on for advanced training in the United
States and elsewhere. Research would be the primary mission, with demonstration
or extension work done only as time and resources permitted.35

The memorandum of understanding, signed in Mexico on 10 February 1943,
included wheat rust and maize improvement as top-priority research items.36 Harrar
had already moved to Mexico, so the wheat rust work began immediately and he
hoped to have the maize work under way by 1 July 1943.37 The Office of Special
Studies (OSS)38 was thus established as a semiautonomous research unit directly
within the Mexican Department of Agriculture. Until its transformation in 1966 to
the International Center for Wheat and Maize Improvement (CIMMYT),39 the OSS
was the research center that stimulated a major transformation of Mexican agricul-
ture. Harrar and subsequent leaders at the OSS, however, always insisted that
Rockefeller Foundation research be independent of other Mexican research insti-
tutes and that the effort be collaborative, not subject to unilateral control by the
Mexican government.40

Mexican Aspirations for the Office of Special Studies

Just as many complexities shaped the motivations and behavior of the Rockefeller
Foundation as it created the MAP, so, too, did many complex factors affect the
Mexican government as it agreed to have the foundation open a special research office.
Most of the complications on the Mexican side stemmed from the tensions and con-
tradictions between the drive for equity as part of the revolution and the drive for
productivity as part of building a modern industrial state. Understanding both the
complexities and the divisions of opinion within Mexican society about equity and
productivity will help clarify the significance of the high-yielding varieties of wheat
and other grains.

When the Rockefeller Foundation initiated the MAP, it immediately became
enmeshed in a series of changes that were then under way in Mexico. On the sur-
face, the major change was a relaxation of the drive for agrarian reform, in which
Avila Camacho shifted priorities away from the land redistribution program of Lazaro
Cardenas. This shift, however, is perhaps better understood as part of a deeper argu-
ment among Mexicans about the future of the Mexican nation and how its natural
resources would be used to achieve that future. At stake was whether Mexico would
"retain" or "stagnate in" its economy of subsistence agriculture or whether it would
develop the larger scale, more commercially oriented agriculture found increasingly
in the United States. Historian Joseph Cotter provides compelling arguments that
numerous political and scientific personnel, including those in favor of agrarian
reform, wanted a more dynamic, science-based agriculture.41

Associated with this question was the question of whether Mexico would develop
an industrial capacity, which required, among other changes, that some labor leave
agriculture and migrate to the cities. If industrialization was to occur, agriculture
thus had a major role to play: it must change to technologies that were more labor-
efficient so that some people could choose or would be forced to leave the rural
areas and become part of the industrial workforce. Agriculture would have to pro-
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vide at least part of the capital for Mexican industrialization.42 The research programs
and policies needed to obtain more productive small-scale agriculture were not nec-
essarily the same as those needed to create an industrialized agriculture that would
be compatible with an urban-based manufacturing and commercial economy.

From the original survey report of the Rockefeller Foundation, Agricultural Con-
ditions and Problems in Mexico, one gains the impression that the foundation be-
lieved its work in agricultural science was to alleviate the poverty of Mexico's masses.
Its thinking on the subject seems remote from the debate that was then under way
about restructuring the Mexican economy toward industrialization.43 This debate is
best seen by tracing the Mexican attitudes toward building an industrialized urban
economy along with its necessary companion, a modern agricultural sector based
on irrigation, mechanization, and the use of fertilizers and improved seeds.

Mexico's traditional economy, both before the Conquest and after, until the end
of the nineteenth century, was based primarily on the rainfed production of maize
and beans in the highlands around Mexico City, an area known as El Bajio. This
was the location of the highly advanced Aztec civilization, and after Spanish con-
quest El Bajio continued as the major population and economic center of Mexico.
Scattered, sparse populations were located in parts of the lowlands that had ample
water, for example, the Yucatan, and in the vast semiarid and desert areas of the north
of Mexico. Economic production in the northern part of the country was based
either on extensive grazing or on small, easily irrigated agriculture in the river val-
leys. For the most part, however, few people and little economic activity occurred
outside El Bajio. Mining for gold and silver plus traditional craftsmanship in items
like jewelry were about the only nonagricultural forms of economic production. As
a whole, the economy was not particularly productive, and the hacendados (major
landowners) had no particular interest in seeing it developed. This political economic
elite had an idyllic lifestyle, based on the economic self-sufficiency of the haciendas
and on the subjugation of the large Indian majority.

Change began to come, however, in the latter part of the nineteenth century.
Following war with the United States in the 1840s, Mexico's tiny urban class began
to push for the commercial and political freedoms that would enable it to build a
modern industrial and commercial economy. In addition, some landowners began
to see the potential for wealth in Mexico's river valleys that ran through the arid north.
With large-scale dams and irrigation projects, they saw a potential to generate wealth
that would vastly surpass the meager output of extensive grazing or small-scale irri-
gation works. In the Porfirio Diaz dictatorship, the Mexican government began to
respond to this ferment for change, primarily in the initiation of irrigation develop-
ment for wealthy investors.44

Mexico's economy was left in a shambles by the revolution, but postrevolutionary
recovery still contained the tensions inherent in the Diaz period between (1) the
hacendados, who were satisfied and eager to defend their feudal-like privileges, (2)
the still impoverished and oppressed landless majority of the rural areas, (3) the
emerging commercial and industrial entrepreneurs of the cities and the commer-
cially minded farmers who wanted modern agriculture, and (4) a new element with
legitimacy and power, the urban industrial working class and its unions. Despite the
initial efforts at land reform after 1917, by 1934 the power of the hacendados was
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still largely intact.45 Perhaps the most important consequence of the Cardenas re-
forms was the breaking of the power of the hacendados in Mexico forever.

Cardenas ruled with the support of the rural peasants and working class plus the
loyalty of the army.46 Nevertheless, his reforms for the landless poor and the small
urban trade union movement removed the hacendados, who were probably the big-
gest hindrance to the emerging middle class. Cardenas thereby unleased the latent
potential of the entrepreneurial middle class, which may not have shared his sympa-
thies for the rural and urban working classes. Despite the major attention of the
Cardenas government going to the ejidos and urban trade unions, Cardenas was by
no means oblivious to the growing commercial interests of Mexico's small middle
class. He made a number of decisions as president that ultimately proved extremely
beneficial to this portion of the Mexican population.

First, he continued the development of economic infrastructure in Mexico that
was important to the emergence of a more complex, productive, and commercial
economy. Transport, communication, and irrigation works were most important,
taking over 87 percent of the federal public investment. Perhaps Cardenas's heart
lay with land reform, but he did not ignore the needs of the middle class.47

As an example, consider his decision to build a major dam and irrigation project
in the Yaqui River Valley of Sonora. As a way to maintain the support and perhaps to
garner the loyalty of the former president, General Plutarco Elias Calles, Cardenas
and Calles visited Calles's native city, Ciudad Obregon in Sonora, in July 1934. Calles
had been less than enthusiastic about Cardenas's radical reforms, despite the fact
that Calles has supported Cardenas's rise to the presidency. Cardenas may also have
been considering the support he might obtain from Don Rodolfo Elias Calles, the
son of Plutarco Calles and then governor of Sonora. Shortly thereafter, the Cardenas
government approved plans to build a large dam and irrigation works on the Bapispe
River in the Yaqui River Valley. In moving on this project, the Cardenas government
also wanted the cooperation and assistance of the Americans, with whom his gov-
ernment later had serious differences.48

Cardenas seems to have succeeded, at least temporarily, in his aim to keep Gen-
eral Calles as a supporter. When the two appeared together again later that year, Calles
gave a ringing endorsement of the radical reforms under way by Cardenas: "vora-
cious and egotistical capitalists, conspiring with the clergy and the reaction, are
intent upon presenting a problem for the Government." United States Ambassador
Josephus Daniels believed this was the strongest socialist statement ever from Calles,
signaling his rapprochement with Cardenas.49

Although this dam and irrigation works in the Yaqui Valley may have been con-
ceived largely as "pork-barrel" federal water development designed primarily to win
political support, it was symbolic of the larger economic reform movements long
under way in Mexico. The Yaqui Valley was sparsely inhabited, primarily by the
indigenous Yaqui people whose culture of farming, hunting, and gathering was
adapted to the torrid desert climate of northwestern Mexico. Cardenas responded
to Yaqui requests for secure landholdings and initiated other reforms to improve the
living conditions of the Indians. However, federal control of the new irrigation works
ultimately forced the Yaqui into commercial rather than traditional patterns of agri-
culture.50 Other newly irrigated land went to middle-class farmer-entrepreneurs who



New International Politics for Plant Breeding 111

wanted to emulate the commercial successes of their counterparts in the United
States.

Although it could not have been foreseen at the time, the opening of the Yaqui
Valley to large-scale agriculture may have prompted the government of Avila
Camacho, successor to Cardenas, to want wheat rust as a top-priority item for the
Rockefeller Foundation. Wheat was a major crop planted in the newly watered
Sonoran desert, and it was subject to devastating outbreaks of wheat rust. Outbreaks
in 1939-41 were particularly destructive.51 Avila Camacho's desire to see increased
land in wheat and higher wheat production was, in fact, threatened by these severe
rust epidemics. In a sense, the success of the entire project of the Yaqui River Valley
development scheme depended on solving that plant disease problem.

A second decision also demonstrated that Cardenas by no means ignored the as-
pirations of the developing middle classes: his selection of General Manuel Avila
Camacho to succeed him. Albert Michaels, who has studied the 1940 election in
depth, argues that two chief candidates for president were active in 1939.52 General
Francisco Mugica, who had distinguished himself in the revolution, was a radical
leftist with an aggressive personality. Mugica was also a leader in the oil expropria-
tion effort and would probably have been uninterested in reaching a compromise
with the American government over this issue. He was the logical ideological suc-
cessor to Cardenas and might have continued the Cardenas reforms with relatively
little change.

Cardenas, however, gave his endorsement to General Manuel Avila Camacho, a
loyal, tactful, quiet man known as a good mediator. Twenty years after the election,
Cardenas stated in an interview that his final decision was influenced by the need
for national unity in Mexico and the need for reconciliation with the United States.
Cardenas was clearly aligned against the fascist powers in Europe, and this interna-
tional stance inevitably brought Mexico into closer collaboration with the United
States.

Avila Camacho's rise to the presidency symbolized that the moderates of the revo-
lution were in control of Mexico.53 Avila Camacho accordingly rewrote the 1933
platform, with its emphasis on land reform and its language based in Marxist termi-
nology and anticlericalism. In its place went concerns of nationalism and the liberal
concern for individual rights, which were essential for the flourishing of entrepre-
neurial capitalism. Avila Camacho emphasized that if he were elected, Mexico would
be governed by technicians, not ideological reformers. His rise to power ended
Mexico's antagonism to capitalism and brought the government into friendly rela-
tions with the Roosevelt administration and its Good Neighbor Policy.

Only one other candidate, General Juan Andreu Almazan, posed a challenge in
the 1940 election. This was the candidate of the seriously disaffected middle class
and Catholics who were upset with the Socialist Education Law of 1939. Michaels
argues that the government probably committed fraud in the elections, and Almazan
continued a claim for the presidency even after the election was over. He dropped
his efforts, however, when the Roosevelt administration announced it was recogniz-
ing the election of Avila Camacho and sending Henry A. Wallace to the inaugura-
tion. In any case, Avila Camacho may have been as satisfactory to the interests of
Almazan's supporters as Almazan himself.
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Control of the presidency by people committed to the economic modernization
of Mexico continued for decades. What is thus clear in retrospect is that the
Rockefeller Foundation MAP began at the outset of a new political economic cli-
mate in Mexico. From the Mexican point of view, the foundation scientists may simply
have been part of the contingent of "technicians" with which Avila Camacho expected
to govern Mexico and transform it into an industrial and commercial state. For their
part, the foundation scientists gave every indication that they believed in the power
of new agricultural technology to improve the well-being of the Mexican people.
Foundation literature from the time paints a picture of helping subsistence farmers
produce more food, which may have happened in some cases, but the Mexican gov-
ernment probably saw the foundation as helping transform Mexican agriculture away
from subsistence farming toward the type of commercial farming that was compat-
ible with a modern industrial state.

Symbolic of the needs of the new Mexico was the situation with wheat at the time
the Rockefeller Foundation began its work. The argument developed earlier suggested
that a major consideration leading Mexico to place wheat rust at the top of the re-
search priorities for the foundation was the desire to expand the wheat areas in the
newly irrigated areas of the northwest. Part of the motivation for this priority was to
serve the new agricultural elite, which was commercial in character. Part was also to
justify the expense of the irrigation projects. What is missing from this argument,
however, is the link to the developing urban economy of Mexico. To understand this
link, we have to raise the question "Why was wheat important to Mexico?"

The traditional diet of Mexico was based on maize and beans, crops that did well
in all parts of the country and that together provided an inexpensive, nutritionally
balanced diet. Flavored with vegetables, chiles, and other spices, it was also a tasty
fare. Moreover, it was a diet that could be raised easily by subsistence growers, stored
at home, and prepared for eating without elaborate equipment. In other words, maize
and beans made up a diet that was admirably suited to a subsistence farming lifestyle.

Wheat was grown in Mexico after the conquest, and by the 1930s it ranked third
in value of Mexico's crops, after maize and cotton. In contrast to the traditional diet,
wheat was more difficult to prepare than maize. Nevertheless, consumer demand in
the 1930s was starting to shift away from maize to wheat. Assured supplies of wheat
at reasonable prices thus became an important issue.54

Without a viable, commercial agriculture in the countryside, however, Mexican
consumers could not be assured of regular supplies at reasonable prices from do-
mestic production. Cardenas garnered much popular support from his agrarian and
labor reform and his seizure of foreign oil properties. Unfortunately, agricultural
production fell during his administration, quite probably as a result of the reforms.
Prices of maize, beans, and wheat, the Mexican staples, rose, and the country im-
ported part of its basic foodstuffs.55 Heavy imports put a strain on limited foreign
exchange reserves, which further dismayed the entrepreneurial elite of the urban
middle class: scarce dollars (earned largely from oil, mining, and tourists) that went
for wheat could not be spent on modern industrial equipment from the United States
or Europe. Thus the growing preference for wheat created difficulties in the larger
economy, which in turn led the emerging middle class to think that more domesti-
cally grown wheat would be a good thing. In all likelihood, it is this sort of reasoning
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that may have led to President Avila Camacho's support for a policy of more wheat
in Mexico, which in turn led to the Rockefeller Foundation's mandate to control
wheat rust.

A second factor about wheat was that, in contrast to maize, wheat in the 1940s
had a well-developed international trade. Europe in particular was a large importer
of wheat from the Americas, and the commerce in this grain had well-established
channels. Entrepreneurially inclined Mexican farmers undoubtedly realized that if
they could grow large quantities of the grain perhaps they, too, could enter the ex-
port markets to Europe. This would give them a choice of markets, either domestic
or the international, and they could sell to the place where prices were highest.
Being paid in pounds sterling would have conferred advantages on both the Mexi-
can farmer and the Mexican government. The farmer might choose to purchase
British luxury goods, and the government of Mexico would see more earnings of
foreign exchange. Thus promoting the production of wheat had the promise of both
satisfying domestic demand and improving the international economics of Mexico.

Given this set of circumstances from the Mexican point of view, it is little wonder
that President Avila Camacho welcomed the Rockefeller Foundation and insisted
that promotion of wheat production by controlling rust be a high priority for the
foundation's work. The fact that Stakman was surprised about the inclusion of wheat
rust at the top of the research priorities may simply have reflected that he and his
colleagues from the foundation did not fully comprehend the dynamics then under
way as Mexico sought to establish a new economy based on industry and commer-
cial agriculture. In any case, Harrar and his colleagues truly fit the role of the tech-
nicians who would help fulfil the vision of Mexico becoming an industrialized com-
mercial nation.

Even if the foundation scientists had fully comprehended the nature of Avila
Camacho's vision, there is little reason to think they would have been uncomfort-
able with it. After all, they were trained in the land-grant universities of the United
States, they were accustomed to the notion that science promotes efficiency in com-
mercial agriculture, and they were probably most comfortable in the social dynam-
ics involved between scientists and commercial farmers. Deborah Fitzgerald has
argued that the foundation scientists were perhaps constrained by their experiences
in the United States, which led them in turn to favor dealing with the emerging
entrepreneurial Mexican farmer.56 She undoubtedly provides a useful insight in this
argument, but the problem was actually much deeper and more fundamental. The
Mexicans in control of Mexico after 1940 wanted to replace their traditional agrar-
ian economy with a new economy based on active capitalism both in the country-
side and in urban industries. It was understood, at least intuitively, that the two sec-
tors were related and that neither could change without the other.

The case may have been put most explicitly by Roberto Osoyo in 1968 at a sym-
posium, "Strategy for the Conquest of Hunger," held at Rockefeller University in
New York. At the time, Osoyo was director general of agriculture in the Mexican
Ministry of Agriculture, and during the 1950s and 1960s he had been a major ad-
ministrator in agricultural modernization in the state of Sonora. After noting the rapid
population growth rate of Mexico, then 3.2 percent per year, he went on to argue
that Mexico had made great progress in removing labor from agriculture. In 1943,
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65 percent of the labor force was in agriculture, but by 1968 this figure had dropped
to 50 percent. Osoyo then went on to state: "We now nurture the hope that by 1970
not more than 45 percent of our active population will have to be engaged in
agriculture."57

A similar thought emerged from staff members of the Ford Foundation in the
late 1960s. Eduardo L. Venezian and William K. Gamble argued that Mexico had
developed a dualism in its agriculture. The large private farms of the Pacific north-
west (Sonora and Sinoloa) and the north used advanced technology and were irri-
gated, commercial, and export oriented. They constituted only one-fifth of all Mexi-
can farms, but they were highly productive. The other part of the dualistic structure
was the ejidos, which depended on rainfall, used low technology, were low in capi-
talization, and oriented toward subsistence maize and bean production. Venezian
and Gamble felt that the small farms must "disappear if Mexican agriculture is to be
fully modernized and rural misery is to be eliminated."58

Perhaps in 1940 neither President Avila Camacho, his secretary of agriculture,
Marte Gomez, nor the Rockefeller Foundation officers could have been so articu-
late about the need to reduce labor in agriculture or the need to eliminate the ejidos
in order to eliminate rural poverty. After all, Osoyo, Venezian, and Gamble were
speaking with the advantage of twenty-five years of hindsight and experience with
the results of the modernization of Mexican agriculture. But the prescience of gov-
ernment and foundation officials is not really the issue. What is at stake is under-
standing the context in which the scientific research of the MAP began and the con-
sequences of its results. It may be comforting to think that Rockefeller Foundation
thinking really was oriented toward the amelioration of poverty of the rural folks of
Mexico, and that the needed improvements in their lives would flow naturally from
finding new varieties of maize and a way to control wheat rust. What was never spo-
ken in 1943 at the start of the MAP, however, was that its primary Mexican propo-
nents wanted to completely reshape the Mexican economy. In order to create the
modern industrial state, labor would have to be enticed off the farm or, presumably
if need be, be forced off by conditions that were so deplorable that leaving would
seem a good thing to do. In addition, the fostering of a liberal political economy was
essential to forging the new industrial state, which meant a focus on individualism
rather than the communal values of traditional Indian villages. What was also un-
spoken was the need to extract or entice capital out of agriculture to finance indus-
trial development.

In understanding the origins of the MAP, therefore, we have to realize that we
can summarize the context of its founding in either or both of two possible ways:

• The MAP was motivated by humanitarian concerns for impoverished Mexican
peasants. Agricultural research was to be the tool through which these farmers could
obtain better yields and a better life. The Rockefeller Foundation had the humani-
tarian needs of the poor Mexican people uppermost in its mind and expected the
fruits of its research programs to lead naturally to the empowerment of the Mexi-
can people to make choices that would better their lives.

• The MAP was an agreement between the Rockefeller Foundation and the Mexi-
can government. The context in which it began was complex and included (1) a
tenuous and recent relaxation of severe tension between the U.S. government (which
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regulated the foundation) and the Mexican government; (2) a highly dangerous
world situation in which it is reasonable to believe that the foundation wanted to
foster the development of liberal democratic capitalism rather than see either
socialism or fascism make further inroads; and (3) a complex and dynamic struggle
within Mexico over which vision for Mexico's future would prevail, with alterna-
tives being a liberal democratic capitalism and industrial economy, a reversion to
the quasi-feudal oppression of the hacendados, or the continued socialist radical-
ism of the Cardenas era. The MAP was an alliance between a U.S. foundation that
promoted liberal democratic capitalism and a Mexican government that was strug-
gling to establish a liberal democratic capitalist political economy. In the long run,
probably both the foundation and the Mexican government had no particular wish
to improve the lives of peasant farmers in their capacities as peasant farmers. Per-
haps neither could have articulated it at the time, but both sides probably knew
that the forces of agricultural modernization would have far-reaching effects that,
in their eyes, were for the better.

The second description is more complete and better accounts for a multiplicity of
concerns.

Consequences of the Mexican Agricultural Program for Mexico

The MAP is now a program of the past. The Office of Special Studies within the
Mexican Ministry of Agriculture closed its doors in 1960 and was transformed into
CIMMYT in 1966, which has been a major force in exporting the methods of high-
yielding wheat and maize production and in furthering the development of high-
yielding technology. Mexico's government was very proud that it could collaborate
as a full partner in the further development of wheat production worldwide, and
CIMMYT's varieties quickly spread to many other countries, a story that will be
developed later in this book. Mexico's economy was also restructured in the process,
and it is useful at this point to consider some of the effects of the MAP.

Superficially, the major effect of the MAP was to find new varieties of wheat that
raised Mexico's total wheat production and production per hectare. Mexico changed
from a wheat importer to a wheat exporter in 1958, an event that was highly signifi-
cant for the Mexican economy.59 The growing preference for wheat became a for-
eign exchange earner, not a foreign exchange drain. Maize and beans also contin-
ued as staples, but the emerging urban economy of Mexico was well served by the
transformation to wheat self-sufficiency.

Simultaneous with the development of a wheat export capacity in Mexico was
the emergence of a new rural elite of commercial farmers. Based primarily in the
irrigated valleys of Sonora and Sinoloa, these entrepreneurial farmers used new lands,
developed with great subsidies from the Mexican government, to create a style of
agriculture that was similar to the agriculture of the United States.

Venezian and Gamble argue that the farmers of Mexico, which meant the poor
farmers of Mexico, were the suppliers of capital for the industrialization of Mexico.
Extraction of forced savings through inflation was the primary method used to make
the transfer of capital out of agriculture into the new industrial activities. For the
poor farmers who were thus manipulated by the currency management of their coun-
try, it was somewhat ironic that they be the suppliers of capital for the new industry.
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Their ability to benefit from industrialization was limited in that they had to leave
farming to enter the cities in order to prosper. It is doubly ironic that these capital
transfers were used to finance a new breed of commercially minded export farmer
who outcompeted the traditional farmer at every step. Mexico thus achieved its
industrial status, in both manufacturing and agriculture, on the backs of traditional
farmers.

What happened to traditional farmers? Essentially, they disappeared into the cit-
ies. One consequence is that Mexico City is now perhaps the largest city in the world,
and the poor immigrants of the rural areas may or may not have found much mate-
rial improvement in their living standards.60

Not only were rural people taken advantage of in the transformation, women
compared to men probably lost access and control of resources in the transforma-
tion to modern agriculture and modern industry. Neither the Rockefeller Founda-
tion scientists nor the Mexican government was sensitive to the roles of women in
traditional agriculture. When the elimination of subsistence farming became the
policy of Mexico, women were not provided with new and comparable economic
roles in the modern sector. Perhaps the usual fate was for a country girl to get a low-
paying job in one of the new factories. This work provided neither the security nor
the dignity of traditional agriculture, precarious as that system of livelihood was.61

Was the transformation worth it? For the middle classes and the new entrepre-
neurial elite, yes, of course. For the poor who supplied the capital? Probably not,
except that they might see their children with better incomes and more options for
education because of their new lives in the urban areas.

Consequences for the Rockefeller Foundation
and for the U.S. Government

Several features of the Rockefeller Foundation's program in Mexico need to be noted,
because these attributes were important in the evolution of the foundation's strategy
in agriculture. First, although Rockefeller philanthropy was not a complete stranger
to agriculture, the dimensions of the effort in Mexico far surpassed all previous
grants.62 Furthermore, the decision to move into agricultural science was in some
ways unanticipated. In 1938 Warren Weaver had identified no agricultural fields of
work in a strategic planning exercise for the natural science program of the Rockefeller
Foundation. In fact, Weaver had explicitly ruled out animal and plant breeding and
instead suggested a concentrated effort in basic genetic research.63 Yet by 1945 the
Rockefeller Foundation was spending nearly $100,000 per year on the Mexican
Agricultural Program when the entire natural science expenditure per year averaged
only $1.7 million.64

Second, the Mexican program was an operational program, not just the usual
Rockefeller Foundation effort that relied on the disbursement of grants to others re-
sponsible for actual scientific operations.65 Perhaps the lack of sufficiently trained
Mexican nationals led the foundation to move directly into operating a research sta-
tion, but this pattern became characteristic of other Rockefeller Foundation work in
agriculture.
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The MAP, therefore, was on several grounds a fundamentally new type of pro-
gram for the foundation. The program's successes were consequently well received
in the foundation's headquarters in New York. As is frequently the case, a successful
venture in a pilot program lends itself to expansion. Although clear interest in ex-
pansion of agricultural assistance emerged from foundation trustees such as John D.
Rockefeller III even before the MAP began work,66 by 1950 the results of the
program encouraged the foundation to initiate a similar assistance program in
Colombia.67

Expansion of the MAP, however, takes us ahead of our story for the moment. For
now, suffice it to say that program's successes, in the context of concerns about stra-
tegic security of the United States, prompted both the Rockefeller Foundation and
the U.S. government to launch extensive assistance programs in agricultural devel-
opment. The U.S. government's involvement began in earnest with President
Truman's inauguration speech in 1949. "Point Four" of that address called upon
the government to lend technical assistance in agriculture and other fields to the
poorer nations of the world, which led to the "Point Four" program that eventually
evolved into the U.S. Agency for International Development.

The Rockefeller Foundation's movement into a vastly expanded agricultural as-
sistance program came with the decision in 1952 to begin the Indian Agricultural
Program. These efforts, combined with the government's experiences, in turn led
eventually to the conceptualization and funding of a large network of international
agricultural research stations funded by many governments and agencies around the
world. Strong evidence, to be developed in chapter 7, suggests that the American
government saw the foundation's MAP as a highly successful model for the develop-
ment of new agricultural technology, and in various ways the MAP's collaborative
model of research involving both U.S. and foreign nationals was copied as the method
for effectively transferring technology from the developed to the less developed world.

The MAP's inspiration of similar efforts elsewhere, however, was realized in a
particular context: a fear of famine, overpopulation, and the threatened rise of com-
munist governments in areas considered by some to be a strategic threat to the United
States and its post-1945 security arrangements to contain the socialist revolution of
the Soviet Union. The next chapter develops this framework of the international
politics of plant breeding.



Hunger, Overpopulation,
and National Security

A New Strategic Theory for
Plant Breeding, 1945-1956

The Mexican Agricultural Program (MAP) was the catalyst that brought plant-
breeding science into the arena of international relations. During the first few years
of the MAP's operations, however, no programmatic framework existed to promote
plant breeding on a global basis. Although a private philanthropy like the Rockefeller
Foundation might support plant-breeding research, it was not clear that governments
would be interested in the field as a way of achieving their international ambitions.
The trustees of the Rockefeller Foundation, with their sense that success with MAP
might lead to further ventures, were possibly the only group with even the rudiments
of an idea about the international importance of plant breeding.

By 1970, however, plant breeding was firmly entrenched in global international
relations. Extensive national research organizations in many countries, a collection of
prestigious international research stations, and an international coordinating
network of supporters created a complex institutional nexus within which plant
breeding and allied sciences were well supported. Research conducted in this network
of national and international experiment stations led to the high-yielding varieties of
wheat and rice that significantly altered regional, national, and international economies.

Several factors governed the ability of plant breeding to become a "normal" part
of international dealings. First, the science had to have something to offer. As de-
scribed in chapters 3 through 5, by 1945 plant breeding had demonstrated that it
could produce results of interest. Second, national governments wanting to extend
or receive international aid in plant breeding had to have a national capacity to con-
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duct the science. Chapters 4 and 5 provide an account of how the United States,
Britain, India, and Mexico each gained this capacity.

A full comprehension of why and how wheat breeding entered the international
arena requires attention to three additional points. First, what was the general intel-
lectual and political climate that promoted the science's entry into international
relations? Second, what specifically did individual countries do to participate in aid
programs including wheat-breeding research? Finally, what was the research program
that led to the high-yielding wheat varieties, and how was this program created? In
this chapter we turn to the first of these three questions. The latter two are developed
in chapters 7 through 10.

Hunger, Overpopulation, and National Security

For plant breeders the decade after the end of World War II was critical. Between
1945 and 1955 a series of events, studies, and conceptual syntheses created a climate
in the United States that saw plant breeding and all of the modern agricultural sci-
ences as a critically important adjunct in the battle between capitalist freedom and
the tyranny of communism. Because the United States played a preeminent role in
promoting the development of high-yielding wheat varieties, it is especially impor-
tant to understand events in that country.

The American intellectual and political climate from 1945 to 1955 was critically
shaped by the development of the cold war, a part of which included a theory that
purported to link causally overpopulation, resource exhaustion, hunger, political
instability, communist insurrection, and danger to vital American interests. As a
convenient shorthand, the theory can be called the population-national security
theory (PNST) (Figure 6.1).

In PNST, hunger was a symptom of overpopulation and resource exhaustion, and
it in turn became a cause of further resource exhaustion and political instability. Plant
breeding was seen as a remedy for hunger because the science could increase and
stabilize yields. For the moment, we will defer a critical examination of whether or

Figure 6.1 Population-national se-
curity theory, the postulated analyti-
cal framework developed in the United
States to justify promotion of agricul-
tural development in the third world.
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not PNST provided useful insights and accurate predictions. What is important is to
understand how the theory was constructed and what effects it had on guiding the
formation of agricultural research institutions and programs.

Different components of PNST had historical threads reaching back many years,
often to the nineteenth century. In many ways, PNST was not a remarkably new way
to view the world, but it was a new way of linking several previously discrete centers
of thought: demographic science, a series of famine threats that occurred during and
immediately after the Second World War, natural resource conservation, and the
new exercise of global power that the United States assumed after the end of the war.

What emerges from this inquiry is a sense that a relatively small group of people,
linked intellectually and socially, constructed PNST. By no means were they actively
collaborating on a day-to-day basis. Instead they were dispersed broadly in time and
space in a number of universities, foundations, the business world, and government
agencies. Individuals who were prominent in creating the theory sometimes moved
between different organizations, which suggests that a social network linked them.

Some of the architects of PNST were of humble origins, but others were promi-
nent members of the highest stratum of American economic, political, and social
life. To designate PNST as the product of an American elite may suggest a conspiracy
theory of conscious collusion among members of the upper class, which will not
promote understanding of the origins and effects of the theory. However, an argu-
ment will be made that PNST reflected many of the values held by the American
political economic elite and that it was intended to promote the global political eco-
nomic arrangements necessary for the continuation of that class.

As a result of the critical synthesis in PNST, the United States became the world's
major stronghold and supporter of plant-breeding science. Significantly, however,
other countries also substantially increased their abilities to conduct research in this
science even though they were indifferent or even hostile to the American notions
that plant breeding was a bulwark against communist subversion. The postwar United
Kingdom and independent India had considerably more sympathy for socialist ide-
ology than the Americans, but they, too, came to see plant breeding as essential to
protecting their interests, both domestically and internationally. Convergence toward
support for this science in spite of diverging ideological justifications for it thus be-
comes one of the puzzles to follow in understanding why the science became so
important in foreign relations after 1945.

In tracing the origins of PNST and how it affected plant breeding, we turn first to
the development of modern demographic science, its legacy from Malthus, and the
ideology of neo-Malthusianism. We then examine the fear of famine that occurred
during and after the war. Finally, we trace the ways in which links were forged be-
tween the concepts of overpopulation, resource exhaustion, hunger, and threats to
national security, and how plant breeding was seen to have a role in protecting vital
national interests.

Population, Malthus, and Neo-Malthusianism

England is generally credited (or blamed!) for initiating the industrial revolution.
Similarly, it was in England that a fully articulated vision first appeared for that eco-
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nomic system we now call capitalism. Adam Smith prophesied that it was through
free-market economies that nations would find their wealth.

England also spawned a derivative of the early capitalist economy: a fully articu-
lated theory of population. Thomas Robert Malthus (1766-1834) was educated for
the clergy but spent his career as England's first professor of political economy. His
theory1 had more influence on Anglo-American images of population in relation to
resources than that of any rival.

Malthus was particularly concerned in his 1798 essay with what he said was the
nearly inevitable tendency of the human population to grow at a geometric (i.e.,
exponential) rate. In contrast, human abilities to increase food supplies grew at no
more than an arithmetic (linear) rate. As a result, Malthus foresaw the fate of people
as always tending to increase their numbers just to the point at which they were
miserable with poverty and hunger. Any increases in food production would quickly
result in more babies, not a permanent improvement in living standards. For Malthus,
the wiser (i.e., wealthier) classes could avoid misery through moral restraint and
avoidance of marriage, but the vast bulk of humanity (i.e., people with little prop-
erty) were most likely to end up perpetually hungry and miserable.

Malthus intended his profound pessimism to deflate what he saw as misguided
Utopian promises for a better life through revolution, redistribution of property, and
a leveling of social and political relations. In his time he drew bitter criticism from
reformers and revolutionaries who saw him as, at best, an apologist for an unjust social
hierarchy. His theories provoked responses and challenges for most of the first half
of the nineteenth century.

A number of factors, however, conspired to move Malthusian pessimism off the
intellectual agenda in the last half of the 1800s. Most important was the vast increase
in agricultural supplies from North America. New land in cereals plus better land-
and sea-transport technologies plus emigration from Europe made it possible to feed
a rapidly growing population. Most intellectuals forgot Malthus's argument about
relative rates of population growth in relation to growth of agricultural supplies.

Malthusian ideas, however, were not gone for long. When they returned, they
were in different packages developed to analyze different sets of problems. More-
over, at least two tendencies of neo-Malthusian2 thought developed in the United
States and the United Kingdom. One (political neo-Malthusianism) linked high
population densities to the complex workings of national and international econo-
mies. The other (ecological neo-Malthusianism) linked high population densities
to the exhaustion of resources and the collapse of productive ecosystems. Both
ultimately linked population inquiries to questions of national security. Signifi-
cantly, most neo-Malthusians shed the pessimism of Malthus, who believed very
little could be done to alleviate human misery. Neo-Malthusians tended to argue
that a scientific understanding of population could lead to planning that would
avoid the catastrophe of overpopulation.3

John Maynard Keynes (1883-1946) was a pioneer in reviving the link between
population issues and political economy.4 He was a young man of thirty-six in 1919,
the year he resigned as the representative of the British Treasury at the Paris Peace
Conference. He maintained that his resignation was prompted by a complete dissat-
isfaction with "the whole policy of the Conference towards the economic problems



122 Geopolitics and the Green Revolution

of Europe."5 He proceeded to write The Economic Consequences of the Peace, a rea-
soned polemic explaining his objections.

Keynes introduced Malthusian theory to explain the behavior of people and of
nation-states. At its core, his disillusionment with the Paris Peace Conference
stemmed from his sense that the conferees either could not or chose not to under-
stand the precarious nature of the European civilization that was mangled by the
war. Importantly for Keynes, the inherent instability of European culture derived from
a population explosion that took the populations of Germany, Austria-Hungary, and
Russia to 268 million by 1914.

Keynes believed that this mass of people in central and eastern Europe, plus the
western Europeans, were tied together by intimate economic relations involving the
import and export of agricultural and industrial goods and investment capital.
The whole of the European economy survived only because of the forbearance of
the working classes from seizing a larger part of the produce from the capitalist class.
In addition, cheap cereal grains from the New World were critical to the viability of
this fragile political economic system teeming with people. Peace could be achieved,
Keynes argued, only by rekindling prosperity (i.e., reestablishing the economic inter-
actions of western, central, and eastern Europe and the relations between Europe
and the New World). Revitalizing German industrial skill and organization was,
therefore, key to a peaceful Europe.6 A few years later, in 1923, Keynes wondered
whether the material progress of the nineteenth century was a temporary aberration,
to be replaced with a harsh Malthusian reality.7

Whether Keynes was right or wrong, and whether his remedies would have averted
the further tragedy of World War II, is not at issue here. What is important is that
Keynes based his analysis of prewar Europe and of postwar hopes for a peaceful fu-
ture on the instabilities and problems induced by rapid population growth. Further-
more, he coupled his thoughts on population to the question of how to develop a
stable supply of grain for densely populated areas. Keynes's was far from the funda-
mental pessimism that troubled Malthus over 100 years earlier. Nonetheless, Keynes
introduced the concepts of population size, population growth, food supply, and the
instabilities of complex economies as the analytical framework for explaining what
nations had to or could do.

Keynes was by no means a solitary scholar in the field of population studies.
Throughout the 1920s and 1930s, a group of Americans, British, Indians, and others
churned out a stream of articles and books on a wide variety of issues in population
size and growth rates. Their interests included adequacy of food supplies,8 projected
losses of population in Europe and North America,9 overpopulation in India,10 the
technical issues involved in making population size estimates,11 and the eugenic
implications of changing fertility rates.12 Despite a broad range of viewpoints and
opinions about population, this outpouring of studies had only one tangible effect
on the public policy agenda: a number of European countries adopted measures to
promote births because of their fears of the consequences of a lowered population
size.13 Other than this one topic, however, study of population was primarily a theo-
retical exercise confined to academics and a variety of eugenic reformers.

One other striking feature of the population studies in the 1920s and 1930s was
that at least two strands of neo-Malthusian thought developed. Where Keynes and
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others emphasized population issues in terms of political economy, the second strand
of neo-Malthusianism drew on images of naturally limited ecological systems. In
contrast to Keynes, this other thread of "ecological" neo-Malthusian thought empha-
sized limits in the natural world and tended more to a catastrophic vision of popula-
tion exceeding food supply and a collapse of civilization or war. An American,
Edward Murray East (1879-1938), was an early spokesman for this viewpoint. He
also was pivotal in bringing this strand of ecological neo-Malthusian analysis into
the community of applied plant breeders.

East began his career in 1900 as an assistant chemist at the Illinois Agricultural
Experiment Station, where he worked on the chemistry of maize (corn) seeds under
Cyril G. Hopkins. During five years at Illinois, East became progressively more in-
terested in plant breeding, and in 190 5 he became a plant breeder for the Connecti-
cut Agricultural Experiment Station in New Haven. There East, along with George
H. Shull of Cold Spring Harbor and Donald F. Jones of the Connecticut Agricul-
tural Experiment Station, found a way to produce hybrid maize seed, a major early
invention in the development of high-yielding cereal production.14 East went on to
become professor of plant morphology at Harvard in 1909.15

Mankind at the Crossroads (1923) was East's effort to see the question of food
supply broadly in terms of biology, economics, and politics. In this book East moved
from being simply an astute student of Mendel and applied breeding to being a eco-
logical philosopher attempting to explain political economy. He believed that the
science of genetics allowed an understanding of the human condition, which was at
a crisis point. Malthus's day of reckoning was surely to arrive, East believed, because
little hope attended the possibilities for indefinite further increases in food produc-
tion.16 Overpopulation was likely to cause exhaustion of resources, hunger, and
misery.17

Population theories and research in the early twentieth century, such as East's,
were closely linked to studies in human genetics and eugenics.18 As Kenneth Lud-
merer and Daniel Kevles have argued, however, a deep-seated racism and social
prejudice permeated eugenic studies.19 In a similar vein, Malthus's social prejudice
against the poor left its legacy in population studies. Ultimately, demographers pushed
population studies into a more mathematical science without these overt prejudices.

East was involved as an adviser in this effort, as a founding trustee of the Popula-
tion Reference Bureau (PRB), one of several institutions created in the 1920s and
1930s. Others included the Scripps Foundation for Research in Population Prob-
lems (1922), the Milbank Memorial Fund (1928), the Population Association (1932),
and the Office of Population Research at Princeton University (1936). Although each
of these institutes was founded on the presumption that population was a "problem,"
each was a locus for reform of population studies.

Among the first of the new scientific demographers was Warren S. Thompson,
director of the Scripps Foundation at Miami University in Oxford, Ohio. Thomp-
son received his doctorate in sociology from Columbia University in 1915 and pub-
lished his dissertation as Population; A Study in Malthusianism (1915).20 One of
Thompson's major technical interests was differential fertility rates among different
groups of people and the long-term implications of changing fertility rates for future
population sizes. E. W. Scripps, the newspaper magnate, endowed the research unit
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in 1922.21 Until his retirement in 1953, Thompson, his associate Pascal K. Whelpton
(1893-1964), and a number of staff assistants put out a steady stream of reports that
established the Scripps Foundation as a major center for demographic research.22

Thompson, however, had interests beyond the technical dimensions of differen-
tial and changing fertility rates. Like Keynes, Thompson argued that population
growth trends created a public policy issue that needed to be discussed as a strategic
political problem. In 1929 he published Danger Spots in World Population, which
argued that increasing populations with limited resources were a key variable in caus-
ing war. He particularly believed that the western Pacific, the Indian Ocean area,
and central Europe-Italy were the places of near explosion.23

He continued this line of thought in his 1946 book, Population and Peace in the
Pacific,24 which was an extensive revision of the 1929 book. He argued that postwar
possibilities for peace in eastern Asia depended on the United States' recognizing
the pressure put on the natural resource base by the large populations of China and
Japan. Thompson was thus a crucial pioneer in linking overpopulation, resource
exhaustion, and threats to peace, three of the major components of the population-
national security theory. Perhaps his 1929 prophesies, which arguably came to pass
in the Second World War, gave his 1946 study on eastern Asia high credibility.

Frank Notestein (1902-1983) was a second pioneer whose work contributed to
the crystallization of PNST. Notestein received his doctorate in social statistics from
Cornell University in 1927.25 He, too, was interested in differential fertility rates, and
also was an early student of the use of contraception to promote birth control.26 He
joined the Milbank Memorial Fund in 1928 and moved to take charge of Princeton's
Office of Population Research in 1936. During the war years, Notestein took on the
task of estimating demographic trends for Europe and the Soviet Union under the
sponsorship of the League of Nations. After hostilities ceased, he took a leave from
Princeton to head the United Nations Division of Population. Notestein's interests
thus included both theoretical and applied aspects of the new demographic science.

Through the work of Thompson, Notestein, and others, demography emerged
during the 1930s and 1940s as a respected field of academic study in the United States.
More important, by 1945 American demography was becoming integrated into stra-
tegic thinking. Much of the support and coordination of demographic work occurred
through the Rockefeller Foundation because of that organization's prime role in
funding population studies before, during, and after the war. Both Thompson and
Notestein, for example, drew significant amounts of their support from the founda-
tion.27 As described in the final section of this chapter, the Rockefeller Foundation
was at the center of the network that produced PNST.

Famine: Searing the Consciousness

When food is plentiful and its supply seems secure, then food and agriculture are
interesting subjects of conversation only to farmers, a few intellectuals, and policy
makers. When the food supply is insecure, suddenly just about everyone finds food
and agriculture an important topic. When food is unavailable, no other topic of
conversation exists. Thus is the fickleness of people's interest in food. Famine can
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sear the human consciousness, but generally for no longer than the generation that
has experienced it.

During the twentieth century, famine became a less common event than it had
been during most of human history. The industrial revolution created conditions
for food abundance, but for most of the period after 1900 abundance was confined
to the industrialized countries and a few others. Other areas, like India and China,
continued to have famines caused primarily by social conditions until after 1950,
but their ferocity tended to diminish compared with those of earlier periods.

The major exception to food abundance in the industrialized countries was war-
time. Combat disrupted production, trade, and storage. Despite the infrequency of
famine and its clear links to the "abnormal" condition of war, however, when fam-
ine or food shortages occurred they retained their ancient power to capture people's
attention. Thus a few episodes of famine or its threat were crucial shapers of a cli-
mate supportive of increased food production. Plant breeders and their otherwise
prosaic work on wheat thereby derived increased attention and support from both
the public and government agencies.

Four episodes were critical in bringing attention to plant breedes. First, the United
Kingdom suffered vulnerability from lack of domestic food production during the
Second World War, just as it had during the First World War. Second, India suf-
fered the Bengal famine in 1943, an event that influenced policy for years, both before
and after independence from Britain. Third, Mexico's close relationship with the
United States created conditions of severe shortages of food and the threat of famine
in 1943. Finally, a series of severe food shortages in the immediate aftermath of the
Second World War affected many countries. This chapter describes the latter two
cases and shows how they affected strategic policy in the United States during the
1940s.

Mexican Food Shortage, 1943

In 1943, a shortage of food in Mexico involved the highest decision makers in both
the United States (President Franklin Roosevelt) and Mexico (President Manuel Avila
Camacho). Mexican maize production declined at the very time that the Mexican
government launched a cooperative effort with the Rockefeller Foundation to
improve agricultural productivity (see chapter 5). The lessons from this shortage
emphasized the importance of agricultural science as a component of national
security planning.

Reports of maize shortages in the Yucatan came to the U.S. State Department in
June 1943, but a formal request for a loan of 15,000 to 20,000 tons of maize did not
arrive from the Mexican embassy until 22 July. A request for an additional 50,000
tons came from George Messersmith, the American ambassador to Mexico, on 4
September.28 Messersmith emphasized that the request was the result of his meeting
with Avila Camacho, Minister of Agriculture Marte Gomez, and the minister of for-
eign affairs. Involvement of these top leaders suggests that the request was extremely
important to the Mexicans. Messersmith agreed with their assessments and noted
that cooperation between Mexico and the United States was now at an unprecedented
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level compared with several years earlier. Messersmith believed the crisis was real
and urged the State Department to take the requests seriously.

It is important to note here that the food crisis was in part the result of an effort by
the Mexicans to mesh their agricultural production with the wartime needs of the
American economy. As early as 1940, then Secretary of Agriculture Henry Wallace
had indicated that the United States would be interested in purchasing more "comple-
mentary" crops from Mexico, for example, rubber.29 Complementary crops were those
that would not compete with those of U.S. producers. USDA sent two scientists from
the Bureau of Plant Industry to Mexico during the summer of 1941 to survey the
potential for production of complementary crops,30 but little came of this venture
until 1942.31 In July of that year, an Inter-American Conference on Agriculture was
held in Mexico City, and subsequently the American embassy in Mexico worked with
the Mexican Department of Agriculture to create a national agricultural production
plan. The Mexicans would reduce cotton production and increase production of crops
like oil seeds for export to the United States. In return, the United States would in-
crease exports of cotton to Mexico.32 Although the Mexicans may not have reduced
their cotton plantings, the evidence is quite clear that they considerably increased
plantings of oil seeds like sesame, peanuts, and linseed. The supplies of these three
industrial crops increased dramatically, at the expense of maize, which was a basic
food grain.33

Apparently, Ambassador Messersmith received little satisfaction from his dis-
patch of 4 September, so he sent another long letter on 23 September directly to
Secretary of State Cordell Hull and a separate letter directly to President Roosevelt.
His plea was passionate: "The situation with respect to corn here is serious, and
when I say serious, I mean very serious."34 For his efforts, Roosevelt on 13 October
authorized the release of 60,000 bushels (about 1,800 tons) of maize to Mexico,
which was increased by State Department and USDA officials to 5,000 tons
on 15 October. Messersmith emphasized on 16 October that 5,000 tons was not
enough.35

At a cabinet meeting on 15 October, Messersmith's urgency was discussed in some
detail. Roosevelt personally was concerned and authorized the shipment of additional
maize. By 9 November Messersmith knew that a total of over 25,000 tons could be
sent to Mexico, which was close to a new estimate of the minimum needed to avoid
a serious famine.36 Food supplies continued to be tight in Mexico during 1944, but
a recurrence of the serious shortages of 1943 were prevented.37

Mexico's food shortage in 1943 was serious enough to attract the attention of
decision makers at the highest levels. From U.S. State Department records, it is clear
that American strategic planners in the midst of war saw food supplies as crucial to
the stability of Mexico. From the Mexican point of view, the shortages were destruc-
tive of the country's goals to create a modern industrial state and to ensure the stabil-
ity of government authority. In a sense, one of the messages was that increase of in-
dustrial and export crops, however valuable that might be for economic development,
could not be sustained in the absence of a secure supply of basic food crops. The
entire episode solidified a feeling that the prospects of increased yields from plant-
breeding research must be a good thing.
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Postwar Food Shortage

Feeding the densely populated British Isles with imported food was one of the major
problems solved by the Allied governments during World War II. Despite the effec-
tiveness of the War Agricultural Executive Committees, North American food sup-
plies, from the United States and Canada, were crucial. The Canadians emphasized
wheat, while the Americans led in supplies of eggs, milk, meat, and fats and oils.

After 1944, American agricultural planners began to prepare for the end of the
war and the likely drop in demand for American export crops. Thus as early as 1944,
wheat supplies in the United States were being converted into animal feed stocks for
producing eggs and meat. Pork was unrationed in September 1944, even though some
planners believed that grains should be stockpiled in case of later need.38 As a result,
the carryover stock of 1 July 1945 was only 280 million bushels of wheat, compared
with 630 million in 1942. During 1945, pessimistic predictions about the hunger
looming in Europe had no influence in the United States.39

Despite the optimism in American agricultural production planning, concern
about food supplies grew during 1945 in Britain. By May 1945, the Economist was
reporting deplorable situations in Europe, noting that although both the United States
and Canada had food supplies adequate for intakes of over 3000 kilocalories per
person per day, Britain had enough for only about 2900 and liberated countries in
Europe for no more than 2000.40 Particularly difficult problems faced defeated Ger-
many because the bulk of German food production was in the Soviet-occupied zone
but a majority of people were in the British-, French-, and American-occupied zones.
Labor was needed to go east, and transport was needed to bring food supplies west.
In addition, German railroads were not designed for these movements because they
had not been built to match the military zones of occupation.41

Bread shortages and queues also appeared in London in June, the first since 1939.42

Nevertheless, the full magnitude of the looming shortage still was not fully under-
stood, even in Britain. Churchill's coalition government resigned on 23 May 1945
in favor of a caretaker government pending elections in July.43 During July the
Ministry of Agriculture noted problems of transport and harvest labor but believed
that world wheat supplies were adequate to remove mandates on British grain
production.44

The newly elected Labour government took office in late July, expecting to face
a severe balance-of-payments deficit for several years. Nevertheless, the Labour gov-
ernment anticipated that it could restore and increase British exports over a period
of several years, assuming the continuation of the lend-lease arrangements from the
Americans and a continued war against Japan. Both the Japanese war and lend-lease,
however, unexpectedly ended within a month of the Labour government's arrival in
power. The new Labour government had no choice but to negotiate a loan with the
Americans to continue the imports needed for British reconstruction and current
living expenses, including food.45

Not only was the new government immediately faced with a financial crisis but
the optimism about food supplies expressed by the caretaker government in July 1945
was an illusion. By December the Ministry of Food had prepared "World Wheat
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Supplies," a discussion paper for the cabinet, which forecast a need in the first six
months of 1946 for 19 million tons of wheat by the importing countries compared
with estimated exportable supplies of about 12 million tons, and thus a shortfall of
7 million tons. Spurred by the stark realization of the consequences of such a short-
fall, the Labour government went into a period of dramatic activity that lasted through-
out 1946.

Despite the holiday, the cabinet was in session on 1 January 1946 to review the
issues in "World Wheat Supplies." At that time it agreed that Prime Minister Clem-
ent Atlee would send a telegram to President Harry Truman seeking U.S. coopera-
tion to alleviate the hunger it saw looming. In anticipation of more information from
the British occupied zone in Germany, the cabinet also agreed to send immediate
shipments of wheat to Germany and that the claims for scarce supplies for Germany
had to rank equally with others.46

Two days later Field Marshal Bernard Montgomery reported to the cabinet that
the existing ration in Germany was only 1500 kilocalories per person per day, which
was a bare minimum to prevent starvation and disease. Montgomery went on to say
that if wheat imports to the British zone ceased, the ration would drop to 900 kilo-
calories per person per day, about one-third the existing ration in Britain. The army
was making arrangements for handling an epidemic; Montgomery believed that if it
occurred it would probably spread to Britain.47

The situation in India was also dire and of enormous political concern to the
Labour government. Near the end of January a telegram from the viceroy indicated
that the wheat shortage was substantially worse than previously estimated.48 On 30
January a discussion paper noted that the estimated deficit was at least 2 million tons.
Political consequences were unsavory: "The political situation in India will in any
event be critical this year; the recurrence at the same time of famine conditions would
inevitably provoke widespread disorders all over India and would probably remove
the last hope of obtaining an orderly solution of the Indian problem."49

Domestic concerns were as compelling as the international situations with Ger-
many and India. No elected government can long survive a reputation that their
policies were incompetent to assure secure food production, equitable food distri-
bution, and a stable currency. Atlee's government had to balance a number of com-
peting claims.

Consumers' hopes for increased quality and variety at reasonable prices were not
necessarily congruent with farmers' wishes for freedom to return to the more lucra-
tive production of milk, eggs, and meat rather than the wheat and potatoes demanded
by the War Agricultural Executive Committees under the direction of the cabinet.
In addition, farmers wanted stability of supplies of feedstuffs for their livestock enter-
prises. Decreased production of grain and potatoes in order to favor livestock pro-
duction, of course meant a need for higher imports of these commodities, which
had to be paid for with foreign exchange that was in extremely short supply. The
cabinet was forced into long and complicated efforts to balance these competing
claims, and the minister of food, minister of agriculture and forestry, and chancellor
of the exchequer were frequently at odds as each argued for controlling the prob-
lems faced by their respective ministries.50
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By 31 January the cabinet felt it was dealing with a situation as serious as the battle
of the Atlantic, which was the effort to secure steady imports to Britain from North
America against the destruction from German submarines. However, it reached a
preliminary set of decisions in late January and early February that shaped its man-
agement of the food situation through 1947.51

Britain would remain with its existing policy to promote farm production rather than
institute an emergency premium to encourage the planting of spring wheat in 1946.
Livestock growers, however, were to lose expected supplies of feedstuffs because flour
extraction rates from wheat were to be increased. This resulted in a coarser bread for
consumers and less remains for livestock feed. India was to receive more imported wheat,
and food imports were to be decreased to save foreign exchange. In addition, domestic
stocks of wheat were to be reduced to a level that meant the country would be totally
dependent upon imported wheat during July and August, a risky proposition that put
the British food supply at the mercy of foreign shipments of grain.52

Success of the British plan depended on appropriate agreements with the United
States and Canada, the two largest wheat surplus countries in the world. Amid sen-
timents that the North Americans were not taking the British viewpoint seriously,
the cabinet spent considerable effort during the remainder of February and March
preparing a strong negotiating position to enlist the support of Washington and
Ottawa."

Ben Smith, minister of food, returned from Washington in late March with a sense
that he had obtained a commitment from the American government to provide more
assistance toward food security in Europe.54 In a lengthy report to the House of Com-
mons at the end of March, Smith outlined the steps the cabinet had taken to con-
serve the tight supplies of wheat. These included continued increases in the rate of
extraction of flour from grain, continued control of agricultural land use through
the War Agricultural Executive Committees, a reduction of livestock rations from
one-fourth the prewar levels to one-sixth, and a decrease in cereal allocations to al-
coholic beverage manufacture.55

Despite the initial cautious optimism at the end of March about forthcoming help
from North America, during April the British cabinet began to think that neither the
Americans nor the Canadians were really acting with the seriousness that the food
crisis demanded. The British knew that the Americans wanted them to reduce their
reserve stocks of wheat. In addition, they felt that Americans may have favored allo-
cations of American wheat to the United Nations Relief and Rehabilitation Agency,
which was providing relief assistance in central and eastern Europe outside of Ger-
many.56 For its part, the cabinet suspected that American farmers and speculators
were holding back wheat supplies in anticipation of steep price increases. The cabi-
net also believed that, in terms of rational planning, the Americans had no real con-
cept of how to control land use and food supply.57

Matters began to shift in mid-April with a change in position in the American
government that the British had previously considered impossible. The breakthrough
may have been a British proposal to ration bread, provided the United States also
agreed to rationing.58 Although full-scale rationing came to neither country/the
Americans felt even the proposal of it was so formidable that their attention was fully
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captured. In a great flurry of activity, including a radio broadcast by President Truman
on Friday, 19 April, and a two-hour cabinet meeting on Saturday, 20 April, the
American government finally seemed to fully grasp the seriousness of the situation
that had been perceived by the British for about four months. Despite the appear-
ance of considered action, however, the president did not know what he was going
to announce until less than one hour before the broadcast.59 Despite the last-minute
decisions, Mr. Truman gave an impassioned plea:

America is faced with a solemn obligation. Long ago we promised to do our full part.
Now we cannot ignore the cry of hungry children. Surely we will not turn our backs
on the millions of human beings begging for just a crust of bread. The warm heart of
America will respond to the greatest threat of mass starvation in the history of man-
kind. We would not be Americans if we did not wish to share our comparative plenty
with suffering people. I am sure I speak for every American when I say the United
States is determined to do everything in its power to relieve the famine of half the
world.60

In the broadcast, Truman announced the appointment of former president Herbert
Hoover to head a Famine Emergency Committee. The group, which traveled 35,000
miles and visited twenty-two countries, estimated the most severe crisis time to be
from May to September 1946, when the 1945 harvest was about gone but before the
bulk of the 1946 harvest was available. The group's study reached a conclusion that
the gap between needs and likely supplies was 1.5 to 3.6 million tons, substantially
lower than the 7 million tons originally projected by the British or the 11 million
tons projected subsequently by the Combined Food Board.61

This amount of deficit could be met by altering the existing patterns of wheat use
in the United States. Accordingly, the U.S. government ordered a series of steps,
including higher extraction rates in milling flour (which produced a coarser flour
for "white" bread), diversion of wheat away from livestock feed, brewers, and other
food manufacturers, and near-total elimination of wheat from alcohol manufacture.
Rationing was considered by the Famine Emergency Committee, but it recom-
mended that eliciting voluntary compliance was likely to be more effective than the
reestablishment of cumbersome rationing machinery.62 An extensive advertising
campaign by the Advertising Council took the message to the American public of
the need to send wheat to Europe and Asia.63

The campaign for wheat conservation and export, sparked by the British and agreed
to by the Americans, helped Europe and Asia limp through 1946 on supplies of wheat
that were meager but sufficient to prevent widespread starvation and the outbreak of
massive disease epidemics. Continuing bad weather and drought in Europe kept grain
supplies limited in 1947 as well, but by that time the victorious Allied powers were
more accustomed to providing the strategic supplies than they had been in 1945 and
1946. Nevertheless, historian Amy L. Bentley believes the United States essentially
failed to fulfill its potential for alleviating hunger during this time, despite a willing-
ness of American women to manage with less plentiful food supplies at home.64 In
contrast, the proposal by Secretary of State George Marshall in 1947 of a massive
relief and rehabilitation program for Europe presaged a major change in American
foreign policy toward the use of foreign assistance as a policy tool.65
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Nevertheless, the food crisis of 1946 was so complex that the direct involvement
of the highest levels of government in both the United States and Britain was needed
to find a solution. Their sensitivity to food supplies was undoubtedly altered, and
schemes to increase agricultural yields must surely have appeared to be worthwhile,
even in America, with its long history of food surpluses.

Demography, Resources, Agriculture, and National Security

Shortages of food were clearly but briefly on the public policy agenda immediately
after the end of World War II. Shortly thereafter, European production recovered
and American concerns about food and agriculture reverted to the overwhelming
importance of surplus production in relation to economic demand.66 In terms of
policies to address the situation, the U.S. government did not see overpopulation
and food shortages as one of the problems it had to solve. A small group of experts in
the postwar years kept up a steady barrage of analyses and projections, claiming that
the American government needed to take additional steps. This group eventually
succeeded in placing its claims on the policy agenda, and the fortunes of plant-
breeding science were tightly linked to these issues. Understanding how population
and food shortages were handled, therefore, is the fundamental clue to understand-
ing the origins of high-yielding varieties of wheat.

In the victorious countries, the major analytical framework for building the pub-
lic policy agenda, with its myriad issues demanding attention, was the national secu-
rity framework. It demanded that suggested solutions to all problems, including popu-
lation and famine issues, would be judged by their estimated contribution to ensuring
national security. In the aftermath of the most extensive and destructive war in
human history, nothing else mattered.

Individual countries, of course, had different concepts of what provided national
security. For the United States, most decision makers sought security through neu-
tralization, and sometimes obliteration, of German National Socialism and Japanese
military circles, and confinement of the Soviet Union.67 American leaders were also
quite delighted with the prospects of being a large, highly industrialized country that
was relatively unscathed by the war and thus poised for a remarkable expansion of its
economic markets, the power of its currency, and the extension of its political and
military influence.

High-level leaders were not intimately familiar with the technical details of popu-
lation growth, food production and distribution problems, and questions of resource
exhaustion. These subjects were the province of scientists, intellectuals, philanthro-
pists, and reformers. Even though President Harry Truman and Prime Minister
Clement Atlee had been drawn personally and intimately into the 1946 world food
crisis, they were typical of most political leaders: they could respond to the informa-
tion brought to them by experts, but they generally did not take initiative on these
subjects by themselves.

Thus experts who were deeply and passionately concerned with population, agri-
culture, and conservation had a major problem: How could they capture the atten-
tion of leadership at the highest level and thus assure that their issue received proper
attention? Success for the experts was achieving policy-agenda status for their issue
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before it became a disaster that even nonexperts could recognize.68 Because the driv-
ing political concern in the postwar world was national security, the solution to the
experts' problem lay in formulating issues in terms of national security. If a commu-
nity of experts could persuade political leaders that they (the experts) had intellec-
tual command of an issue with national security implications, then leaders would
pay attention to their arguments.

Learning how to put questions of population growth, resource exhaustion, food
production, and famine in terms of national security issues became the problem that
had to be solved if these issues were to gain access to the postwar policy agenda. A
number of experts in universities and philanthropic foundations learned how to do
this in the decade after 1945, and they were thereby successful in capturing the
attention of top political leaders in the United States. The formulation that worked
was what was earlier called the population-national security theory (PNST).

Emergence of PNST came by incremental efforts to understand the significance
of population growth, destruction of natural resources, world hunger, poverty, and
the political turmoil that continued after the end of the war. Over a period of time,
these increments linked all of these issues, pointed to their consequences in terms of
danger to the United States, and offered reasons why research in plant breeding could
help protect vital American interests. Because PNST posits overpopulation as the
prime cause of problems, the developments within demographic science are the
appropriate place to begin tracing the emergence of this theory.

Although much of early-twentieth-century demography was concerned with dif-
ferential fertility rates among domestic groups within the United States and Europe,
a number of demographers began moving away from this orientation. As noted ear-
lier, Warren Thompson of Miami University was one of the first with his efforts to
understand the strategic importance and environmental consequences of population
growth.69

Dudley Kirk of the Office of Population Research at Princeton University made
an important statement in 1943 that population growth in Asian countries, combined
with the countries' increasing mastery of industrial technology, would result in shifts
of political economic power away from Europe and America to Asia. Kirk continued
that these developments would inevitably challenge the white supremacist notions
underlying imperialism:

We are not going to see again a world in which huge areas inhabited by non-European
peoples may be casually regarded as the political playthings of Western European and
American powers. The day is rapidly passing when a handful of Europeans, equipped
with superior weapons and a complacent and somehow contagious faith in white
supremacy, can expect indefinitely to dominate the half of the world that is occupied
by the colored peoples.70

Kirk's brief analysis was important because he made two important linkages: popu-
lation growth rates in the less industrialized world would cause political instability,
and the United States could choose to respond, either by force of arms or by enlight-
ened self-interest, to encourage the transfer of modern technology to the less indus-
trialized peoples. Kirk, however, was not specific about what sorts of technology ought
to be transferred or how it should be done.
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Kirk's analysis was a criticism of capitalist countries that engaged in imperialism,
and he clearly was criticizing the European imperialist powers (Britain, France, the
Netherlands, and Belgium) and the United States. This critical dimension of his analysis
never became part of PNST, but the notion that enlightened transfer of modern tech-
nology was the appropriate response to population growth became integral and included
plant breeding as a prominent technology. Peter J. Donaldson, a population profes-
sional, later credited Kirk with outlining the rationale for American efforts to help control
population growth in the third world, a movement that did not achieve government
policy status until President John Kennedy's administration in the 1960s.71

Despite the solid academic reputations of scholars like Thompson and Kirk, nei-
ther was institutionally located in a place where he could advance the thinking on
population beyond theories and recommendations into programmatic actions. Only
governments and foundations had an ability to create action programs. Furthermore,
Thompson at Miami and Kirk at Princeton were not connected physically or intellec-
tually with schools of agriculture. Possibly for this reason, neither made much effort to
link their thinking on population with considerations of agriculture and food supply.

Until the Kennedy administration, the U.S. government avoided any movement
into population control because of its reluctance to endorse birth control methods
and practices.72 The Rockefeller Foundation, however, had a long interest in popu-
lation studies and had been a major supporter of demographers like Thompson at
Miami and Notestein at Princeton. In addition, foundation trustee John D.
Rockefeller III became personally committed to the efforts to study and control popu-
lation growth. He was active both as a trustee of the foundation and as an individual
donor from the Rockefeller fortune that was not controlled by the foundation. These
factors, combined with the foundation's work in the Mexican Agricultural Program,
made it reasonable for the foundation to play an important, but circuitous, role in
fostering the construction of PNST.

Studies on the human population were of interest to the foundation before World
War II, but its early grants centered on eugenics, the genetics of mental deficiency,
and studies of population redistributions.73 In 1946 population concerns at the foun-
dation took a radically different course. Raymond Fosdick, president of the founda-
tion, became concerned about criticisms, probably by trustee John D. Rockefeller
III, of public health programs that the Rockefeller Foundation had supported for
more than forty years.74

Critics called public health protection measures unethical if they resulted in a
massive increase in the population with no prospects for feeding the people. Fosdick
agreed with the idea that public health science should pay attention to population
size, but he was troubled by the corollary, which implied that the Rockefeller
Foundation should not sponsor public health projects. He felt at a loss to rebut the
arguments:

I confess . . . [the criticisms sound] faintly unethical to me, and I am not convinced
that it is the course to follow; but I don't know exactly how to answer the argument. I
have always had a feeling that a country like India in a sense represented a vicious
circle. You have an enormous population, with the result that food supplies are inade-
quate. Consequently you have the always-present problem of undernourishment and
starvation. Out of this comes the impossibility of providing adequate educational sys-
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terns or the basis of an industrial life, and because you have no organized industry
and no education, you have an overcrowded population.75

Fosdick shared his thoughts with George K. Strode, director of the foundation's
International Health Division (IHD), which guided the work in public health. Strode
agreed that specialists in public health science should be concerned about the popu-
lation increases caused by their work and that simply ending public health work was
inappropriate. He specifically felt it was difficult to argue that India was worse off
because of increased efforts in public health, despite its comparatively rapidly grow-
ing population. However, Strode had no suggestions for how the IHD could begin
to attack the question of population growth.76 Trustee John D. Rockefeller HI raised
the issue again a year later in December 1947.77 Strode promised to bring the ques-
tion of population and public health to the scientific directors of the IHD.78

In June 1948 Strode reported that Marshall C. Balfour, a physician and longtime
staffer directing IHD programs abroad, had agreed to take on the task of drafting a
plan for population research as it might interest the IHD. In addition, Strode an-
nounced that the foundation was sending a delegation headed by Frank Notestein
and including Balfour to survey the population situation in Japan, China, Formosa,
and possibly Java and the Philippines. This trip, combined with Balfour's report, was
to provide the blueprint for future IHD work in population and public health.79

Subsequently, Strode asked Marston Bates, an ecologist, to work with Balfour on the
population question. Bates readily agreed, and the team gave both the medical and
ecological perspectives.80

It was the combined results of the Balfour-Bates report, and its follow-up, and the
Notestein trip report that drove further foundation thinking on population for sev-
eral years. Strode, Balfour, and Bates remained for some years the focus of Rockefeller
Foundation thinking on the question of overpopulation. The report from Balfour
and Bates, in November 1949,81 was partly an effort to articulate a conceptual frame-
work for the field of "human ecology." The latter part of their proposal outlined a
field study of human fertility and demographics in relation to economic and cul-
tural factors, possibly to be conducted in Ceylon (now Sri Lanka). Field operations
would be under the direction of the IHD and ultimately might have as their objec-
tive the control and manipulation of fertility rates and population size.82

Other staff and some trustees sharply criticized the report. Warren Weaver, head
of the Division of Natural Sciences, which included the foundation's agricultural
work in Mexico, objected to the possibility that the scientific directors of the IHD
might send recommendations to the board of trustees without thorough discussion
among all divisions of the foundation with clear interests in population and
resources.83 Trustee Henry A. Moe was highly critical because the report did not
answer what was to be done, by whom, and at what cost.84 President Chester I.
Barnard defended the report as adding great clarity to the issues at hand. He told
Moe that such negative reactions indicated the trustees did not know what was
happening in the field of population. Barnard was especially defensive because the
Balfour-Bates report was the result of a request by a special trustee committee on
policy and program, and John D. Rockefeller III was the prime protagonist in that
request.85
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Less contention greeted the report of the Notestein trip to Japan, Taiwan, Korea,
China, Indonesia, and the Philippines between September and December 1948.86

Although the study clearly rejected a simplistic Malthusian interpretation of the Far
East, the demographic team fit nicely into the neo-Malthusian framework: popula-
tions were high because death rates had dropped but fertility rates had not. Although
Japan showed clear evidence of the potential for a demographic transition, the team
came to the firm conclusion that the population was too large for food self-sufficiency
and that the Japanese must therefore industrialize far beyond what they had done
prior to the war if they were to attain a prosperity sufficient to bring about a comple-
tion of the demographic transition. Japan also needed to reduce fertility rates. To
fail to connect demographic reality with political economic planning was, in the
survey team's eyes, a threat to the goals of the occupation.87

The Rockefeller Foundation, as a result of its internal staff work to create a pro-
gram on human ecology and its sponsorship of the Notestein investigation in east-
ern Asia, was in the forefront of sensitivity to a literature that saw finite limits to agri-
cultural subsistence and high population growth rates that would create conditions
of poverty. This argument was the heart of ecological neo-Malthusianism, but the
demographic team report went one step farther: populations reaching the limits of
food subsistence were politically dangerous. Their fertility rates needed to drop, and
they must have the potential for industrialization in order to pass through a demo-
graphic transition to a new state of lowered death rates, lowered birth rates, and zero
to low overall rates of population growth.

Subsequent discussions by the officers of the foundation never led to a consensus
on the matter of a human ecology program, especially one that could lead to a foun-
dation-operated program on population control.88 Nevertheless, the debate on popu-
lation firmly entrenched the subject in the thinking of foundation staff members.89

Grants to other organizations continued,90 but it was not possible to study popula-
tion growth by itself to develop effective foundation programs.

Other books, written independently of the foundation, were important additions
to the argument that population could grow so large as to threaten ecological re-
sources. Particularly important were William Vogt's Road to Survival and Fairfield
Osborn's Our Plundered Planet, both of which argued that environmental and po-
litical collapse of American civilization, and of cultures elsewhere, was likely if
changes in behavior were not made. These books were the heart of the connection
between resource exhaustion and hunger in the PNST scheme. Even though they
were prepared outside the Rockefeller Foundation, their authors were in various ways
connected socially to each other and to foundation efforts. In addition, Vogt's book
was read by the foundation's president, Chester Barnard, as a challenge to the
Foundation's efforts in agricultural research. The book thereby stimulated further
efforts by foundation staff to articulate a coherent theory to justify programs such as
the ones being conducted in Mexico.

Fairfield Osborn (1887-1969) had the simpler argument because it was prima-
rily one for conservation of resources, especially soils. For Osborn the major compo-
nents of the planet upon which civilization depended were water, soil, plants, and
animals. Soil was critical because it was the complex material in which plants grew
and upon which all animals depended. Osborn's attitude toward the soil reflected
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his sense that its health was crucial to the health of people. He was not a vitalist in
the sense of attributing qualities to the soil that could not be explained by science,
but Osborn firmly believed that soil was so complex biologically and chemically that
only living processes could maintain it in good fertility. Artificial creation and resto-
ration of soil by chemical technology alone were unlikely ever to be practical.91

Osborn was well placed personally to have an influence on a wide range of people.
He was born into a well-to-do New York family, and Osborns and Rockefellers met
socially. Fairfield was the son of Henry Fairfield Osborn, professor of paleontology
at Columbia University and president of the Museum of Natural History. Groton
and Princeton were his schools, and he entered the investment business in mining,
manufacturing, and oil after service in the First World War. From an early age,
however, he had a fascination with animals, which never left him. Osborn left the
business world in 1935 to work with the New York Zoological Society, of which he
became president in 1940. From this position, Osborn popularized biology and con-
servation for twenty years, hosting as many as 3 million visitors per year at the zoo.
Regularly, Osborn tracked down the wealthy to support his operation. In 1947 he
became founder and president of the Conservation Foundation.92

Osborn's book was temperate in tone, issued no stunning denunciations of any
institutions, and emphasized soil conservation rather than the population explosion.
Still, he argued that the number of people here on earth was surely to be a problem
in years to come, especially if soil were not conserved. His vision was perhaps best
characterized as "mildly" apocalyptic, or serious but not hysterical in any sense. In
many ways he behaved in his book with the gentility that marked his place in the
upper stratum of New York society, its businesses, and its clubs.

Probably of more influence was Vogt's Road to Survival, which also came out in
1948. In contrast to Osborn's Our Plundered Planet, however, Vogt's book was more
complex in argument, considerably more polemical in tone, ready to tackle capital-
ism as a foolish and foolhardy institution (but just as critical of socialist governments),
and probably of greater influence.

William Vogt (1902-68) grew up in and around New York City but not in the
same moneyed circles as Osborn. Nevertheless, he, too, eventually became associ-
ated with interests supported by the likes of the Rockefellers and the Osborns. His
undergraduate studies were in languages, but his interest in ornithology took him by
1930 into the world of professional science and ecology. He edited and wrote on bird
conservation and served as field naturalist and lecturer for the National Association
of Audubon Societies in the late 1930s.

Vogt went on to become a consulting ornithologist for a Peruvian guano com-
pany and then associate director of the division of science and education of the
Office of the Coordinator of Inter-American Affairs, headed by Nelson Rockefeller,
during World War II.93 After the war, Vogt prepared his book, which became a best-
seller, was translated into nine languages, and propelled him into a new career. He
became the national director of the Planned Parenthood Federation of America in
1951. Vogt served ten years there before becoming secretary of the Conservation
Foundation, headed by Osborn, from which he retired in 1967.94

Vogt's interest in ecology provided the major analytical framework of the book.
He used the equation C = B:E, where C was carrying capacity, B was biotic poten-
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tial, and E was environmental resistance. His equation, together with his argument
that all human energy, especially for food, was derived from the sun's work on green
plants, led him to conclude that the ability of the land to support people was limited.
Vogt argued that when population became too high, then E increased and caused a
fall in C. It was the fall in C, either through of human deaths or lowered levels of
civilization, that formed Vogt's apocalyptic vision of the future. Only a collective
appreciation of the limited resources and a conscious effort to curb population growth
rates could save humankind from barbarism.95

Both Osborn and Vogt, but especially Vogt, were at the heart of the neo-Malthusian
tradition. Population was a driving influence on the conditions of human culture,
and too much population spelled collapse in both political economic and environ-
mental systems. In keeping with the tradition of Keynes before them, these two
American neo-Malthusians were essentially optimistic, in contrast to Malthus's nearly
irreconcilable pessimism. Both Osborn and Vogt saw a role for science and reason
to preserve humankind from the apocalypse, so long as reason could lead to a dimi-
nution of the population growth rate.

Vogt's book was read by the officers of the Rockefeller Foundation. Chester I.
Barnard, the new president, was so concerned by Vogt's message that he asked foun-
dation officers why the organization was sponsoring a program in Mexico to raise
agricultural yields.96 Barnard felt that Vogt's depiction of humans already exceeding
the carrying capacity of the earth made it of dubious value to raise more food, pre-
sumably because only more population would result.

In order to understand the significance of Barnard's question, however, it is neces-
sary to see it as a pivotal event in the evolution of the agricultural program of the
Rockefeller Foundation. Foundation officers had made a major commitment to the
development of experimental biology in the 1930s, and, from this effort, in 1941
explored a possible new venture in agricultural science in Mexico. No concerns were
voiced about population when the Mexican program was started, but by 1950 the
foundation's agricultural program was based on a neo-Malthusian vision of the fu-
ture. More productive agriculture was one of the keystones that was to help human-
kind avoid collapse. The intellectual framework of neo-Malthusianism became con-
nected to the programs of the foundation through a complex pathway.

Part of the links almost surely occurred through a network of personal associa-
tions and friendships. As noted earlier, Edward Murray East, one of the inventors of
hybrid maize seed, believed too much population was a cause of difficulties in the
human condition. East also was an influential teacher. One of his students, Herbert
Kendall Hayes, joined him at the Connecticut Agricultural Experiment Station in
1908 and later became a professor of plant genetics and chief of the division of
agronomy and plant genetics at the College of Agriculture, University of Minnesota.97

Hayes's interests in wheat and rust resistance brought him into close collabora-
tion with two other colleagues, Elvin C. Stakman, a plant pathologist at the Univer-
sity of Minnesota, and Norman E. Borlaug, a graduate student of Stakman's who
studied plant breeding with Hayes. In 1941 Stakman chaired the exploratory expedi-
tion to Mexico for the Rockefeller Foundation, and his committee's report recom-
mended how the foundation should establish an agricultural experiment station in
Mexico to work on wheat and maize. Borlaug was hired in 1945 by the foundation's
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Mexican Agricultural Program and within a short time was in charge of wheat breed-
ing in Mexico. Thus some of the key actors in foundation agricultural programs had
at least a link of professional associations and friendships, dating back to East, that
probably prepared to sympathize with the apocalyptic vision of the population
explosion.

Overpopulation was not, however, much of an issue when the foundation estab-
lished its initial program in Mexico. To be sure, perhaps foundation officers believed
Mexico was overpopulated, but the internal planning documents prepared as part of
the foundation's decision-making process did not frame the argument in these terms.
Only after the publication of Vogt's book, and Barnard's question about the Mexi-
can program, did foundation officers incorporate the issue of population into their
thinking.

Warren Weaver, in collaboration with Stakman and others from the MAP, pro-
duced a report entitled "The World Food Problem." The subsequent impact of this
report resulted from its linking of population growth, susceptibility to communist
agitation, and the role of agricultural science in creating the conditions for political
stability (meaning thwarting communist overtures on terms favorable to the United
States). First, "The World Food Problem" was based on the concept that global ten-
sions stemmed from "the conflict between population growth and unequally divided
and inadequate resources." Overpopulation, in other words, was at the root of basic
human problems.98

In addition, Weaver persuaded the committee to argue that agricultural science
had an important political role to play in the emerging struggle between the United
States and the Soviet Union:

The problem of food has become one of the world's most acute and pressing prob-
lems; and directly or indirectly it is the cause of much of the world's present tension
and unrest... . Agitators from Communist countries are making the most of the situa-
tion. The time is now ripe, in places possibly over-ripe, for sharing some of our tech-
nical knowledge with these people. Appropriate action now may help them to attain
by evolution the improvements, including those in agriculture, which otherwise may
have to come by revolution."

Weaver and the other agriculturalists at the Rockefeller Foundation succeeded.
The trustees received the report with enthusiasm in June 1951. One trustee, KarlT.
Compton, president of the Massachusetts Institute of Technology, suggested that India
was indeed a place for the Rockefeller Foundation to engage in agricultural science
efforts: "I suspect that India may be fertile ground for activity in this field. The over-
population, the low living standards and the threat of communism are of course well
known."100

Weaver and his committee had succeeded in articulating what may have been
one of the most complete expositions of PNST. Chapter 7 explores another part of
the origins of PNST from the foreign policy of the Truman administration, but the
Rockefeller Foundation may have been more articulate in spelling out the dimen-
sions of the theory: overpopulation set up a dynamic interaction between resource
exhaustion and hunger, which in turn led to instability, followed by dangers to Ameri-
can interests and threats to world peace. Plant-breeding science and other allied
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agricultural sciences were brought to the forefront in order to block what was seen to
be an inevitable series of unfortunate occurrences. By raising and stabilizing yields,
plant breeding could alleviate hunger and help stop the progression envisioned in
PNST.

This specific report was instrumental in leading the Rockefeller Foundation to
start its Indian Agricultural Program. In addition, efforts by the foundation in plant
breeding were an important model for subsequent efforts sponsored by the even larger
resources of the U.S. government. American plant-breeding science thus became part
of the cold war's defense of capitalist political economies.



Wheat Breeding and the
Exercise of American Power,

1940-1970

American power at the end of World War II was paramount. The usual image of this
might, however, is formed more by the array of military and industrial components
of American culture than by something as seemingly mundane as wheat breeding.
Nuclear-tipped missiles, airplane and tank factories, engineering prowess, and moti-
vated soldiers are more generally assumed to be the components of military strength,
not scientists patiently crossing one strain of wheat with another and searching through
the progeny for a better variety.

In the direct exercise of military power, of course, the weapon systems and sol-
diers are the most important elements of power. Armies, however, exist only on the
foundation of food supplies that are adequate for both the military personnel and
their civilian support force. American strategists in both world wars were acutely aware
of the role of agriculture in the projection of military might, and they considerably
amplified agriculture's importance in the aftermath of World War II. Specifically,
through a variety of public and private initiatives, wheat breeding and other lines of
agricultural science became an integral part of postwar American strategic planning.

Put somewhat differently, after 1945, wheat breeding by American scientists be-
came more than just an exercise in the modernization of agriculture. Old motiva-
tions for seeking new varieties did not disappear, but new motivations arose to justify
expenditures. In addition, American scientists came to do their work not only in the
United States for American farmers but overseas for foreign governments. Wheat
breeding acquired ideological dimensions more elaborate than simply "the promo-
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tion of progress." Instead, wheat breeding and other agricultural science became part
of the "battle for freedom." In the process, many countries moved to new relation-
ships with each other and with their own natural resource base.

How did wheat breeding get caught up with strategic and national security con-
siderations? It is necessary to follow a somewhat convoluted trail to answer this ques-
tion, and the story can begin with the status of the United States after the collapse of
Germany and Japan in 1945. Of all the major participants in the war, only the United
States emerged with its industrial infrastructure intact and a monopoly on nuclear
weapons. Its armed forces, bloodied and battle-hardened but not exhausted, were in
command of many strategic locations around the world. Perhaps most important,
the American president, with bipartisan support, was psychologically predisposed to
exercise power and influence abroad. More than anything else, the president and
indeed a major segment of the American people were convinced that they had a
mission in the world. Wheat breeders were as much a part of this movement as any-
one else.

At the end of the war, the United States was preeminent in agricultural science,
including plant breeding. Federal laboratories in the U.S. Department of Agricul-
ture (USDA) were active, and each of the forty-eight states had a land-grant college
with an agricultural experiment station and a cooperative extension service. Coordi-
nation within this complex was high. In addition, private industry was busy pouring
out new machinery, chemicals, and seeds. No other country in the world had a com-
parable network of facilities for agricultural science and technology.

Plant Breeders Gain an International Vision, 1937-1942

Before World War II, American agricultural scientists oriented their work toward
increasing the efficiency of production on domestic farms, which were becoming
fewer in number and higher in capitalization. Frederick D. Richey, chief of the
Bureau of Plant Industry, USDA, and president of the American Society of Agronomy
in 1937, captured this sentiment in his presidential address. He felt the most impor-
tant past achievements included finding varieties of wheat that were adapted to the
American Midwest, which had been settled by Euro-Americans about seventy years
earlier. Plant breeders, Richey noted, had also successfully developed varieties of sugar
beets that were resistant to curly-top virus, sugarcane bred with wild varieties for
viral disease resistance, maize more suited to mechanical harvest, and new crops such
as soybeans.

Richey's talk was premised on the need for plant breeders to defend themselves
against the sentiment that their research had been responsible for the surpluses and
depressed prices of the Great Depression of the 1930s. He completely rejected that
criticism and pointed instead to the ongoing role that plant breeders and other agrono-
mists could play in the continuing economic development of the United States and
the stability of its agricultural industries:

In the past much of plant research has consisted in obtaining plants that were reason-
ably adapted to an environment which did not change rapidly. With a greater inten-
sity of agriculture, [and] more rapid transportation,... the environment changes more
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rapidly. It never was static, but it has become kaleidoscopic. If man is to win, he must
be as versatile in his defense as nature is in her attack. This implies adequate ammu-
nition that continued plant research alone can supply.1

Richey advocated a nature controlled by human technology, but his vision was
confined to the domestic chores of the plant breeders. The chief agronomist of the
nation did not see a role for his science that went beyond a pattern that had been set
thirty years earlier, when the American Society of Agronomy had been formed in
1907. Increasing the efficiency of production and rationalizing domestic agriculture
were the prime contributions.

Visions of international opportunities and obligations were not a part of plant
breeding and other aspects of agronomy before the 1940s. American agronomists,
for example, rallied to the cause of higher food production during the days of the
First World War, but W. M. Jardine, president of the society in 1917, still focused
his presidential address on the domestic responsibilities of agronomists.2 Only the
question of overpopulation and the world's food supply occasionally crept into the
thoughts of agronomists in those days.3

In contrast, Richard Bradfield, head of the Department of Agronomy at Cornell
University and president of the American Society of Agronomy in 1942, opened an
entirely new vista. He spelled out a need for American technical expertise to help
rebuild the war-shattered countries and to help countries that relied on primitive
agriculture:

I am also convinced that American agronomists have a very important international
service to perform. . . . When the war is over, there will be millions to feed, large
communities of people to be resettled, and farms to be supplied with seed, fertilizer,
machinery, and livestock. A roster of qualified personnel. . . is already being prepared.
... In addition to these emergency problems at the close of the war, there will be a
need for American agronomists to help many countries with a primitive agriculture
and, in many cases, a population larger than they can support at a satisfactory level. . . .
American agronomists can be of great service to the governments and educational
institutions of such countries. The movement was spreading before the outbreak of
the war. It will be resumed at accelerated speed after the war.4

Bradfield, of course, was already an active "international agronomist" by the time
he gave his presidential address. As noted in Chapter 5, he was a member of the
Rockefeller Foundation's study committee that resulted in the Mexican Agricultural
Program. Also, he became head of the department of agronomy at Cornell Univer-
sity in 1937, which brought him into contact with Cornell's work in Chinese agri-
culture before World War II.

Agricultural scientists like Bradfield were important promoters of an expanded
vision of the work of professional scientists. For the most part we must speculate that
their motivations were a complex mixture of humanitarian ideals, a desire for intel-
lectual challenge and the prestige of global consulting, and a sense of American
patriotism to spread what would eventually become a gospel of "international Ameri-
canism." What is important to note, however, is that advocacy of international re-
sponsibilities for agricultural scientists was necessary but not sufficient for such
duties to become common.
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From Vision to Policies, 1943-1949

Political and economic commitments by government and groups like the Rockefeller
Foundation were also needed, and for these people the motivations were different
from those of the scientists. Humanitarian ideals played a role in the commitment
to international technical aid, but other factors were also present. Probably the most
important was a growing belief that the security and prosperity of the United States
was dependent upon favorable relationships with other countries. Traditional Ameri-
can isolationism completely crumbled during the course of World War II. Plant
breeding and the other agricultural sciences, along with all other facets of American
life, were strongly affected by the changed political climate.

Several earlier starts were made to transform ideas about international work in
agriculture into organizations with missions, budgets, personnel, and programs. Two
threads were most important before the outbreak of World War II. First were the
efforts to form an international organization that would promote the economic well-
being of agricultural producers. The International Institute of Agriculture dated from
a conference in 1905 in Italy and prompted member governments to exchange sta-
tistical information on agriculture and to promote the "common interests of farmers
and . . . the improvement of their condition." By 1934, seventy-four countries had
joined, but the institute did not offer many solutions to the drastic financial crises of
agriculture during the Great Depression of the 1930s.5

A second line of activity also promoted the international significance of agricul-
ture before World War II: attempts to form international commodity agreements,
either among exporting countries or between exporting and importing countries.
Wheat was the most valuable and important commodity in world trade, and rapid
expansion of production in the late 1920s prompted several efforts in the 1930s to
rationalize the world markets. Conflict between the interests of domestic producers
in importing countries (who wanted tariff protection) and the producers of export-
ing countries (who wanted free access to all markets), however, sank several interna-
tional wheat agreements.6

The outbreak of war temporarily halted both types of efforts, but they were soon
replaced by new arrangements that solidified agriculture and agricultural science as
an important part of international relations, especially in the United States. Forma-
tion of the Food and Agriculture Organization (FAO) of the United Nations began
with an international conference in Hot Springs, Virginia, in 1943. FAO's origins
stemmed from British and Australian work at the League of Nations and from Presi-
dent Franklin Roosevelt's Four Freedoms, one of which was freedom from want. FAO
was intended to link the provision of adequate nutrition with the economic well-being
of agricultural producers. A strong provision of FAO's initiating resolution was that
improvement of nutrition and agriculture in every country was a responsibility of all
countries.7

FAO began its formal existence at a conference in Canada in 1945, where its
constitution was signed by member governments. American participation in FAO,
in contrast to the earlier U.S. refusal to participate in the League of Nations, symbol-
ized the emerging internationalism of the U.S. government's stance toward agricul-
ture. Further governmental commitment to active internationalism came in the form
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of the Marshall Plan in 1947. Both the FAO and the Marshall Plan, however, were
but mere preludes to the resolution of purpose announced by President Harry S.
Truman in 1949, the Point Four Program. Point Four was the critical break with
past practices, and Truman's language was so resolute and sweeping that it merits a
detailed presentation here.

Truman, the surprise victor in the 1948 elections, gave his inaugural speech on
20 January 1949 and made four points. Point Four was billed as a "bold new pro-
gram for making the benefits of our scientific advances and industrial progress avail-
able for the improvement and growth of underdeveloped areas."8 In understanding
the Point Four proposal, however, it is important to remember its context and com-
panion, Point Three. It is also important to understand more of the origins of the
Point Four idea because the ultimate shape of the proposed program reflected its
origins. First, however, we examine the arena created by Points Three and Four.

Point Three was the call for a collective defense arrangement in the North Atlan-
tic area, a call that eventually resulted in the formation of the North Atlantic Treaty
Organization (NATO). In essence, Truman's entire speech was a call to arms to re-
sist what he felt was an alien, unacceptable philosophy that posed a threat to postwar
recovery and peace. He used his address to

proclaim to the world the essential principles of faith by which we live, and to declare
our aims to all peoples. . . . From this faith we will not be moved. ... In the pursuit of
these aims, the United States and other like-minded nations find themselves directly
opposed by a regime with contrary aims and a totally different concept of life. . . .
That regime adheres to a false philosophy which ... is communism.9

Where Point Three was the overt military component of his program, Point Four
was the effort to spread American influence in the less industrialized countries, not
by force of arms but by the transfer of technology and the political economic phi-
losophy of capitalism:

More than half the people of the world are living in conditions approaching misery.
Their food is inadequate. . . . Their poverty is a handicap and a threat both to them
and to more prosperous areas. . . . The United States is pre-eminent among the na-
tions in the development of industrial and scientific techniques. . . . Our imponder-
able resources in technical knowledge are constantly growing and are inexhaustible.
I believe that we should make available to peace-loving peoples the benefits of our
store of technical knowledge in order to help them realize their aspirations for a bet-
ter life. And, in cooperation with other nations, we should foster capital investment
in areas needing development. . . . The old imperialism —exploitation for foreign
profit—has no place in our plans. What we envisage is a program of development based
on the concepts of democratic fair-dealing. . . . Greater production is the key to pros-
perity and peace. And the key to greater production is a wider and more vigorous
application of modern scientific and technical knowledge. . . . To that end we will
devote our strength, our resources, and our firmness of resolve. With God's help, the
future of mankind will be assured in a world of justice, harmony and peace.10

Point Four, therefore, was ostensibly a humanitarian venture of enlightened self-
interest set in the midst of a call for building military might to repel perceived
aggression from the Soviet and communist insurgencies. Put another way, Point Four
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was the technocratic front of the cold war, which lasted from 1949 to 1991. Point
Four became the American program of foreign aid, which, as developed in the fol-
lowing, had a tremendous influence on the creation and spread of high-yielding
agriculture. The sincerity of the humanitarian ideals need not be doubted. Never-
theless, it is essential to understand that the origins of international assistance in
agriculture were rooted in the initiation of the cold war.11 Military treaties like NATO
and technical assistance like Point Four were merely opposite sides of the same coin:
determination that the values embedded in American individualism and capitalism
would prevail.

Point Four indeed was a bold new venture. At the time Truman proposed it, nei-
ther he nor anyone else really had much of an idea about how to go about providing
technical assistance to less industrialized countries. Should the aid be in agriculture
since because less industrialized countries relied heavily on their agricultural
economy? If so, what sorts of agricultural expertise were most useful? Alternatively,
should aid assist in developing industry? Should American experts be sent abroad to
work, or should foreign nationals be brought to this country to learn from American
expertise? What does it mean to transfer a technology? Is it simply a matter of trans-
mitting bodies of scientific theory and machines? Or does it also entail transfer of
concepts of property, law, political theory, and attitudes toward nature?

At Point Four's debut in 1949, no answers to these and other questions existed.
Nor were any programs, budgets, agencies, or personnel in place to turn President
Truman's ideas into action. During the decade following the proposal, however,
Americans learned how to deliver elaborate programs of technical assistance to what
was later called the third world. Their "school" was a complex interactive coopera-
tion, which was not entirely deliberate or even well coordinated, between the Ameri-
can government and the Rockefeller and Ford Foundations. Others have written
broadly of this segment of American political life,12 but our attention is focused on
the example of assistance in food, agriculture, and the green revolution in Indian
wheat production. Through complex pathways described here, wheat breeders in
Britain also benefited from the programs initiated from Point Four and the work of
the foundations.

From Policies to Programs, 1947-1950

Chapters 5 and 6 introduced three of the most important events that constituted the
learning experience for government and foundation personnel: the Mexican Agri-
cultural Program, the postwar food crisis of 1946, and the initiation of programs by
the Ford and Rockefeller Foundations in India in the early 1950s. In addition, the
launching of the European Recovery Program (Marshall Plan) in 1947 was a major
departure from past practices in foreign policy for the United States. Although
Europe did not need technical assistance, the Marshall Plan taught the United States
a good deal about providing government-to-government assistance.13 We will now
take a more systematic look at the changes in America that were rooted in Truman's
launching of the Point Four initiative. These were the experiences in which the
United States learned about India and how to promote change in its agriculture.
Chapter 8 will look at these changes from the Indian point of view and will provide
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an account of that government's desire to acquire technical assistance in agriculture
from America.

Before India's independence in 1947, American involvement with that country
was limited and generally channeled through the British. Americans may have dis-
approved of Britain's perception of "owning" India, but American foreign policy
toward India was premised on the legitimacy of Britain's power. Thus most Ameri-
cans, both in and out of government, tended to have few or no ideas about India,
and involvement between citizens of the two countries was minimal. This lack of
interaction started to change with the events of the Second World War, largely be-
cause of India's strategic geographic location as a base for repelling Japanese advances
in Southeast Asia.14

More direct contact between the U.S. and Indian governments began to emerge
after the war. Although Britain's Labour government was more involved than the
United States with the situation in India during the food crisis in 1946, former presi-
dent Herbert Hoover's Famine Emergency Committee visited New Delhi in April
1946 as part of its worldwide tour and noted that 230 million people were at risk if
adequate supplies of wheat could not be found for India.15

Possibly because of attention from the Hoover committee, India received ship-
ments of American wheat that were important in its management of a serious short-
age.16 An estimated total of 890,000 tons of food grains were imported by India in
1946-47. Imports of food grain had been typical for British India since about 1925,
which reflected the steady downward trend in food grain production per capita dur-
ing the last twenty years of British rule.17

Although American wheat was part of the imports in 1946, American involvement
with the Indian food situation remained low-key in the months leading up to parti-
tion and independence in August 1947. For their part, Indian officials felt it neces-
sary to make urgent pleas for American grains18 and to defend their estimates of short-
ages against unnamed critics who believed India (and other food-importing nations)
overestimated their needs.19 For their part, members of the diplomatic mission of
the United States in India sent a steady stream of dispatches to Washington that in-
dicated India's need for food imports was genuine.20

Not only did India ask for grain in 1946 and 1947 but the government of India
also initiated requests for technical assistance in agriculture. In these inquiries be-
fore Point Four, it was apparent that the U.S. government had no way to provide the
help requested. Approaches to the U.S. Department of Agriculture by the State
Department prompted the reply that career civil servants with the USDA would have
to resign their positions with the department in order to take an assignment in India.
Not surprisingly, no volunteers were found.21

In September 1946 the Indian Ministry of Agriculture indicated it knew of the
Cornell University-Nanking University exchange in plant breeding (see Chapter 5)
and asked whether the U.S. government could arrange a similar program for India.
American diplomats in New Delhi noted that a bill to allow secondment of Ameri-
can civil servants to a foreign country had failed in Congress but wondered if the
Department of State could "interest one of the philanthropic foundations, such as
the Rockefeller Foundation, in financing the expenses of a state agricultural college
professor ... for a period of one year?" Washington replied that it would be better to
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wait for the bill to pass Congress rather than approach the private foundations.22 In
other words, "No, and we don't think there is any way to help you." Records of the
interchange gave no clue as to why the State Department opposed approaching
the Rockefeller Foundation on this matter.

In a similar set of requests for a soil conservation expert made in late 1947, the
governments of the two countries negotiated for over a year, but arrangement proved
difficult despite India's willingness to pay at least part of the needed salary money.
When a suitable candidate finally emerged in early 1949, India was no longer inter-
ested.23 Reasons for the failure were not clear, but these episodes strongly indicated
that without a formal mechanism to provide technical assistance, it was not likely to
be forthcoming.

Point Four, a formal initiative that stemmed from the highest political source in
America, the president, finally made technical assistance possible. Within three
months of Truman's 1949 speech, Clifford C. Taylor (agricultural attache in the
American embassy in New Delhi), Wolf I. Ladejinsky (USDA), and S. T. Raja
(under secretary, Ministry of Agriculture of India) discussed a proposal by the cen-
tral government to establish an agricultural extension service. Taylor initiated the
suggestion that Point Four might be a source of help from the United States and that
a request from Raja's minister to the American ambassador was the way to proceed.
The cold war dimensions of the situation were also present: Raja, as reported by the
embassy, believed India would go the way of China (i.e., go communist) within five
years unless more rapid progress were made on food production.24

Over a year was to pass before the formal initiation of the Point Four Program,
when Capus M. Waynick was appointed the first director of the Technical Coopera-
tion Administration (TCA) in May 1950.25 Nevertheless in May and June 1949, Taylor
and other officers of the American embassy in New Delhi held a series of conversa-
tions with civil service and political officers of the Indian Ministry of Agriculture. A
number of questions emerged that apparently did not yet have answers:

• What would be the likely conditions of work that American experts would find in
India?26

• Would American experts be welcome on a political basis, or would the India take
the suggestion of Britain's Lord Boyd-Orr, first director of the FAO, who advised
India not to accept foreign technicians? When this issue was raised, the American
ambassador to India noted that the technical specialists would "promote our own
interests in India [and] would tend to offset the efforts of communists... and would
not be harmful to British interests."27

• How should an effective technical extension service for India be designed?28

• For what purposes would expenditures be permitted, and under what conditions
could funds be obtained?29

Answers to questions such as these were vital to the operation of any technical aid
program, but answers could not be developed in the absence of the creation, staff-
ing, and funding of the TCA. Although the Truman administration was able to take
some initial, minor steps to bring Point Four to life before Congress agreed to a sys-
tematic program, it was not until September 1950, twenty months after his inaugu-
ration speech, that the president had complete authorization and funding to proceed.
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Public Law 81-535, the Act for International Development, approved the phi-
losophy of technical foreign assistance and was signed in June 1950. An appropria-
tions bill passed in September provided $34.5 million for the first year's operation of
Point Four. Truman's order launching the program also created the International
Development Advisory Board, as provided for in Public Law 81-535, which was
intended to propose a broad operating philosophy for Point Four.30 It was though
this board that the fundamental ideology of Point Four was solidified, which in turn
created the arena for many other public and private activities, including plant
breeding.

Refinements of the Point Four Program Ideology, 1950-1952

The International Development Advisory Board, chaired by Nelson Aldrich Rocke-
feller (1908-79), outlined a broad, visionary use of government and private grants
plus private, for-profit capital investment as the foundation for ensuring American
preeminence (domination?) in the years to come. Nelson Rockefeller's role in this,
however, did not begin in 1950. He had already played an important role as a cata-
lyst for an internationalist foreign policy in the previous ten years. Before examining
the principles for operating Point Four articulated by the advisory board, it is neces-
sary to trace the earlier work of Nelson Rockefeller.

Nelson Rockefeller made his debut in Washington politics in 1940 as a brash young
man of thirty-two who convinced President Franklin Roosevelt that he (Rockefeller)
was the right person to head a new government agency to coordinate U.S. govern-
ment programs related toward Latin America. Rockefeller became interested in Latin
America partly through one of his first ventures into the business world as a director
of Creole Petroleum, the Venezuelan subsidiary of Standard Oil of New Jersey (the
latter company was the source of his family's fortune). Concern about penetration
of Axis power into Latin America was the other source of his motivation. Although
the United States was not yet at war, the Roosevelt administration had clearly tipped
its favor toward Britain and France, and prevention of German influence in Latin
America was an emerging goal of American policy that the president felt was not yet
adequately met.31

Rockefeller served as the coordinator of Inter-American Affairs (CIAA) until 1945,
when he became assistant secretary of state for Latin America. He worked in the State
Department until August of that year, when he resigned under pressure for the con-
troversies he had started by defending the admission of Argentina to the United
Nations.32

Rockefeller's work as CIAA was important primarily because he articulated the
position that the United States, meaning both public and private sectors, had to be
concerned about the welfare of Latin American people if American business was to
prosper and American military security was to be maintained. More significantly,
however, he served as a catalyst for what eventually became the Point Four program.

Some of the actions in which he was involved were simply personal. Soon after
his arrival in Washington, for example, he was engaged as a regular tennis partner
with Vice President Henry A. Wallace. Perhaps this is how Wallace became the cru-
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cial link between the American and Mexican governments and the Rockefeller Foun-
dation in establishing the Mexican Agricultural Program (see chapter 5).33

After Rockefeller left government service in 1945, he continued promoting his
dual policy—that both government and private business had to contribute to the well-
being of foreign peoples in order to protect the overall interests of the United States.
In 1946 he led a group of other New Yorkers in the formation of the American Inter-
national Association for Economic and Social Development (AIA). AIA was a dual-
purpose organization. One part of it was to invest private capital in Latin America in
profit-making ventures. Those profits, or at least some of them, were then to be fun-
neled into a foundation that would promote programs of technical assistance and
social betterment in Latin America. Within a year, U.S. laws forced the divorce of
the dual-purpose corporation into profit and not-for-profit segments.54 Rockefeller's
ideas of private capital and nonprofit activities interacting for the supposed benefit
of common people, however, was a strong theme in AIA and in all of his projects.

Seeds of Point Four may well have been laid in Rockefeller's work as CIAA, the
work of the Rockefeller Foundation in Mexico, and the ideas embodied in AIA. In
fact, the formal idea for Point Four, as it was expressed in Truman's inaugural ad-
dress, came from Ben Hardy, who had worked for the press office of CIAA and moved
to the State Department after the end of the war. Hardy had continued contacts with
Rockefeller and was much interested in the idealism he saw in AIA. As Truman's
speech was being drafted, Hardy put in a proposal for technical assistance to under-
developed countries. This, he felt, would aid prosperity and thwart communism.

Hardy's proposal did not excite the State Department hierarchy, and it was jetti-
soned before the draft went to the White House. Truman, however, apparently was
dissatisfied with the draft of the speech and asked his aides to put something more
interesting into it. Clark Clifford, an aide to Truman, obtained Hardy's material, and
that section became Point Four.35 It is overstating the case to credit Nelson Rockefeller
with originating Point Four, but his various roles in and out of Washington catalyzed
the formation of a new type of foreign policy, aimed at creating national security
through a partnership between American government and capitalism.

Joe Alex Morris, Rockefeller's biographer, noted that Nelson Rockefeller was
delighted with the appearance of Point Four in Truman's speech. Probably Rocke-
feller wanted to head up the government agency that would administer Point Four,36

and his name was floated in the press as the possible appointee.37 However, Henry
Garland Bennett, president of the Oklahoma State College of Agricultural
and Mechanical Arts, won the appointment to head the Technical Cooperation
Administration.38 Rockefeller was relegated to the job of chairing the International
Development Advisory Board, which would advise, not implement, the Point Four
effort.39

Rockefeller's report in March 195140 came in the midst of the Korean War, and
its major theme was that American defense depended as much on the social and
economic progress of the underdeveloped world as it did on military alliances and a
powerful armed forces. Although the board made it clear that development efforts
would be justified for humanitarian reasons alone, the overall tone of the document
made it clear that the original linkage of military policy and foreign aid policy (Points
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Three and Four in Truman's inauguration speech) was even more necessary in 1951
than it had been in 1949.

A second key philosophical point in the report was that neither private capital nor
government program was sufficient to the challenge. Both were required, and the
job of the Point Four administrator was, in the report's words, "to hitch all the horses
into a single team."41 Administratively, the advisory board advised the president that
foreign aid was so important that a new agency should be created, the U.S. Overseas
Economic Administration (USOEA). USOEA would report directly to the president
and would implement foreign aid programs under the general policies constructed
by the State and Defense Departments. Anything short of such a high-level, highly
centralized position would be inadequate to the challenges, argued the board.42

One problem was identified as the "first major objective—to cooperate with these
[underdeveloped] countries in a vigorous food-production drive which would break
the back of famine and hunger."43 Although the report urged a broad array of meth-
ods to accomplish this objective, it was clear that increasing the intensity of produc-
tion, not just increasing the area of cultivation, was key: "For the immediate future
a small improvement, such as the introduction of an improved variety of a single
crop, could do more to increase food output than opening up of a new land area."44

Here the board was urging a fundamental transformation of the methods of agricul-
ture in the underdeveloped areas, not just an expanded application of existing
technology.

Point Four was a proposal for a new type of partnership between private capital,
private philanthropy, and government policy, all aimed at creating security, prosper-
ity, and American influence abroad. Its promoters believed the good times would
come both in the United States and abroad. Teamed with NATO and Point Three,
the American government in 1949 thus took an original step toward creating a new
type of foreign policy. Despite the genuine enthusiasm for Point Four by President
Truman, it had a difficult time at its start-up. Over two years passed from Truman's
first announcement of Point Four to the report of the Rockefeller advisory board in
March 1951. Point Four's accomplishments were certainly meager at that time, and
little but apparent bureaucratic resistance came in the eight months following the
advisory board's report.

President Truman never accepted the board's recommendation to create a new
superagency, the U.S. Overseas Economic Administration, to consolidate all foreign
economic policy as an integral part of strategic planning. However, he incorporated
the recommendation to increase funding in 1951-52 for Point Four projects to about
$500 million per year.45

Administratively, Truman proposed merging the TCA, housed in the State De-
partment and home of the Point Four program, into the larger Economic Coopera-
tion Administration (ECA), an independent agency. Rockefeller endorsed the move
as consistent with the advisory board's recommendation to consolidate foreign eco-
nomic assistance,46 but the move must have appeared as more of a bureaucratic shuffle
than a grand reorganization of economic foreign policy. Further bickering centered
on whether military and economic aid should be controlled by the same agency and
whether Point Four's emphasis on agriculture in the TCA would be subverted by
the ECA's emphasis on aid for industrial development.47
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Further demoralization could not have been avoided after Rockefeller's resigna-
tion as chairman of the advisory board in November48 and administrator Bennett's
death in a plane crash in Iran in December.49 Nevertheless, in Truman's state of the
union address in 1952, a full three years after Point Four's debut, he still had a fiery
faith in it and used the opportunity to eulogize his friend Bennett:

This last year, we made available millions of bushels of wheat to relieve famine in
India. But far more important... is the work Americans are doing in India to help the
Indian farmers themselves raise more grain. With the help of our technicians, Indian
farmers, using simple, inexpensive means, have been able since 1948 to double the
crops in one area in India. . . . This is Point Four—our Point Four program at work.
. . . We have recently lost a great public servant. . . . Dr. Henry Bennett and his asso-
ciates died in line of duty on a Point Four mission. It's up to us to carry on the great
work for which they gave their lives.50

Foundations and Agricultural Assistance, 1950-1956

Despite Truman's perseverance, many advocates of foreign economic assistance felt
the government was not rising to the challenge. It was at this point that private foun-
dations, particularly Rockefeller and Ford, came in with reinforcements. In a pat-
tern that characterized the task of completing a foreign policy based partly on eco-
nomic assistance, the apparent logjam on expanding foreign agricultural assistance
to a large scale was broken by a tactical shift of employment: Paul G. Hoffman, ad-
ministrator of ECA (the Marshall Plan) from 1948 to 1950, moved to become presi-
dent of the Ford Foundation from 1951 to 1953.

Hoffman, who headed the Studebaker Corporation before moving to ECA, was a
convinced cold warrior who brought an articulate vision of the necessity for all
American institutions to collaborate against the perceived threat of aggression from
communism. Shortly after assuming the helm at the Ford Foundation, he won an
appropriation for $5 million from the trustees for use on foreign projects similar to
those envisioned in Point Four. In early August 1951 he and four other Ford staff
members set off on a trip to Europe, India, and Pakistan in order to start the process
of Ford involvement in those areas. In a press conference upon departure, Hoffman
emphasized the importance of India as "of great importance to the United States
from the standpoint of maintaining peace in the world."51

Hoffman had requested his invitation to India through Prime Minister Nehru's
sister.52 At the time of his visit in August 1951, a minimal amount of movement
toward a program of technical assistance from the United States to India had already
occurred. Point Four had three USDA advisers in India,53 one of whom was Horace
C. Holmes, who was already in direct contact with and receiving support from
Nehru.54 Thus Hoffman and the Ford Foundation entered an India that had already
begun technical cooperation in a small way.

Hoffman, however, wanted to move quickly. After five days in New Delhi, Nehru
had issued an invitation to open a foundation office in order to assist India in ways
that were mutually agreeable. Upon his return to the United States, Hoffman hired
a young extension specialist in USDA, Douglas Ensminger, to head the New Delhi
office. By December, a mere four months after Hoffman's visit, the foundation and
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India had signed an agreement, and the trustees of the foundation had approved a
grant of $2.225 million. Of this sum, $1.2 million was to help on a broad-based rural
community development program, $94,000 went to the Allahabad Agricultural In-
stitute for an extension service project, and $85,000 was meant to support a Gandhi
Memorial Community Center.55

Ford Foundation action on agricultural development in India originated in a short
time, but the Rockefeller Foundation was simultaneously having an internal debate
about its possible involvement. Staff conversations since 1947 had danced around
what might be done and whether the Rockefeller Foundation had sufficient funds
to do anything worthwhile.56 By 1951, as noted in Chapter 6, sentiment among
Rockefeller Foundation staff was clearly oriented toward a cold war interpretation of
their work. Until October 1951, however, the Rockefeller Foundation had not yet
made a concerted commitment to agricultural science other than in Mexico and a
small program in Colombia.57

Once a commitment to agriculture was made, the Rockefeller Foundation went
through a deliberate process of considering its potential involvement in India. At about
the time the Ford Foundation was making its first commitments to India, the
Rockefeller Foundation committed itself to sending a study team to India—J. George
Harrar (first director of the Mexican Agricultural Program and a plant pathologist),
Paul C. Mangelsdorf (member of the study committee that recommended the MAP
and a plant geneticist), and Warren Weaver (head of the Division of Natural Sci-
ences and Agriculture and a mathematician).58

Harrar, Mangelsdorf, and Weaver's "Notes on Indian Agriculture"59 solidified the
case that the Rockefeller Foundation would commit funds to Indian agriculture. Their
argument was a careful weaving together of the themes of overpopulation, hunger,
political instability, and the threat of communism.60 Harrar, Mangelsdorf, and Weaver
believed that an infusion of modern, Western knowledge was capable of overcom-
ing the massive problems faced by overpopulated India. Specifically, they recom-
mended that the Rockefeller Foundation could usefully support (1) improvement
of wheat and rice varieties, (2) reform of agricultural education to make Indian agri-
cultural universities more like the land-grant universities of the United States, and
(3) some participation in village improvement projects involving extension educa-
tion. They envisioned both a participatory program involving Rockefeller scientists
working with Indians and a grant program to enable Indian scientists to travel and
do research.61

"Notes on Indian Agriculture" launched the Rockefeller Foundation's India Ag-
ricultural Program (IAP), but a series of meetings between Indian officials and foun-
dation officers were needed to create a specific agenda.62 Reaching agreement with
India took until early 1956, nearly four years after Harrar, Mangelsdorf, and Weaver
completed their original fact-finding mission. In the intervening time, a few small
grants were made to various Indian institutions to support indigenous activity, but a
major program involving a foundation-sponsored research laboratory took longer to
materialize.

Part of the problem stemmed from differences over the specific objectives of the
most important research. Harrar and Weaver wanted basic research, especially on
rice and wheat. Moreover, they came to see the research needed on rice as a prob-
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lem that applied to all of Asia, not just India. The Indians, led by Badri Nath Uppal
and B. P. Pal, however, wanted a short-term project on maize, which would lead to
field trials and the establishment of a hybrid maize seed industry. They may not have
opposed thinking about rice in other Asian countries, but their immediate thoughts
were on India's situation.63

Another factor in the negotiations between the Rockefeller Foundation and
India was the entry of other major actors. The Ford Foundation's $1.2-million grant
of 1951 was joined in early 1952 by an even larger agreement between the U.S. TCA
and India. The United States agreed to support Ford's community program and also
extensive programs to improve rural infrastructure. The U.S. contribution was to be
$50 million, with India more than matching that with 410 million rupees (about
$86 million).64 Ford's community development project emerged from work of the
Grow More Food campaign (see Chapter 8). Community development had the full
endorsement of Prime Minister Nehru and reflected some of the egalitarian ideals
of independent India's new government. Neither the Grow More Food campaign
nor the community development effort was based on new scientific knowledge as a
means to agricultural assistance.

A pilot community development project began in the Etawah District of Uttar
Pradesh in 1948.65 The Etawah project was well respected by the Rockefeller Foun-
dation officers, but they were highly skeptical of the ability of the U.S. TCA and the
Ford Foundation to expand the work in that one district over 600-fold and to increase
the amount spent in each of India's districts 10-fold. Weaver felt that the project could
crumble for one or more reasons: lack of trained personnel, technical problems that
would soon demand answers, or insufficient genetic variety in the crops planted. In
other words, Weaver was firmly convinced that new scientific research was essential
to genuine change in Indian rural life. He was also critical of the caliber of person-
nel representing the TCA.66

It is possible that the Rockefeller Foundation's insistence that the most important
task at hand was basic research led to the four-year delay in establishing an opera-
tional program in India. India, the U.S. TCA, and the Ford Foundation were more
interested in using existing knowledge for community development. At the start of
the Mexican Agricultural Program, the Rockefeller Foundation scientists believed
that extension developments would not be helpful because no really useful knowl-
edge existed to extend.67 In some ways George Harrar, Warren Weaver, and the other
foundation scientists had much the same attitude as they designed a program for India:
they did not believe that the appropriate knowledge existed, so a scientific agricul-
ture for India had to be created almost from the beginning.

Despite the lengthy negotiations needed to launch Rockefeller Foundation re-
search in India, agreement was reached in late 1955, and the formal contract was
signed in April 1956. India asked for help in developing three agricultural institutes,
each with a cooperating researcher. In addition, the Indians sought assistance to
improve hybrid maize and wanted the foundation to coordinate its research with the
larger program financed by the TCA.68

The foundation granted assistance on two fronts. It agreed to help India develop
the Indian Agricultural Research Institute in New Delhi into a modern facility and
postgraduate educational institution granting master of science and doctoral degrees.



154 Geopolitics and the Green Revolution

In addition, the foundation agreed to enter into a "cereals" improvement program,
a terminology insisted upon by Harrar, probably to mask the foundation's sense of
disappointment that maize was the focus of Indian interest when the Americans
really wanted to work on rice and wheat.69 The board of trustees approved a grant of
$1.38 million in April, and the Rockefeller Foundation was firmly established with
an operating agricultural program in India.70

America and India Fully Embraced
through Agricultural Assistance

The agreement between the Rockefeller Foundation and India was the capstone of
the American capacity to conduct foreign technical assistance in agriculture. To be
sure, the agreements between India, the American government, and the foundations
were not the only programs in which the Point Four idea had been realized. An ex-
tensive survey by the New York Times in January 1953 indicated that the allotment
to Point Four in the two years 1951-53 totaled $276.6 million, $165.5 million of
which was for Asia, including $98.2 million for India. Thus over one-third of the
expenditures of the TCA for Point Four were in India, which was the largest single
recipient and over double the next-largest recipient, Iran, at $43.7 million. By 1953
over 2,000 technical experts were working in thirty-five different countries.71

Expenditures of the U.S. government dwarfed those of the Ford and Rockefeller
Foundations. Nevertheless, the programs of the foundations were to have critical,
catalytic effects that were far more important than the size of their budgets suggested.
The Rockefeller Foundation's promotion of scientific research and scientific educa-
tion was a key to developing entirely new methods of agriculture, particularly in plant
breeding, and these new methods were the basis of the green revolution. The Ford
Foundation's strategic analysis of Indian agriculture and its instigation of new orga-
nizational structures for agricultural assistance were critical for launching the green
revolution. United States government funds, in contrast, tended to be spent on the
bulk infrastructure of high-yielding agriculture, for example, construction of tube
wells and provision of training for many extension agents.

Although the Ford and Rockefeller Foundations were American organizations
operating with American funds and American staff, they perceived themselves as
different from the U.S. government. They prided themselves on their independence
of action and worked hard to convince their Indian hosts that they were distant from,
not adjuncts to, the American embassy in New Delhi. Officials of the Indian govern-
ment accepted the differences and probably found them useful for their own pur-
poses. The foundations could act more quickly than the staff at the embassy, whose
every action was in theory subordinate to the larger foreign policy objectives of the
secretary of state and the president.

Despite the separateness of the foundations and the embassy, however, there were
no fundamental differences between the Americans who worked for the government
and those who worked for the foundations. Everyone accepted the basic premises of
the cold war announced by President Truman in 1949. They all saw their work aimed
fundamentally at thwarting a perceived threat of communist subversion and keep-
ing India from going the way of China. Overpopulation as a cause of hunger and
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political instability was not a disputed theory, nor did any disagreements center on
the use of science and technology to raise productivity of Indian agriculture. Increased
production was universally seen as the key to solving India's most severe problems.
Agreement along these lines between the Americans working in India was of far
more significance than any supposed differences between government and private
organizations.

Officials in India agreed with many points made by the Americans. At the very
highest levels of government in independent India, Prime Minister Jawaharlal Nehru
had an enthusiasm for modern science and its necessity to build a modern, indus-
trial state. Nehru made it perfectly clear that he supported and took a personal inter-
est in the technical assistance spawned by the Point Four program. Nehru distin-
guished between the science needed to run modern industry and the science needed
to run high-yielding agriculture; he was more of an enthusiast for the former and a
reluctant, ambivalent supporter of the latter. Nehru's distress at the imperatives of
agricultural science was deeply rooted in his perceptions of the Indian countryside
and a Ghandian philosophy of frugal self-sufficiency as the path to dignity for the
Indian peasant. These dimensions of the problem are explored in Chapter 8.

Concluding Remarks

Before leaving the story of events in the United States, it is important to note that the
changes induced by Truman's Point Four program were paralleled by the develop-
ment of American agricultural science for domestic purposes. Even though Ameri-
can agriculture in 1945 had some of the highest levels of labor productivity and highest
yields per hectare in the world, its "development" was by no means finished. Disrup-
tions to farm life by mechanization and other inventions before World War II had
by no means run their course. Farmers in the postwar years were fully prepared to
continue their quest for profits by adopting newer, bigger, and more labor-efficient
machines. In addition, a series of new chemical inventions unleashed many new and
cheaper fertilizers and pesticides after the war.

Farmers knew that extra nitrogen fertilizer would stimulate their crops to higher
levels of production, but they were faced with an immediate dilemma. Grain crops,
especially wheat, when given a heavy dressing of nitrogen, will produce a tall, luxu-
riant plant with a heavy head of grain at the top of the stem. Unless the stem is sturdy,
the result of heavy fertilization is that the grain head lodges, or falls into the dirt. A
farmer's potentially larger yields and larger profits thus end up in the mud.

Plant breeders rose to the challenge to find varieties that would be able to make
use of the now cheaper fertilizer, a story presented in chapter 10. For the moment,
suffice it to say that the combination of new fertilizers, new machinery, new pesti-
cides, and other factors created a full and demanding agenda for wheat breeders in
the United States in the two decades after the end of World War II. The most tech-
nologically astute and agressive of the farm businessmen absorbed, indeed avidly
sought, the new developments of agricultural science in order to further their
enterprises.

A second set of factors affecting domestic plant breeding after World War II was
the renewed atmosphere of fear that prices would collapse as the large war-generated
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export markets evaporated. Thus most agricultural policy discussions in the latter days
of the war and the immediate postwar period addressed the subject of price supports:
what crops, what level, and accompanied by what restrictions?72 Advocates of research
also revived an effort that began in the 1920s under the banner of "chemurgy." If
chemical research could find new industrial uses for agricultural goods, then the
surplus problem would diminish, perhaps vanish.73 Passage of the Research and
Marketing Act of 1946 (Public Law 79-733) was a direct outcome of the chemurgy
campaign and sought to promote market utilization research.74 Secretary of Agricul-
ture Charles F. Brannan addressed the Fifteenth Annual Conference of Chemurgy
with a strong pitch that agricultural research helped both domestic growers and the
Point Four Program.75

As a result of technical changes, particularly the widespread use of fertilizers, and
government price support policies, American agricultural production continued a
steady rise in the years after 1945. Wheat was one of the major leaders of increased
production levels, and by the 1950s this grain and many others were in chronic sur-
plus. Price support programs kept farmers insulated from the downward pressures
on prices that would have resulted; consequently, the U.S. government became the
owner of massive amounts of grain and other commodities. Arrival of the new ad-
ministration of President Dwight D. Eisenhower in 1953 brought with it promises
of doing something to lower the financial burden of the price support payments and
expenses of storing such large amounts of goods. Thus was born Public Law 480, the
Agricultural Trade Development and Assistance Act of 1954, a device for unloading
surplus grains in markets that could not otherwise pay for them. Shipment of P.L.
480 wheat stocks to India had far-reaching consequences for India and Indian agri-
culture. More important, in 1959 P.L. 480 assistance grew into the Food for Peace
program. From the 1950s through the 1970s, American crop surpluses were con-
sciously used in strategic foreign policy decision making.76

Thus American plant breeders became internationalized after 1945. Their sci-
ence was taken into the cold war efforts by incorporation into foreign aid programs.
Domestically, the fruits of plant breeding, crop surpluses, became a bargaining chip
for U.S. strategic negotiations. Liberty Hyde Baily had urged the farmer to conquer
his farm, but his science of plant breeding went on to play a role in grander adven-
tures: the exercise of American power in all parts of the globe.
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Wheat Breeding and
the Consolidation of

Indian Autonomy,
1940-1970

Between 1940 and 1970, India vastly increased its wheat-breeding efforts, which in
turn became part of the country's capacity for high-yielding agriculture. These changes
in agricultural science and production practices were by no means incidental to Indian
politics. On the contrary, the embrace of science and high-yielding practices was the
result of intense debate and experimentation with a number of policies. On the sur-
face, the arguments were about how best to increase food production, but the
debates had a far deeper meaning. They touched the very heart and soul of what
independent India was to be, and on their outcome rested India's ability to be an
autonomous nation.

The debate sharpened its focus at independence in 1947, when a single question
became paramount: Should India aspire to be an industrialized, urban society? Or
should India create a more prosperous but agrarian society based on hundreds of
thousands of largely self-sufficient rural villages? Finding an acceptable answer to
this question posed far more difficult problems for Indian politics than the central
question that had existed for nearly a century: how to get the British to leave.

During the three decades from 1940 to 1970, India at various times (1) expanded
the amount of land devoted to food production; (2) managed food shortages through
a system of price control and state procurement of grain; (3) launched community
development programs in an attempt to raise the well-being of villages in an egalitar-
ian way; (4) obtained grants and low-cost sales of surplus wheat from the United States
and elsewhere in order to cover its food production deficit; and (5) embraced the
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promise of science to increase yields, reluctantly at first, then enthusiastically. In the
end, it was the science, particularly the key contributions of plant breeding, that tipped
the balance toward higher levels of wheat production. Repercussions of the ideological
clashes involved in making this choice continue within India even today.

This chapter covers the events in three phases. First, at independence India was
already in a food crisis caused by the collapse of food production in the last years of
the British raj and the effects of partition. Second, India's first decade of indepen-
dence (1947-57) was a transition to a new order in which building social equality
was the guiding ideology, even though the achievement of egalitarian prosperity was
frustrated. Third, India's second decade of independence (1957-67) was marked by
a continuing food crisis, which was finally resolved by an embrace of the fruits of
plant breeding and an abandonment of the quest for egalitarian development.

Last Legacy of the British Raj: Decline of Food Production

Production of food in India declined after 1920, despite the fact that India was not a
major industrial manufacturer and had limited means with which to import food.
Between 1891 and 1946, the production of rice, India's biggest crop, steadily dropped,
especially after 1921. For the entire period, the average annual rate of change was
-0.09 percent per year. Wheat, gram (a pulse), bajra (a millet), and maize showed
average annual increases; wheat was the highest at +0.84 percent per year. Aggre-
gate statistics indicate that food grain availability per capita declined: population
increased at about +0.67 percent per year from 1891 to 1946, while aggregate food
grain production increased at only +0.11 percent. Imports helped make up the defi-
cits, but even they were not sufficient to keep consumption levels steady after 1921.
Food grain availability per capita, including imported grains, increased between 1891
and 1916, but from 1921 to 1946, the net rate of change was-0.15 percent per year.1

In the years before independence, rice, jowar (sorghum), gram, barley, and ragi
(a millet) all had negative growth rates. Wheat, bajra, and maize showed some
increases, but the aggregate, average annual change in food grain production in the
last twenty-five years of British rule was only +0.03%, far less than the average
annual population increase of 1.12%.2 India changed from being a net food exporter
to a net food importer after 1919.3 Against this rather dismal picture for food, how-
ever, the Indian economy as a whole grew by about 1 percent per year, about the
same amount as the population increase, but no per capita increase in total economic
wealth occurred.4

R. N. Chopra, who rose to chair the Food Corporation of India in the 1970s, argues
that after 1921 population increased more rapidly, the rate of increase of the area
devoted to cultivation shrank, and commercial crops began to replace food crops,
all leading to food shortages in India.5 Based on figures collected by George Blyn,
the aggregate supplies of rice and wheat per person in British India in 1896 were
about 298 pounds per year. In 1941 the figure was about 22 8 pounds per year, or 70
fewer pounds.6 In terms of food energy, 228 pounds per year can deliver about 1000
kilocalories of energy per day.7

The number of kilocalories needed per day to avoid starvation varies with age,
size, physiological status (such as pregnancy and nursing), and activity. For adults,
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symptoms of food deprivation will start to appear if diets drop to less than 1900 kilo-
calories per day.8 Thus the two major staples of the Indian diet could not by them-
selves provide adequate nourishment to the Indian population. Of course, other
grains, potatoes, fruits, nuts, fish, meat, and dairy products were also available. In
addition, some food supplies may have been unrecorded in the Government of India's
statistical reports. Nevertheless, the decline of statistically recorded supplies suggests
that at least some of India's people suffered a steady deterioration of their diet in the
last three decades of British rule.

The nadir of this declining trend, the Great Bengal Famine, came in 1943.
Responsibility for the famine was laid squarely on the Governments of India and Ben-
gal by the Famine Inquiry Commission's final report in 1945.9 From the period of
December 1942 into 1944, at least 1.5 million and possibly up to 3 million or more
people perished in the province of British India known as Bengal. This region
included what is now the state of West Bengal in India and the new nation of
Bangladesh. Starvation and the outbreak of disease induced by malnutrition were
the proximate causes of death.

Different interpretations of the causes of the famine can be found. Was the fam-
ine the result of lack of physical supplies of food grains, especially rice? Alternatively,
was the famine produced by a series of policy decisions in which the Governments
of Bengal and India mismanaged the procurement and delivery of supplies, which
in fact were adequate for the population? Yet another interpretation, from econo-
mist Amartya Sen, argued that the famine was not caused by a lack of physical sup-
plies of grain but by a drop in the purchasing power of the wages of laborers depen-
dent upon purchased grain.10

According to Henry Knight, a member of the Indian Civil Service who served as
adviser to the governor of Bombay from 1939 to 1945, the basic food problem in
India was feeding those who did not raise their own food: city dwellers, shopkeepers,
artisans, clerks, pensioners, and landless laborers. Only about 30 percent of the food
grain produced in India came onto the market, and these supplies plus about 1 mil-
lion tons of imported food grains (about 1.4 percent of total supplies) were the life-
blood of the dependent population.11

In 1954 Knight argued that in 1943 the Government of India had inadequate
knowledge and records of agricultural production plus an assumption that India could
feed itself, save for the few imports. This situation, combined with the division of
powers begun in 1919, and especially after 1935, between the London-dominated
Government of India and Indian-elected provincial governments, led to disaster.12

The British had hoped that granting of some autonomy to provincial governments
would stem the tide of nationalist aspirations. In the case of food management, ten-
sion between provincial and central governments may have rendered India bereft of
competent administration.

Other factors of possible importance included the occupation of Burma by Japan
in April 1942, which eliminated Burma's regular exports of rice to Bengal. In addi-
tion, a cyclone in October followed by outbreaks of fungal diseases destroyed per-
haps one-third of the grain that was supposed to be harvested in November and
December. Confusion caused by the imposition and removal of controlled market-
ing during 1943 sent mixed signals to farmers, dealers, and consumers. In addition,
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the government of Bengal implemented the plan advocated in the Bengal Chamber
of Commerce Food Stuffs Scheme, which placed Calcutta's industries and workforce
as priority customers so as not to divert attention from wartime production goals;
Calcutta was thus a haven of food security, in contrast to the scarcity areas in the
countryside.13

Regardless of the causes, it was surely no coincidence that jawaharlal Nehru, the
future first prime minister of India, used the famine in Bengal to initiate his story,
The Discovery of India, written in Ahmadnagar Fort Prison between April and Sep-
tember 1944, just as the famine was coming to its awful conclusion. Nehru's pain
upon learning of the events in Bengal went straight to the heart of why Indians wanted
the British gone from India:

Famine came, ghastly, staggering, horrible beyond words. In Malabar, in Bijapur, in
Orissa, and, above all, in the rich and fertile province of Bengal, men and women
and little children died in their thousands daily for lack of food. They dropped down
dead before the palaces of Calcutta, their corpses lay in the mudhuts of Bengal's
innumerable villages and covered the roads and fields of its rural areas. Men were
dying all over the world and killing each other in battle; usually a quick death, often
a brave death, death for a cause. . . . But here death had no purpose, no logic, no
necessity; it was the result of man's incompetence and callousness, man-made, a slow
creeping thing of horror with nothing to redeem it, life merging and fading into death,
with death looking out of the shrunken eyes and withered frame while life still lin-
gered for a while.14

Not surprisingly, food policy in independent India had its roots in the conditions
that created the Great Bengal Famine. With the outbreak of war in Europe in 1939,
the Government of India moved to monitor and, by December 1941, control prices
and movement of grain, particularly wheat. Establishment of a separate Department
of Food in the Government of India in December 1942 completed the change of
the Indian food economy from completely laissez-faire to highly centralized control
with the government empowered to procure food grains at fiat prices.15 With these
mechanisms, London hoped to manage existing supplies of food in ways that kept
India a valuable contributor to British war efforts.

London also tried to increase the supplies of food in India. "Grow More Food"
(GMF) emerged as a slogan and formal policy after a conference of central, provin-
cial, and princely state government officials on 6 April 1942. This group had gath-
ered in the aftermath of the invasion of Burma by Japan, and the Government of
India announced the formal GMF campaign in the summer of 1942. Major activi-
ties under GMF were encouragement to replace cash crops with food crops; to use
more irrigation, better seeds, and manures; and to expand the arable land base. No
targets for enhancement were set, however, so it was never possible until after 1947
to judge the effectiveness of GMF.16

Crop production in 1943-44 was much improved, which permitted food deficit
areas of India to be supplied with little inconvenience. In 1945-46, however, severe
drought plagued the province of Bombay and areas of the southwestern coast of
India, which precipitated the postwar food crisis on the subcontinent (see Chapter
6). Memories of the Bengal famine of three years earlier, plus the new administra-
tive machinery in the Department of Food to procure and ration supplies, enabled
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India to move domestic and imported food grains to where they were needed.17 This
comparative success in the management of scarce food supplies, combined with the
independence movement, created a strong national momentum for rural develop-
ment.18 At independence in 1947, therefore, India's central government was presumed
to have a strong role in the management of food and agriculture, despite the fact that
constitutionally the affairs of agriculture had been devolved to the provinces since
1919.19

Independence and the Shattering of British India's Economy

Indian nationalists were delighted to see the British leave in 1947, but partition of
British India into the Republic of India and the Islamic Republic of Pakistan was a
disaster for the Indian agricultural economy. India lost major areas of irrigated wheat
land in the west, vast rice-producing areas in the east, and important agricultural
research and education facilities.

Punjab was the center of wheat production in British India prior to independence.
This province had been annexed by the British in 1849 and remained under British
rule for ninety-eight years until 1947, when it was partitioned between Pakistan and
India. In some ways, Punjab's experiences under imperial rule were different from
other parts of India. Of particular importance were extensive irrigation works devel-
oped in the late nineteenth century.20

Punjab, meaning "The Land of Five Rivers," had, since at least 4,000 years ago,
been a civilization based on irrigation from the Indus, Jhelum, Chenab, Ravi, and
Sutlej Rivers. By the nineteenth century, most agriculture in this area was confined
to areas near the rivers, with easy access to the water. Punjab was too far west to ben-
efit from the monsoonal rains of the Indian subcontinent, and its population was
sparse because of a lack of developed water supplies.21 Archaeological remains, how-
ever, suggested that ancient civilizations had developed, and then lost, more exten-
sive canals that carried water farther into the doabs, or "lands between the rivers."22

Imran Ali, a Pakistani-Punjabi historian, argues that with the accession of Punjab
into the British Empire, Britain developed a three-pronged management plan that led
it to promote new agricultural settlements or colonies in the doabs. Consolidation of
political and military control was the first agenda, which was accomplished by forming
partnerships with existing elites in the area and by enhancing wealth production through
nine irrigation colonies after 1885. British habits of individual landownership replaced
community ownership patterns, further tying landed elites to British interests.

Enhanced revenue extraction (taxation) from the Punjabi agrarian economy fol-
lowed. Revenue extraction in India was a primary source of support for the military
forces that Britain used to control its empire in India and elsewhere. In addition,
Punjabi men constituted about half of the British Indian army, and the British came
to call the Punjabi people a martial race. Britain also used the Punjab to supply the
army, and the newly irrigated land in the colonies was given as grants to retired, loyal
members of the army.23

Britain's pattern of imperial management in Punjab thus created a major prob-
lem at partition in 1947. Before independence, the food grain production of western
Punjab, especially wheat, passed easily to the more densely populated areas of Brit-
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ish India, and the whole Indian economy was adjusted to this division of labor: west-
ern Punjab grew wheat, the rest of India concentrated on other work.24 Unfortunately
for the new Republic of India, about 50 percent of the canal irrigation works in Punjab
went to Pakistan. India, however, obtained over 80 percent of the total population of
the subcontinent. Moreover, the irrigation works in eastern Punjab, now Indian
Punjab, were intended only to prevent complete crop failure, not to substantially
increase productivity. Thus "partition had magnified the normal food deficit in
India created by the separation of Burma and the War."25

Not only was the most productive land of Punjab given to Pakistan, but the west-
ern part of Punjab also contained the bulk of the agricultural research and educa-
tion facilities of this part of British India. Of particular importance was the Agricul-
tural College and Research Institute at Lyallpur. India's section of eastern Punjab
had virtually no facilities for teaching and research.26 Although Punjab was not the
only source of agricultural science in British India, the fact that Punjab's facilities
went to Pakistan left India with little in the way of facilities for research on wheat,
the most important food grain of northwest India. Only the Indian Agricultural
Research Institute at Delhi provided expertise on this crop.

Transition to a New Order, 1947-1951

Decline of food production in the last quarter century of British rule, mismanage-
ment of supplies creating the Great Bengal Famine, and the loss of major resources
at partition all served to create an extraordinarily difficult start for independent In-
dia. Difficult as these events were, however, they were combined with an institution
that strongly shaped the patterns of agricultural development after 1947.

Independent India inherited an assumption about the moral purpose of farmers,
which had its roots in ancient Hindu culture and had been modified by the rule of
Muslim invaders and then the British: elites believed the moral purpose of farmers
and rural workers was to produce for the greater good of the king or the state but
without necessarily expecting immediately to benefit and prosper. This institutional
stance toward those who worked in agriculture had counterparts in British and
American life, but the subjugation of India by foreign imperial powers for over 400
years had left a legacy of poverty, hunger, and oppression among the rural masses
that had less of a counterpart in the Western countries.

Division of Hindu society into the four major castes (Brahmans, Ksatriyas, Vaisyas,
and Sudras) embodied this institution. Brahmans were the repository of the spiritual
ideas of society and the leaders by dint of their spiritual, not physical, powers. Ksatriyas,
who formed the military components of society, were expected to defend the land
and people and keep the internal peace. Vaisyas were knowledgeable about matters
of economics and commerce; agriculture and trading were their domain for the
organization of wealth production. Sudras, owning little or no land, were the rural
labor of India, the hands for producing the wealth.27

Islamic texts also justified the transfer of wealth from those who directly produced
it to those who ruled. Mogul domination of India from the sixteenth to the eighteenth
century imposed a strong state in which subservience to the emperor in Delhi was
an obligation held by all subjects.28
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British rule, both by the East India Company and, after 1857, by the British gov-
ernment, continued the traditional belief that subservience to state authority was the
duty of all Indian subjects. Because most Indians were rural villagers engaged in an
agrarian economy, this meant that the duty of farmers was to send tribute, called
revenue, to the central authorities. This tribute paid for the military might needed to
keep internal peace in India and to support the imperial ambitions of Britain else-
where.29 Most important, the state was not to serve the citizen; instead, the subject
was to serve the state.

Many of Britain's mandarins, the Indian Civil Service, continued to serve after
independence. Although India's government was no longer the creature of London,
its administrators did not immediately change a long habit of assumed authority over
the rural masses of India.

Perhaps the tone of governance from Delhi is best captured in a statement from
1951 of N. C. Mehta, who had been secretary to the Imperial, then the Indian,
Council of Agricultural Research:

Briefly the State will have to take charge of the individual farmer and raise the stan-
dard of his economic health by persuading him if possible, and compelling him where
necessary, to adopt the new methods of agriculture, for the country can rise as a whole
only if our agricultural economy with its millions of farms and lakhs of villages is to
revive with a new sense of energy and well-being.30

At the same time, a perhaps somewhat gentler way of outlining the role of the
farmer in India was given by Sardar Bahadur Sir Datar Singh, who had served as
joint vice chairman of the Imperial Council of Agricultural Research:

For centuries, the Indian peasant has used the old plough and sickle; for centuries,
he has suffered from inhuman toil and drudgery. The time to repaint the picture has
come. The primitive peasant economy dating from five thousand years old Mohenjo
Daro period must be replaced by scientific development and scientific technique, so
that the peasant gets leisure for educational and cultural pursuits.31

What Mehta was in effect saying was that the peasant farmer would help the state
as a whole rise, hopefully by persuasion but if necessary by compulsion. Singh was
just as keen to replace peasant agriculture with new, scientific methods. While Mehta
mentioned no immediate reward for the cultivator, Singh believed that the peasant
farmer would gain new leisure.

As developed later, in the years immediately following independence, central
government planners and many policies favored the extraction of capital and resources
from the rural areas in favor of industrial development in the cities of India.32

Although all countries that have developed have used this strategy of capital extrac-
tion, in the Indian context the policies created a situation that discouraged domestic
production of food for about twenty years, perhaps more, following independence.
It was this instrumental use of the Indian farmer and farm laborer that provided the
most profoundly important context for the unfolding of India's agricultural develop-
ment and the green revolution.

At independence, Prime Minister Jawaharlal Nehru intended to lead India as a
socialist democracy committed to a secular, egalitarian state. His chief rival for lead-
ership of Congress, and thus of India, was Vallabhbhai Patel (1875-1950), who
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represented the more conservative elements of Congress. Nehru and Patel had
their disagreements but managed to work together until Patel's death in 1950 left
Nehru as the unrivaled leader of Congress.33 Their tensions, however, reflected
the larger tensions within India about the public and private control of wealth.
Governing the wealth generated in agriculture in turn affected the productivity of
individual farmers, the use of the wealth generated, and the total, national agricul-
tural production.

From independence in 1947 until 1951, India gyrated through a complex series
of decisions designed to solve its most pressing problems. Partition from Pakistan was
the foundation from which the short-term problems stemmed, because India at
independence had to import even more food than was considered normal before 1940,
much of it from what was now Pakistan. This situation was quickly aggravated by an
outbreak of hostilities with Pakistan in 1947 over the control of Kashmir. In addi-
tion, Nehru's government devalued the rupee in 1949. Partition, hostilities, and
currency devaluation thus formed the context within which Nehru tried to promote
his vision of India's future compared to the more conservative tendencies within the
Congress Party.

Immediately he had to solve three specific problems: (1) the guarantee of adequate
food supplies and distribution to prevent famine, (2) land reform to eliminate the
most odious forms of inequality from colonial India, and (3) promotion of better
practices to increase prosperity in the villages.

Programs to deal with food distribution came from the Foodgrains Policy Com-
mittee, appointed before independence in July 1943, during the Bengal famine. The
committee's report in September 1943 proposed a complex mix of government pro-
curement and distribution of food grains. The committee rejected both the laissez-
faire of earlier years and establishment of a government monopoly in food grains trade.
Included in the plan were rations of one pound per day per person in all towns of
greater than 100,000 population and in selected rural areas likely to be deficit in food
grains, even if imports were required. The government would procure grain at fixed
prices if traders did not bring supplies to market.

Price control was a key issue of the report, and the committee held that controls
would be successful only if accompanied by control over supplies. The committee
recommended a food grain reserve to be held by the central government expressly
for the purpose of defeating grain speculators who would hold grain off the markets
in anticipation of rising prices. Importantly, however, the committee also held that
while farmers' costs of production had to be considered in setting prices, it would be
unwise to permit an unlimited rise in prices.34 This last provision was the fundamental
weak spot in Indian agricultural and food policy for many years, because the prices
were routinely set low in order to keep grains cheap for people who did not raise
enough of their own food grains. In the efforts to protect landless consumers, India
created a lack of incentives for landowners to produce a surplus.

The Department of Food was implementing the Foodgrains Policy by February
1945. Despite the poor harvest of 1945-46 and the ensuing postwar food crisis of
India, the department arranged for the importation of over 2 million tons of food
grain in 1946, much of it from the United States (see chapter 6). Hunger still reigned
in India, but the gruesome famine conditions of 1943 did not return.35
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When partition came in 1947, India had no way to feed its population without
importing wheat from what was now Pakistan or from some other source. Cotton
and jute needed by Indian mills also were now grown in Pakistan and thus in short
supply domestically.36 Imports from any source, however, required foreign exchange
to pay for them, a situation that quickly became a severe problem. On 18 September
1949 India followed Britain's lead when the latter devalued its pound sterling from
$4.03 to $2.80 per pound.37 India, despite its independence, was economically still
part of the sterling trade area and felt it also must devalue. Pakistan, however, did
not do so, so India's imports from Pakistan immediately became more costly.38 Within
one year India changed trade balances from deficit to surplus with countries in both
the dollar and sterling trade areas.39

Devaluation can be a sensible, indeed essential, move. Nevertheless, the neces-
sity to devalue erodes the purchasing power of a currency for imports. India's need
to devalue may have made importing food grains more difficult. In any case, being
forced into currency devaluations while relying on imported food sent a signal to
central government authorities that a more productive agriculture was needed.
Reliance on an "enemy" (Pakistan) for imports of food exacerbated the foreign
exchange problem. Although perhaps not predictable in 1949, Indo-Pakistani con-
flicts initiated in the war over Kashmir in 1947 began three decades of tension,
which flared into open warfare again in 1965 and in 1972.40 Thus the continued
reliance on Pakistan for food imports created a situation of ongoing embarrassment
for India.

The food situation in India's first four years of independence, therefore, can be
characterized as follows. A pattern of increasing reliance on imports of food grains
was standard behavior in the sense that trade channels in use since the 1920s expected
to make the imports in order to satisfy consumer demand. At the same time, India
was acutely conscious of its vulnerability on the food issue. Failure to assure adequate
supplies at acceptable prices would have damaged the legitimacy of the new national
government as surely as the Bengal famine had tarnished the British. Imports of food
could satisfy demand, but they were a drain on foreign exchange, which was needed
for other projects. In addition, Indian leaders surely did not like to be dependent for
supplies on Pakistan.

Despite the new government's programs of procurement and rationing, the
necessity to do so was distinctly undesirable to many political leaders. As a result, the
government's policies tended to shift erratically in cycles of crisis followed by com-
promise followed by a new crisis. In September 1947 the government appointed a
new Foodgrains Policy Committee, which recommended that the central govern-
ment gradually reduce its commitments for rationing and distribution of food. The
committee's general sentiment was that India, with better practices, could raise
enough food for its people. For example, the committee concluded that the Grow
More Food campaign, begun just before the Bengal famine in 1943, was inadequate
as implemented but could be made useful. The committee recommended a planned
reduction of imports over a period of five years and an increase of 10 million tons
production per year (about 15 to 20 percent of total Indian production at that time).
In addition, the committee urged the government to build a reserve of up to 1 mil-
lion tons of grain, mostly wheat and rice.41
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Although the committee recommended a gradual withdrawal of the central gov-
ernment from the control of grain purchases and distribution, the moral objections
of Gandhi to control of the food trade led the new government to end suddenly the
control of food grain transactions in December 1947. Gandhi was assassinated in
January 1948, and thus was removed from Indian politics. Gandhi's absence and a
continued deficit in domestic production were probably the key considerations to
reimposition of central government control of food grains in September 1948.42 Under
the policy, the central government would prohibit imports and exports of grains
between provinces except on a government-to-government basis. Provincial govern-
ments would procure grains at prices set by the central government, all dealers would
be licensed, and rationing would be extended to cover more people.43

Independent India's new government thus regulated the grain trade, a policy that
was successful in famine prevention but less than successful in ending the everyday
poverty of many Indians. India's poverty at independence, however, must be under-
stood on three levels: low productivity in agriculture, a suppressed industrial sector,
and a skewed distribution of the wealth produced, largely from agriculture. India's
agricultural wealth was controlled by large landowners who extracted their riches
from rents, sharecropping, and the maintenance of low wages for landless labor.
Genuine alleviation of poverty thus required at a minimum that the surplus value
siphoned off by large landowners be redistributed to the tenants, sharecroppers, and
landless workers.44 Reduction of poverty also required development of more industry.

Nehru and his supporters within Congress wanted a genuine redistribution of
wealth in the rural areas, which meant some type of land reform.45 For this reason,
the Constituent Assembly, which wrote India's constitution between 1947 and 1950,
spent hours debating how much land reform, how much compensation, and how to
pay the current owners. J. C. Kumarappa, a longtime associate of Gandhi, chaired
the Agrarian Reforms Committee in 1948, which prepared a detailed set of recom-
mendations to the Congress Party.

Although the Agrarian Reforms Committee was successful at one level of creat-
ing a land reform policy, it was stymied at another level by the complexity of Con-
gress politics. Its successes came in the recommendations to end the role of inter-
mediaries between the tiller of the soil and the new state of India. Abolition of
intermediaries was not just an effort at economic reform; it was also the abolition of
the privileges of those Indians who were the main collaborators with the British. Thus
abolition of intermediaries was as much a policy of purification of Indian politics as
it was of poverty alleviation. In the process of purifying India, Congress created a
new political power base of landowners, who would be both the decision makers on
agricultural practices and the organizers of power and votes in the rural areas.46

Abolition of intermediaries dismembered the land tenure system instituted by the
British at the end of the eighteenth century. For example, in Bengal and other parts
of north central India, Britain had instituted a system of rule that gave zamindars,
the revenue collectors of the Mogul Empire, the ownership of the lands on which
they collected taxes from cultivators. This arrangement encouraged the zamindars
to be loyal to the British raj and enabled them to live at a comfortable level on the
portion of the tax income they were allowed to keep. As titled land owners, they were
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free to extract as much revenue from their tenants as they could so long as they paid
their dues to higher authorities.47

Two considerations drove the land reforms of the Congress Party.48 First was sim-
ply the question of social justice. Zamindars, for example, did little or no work, were
not interested in the welfare of their tenants, and often did not even live in the rural
areas. Instead they lived in great or comparative luxury in the cities and towns of India
while the rural villagers eked out a meager and often insecure living on the land.
Considerations of equity alone suggested that the cultivators of the soil receive more
of the wealth they produced, which meant that zamindars had to be removed. En-
franchisement of the rural villagers also meant, of course, that the Congress Party
might benefit at the polls for abolishing the institution of zamindars.

Second, an exploited cultivator was unable and unwilling to take up improved
methods of farming. Insecurity of tenure meant that long-term land improvements
such as leveling and draining would not be done. Exorbitant rents meant that culti-
vators would have no way of financing the purchase of fertilizers, irrigation equip-
ment, and other inputs that could increase yields. Thus, at least in theory, placing
cultivators in an ownership position, or at least in a secure tenancy position, was a
prerequisite for increasing food production. Political scientists Lloyd and Susanne
Rudolph argue that Nehru counted on land reform as a way to activate a tremendous
potential for increased agricultural production from India's millions of cultivators.49

Implementation of land reform after independence was complex because of dif-
ferences between provinces in how land was held and rented. For the most part, the
central government had only indirect control over the pace and method of land
reform in the new states of India formed from the former provinces of British India.
Only in the princely states, which had not formally been incorporated into British
India, did the central government have direct powers to promulgate land reform
measures, but even there the central government in New Delhi moved cautiously.
Nevertheless, by 1951, abolition of zamindars and other types of landlords was well
on its way to completion over all parts of India.50

In the first five-year plan begun in 1951, India announced its dedication to com-
bining the justice of land reform with the promise that a more equitable society made
to the prospects for development:

The future of land ownership and cultivation constitutes perhaps the most fundamental
issue in national development. To a large extent, the pattern of economic and social
organisation will depend upon the manner in which the land problem is resolved.
Sooner or later, the principles and objectives of policy for land cannot but influence
policy in other sectors as well.51

Food procurement and distribution and the abolition of intermediaries were pro-
grams with immediate benefits. Neither, however, had much effect on increasing
India's agricultural production, despite the hopes that land reform would stimulate
production. In a third set of reforms, the new Indian government aimed to bring better
practices based on science to agriculture.

The oldest of the programs to increase production through better uses of existing
resources was the Grow More Food campaign, originated as a war emergency in 1942
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and continued after independence. Implicit in the effort was a critical assumption
that India had the natural resource base to be self-sufficient in food, provided those
resources were mobilized properly. Some elements of the program sought higher
production levels through expanded amounts of land in agriculture, and other com-
ponents promoted better scientific practices in agriculture.

Despite a desire to achieve higher production, however, the Grow More Food
program from 1943 to 1951 was only partially successful.52 Between 1947 and 1951,
the effort led to an increase in domestic production of food grains of about 3 million
tons per year, but imports held steady or increased in that same period and reached
4.8 million tons in 1951.53 Failure of the Grow More Food campaign to increase
production substantially led the government in 1949 to hold extensive conversations
with the United States on the possibilities of low-priced or barter trades of Indian
minerals for wheat.54

Grow More Food was the oldest program designed to achieve rapid increases in
production, but it was not the only set of technical reforms begun in India. As early
as May 1943, a reconstruction committee on agriculture, forestry, and fisheries
began to outline a postwar all-India policy for technical improvement of agriculture.55

Between February and July 1944, the Advisory Board to the Imperial Council of
Agricultural Research (ICAR) undertook to plan India's participation in the newly
organized Food and Agriculture Organization (FAO) of the United Nations. The
board noted that over 30 percent of Indians were underfed (over 100 million people)
and that better scientific practices could considerably expand food production. The
board went on to advocate a Department of Agriculture in the central government,
an expansion of research at the Indian Agricultural Research Institute, commodity
research stations in different regions, and initiation of an extension service to reach
each village.

Research was to expand substantially in the advisory board's recommendations,
but it is difficult to interpret exactly how much. At least four different mechanisms
were used in British India to organize and fund research: ICAR institutes, ICAR ad
hoc schemes, central commodity institutes, and central research institutes (Table 8.1).56

Uniform and comparable budget estimates for these different methods are not readily
available. Nevertheless, the advisory board recommended increasing annual research
expenditures to 18.8 million rupees.57 Such a sum was presumably for all agricul-
tural research, under a centralized Department of Agriculture based in Delhi. This
would have represented more than a six-fold increase over the estimated 1.8 million
rupees spent in 1940-41.58

Despite the vision of creating a much grander agricultural research establishment
for India, the advisory board's recommendations were only partially adopted in the
last years of British rule. Total research expenditures for ICAR institutes rose to over
3 million rupees per year in the two years between the end of the war and indepen-
dence. With an estimated 1.5 million rupees per year for ad hoc schemes, the total
for this period was about 4.5 million rupees per year.59 This was about a 50 percent
increase over the prewar level of expenditure (uncorrected for inflation).

Congruent with the rise in expenditures was a rise in the number of agricultural
scientists employed in ICAR institutes, from 104 in prewar years to 178 by 1948,60

an increase of about 70 percent. Nearly half of the increase in scientific personnel
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Table 8.1 Support of Indian Agricultural Research at the Time of Independence
in 1947

Method

ICAR institutes

ICAR ad hoc
schemes

Central
commodity
committees

Central
research
institutes

Basic features

ICAR effectively
governed the work
of these institutes

ICAR could decide
which schemes to
finance

Research institutes
organized around a
specific crop; located
in the main growing
areas of that crop.
These institutes were
managed by semi-
autonomous
governing boards

Organized around
specific crops, under
the direct control of
the government of
India, Ministry of
Food and Agriculture

Origins and examples

Indian Agricultural
Research Institute (IARI)
was organized in 1905
and was the major site of
ICAR work on foodgrains

Work was performed at
ICAR institutes, agricul-
tural universities in the
provinces, and general
universities

Indian Central Cotton
Committee, 1921,
Bombay; Indian Lac
Cess Committee, 1931,
Ranchi; Indian Central
Jute Committee, 1936,
Calcutta; Indian Central
Sugarcane Committee,
1944, Delhi

Central Rice Research
Institute, 1946, Cuttack;
Jute Agricultural Research
Institute, 1948, Barrack-
pore; Central Potato
Research Institute, 1949,
Simla

Estimated expenditures at
end of World War II

All ICAR institutes spent 2.2
million rupees on research
in 1945-46. IARI probably
took between 30 and 40% of
these funds because about
35% of ICAR scientists were
at IARI

In 1929-38, an average of
six per year were organized
in agricultural science, and
an average of 400,000 rupees
was spent per year. In 1939—
48 the number of schemes
dropped to just over one per
year, and expenditures were
about 1.5 million rupees per
year

In 1929-38, the Indian Lac
Research Institute in Ranchi
had 12 scientists, out of a
total of 104 ICAR scientists.
This placed it as the third-
largest research station, after
the Imperial Agricultural
Research Institute and the
Indian Veterinary Research
Institute

These research stations were
insignificant in British India
and grew to prominance
only after independence

occurred at the Indian Agricultural Research Institute in Delhi, which bore the pri-
mary responsibility for research on food crops, especially wheat.61

Although expenditures rose, the organization of agricultural research was left in
the fragmented condition it had been in since the devolution of agriculture from the
central government to the provinces in 1919. By the end of World War II, the ICAR
was still largely a body of scientists and nonscientists who had recommendation powers
to the central and provincial governments but no ability to control them. It was served
by only two technical staff, one for agriculture and one for animal husbandry. This
situation of weak central planning of Indian agricultural research persisted through
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the transition to independence; a substantial increase in the ICAR's authority to plan
and govern research did not come until 1965.62

Postwar reconstruction of Indian agriculture also had effects on provincial research
and agricultural education. Government authority had been given to the provinces
starting in 1919 and even more so with the Government of India Act of 1935. Major
duties of local agricultural agencies had, since the nineteenth century, included
gathering statistics, famine relief, and agricultural improvement. States before inde-
pendence, however, had seldom done much about promoting new practices in food
production.63

As an example, consider the budgets for farm demonstration work in the Punjab.
In 1906-7, a total of 258,000 rupees were spent, and this figure rose only about ten-
fold in forty-one years, to 2.66 million rupees, a rate of increase of about 6 percent
per year. In contrast, only two years after independence these types of expenditures
were up fourfold, to 11.1 million rupees in 1949-50, an annual rate of increase of
about 100 percent.64

Some plant-breeding work occurred in the provinces after 1905. Researchers in
the Punjab, for example, selected promising wheat varieties using a pure-line method
before 1925 and hybridization followed by selection of recombinants after 1925. By
1947 the Department of Agriculture for Punjab had released seven new varieties, all
with good grain quality but very susceptible to rust.65 Hybrid maize breeding began
in Punjab after 1945.66 Nevertheless, most wheat breeding before independence was
done by the Imperial Agricultural Research Institute, a central government agency.
Quite possibly a major hindrance to development of research programs in the prov-
inces was the lack of agricultural universities.

Five agricultural colleges were created by 1908. They granted diplomas until the
early 1920s, after which degree courses were available. Postgraduate agricultural
education was available at the Imperial Agricultural Research Institute after 1923
and elsewhere after 1930. These offerings were slim, however, and seventeen insti-
tutions enrolled only about 1,500 students in agricultural degree courses in 1947.
Establishing local educational facilities became an aim of the central government
when in 1949 the University Education Commission recommended the creation of
rural universities in each of the states.67 This idea languished for a number of years,
perhaps in deference to Gandhian ideas about simple village self-sufficiency. As noted
later, it was not until the mid-1950s that the creation of these universities became
possible.

Despite these increases in research activity, India at independence did not have
an unequivocally positive image of science, a position that contrasted India with both
the United States and the United Kingdom. Gandhi's ideas about science showed
the complexity of the issues involved.

Although Gandhi made it clear that he disapproved of price controls and a
government-manipulated system of food distribution, he was in favor of self-reliance,
both for the Indian nation as a whole and for individuals. Gandhi also believed that
India could make substantial gains in food production by using improved methods
and growing fewer commercial export crops,68 but his thoughts were more complex
than his stand against government control of food distribution. He favored better
production methods, especially improved seeds and the use of manures. He had,
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however, strong feelings that India was and probably should continue to be a rural
civilization based in the villages. Moreover, it should be a society of equality among
all individuals.69

Perhaps as a legacy of Gandhi's influence, during the first and second-five year
plans (1951-61), India promoted various efforts to increase its agricultural output
with some but limited successes. At no time during this period, however, did the
government make a concerted effort to promote higher production by increased use
of science. Instead, the assumption was that land reform, additional land, better use
of underemployed labor, and extension advice about existing practices would be
sufficient to bring India to self-sufficiency in food grains. Not until 1967 did India
discard its ambivalence toward agricultural science and fully embrace the promo-
tion of high-yielding agriculture through science. When it did, agricultural advance-
ment was no longer tied to any goals for equality.

Planning, Industrialization, and Agriculture, 1947-1957

Despite Gandhi's preference for an agrarian India, most Indian leaders at indepen-
dence wanted two changes: creation of an industrial sector and improvement in the
lives of its people, most of whom lived meagerly in rural villages. Essentially, India
wanted to change its society from largely agricultural and rural to substantially more
industrial and at least partially urban. In the process of change, the Congress Party
also stated its advocacy of equality among its citizens, a daring goal given the vast
historical inequities among Indians based on religion, language, caste, sex, ethnicity,
and landownership.

What India reluctantly discovered in the course of the 1950s was that forming an
industrial sector placed potentially stifling demands on the rural economy. Essen-
tially, if industrialization was to occur, the wealth of the countryside had to finance
most of industrial development. No other source of capital of sufficient size was avail-
able, not even aid from such countries as the United States. Urban leaders worked to
mobilize rural capital for the industrialization project, perhaps regardless of the
rural sentiments. It turned out, in fact, that unbalanced promotion of industrializa-
tion interfered with increased yields and prosperity in the rural areas.

Two policy threads must be followed to understand the efforts to achieve an
industrial economy and a more prosperous agricultural sector. First, at independence,
planners under the leadership of Jawaharlal Nehru advanced policies intended to
draw surpluses from the agricultural sector of the economy into the industrial. Sev-
eral devices were used, including mandatory procurement of food grains at low prices
and management of savings and foreign exchange reserves to promote industry.

Second, after independence, India found itself drawn inexorably into a relation-
ship with the United States on issues of food imports, agricultural practices, and for-
eign policy. The partnership that emerged from this seemingly unlikely set of con-
cerns was sometimes happy, sometimes tempestuous, with occasional outbursts of
acrimony and mutual recrimination. Nevertheless, the governments of both coun-
tries found that they needed each other to promote their own passionate interests.

Although the major threads of the story are clear, reconstructing the events of the
1950s is hindered now by the same problem that plagued both the Indian and the
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American government at the time: How accurate were the statistics on food grain
production in India? The partition of British India into Pakistan and India clearly
removed important granaries from India, and the Indian government was convinced
at the time that increased supplies of food grains were essential, to be obtained
either from domestic production or from imports. What is less clear is why and how
much additional supply of food grains was necessary.

During years with bad weather and poor harvests, were more food grains needed
to prevent hunger, malnutrition, and famine? That is, were supplies of wheat and
other grains physically inadequate to meet physiological needs? Alternatively, were
additional supplies needed to keep prices low for the urban population (a small
minority of Indians), consistent with the public policy of low wages in order to pro-
mote industrialization? If the latter were correct, then increasing food grain supplies
was not so much a matter of physical supplies as a question of political and economic
management of the marketing system for food grains. One estimate by the secretary
of the Indian Ministry of Agriculture was that one-third of the crop was not even
reported,70 an amount large enough to create severe difficulties in managing the food
supply, especially in poor harvests.

Whatever the true situation with grain supplies, by 1951 India found itself in an
increasing entanglement with the Americans over grain imports. American involve-
ment with India's food situation began in 1946 during the postwar food crisis (see
Chapter 6). One year later, in 1947, discussions were still occurring between the
American and Indian governments over the question of whether the Indians had
overestimated their need for emergency grains.

In their own defense, Vishnu Sahay, secretary of the Food Department of India,
explained why they had requested 4 million tons of grain in 1946, received only 2.5
million tons, yet avoided famine. Sahay explained that the suggested overestimation
of need by 1.5 million tons came from the Indian desire to reduce semistarvation, to
have at least two months' grain supply to cushion against difficulties in moving grain
internally in India, and to allow for a poor 1946 harvest (the estimate of 4 million
tons was made in February, before the main Indian wheat harvest was in for that
year).71 Local shortages of wheat continued to be reported by the Indian government
in 1947,72 but the severe scare of 1946 was not repeated. Nevertheless, the fact that
Sahay felt he must defend his government's estimates of need for imported food grains
indicated a tension over the issue between the Americans and the Indians.

In 1949 an extended series of serious discussions again commenced between the
American and Indian governments. In July, just two months before Britain and
India both devalued their currencies against the dollar, India requested to buy at
reduced prices an extra 1 million tons of wheat from the United States. This was in
addition to 1 million tons the government was already committed to buy from Canada,
Australia, and the United States. Response from State Department staff was not
encouraging, possibly because of the estimate at that time that the American crop
was not likely to be in heavy surplus.73

One month later, on 13 August, a conversation took place between R. L. Gupta,
secretary of the Ministry of Food, and C. C. Taylor, agricultural attache of the Ameri-
can embassy in New Delhi.74 This discussion illuminated some of the basic com-
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plexities of both Indian and American positions on Indian agriculture, so it is impor-
tant to understand what each party believed at this time.

Taylor reported Gupta's request for an extra 1 million tons of American wheat, a
repeat of what had been broached one month earlier in Washington. Gupta believed
that the extra grain, used to increase the ration level, would bring out hoarded sup-
plies of grain that were already in India, held primarily by big landowners hoping for
higher prices. Gupta believed the landowners were getting too much of the national
income and were profiting at the expense of urban workers and industrialists. Thus
urban industry was being deprived of profits for capital investment, and urban work-
ers were not working at top efficiency because there was not enough low-cost food.
India wanted the extra grain to arrive in a steady stream for a year, to be followed by
similar sales for the following two to three years.

Taylor had a series of reactions to Gupta's request. He gave some responses im-
mediately (in August) and some about three weeks later (3 September)75 after a fol-
low-up conversation with Gupta. Taylor believed increasing the ration level would
kill the notion that India could become self-sufficient in food grains by 1952. Taylor's
reasoning was that although lower prices might not discourage farmers from produc-
ing more, mandatory procurement would. He noted that India was currently pro-
curing about 4 million tons per year, or about 8 percent of the total domestic pro-
duction. Procurement price was less than 50 percent of the open market price.76

Taylor also worried how political stability could be enhanced by raising the pros-
perity of industrialists at the expense of 250 million rural people. Significantly for
ensuing events, Taylor fell into the trap of dreaming about the ability of food sup-
plies to force compliance with political goals: "[F]ood is a defensive weapon against
Communism which the Government of India can use effectively to our mutual
advantage."77

In August Taylor did not report any real encouragement to Gupta and the Minis-
try of Food about their request for an extra 1 million tons of grain. By September,
however, he urged a reconsideration of American willingness to send the extra grain
at concessionary prices. He specifically focused on the political turmoil that could
arise in India if urban workers were ill fed and the financial exchange problems
India had with all imports.

Thus in the two-month period from mid-July to mid-September, American policy
toward the food and agriculture situation in India underwent a fundamental trans-
formation. Before July, requests for food imports, especially at reduced prices, were
met cooly, as were requests for technical assistance, discussed earlier (see Chapter
7). By September, American officials were more interested in discussing grain sup-
plies for India at reduced prices.

What caused the difference? The most likely answer is the fact that globally the
American government saw serious challenges to its policy of containment of com-
munism. Explosion of a nuclear bomb by the USSR ended the American monopoly
over atomic weapons. In China the last resistance of Chiang Kai-shek's Nationalist
government disintegrated in mid- to late-1949, and Chiang fled to Taiwan, leaving
Mao Tse-tung and his Communist forces in control of the Chinese mainland. Taylor's
references to the need to prevent unrest in India's cities resonate with this explana-
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tion. Also suggestive of larger geopolitical themes at work were conversations in
October between the State Department and the Indian embassy over the possibility
of bartering wheat for manganese, a strategic mineral for the American armed forces.78

Even though the sale or trade of the extra wheat did not occur, because of an
inability of the two governments to agree on terms,79 the die had been cast that
cemented the agricultural situation of India to the foreign policy of the United States.
For many years the Americans would be preoccupied with how American grain could
keep India from going the way of China, and the Indian government would seek cheap
American grain to keep its industrial and urban working classes happy. Never would
foreign and agricultural policies between the two countries be separated.

The situation remained difficult in 1950 as drought struck at the heart of the
Indian food supply. Early in the year, poor harvests and food shortages developed in
southeast India, and local American consulates emphasized the need for imports of
American food grains.80 Severe drought in the north of India in October compounded
the national government's problems, and estimates were that Bihar's grain produc-
tion was off by about 2 million tons,81 about 4 percent of India's annual production.

Nehru's government, buffeted by the vagaries of weather, made a number of
adjustments in 1950 and one fateful decision that solidified the mutual intertwining
of America and India begun the year before. At the administrative level, India con-
solidated the Ministry of Food and the Ministry of Agriculture into one unit under
the leadership of Kanaiyalal M. Munshi (1887-1971). Munshi, in turn, made changes
in the civil service that were welcome to the American embassy. Munshi removed
the former secretary of the Ministry of Agriculture, who the Americans regarded as
uninterested in getting technical assistance from the United States to India.82

In addition to adjustments in the ministries, India launched a major effort to
reclaim 5 million acres of land in central India for food and cotton production. This
land was estimated to be producing 1.7 million tons of food grains within six years,83

an amount that would be a significant portion of the 3.8 million tons of food grains
imported in 1949.84 With new leadership in the Ministry of Agriculture and Food,
plus plans for bringing extensive new land into cultivation, Nehru's government was
pushing incrementally on the domestic production limits.

In addition to the internal administrative developments in 1950, Nehru also made
a decision that in retrospect must be recognized as a significant turning point for
India. In December, Madame Vijaya Lakshmi Pandit, the Indian ambassador to
Washington and sister to Nehru, met with Secretary of State Dean Acheson to
request an emergency allocation of 2 million tons of wheat. This request was signifi-
cant because it was the first time Nehru had officially appealed to the United States
for economic assistance. Drought had shrunk the Indian harvest projected for
1950-51, and the Indian government believed it needed an extra 2 million tons, to
start delivery in mid-1951.85

Nehru's reasons for making an official request to the United States were undoubt-
edly complex. Foremost among them, however, was probably the continued desire
to keep grain prices low in urban India. In making the formal approach at a high
level, however, Nehru fully opened the door to American desires to contain global
communism. In papers prepared for a meeting with Madame Pandit, State Depart-
ment officials recognized that this official request for help provided an opportunity
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"to explore with the Government of India various problems of great urgency involv-
ing the prevention of further communist expansion in Asia and the status of Indo-
U.S. relations."86

Nehru's request for 2 million tons was granted, and grain imports to India rose to
4.8 million tons in 1951, the largest amount of imports to that time. More American
shipments followed in the ensuing twenty years. For its part, the Indian government
from 1951 until at least 1961 based its economic planning and development upon a
bedrock of steady and usually low-cost American food grain imports. At no point
during the 1950s did India make a strong commitment to intensification of prac-
tices, the strategy advocated by many Indian and American agricultural scientists.

Internally, India went back and forth during the 1950s between heavy and mini-
mal central government control of the food grain trade. Domestic agricultural pro-
duction went up and down primarily as a function of the weather and some addi-
tional land brought into cultivation. As a result, the average wheat yields ranged from
about 700 to about 900 kilograms per hectare until 1965, roughly the amount that
could have been expected when the Mogul Empire first established itself in the six-
teenth century.87

American grain imports took a decided upturn after the signing in 1956 of the
P.L. 480 program. This agreement stemmed from the passage in 1954 of the Trade
Development and Assistance Act, a law that allowed the American government to
dispose of surplus American grain abroad at little or no cost to the recipient govern-
ment. Although the primary motivation of the U.S. Congress in passing this bill was
the support of U.S. farm prices by taking surpluses off the market, the program quickly
became an integral part of the larger American policy of containing communism
(see Chapter 7).

Indians paid for P.L. 480 grain in rupees, which were held by the American gov-
ernment in India. In the 1970s the P.L. 480 payments gave the United States control
of as much as one-third of the money supply in India. It was almost as if the Ameri-
cans had bought a big piece of India with grain. To make matters worse, the huge
supplies of American grain that flowed into India during the 1950s and early 1960s
accomplished the function intended by Nehru's government, to keep Indian grain
prices down. In fact, prices were so low that Indian domestic production stagnated.
Indian farmers simply could not compete against grain sold at a loss by the Ameri-
can government, so they stopped trying and Indian production failed to rise fast
enough to meet increasing domestic demand.

Low grain prices were considered desirable by the Indian government in the
decade after independence, but low prices were not the heart of planning efforts.
Instead, in the first plan (1951-56), the government promoted land reform, as noted
earlier. As efforts began in 1954 to assemble the second plan (1956-61), Nehru was
able to dominate the planning process and push it in two directions: more consciously
toward socialism, with state ownership of industry, and large-scale industrialization
that could end India's dependence on imports. Draining the capital formed in the
agricultural sector into the emerging industrial sector was the way Indian planners
proposed to foster industrial development. For this reason, Nehru considered higher
productivity in agriculture essential to the second plan's success. Unfortunately for
the planners, resistance in the Congress Party to agrarian reform was high. As a
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result, the party forced compromises in the second plan that preserved the rights of
large landowners. On top of resistance to agrarian reform, technical assistance to
intensify production in agriculture was also slighted.88 The combination of delay in
both social and technical reform in agriculture ensured continued low yields and
thus continued dependency on imported grains.

Intensification of Agriculture 1952-1961

Although the second plan slighted agricultural intensification, the ideal of egalitar-
ian development guided the main effort in rural development, the community
development program, begun in 1952. These projects originally represented social
reform more than technical reform, but some technical reform was always present
in the form of advice on use of current knowledge. Although community develop-
ment was abandoned as the major program for rural enhancement by the mid-1960s,
it served as one of the initial vehicles to introduce more intensive agricultural prac-
tices. The story of community development began in the projects at Nilokheri and
Etawah.

Nilokheri was the resettlement camp founded for Hindu and Sikh refugees com-
ing to India after the partition from Pakistan in 1947. Located in the Punjabi plains
near Kurukshetra, north of Delhi, Nilokheri had a privileged location in ancient
Hindu mythology. Kurukshetra was the place of the mighty battle recounted in the
Mahabharata. In a way, the planned community of Nilokheri had a similar chal-
lenge—to forge out of a forested wilderness a place for a new life for people ripped
from their homes by the disintegration of the old British Empire. Egalitarian and
self-sufficient development in agriculture and industry were the guiding lights at the
building of the Nilokheri new town, a project that captured the personal attention of
Nehru.89 What is important to recognize about Nilokheri is that it envisioned an influx
of new knowledge and skills to create the potential for a new way of living.

At about the same time, in 1948, the Uttar Pradesh state government launched in
Etawah District a planned improvement of all aspects of village life. Under the
direction of D. P. Singh, this project was run by Albert Mayer, a city planner and
friend of Nehru's, and Horace C. Holmes, an agricultural extension specialist. Meyer
and Holmes worked with ninety-seven villages covering 61,000 acres. Their staff
included four specialists in agronomy, engineering, and other fields, as well as twenty-
four village-level workers. The program promoted better seeds, green manure, and
other practices and reported increased yields of 15 to 30 percent. The Etawah project
was probably the single most important model for all subsequent development work
in India, and Nehru took a personal interest in Holmes's work. Successes at Etawah,
however, were primarily technical in nature, not social.90

Both the Nilokheri and Etawah projects were started before the U.S. Point Four
program and the Ford Foundation became involved in India, and the models devel-
oped there were highly influential in starting the community development program
in 1952. S. K. Dey, in charge of Nilokheri, became the administrator of the Com-
munity Projects Administration within the Planning Commission. Holmes went from
Etawah to become the Point Four leader on extension service development in India's
central government.
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When Paul Hoffman, president of the Ford Foundation, came to India at Nehru's
request in 1951, his group toured both Nilokheri and Etawah.91 In turn, Ford's first
activities in India were to support the work of the community development program.
Nehru's aspirations were that community development would bring a better life to
the villages. V. T. Krishnamachari, who served at the time as vice chairman of the
Planning Commission, described community development in these terms:

The objective of the movement is, briefly, to ensure that there are concerted efforts to
improve all sides of village life and to mobilize local initiative and resources for the
betterment of rural conditions. The basic principles on which it lays stress are three:
Firstly, all aspects of rural life are interrelated, and programmes of improvement should
be comprehensive, though there might be emphasis on groups of activities. Secondly,
the motive force for improvement should come from the people themselves. The
movement is built upon the principle of self-help; the State only assists with supplies
and services and credit. The vast unutilized energy lying dormant in the countryside
should be harnessed for constructive work, every family devoting its time not only for
carrying out its own programme but also for the benefit of the community. Thirdly,
the co-operative principle should be applied for solving all problems of rural life.

The directions in which change in outlook is needed and is to be worked for are:
Firstly, increased employment and increased production by the application of scien-
tific methods in agriculture, including horticulture, animal husbandry, fisheries, etc.,
and the establishment of subsidiary and cottage industries; secondly, self-help and self-
reliance and the largest extension of the principle of co-operation; and thirdly, the
need for devoting a portion of the unutilized time and energy in the countryside for
the benefit of the community as a whole.92

While the ideological theory behind community development, as articulated by
Krishnamachari, is interesting, it is probably more instructive to see how central
government expenditures were made in support of announced principles. Table 8.2
provides the expenditures in rupees and the proportion of total expenditures for com-
munity development, agriculture, and irrigation during the first (1951-56) and sec-
ond (1956-61) five-year planning periods. What is apparent is that although about
80 percent of the people lived in villages and worked in agriculture, a much smaller
and declining proportion of public expenditures was devoted to improvements in

Table 8.2 Expenditures (rupees) for agricultural development in the first and second
five-year plans, India

First Five-Year Plan
(1951-56)

Item

Agriculture and community development

Major and medium irrigation

Total

Rupees spent
(in crores)

291

310

1,960

Percent

15

16

100

Second Five-Year Plan
(1956-1961)

Rupees spent
(in crores)

530

420

4,600

Percent

11

9

100

From Sib Nath Bhattacharya India's Five-Year Plans in Theory and Practice (New Delhi: Metropolitan, 1987),
p. 49. One crore = 10,000,000.
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agriculture. This was the reality behind the statement that the wealth of the rural
areas was being tapped for industrial and urban development.

Although these early projects at Nilokheri and Etawah and then community
development brought new technical knowledge to Indian villages, they were not
intended to use research as an engine for change. Rather, they were designed more
to tap the wealth-creating potential of social reform, supplemented by the spread of
existing knowledge. Other events in the first years of independence portended more
elaborate technological change based on research. In the change of personnel in the
Ministry of Agriculture in 1950 that brought K. M. Munshi to the ministership, a
most important shift was the appointment of Benjamin Peary Pal (1906-89) to be
the director of the Indian Agricultural Research Institute (Figure 8.1).

American embassy officials simply noted that Munshi had placed the "quietly
competent" Pal in the leadership of IARI in the place of J. N. Mukherjee. Pal had
become imperial economic botanist in 1937, four years after completing his doctor-
ate in agricultural botany under the direction of Rowland Biffen (see Chapter 3) and
Frank Engledow (see Chapter 9) at the University of Cambridge in England. He

Figure 8.1 Monkombu Sambasivan Swaminathan (far left) Benjamin Peary Pal (second
from right), and Norman E. Borlaug (far right) inspecting dwarf wheat in India derived from
the Mexican Agricultural Program. Courtesy Rockefeller Archive Center, North Tarrytown,
New York.
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became assistant director of IARI in 1946 under Mukherjee. A prolific writer and
researcher on many aspects of Indian agriculture, he brought a powerful new voice
of science to IARI. In addition, his training with Biffen and Engledow at Cambridge
created a direct link that connected independent India's plant-breeding work with
that under way in the West. In 1965 Pal went on to become the director general of
the Indian Council of Agricultural Research.93 Thus his appointment in 1950 as head
of India's largest and most important research center on food grain production placed
a unique voice in a position to shape the contributions of new technology to Indian
agriculture.

Shortly after Pal's appointment came two other developments that, at the time,
did not create immediate change but over the following ten years made an enormous
difference in India. First in 1951 was the invitation from Nehru to Paul Hoffman,
president of the Ford Foundation, to start a Ford Foundation program in India (see
Chapter 7). The Ford Foundation representative, Douglas Ensminger (1910-89),
began a long and influential career as liaison between the foundation and India. He
developed a good working relationship with Nehru and other members of the Plan-
ning Commission and the ministries.94 Ensminger's first projects in India were con-
nected to community development and thus were aimed at increased food grain
production through social reform with secondary attention paid to the spread of
existing technologies but only minor interest in new technology. In time, however,
this set of priorities changed radically, and the Ford Foundation became one of sev-
eral organizations pushing hard for the development of new scientific knowledge.

The second development shifting toward technological change in agriculture was
the formal initiation of the National Extension Service (NES) in 1953. Like the
community development program, NES also was organized by blocks. Community
development blocks were originally envisioned as temporary, lasting for three years,
but the NES blocks were intended to be permanent.95 In a way, formation of the
NES was a smaller version of the community development block and was introduced
in response to local calls for assistance before the community development program
could be expanded to all of India.96

The NES involved village-level workers and extension officers in each commu-
nity development block, as well as technical support from state departments of agri-
culture.97 A lack of technically qualified personnel to work in the NES undoubtedly
limited the program's effectiveness in its first years,98 but for the first time India had
a national program to bring new technical instruction to farmers. Institutionally,
therefore, this was an important development indicating the profound shifts then
under way.

Aside from Pal's appointment and the creation of the NES, Nehru's government
for the remainder of the first five-year plan (1951-56) continued to place heaviest
emphasis on social reform as the path to higher agricultural yields. Only irrigation
development and the building of India's first fertilizer plants suggested that more
intensive practices were really having an effect. Good weather, plus some effects from
the first social and technological reforms, brought better harvests in the later part of
the first plan period.

Toward the end of the first plan, however, yet two more changes were made in
India's stance toward capital-intensive agriculture. In 1955—56 India accepted Ameri-
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can advice to create an Indo-American team to study the structure and functioning
of Indian agricultural universities. This committee recommended that India orga-
nize its agricultural education and research efforts more along the lines of the Ameri-
can land-grant universities."

Also in 1956, India signed an agreement with the Rockefeller Foundation in which
the foundation agreed to supply scientific advisers and funds to improve cereal pro-
duction in India and to upgrade the Indian Agricultural Research Institute (IARI).100

Whereas the Ford Foundation's first efforts were aimed more at supporting the broad-
based community development program, these movements to establish agricultural
universities and enhance the research program at the IARI marked important steps
toward reliance on new technology rather than social reform. It was only as the sec-
ond five-year plan was under development in 1955, however, that the Planning
Commission made a fateful decision that unraveled the Gandhian and socialist
reform agenda.

P. C. Mahalanobis, the cabinet's statistical adviser from 1955 to1958, provided
an analysis for the Planning Commission in 1955 that India should deemphasize
agriculture in the second five-year plan in favor of industrial development.101 The
figures in Table 8.2 show how agriculture, community development, and irrigation
went from 31 percent to 20 percent of the plan's public sector outlay. Although the
money allocated to these rural functions went up from the first to the second plan,
their share as a proportion of total outlay shrank, an indication that the government's
emphasis was toward heavy industry.

Unfortunately, as political scientist Francine Frankel has analyzed in great
detail, the rapid push for industrialization was incompatible with the agricultural
efforts.102 Financing the industrialization campaign depended on a highly produc-
tive agriculture as a source of capital. Yet the drain on public funds for industry made
it impossible to increase agricultural production by enhancing the capital allocated
to agriculture. In addition, the plan demanded continued low-cost food grains, so
India used both imports and P.L. 480 grain from the United States, which forced
down the prices of domestic grains and thus provided no incentive for domestic pro-
ducers. This dedication to social rather than technical reform in agriculture derived
from high officials of the Indian government, including Nehru and Mahalanobis,
examining the case of China's agriculture. They concluded that the Chinese had
been able to achieve substantial yield increases through altering the socioeconomic
structure of agriculture.

It was the Chinese experience that moved Nehru and others on the Planning
Commission to speak increasingly often of more cooperative management of agri-
cultural land, under the democratic control of each village, with every adult having
a vote. Although Nehru remained a sincere democrat in his thoughts and actions,
"cooperative" management turned into a code word for an attack on private prop-
erty rights, an idea that instantly alarmed all larger owners of property in India.

Increasingly radical rhetoric coming from the highest levels of government prob-
ably exacerbated the anxiety of conservative elements, which combined with a drought
in 1957 to produce a plunge in the production of 1957—58. With food shortages and
the threat of higher prices, Nehru moved in August 1957 to substantially increase
the procurement of domestic grain production at low prices.103 Thus at the very time
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when agricultural producers were being buffeted psychologically and by the weather,
the central government made it clear that further downward pressure on prices was
to be expected. Adding further fuel to the unrest in India, the elections of 1957 brought
a shift in that the largest opposition party in several states and in the center were the
communists (Communist Party of India). Moreover, the state of Kerala elected a
communist-led united front government to power, which immediately began to move
on the land reform legislation that Congress had been reluctant to touch.104

Douglas Ensminger of the Ford Foundation recounts that in 1957, the very year
in which radical rhetoric of Congress, bad weather, downward pressure on prices,
and elections with a shift to the left all converged, he cut short a home leave and
spent three months traveling the countryside of India in an effort to learn more about
the extent to which producers were using improved practices. After this trip, he wrote
a briefing paper for Nehru and spent about half an hour with him. It was from this
meeting, according to Ensminger, that the next and nearly decisive event developed:
a team of American experts organized by the Ford Foundation to prepare a study on
the problems of Indian agriculture.105

Ensminger put together a team chaired by Sherman Johnson of USDA. Their 1959
report, India's Food Crisis and Steps to Meet It, was a milestone that shifted India's
agrarian strategy from one based on social reform (albeit implemented with fatal
internal contradictions) to one based on new technology, to be adopted by the
growers and landowners most prepared to adopt the new practices. The essence of
the report was that India must move away from thoughts of cooperative agriculture
and from policies of draining agriculture to finance industrialization.

In their place, Johnson and his colleagues urged the identification of farmers who
had access to enough land and a secure water supply. To these growers, India was
urged to deliver improved seeds, fertilizers, better irrigation equipment, credit, tech-
nical advice, and a guaranteed price that would be sufficient to provide an incentive
for production. With state assistance, these growers were to unleash the productive
might of capitalism to increase India's agricultural yields.

Interestingly, the Johnson report framed the problem in terms of increasing food
production sufficiently fast to provide food for India's rising population:

India is facing a crisis in food production... . The crux of the problem is food enough
for the rapidly increasing population. . . . Although there is considerable emphasis on
family planning in India, no appreciable slowing down of population growth may be
expected during the Third Plan period. This means that food will have to be provided
for 80 million more people by the end of the Third Plan. . . . The present population
places severe pressure on food supplies, and unfavourable crop conditions create an
immediate crisis. (emphasis in original)106

The quotation is drawn from the first four paragraphs of the report, so the com-
mittee grounded its argument in the arena of population growth and food supplies,
suggesting that all that counts is the physical production of food. How different the
report might have been if it had seriously tried to grapple with the severe social
inequities of India and how these affected the agricultural production practices and
yields. By placing the problem in the population arena, the report was linked to the
what was described earlier as the population-national security theory (PNST): popu-
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lation growth in the third world, according to the theory, was causing instability, and
increasing food supplies, while providing birth control was the way to end that dan-
gerous political mix that could lead to communist revolution (see chapter 6).

Ensminger recounts that when Nehru was briefed on the report at his home one
evening, he didn't like the word "crisis." Sherman Johnson showed a chart with trends
in agricultural production since 1947-49 and a second line with trends in food needs.
Using these forecasts, India was predicted to be short of grain by 20 million tons by
1970, an amount that could not be made up from imports. It was at this point,
Ensminger reports, that Nehru dropped his objections to the word "crisis."107 That
the Ministry of Agriculture and the Ministry of Community Development and
Cooperation published the document suggests that at least some elements of the
Indian government either approved of the report or at least wanted it placed into the
policy arena for active discussion.

The Ford Foundation report of 259 pages was a general philosophical statement
about what India needed to do. In order to make its recommendations concrete, the
government asked the Ford Foundation to develop a specific plan for how to imple-
ment the recommendations of the report. Ensminger quickly assembled a new group,
also chaired by Johnson, which prepared a ten-point program that promoted the
"package" approach to increasing India's agricultural yields. On a trial basis of seven
districts, India would attempt to marshal all of the inputs, to be made available to
capable farmers, needed for intensive high-yielding practices. Use of improved seeds,
fertilizer, irrigation, and pesticides was indispensable. Also needed were adequate
credit facilities, technical advice, and a guaranteed price that would provide the grower
an incentive to take the risk of trying new technology. This report was the founda-
tion for the Intensive Agricultural District Program (IADP), the organizational frame-
work for the green revolution.108

Nehru's government endorsed the IADP program, but according to Ensminger
the enthusiasm for implementation was low. The person designated to be the lead
for working with the states on the IADP left for a new post with the Food and Agri-
culture Organization of the United Nations. Ensminger expressed great frustration
that his replacement was very slow to appear, a fact that gave Ensminger problems in
convincing the Ford Foundation headquarters in New York that Ford should sup-
port the IADP. Only when Ford Foundation Board Chairman John J. McCloy came
to India on a tiger hunt was Ensminger able to convince him that the IADP was
essential to India's future.109

Even Ford Foundation assistance in getting the IADP launched, however, was
not entirely sufficient to guarantee its future. Significant dissent within the Congress
Party remained over whether the IADP violated the Gandhian or socialist reform
agenda for India. (It did, of course.) Nehru himself may never have really been
enthusiastic about the scheme, either because he actually did favor draining the rural
areas in order to finance industrialization or because he didn't entirely understand
that the plan to use the rural areas to promote urban development in fact rendered
the rural areas incapable of accomplishing their mission. War with China in 1962
also undoubtedly distracted government attention from the efforts to increase agri-
cultural yields.
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Regardless of the causes, the IADP had limited successes until 1964 in terms of
serving as a powerful catalyst that would ignite scientific agricultural development
over all of India. It helped some farmers in a few districts to improve their yields, but
India remained dependent on imported food grains. Nevertheless, with the IADP,
India had made an institutional commitment to a different path for agricultural
development.

From Institutional Commitment to Green Revolution,
1961-1971

Three events triggered India's final shift to green revolution technologies. First, Nehru
died in 1964, and his successors were more enthusiastic about the new technology.
Second, severe droughts in 1965-66 and 1966-67 drastically decreased India's pro-
duction and forced it to import 10 million tons of foreign grain, with considerable
damage to Indian pride and with compromise to its national autonomy. Third, new
wheat seeds developed by Norman Borlaug at the Rockefeller Foundation in Mexico
(see chapter 5) were capable of doubling and tripling wheat yields in India. Increases
of this magnitude are rare in agricultural science, and it was impossible to ignore the
payoff from using them. It is to these final episodes of the green revolution's origins
in India that we now turn.

Nehru's Passing, a Drought, and New Seeds

Jawaharlal Nehru, born in Allahabad in 1889 and long a prominent leader in India's
quest for freedom, suffered a stroke on 8 January 1964 and died four months later on
27 May. With Nehru's passing, India lost its most prominent voice for the mixture of
Gandhian and socialist ideology. To be sure, various Gandhian groups continued to
work in the countryside on issues like bhoodan, or land gift from the rich to the poor,
a voluntary land reform to improve the soul of the landowner. In addition, India's
socialist and communist political parties had a place in Indian politics, but except in
a few states they were marginal to Congress. Nevertheless, Nehru was unique and
the stature he gave to India was irreplaceable.

Despite Nehru's personal prestige, his influence eroded during his last few years
in office. Strong attacks from both the Left and the Right had kept Nehru on the
defensive. He was successful in keeping India focused on the project of developing
heavy industry in the public sector. At the same time, he continued to push for rural
development through land reform, agricultural cooperatives, and community devel-
opment.110 He avoided allocating public resources to promote more capital-
intensive methods of farming and also stood steadfast against the use of incentive
prices to encourage more grain production. Instead, he relied on the American P.L.
480 shipments and the threat of procurement of grain at low prices to keep domestic
grain prices low.

After Nehru's stroke the question of a successor became the dominant issue in
the many factions of the Congress Party. While it is possible that Nehru personally
wanted his daughter Indira Gandhi to succeed him, he did not push this agenda. In
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her place, Lal Bahadur Shastri (1904-66) emerged from the tangle of Congress poli-
tics, perhaps in the eyes of some to be merely a placeholder prime minister until
someone with greater charisma and forcefulness would arise to capture the top posi-
tion. Or perhaps, in the eyes of others, Shastri would occupy the leadership position
until Indira Gandhi was ready to assume it.111

To the surprise of everyone, Shastri, perhaps driven by pragmatism and common
sense, made a series of appointments, reorganizations, and decisions that dismantled
Nehru's development schemes and substituted a plan to push the intensification of
farming. In a major reorganization, Shastri downgraded the power and influence of
the Planning Commission, which Nehru had used for making decisions that he then
asked the cabinet to ratify. Shastri made the Planning Commission advisory to the
cabinet and devolved on his ministers the responsibility and power of making deci-
sions in their portfolios.112

To the Ministry of Food and Agriculture, Shastri appointed C. Subramaniam
(b. 1910) as minister, a critical appointment because of a chronic food crisis that
had stymied the Planning Commission's work with stagnant yields since 1960-61.
During this time, Nehru's government had accepted the analysis by the commission
that the problem stemmed from hoarding of grain supplies by farmers and merchants
hoping for a rise in prices. Shastri and Subramaniam, even though they did not
immediately challenge this postion, wanted government actions to quickly create a
betterment of the rural masses, an outcome they believed required an increase in
food grain production. That increase, they further believed, depended on more gov-
ernment support of agricultural production and, above all else, on the government
being willing to offer an incentive price for grain that was higher than procurement
and market prices. Subramaniam urged a government policy of building government
reserves by purchases of grain in the open market at incentive prices.113

Shastri and Subramaniam moved to incentive prices for grain production based
on the recommendations of the Foodgrains Prices Committee (1964), which also
recommended the formation of a permanent Agricultural Prices Commission. The
commission, established in 1965 along with the Food Corporation of India, became
the vehicle for promoting growth in agricultural production through price incen-
tives. The commission's first report in 1965 noted, "Price support policy contributes
to growth by inducing the farmer to adopt improved technology without fear of an
excessive price fall."114 Shastri accepted the commission's advice, and prices of wheat
rose from 37.5 rupees per quintal in 1964 to 48 rupees per quintal in January 1965,
to 50 rupees per quintal in November 1965. These higher prices enabled the Indian
government to obtain much larger amounts of grain.115 Although later critics argued
that truly adequate incentive prices were never instituted,116 the Agricultural Prices
Commission paved the way for prices sufficiently high that farmers did respond and
Indian grain production began a steady climb after 1967.

Despite these changes, in the view of political scientist Francine Frankel the new
government was not highly successful either in keeping food prices reasonable or in
quickly getting higher levels of production. Moreover, the possibility that famine had
returned to India, in Kerela, emerged at the same time that the Communist Party of
India split into two factions, one of which seemed poised to bring outbreaks of vio-
lence in rural areas as the poor struggled to survive. Congress Party sessions brought
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forth great criticism of the Shastri-Subramaniam plans for food security and economic
development. World Bank critics added to the fire by threatening to withhold fur-
ther aid to India unless public sector outlays came down, agricultural production
went up, private enterprise was given a larger role to play in Indian development,
and the rupee was devalued. Further bad news for Congress came when Marxists
won the largest number of votes in an election in Kerela in March 1965. Pakistan's
troop movements into the Rann of Kutch in March 1965 were simply the final blow
in a long and complex series of events that led India to make changes that could not
be easily reversed.117

Shastri, preoccupied with the foreign policy problems with Pakistan, passed lead-
ership on the food front to Subramaniam, who issued a new plan, "Agricultural Pro-
duction in the Fourth Five Year Plan: Strategy and Programme," in August 1965.
This plan was the end of the community development type of approach that had
endured as official government policy since 1952. In its place was to go a program of
state support for agricultural entrepreneurs. Especially important was the decision
seriously to embrace the Intensive Agricultural District Program that had emerged
from the Ford Foundation report of five years earlier but had languished, with tepid
support, ever since. Explicitly, Subramaniam's plan picked up on the fact that
Rockefeller Foundation work in India, ongoing since 1956, had by this time devel-
oped successful high-yielding maize varieties. Indian agricultural scientists were also
aware of the Rockefeller Foundation's work in Mexico that had produced successful
high-yielding varieties of wheat. Similar reports from the Philippines and Taiwan
indicated high-yielding varieties of rice were also available.118

According to Francine Frankel, it was the embrace of science, and its promise of
significantly increased yields, that allowed Subramaniam to win approval for his plan
in the cabinet, the Planning Commission, and the Parliament. Adoption of inten-
sive practices on 12 percent of the farmland could bring over 80 percent of the
increased grain production that was needed by 1970-71.119

Despite winning on the issues of incentive prices and more science, Subramaniam
still had massive problems to face caused by the weather. By the end of 1965, he
knew that the monsoon rains from June to November had been desperately low. Thus
the harvest that should have arrived by December-January was less than was needed,
portending scarcity, higher prices, hunger, and further erosion of India's foreign
exchange position in 1966.120

Not only did drought hit in 1965-66; the monsoon rains failed on a massive scale
again in 1966-67, thus throwing India into the most prolonged and dangerous food
crisis since the Bengal famine of 1943. Production dropped from 89 million tons in
1964-65 to 72 million tons in 1965-66 and to slightly less than 75 million tons in
1966-67.121 Food grain imports jumped to over 10 million tons in 1965-66,122 the
only defense against a return to the awful horror that India had suffered over twenty
years earlier. As if famine were not enough of a tragedy, the drought also exacerbated
the other long-standing problems of agriculture in India. India's need for grain and
aid gave donor countries, especially the United States, an opportunity to pressure
India on such issues as devaluation of the rupee, which Americans advocated. When
India did devalue the rupee in June 1966, stalled American aid resumed within ten
days.123
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Subramaniam's embrace of agricultural science and technology occurred in a time
of crisis, but it was based on an infrastructure that had been building since before
the beginning of the Indian Republic in 1951. What is important to note here is that
the new wheat varieties were neither created nor disseminated in a vacuum. India
had explored, sometimes with great ambivalence, the prospects of agricultural sci-
ence since the early 1950s. No doubt existed that the government, first under Nehru
and then under Shastri, wanted to increase yields, better the lot of India's poor, and
turn India into a modern country. Nehru tried to make the transformation without
allocating a great deal of capital to the rural areas and hoping that social reform would
raise the production levels. Shastri, although he did not live to see the full devel-
opment of the intensification program, set the wheels in motion that allowed
Subramaniam to transform the development project and embrace science, not
social reform, as the engine of change. After Shastri's death in 1966, Indira Gandhi,
Nehru's daughter, succeeded to the prime ministership. Despite her sympathies with
the social reform of her father, she did not attempt to reverse the commitment to
capital-intensive agriculture made by the Shastri government.

In the United States, the problems of India continued to be seen in offical circles
as largely a problem of too much population and the ensuing threat to American
security if India's poor became rebellious. In India, for the social reformers the
intensive agricultural program was a sad capitulation to the evils of the wealthy land-
owners of India and to the imperialist ambitions of the Americans. For the latent
capitalists of India, embrace of intensive agriculture was seen as Indian emergence
from the stifling hand of a huge and awkward government bureaucracy that was
incapable of keeping prices down and getting people fed. Whatever the vantage point
and views of the commentator, it was clear that the engagement with the promises of
the wheat breeders was both a political and a scientific expedition. Chapter 10 tells
the story of wheat breeding in India and the transformation in wheat production
launched by Shastri and Subramaniam.



Wheat Breeding and
the Reconstruction of
Postimperial Britain,

1935-1954

Most discussions about the green revolution focus on it as a package of technolo-
gies used to increase cereals production in the less industrialized world. Adoption
of this package is generally asserted to stem from a crisis of overpopulation. The
argument of chapters 6 through 8 was that a better understanding of the green revo-
lution comes from recognition of deeper political questions, particularly those
centered around national security issues. The United States promoted high-
yielding agriculture in countries such as Mexico and India for reasons of its own
perception of national security. Mexico and India, similarly, were driven to adopt
the technologies in order to foster their own processes of industrialization and pres-
ervation of national security.

These last two chapters bring forth yet another dimension: adoption of high-
yielding practices was by no means confined to the less industrialized countries. Both
Britain and the United States also had a green revolution. Moreover, industrialized
countries adopted the high-yielding practices for reasons related to questions of
national security.

Revitalization of the British countryside, especially in its ability to produce wheat,
had been a fond dream of many agriculturalists and agricultural scientists since the
1870s. Although the food emergency of the First World War temporarily rekindled
an interest in British wheat production, its effects did not last after 1920. In contrast,
the events during and after the Second World War sparked a rebirth of production
and the construction of an integrated agricultural research system. Wheat breeding
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was a key component of the postwar agricultural reconstruction in the United King-
dom. This chapter focuses on why and how Britain decided to adopt the technology
package of the green revolution on a timetable that paralleled events in India.

Agricultural Renaissance in Britain, 1936-1947

"Dismal" is probably the adjective best suited to describe agriculture and agricul-
tural science in the 1930s, at least among those British who supported more domes-
tic production of foodstuffs. Price guarantees in the Wheat Act of 1932 encouraged
British wheat farmers to increase their production, but the increase was not enough
to affect imports significantly. In 1939, for example, wheat was grown on 1.76 mil-
lion acres, up from about 1.2 million acres in 1931.1 Livestock production prevailed,
and grassland occupied 20.9 million acres at the outbreak of war in 1939.2 Imports
accounted for about 70 percent of British calories consumed.3 British policy remained
oriented toward the goal of providing cheap food for the urban working class, largely
through imports.4

Demoralization and a sense of futility may also have begun to pervade the small
network of agricultural scientists in Britain. Despite the start-up of the Agricultural
Research Council in 1931 and the council's establishment of its own research
center on animal diseases in 1937, in general the 1930s were not prosperous times
for research scientists. Moreover, the scientists on the council continued to be con-
strained by their partial subordination to the Ministry of Agriculture.5

Livestock agriculture was the only area of British agriculture that had a modicum
of prosperity in the years between the wars. Arable agriculture, particularly wheat
production, languished as foreign imports continually battered domestic producers,
a situation that surely did not improve the morale of wheat breeders at the Plant
Breeding Institute (PBI) in Cambridge. Moreover, Rowland Biffen's retirement as
director of PBI in 1936 brought to light the fact that the institute was beginning to
drift and no longer had a clear sense of a useful research agenda. A self-evaluation
report prepared for the visit of scientists of the Agricultural Research Council in April
1936 even raised the possibility that cereal crops would not be the prime focus of
PBI's future work. Ministry of Agriculture officials were surprised to learn how
strapped the institute was for financial resources and qualified researchers; in addi-
tion, PBI looked to the Agricultural Research Council for guidance.6

Although the mid-1930s were a nadir for the fortunes of British wheat breeding,
within a decade this science enjoyed a remarkable renaissance that vastly increased
its funding, personnel, research facilities, and respect from those in political power.
One person, Frank Leonard Engledow (1890—1985) (Figure 9.1), played an impor-
tant role in this rebirth. Engledow provided quiet leadership both in wheat breeding
and in many other dimensions of British and world agriculture. In contrast to Daniel
Hall and Christopher Addison, who before 1939 had been stalwarts of a revitalized
agriculture, Engledow never occupied a major office in the cabinet or civil service.
Rather, he served primarily as a researcher, teacher, and government adviser from
Cambridge University from the 1920s through the 1980s. He clearly had a vision for
a British agriculture that was far more productive and robust than Britain had known
since the 1870s. Much of his thinking was driven by considerations of food supply
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Figure 9.1 Frank Leonard Engledow. Courtesy of Ruth Engledow Stekete.

and national security rather than agriculture simply as an industry managed for eco-
nomic reasons alone.

Frank Leonard Engledow7 was a child of the working and lower middle classes,
as his father was a police officer and his mother worked as a maid. Nevertheless, the
Engledow parents wanted their children to rise through education, and Frank, their
fifth child, fulfilled their every hope by his eventual appointment as a professor in
Cambridge University.

He began his work in higher education at University College London, where he
studied mathematics and physics, an indication of quantitative interests that would
persist throughout his career. At the encouragement of his teachers, he entered
St. John's College, Cambridge, in 1910. It was here that Engledow switched his
interests from math to applied biology and earned a first in part I of the natural sci-
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ences tripos in 1912. In the fall of that year, he began work toward his diploma in
agriculture with Rowland Biffen in the newly founded PBI. He emphasized the
merger of two new fields, genetics and statistics, in his study.

Just before the outbreak of war in 1914, Engledow enlisted in the army and served
in India and Mesopotamia. He was awarded the Croix cle Guerre in 1918 and then
served a brief stint as director of agriculture for Iraq8 before returning to Cambridge
in 1919. While he was away, his two companion books were Bateson's Principles of
Heredity and Udney Yule's Statistics. Upon his return to Cambridge, he submitted
a thesis, read by Bateson, and was admitted as a Foundress Fellow to St. John's Col-
lege in November 1919, at the age of twenty-nine. There he began what was to be a
lifetime association with Biffen, PBI, and Cambridge University.

Biffen had been the first to demonstrate that a physiological characteristic in
wheat—resistance to a rust—was inherited as a Mendelian trait. Engledow's inter-
ests derived from Biffen's early work, and he spent the 1920s in a series of investiga-
tions on how a more complex physiological trait—yield—-was also genetic. Engledow's
work united the concerns of the geneticist, the plant anatomist, the field expert, and
the farmer. Measurement of defined characters and statistical analysis provided the
glue that held these disparate concerns together. Engledow also had broad interests
in such fields as agricultural meteorology, plant variety nomenclature, the baking
qualities of wheat, and the conditions of tropical agriculture in Britain's far-flung
empire.

Engledow's work as a plant breeder resulted in the selection of four varieties of
wheat that enjoyed a significant though not dominant role in British farming from
the late 1930s through the 1950s.9 He also bred a pea variety that is still used as a
forage crop. In the mid-1920s, Engledow's interests began a slow shift away from
straight research at PBI to more involvement in teaching and in service as an expert
adviser on matters of colonial agriculture.10 He began formal teaching as a lecturer
in agricultural botany in 1925, and in 1930 he became the Drapers Professor and
head of the School of Agriculture. This appointment was one of the most prestigious
in agricultural science in the United Kingdom.11 Financially it seems to have
enabled Engledow, now forty, and his wife, Mildred Emmeline Roper, to build a
new residence they called Hadleigh, which offered a large garden and room for three
young daughters, soon to be joined by a fourth.

As an academic, Engledow began a series of consultations on tropical agriculture
that were to expand his vision of the subject considerably beyond that of a statisti-
cally inclined geneticist, botanist, and plant breeder. In 1927 and 1929 he made trips
to West Africa (Nigeria and Gold Coast) and to the British West Indies to advise on
agricultural practices and research in the tropical colonies. In the 1930s, he traveled
to Malaya to study rubber (1933), to India and Ceylon (now Sri Lanka) to study tea
(193 5-36), and again to the British West Indies (1938-39). After the war he went for
a third time to the British West Indies (1945), to East Africa (1946), and to Southern
Rhodesia (now Zimbabwe) and South Africa (1948). Additional trips occupied him
in the 1950s.

One of Engledow's students was particularly important in wheat breeding. Ben-
jamin Perry Pal (see Chapter 8) came as an Indian student to Cambridge in 1929,
where he worked first with Biffen and then finished his doctorate with Engledow. In
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1933 Pal returned to India, where he became the Second Economic Botanist of the
Imperial Agricultural Research Institute in Pusa.12 This post had been held previ-
ously by Gabrielle L. C. Howard, who with her husband, Albert, had been the main
focus for wheat breeding in India (see chapter 4); later he advanced to major leader-
ship posts in independent India's agricultural research. This connection between
Cambridge and India solidified the spread of Mendelian genetics and scientific agri-
culture in India.

During the war years, Engledow was intensively involved in Britain's wartime food
production issues, a series of tasks that his family remembers as very consuming of
his energies.13 He was appointed to the Agricultural Research Council in 194214 and
also served on the Agricultural Improvement Council of England and Wales, a body
to advise the minister of agriculture on issues of science and production. In 1943
Engledow represented the United Kingdom at the organizational meeting of the
United Nation's Food and Agricultural Organization. Perhaps most important,
Engledow also served on the Joint Advisory Committee on Higher Agricultural Edu-
cation, appointed in 1944 to plan for the comprehensive restructuring of the educa-
tional and scientific infrastructure for British agriculture. On this committee
Engledow was the clear visionary who saw a potential for British agriculture that had
not been seen in the century since enactment of the Corn Laws.15 He argued that
agriculture should be governed by its ability to supply food for the nation, not simply
as an industry with social and political constituents.16

For his scientific and policy achievements, Engledow became a knight bachelor
in 1944 and was elected to fellowship of the Royal Society in 1946. Although earlier
service in agricultural science had resulted in knighthoods and/or elections to the
Royal Society (e.g., for Hall, Biffen, and Middletown), Engledow's recognition came
at a time when the government of the United Kingdom was making a fundamental
shift toward a highly productive agricultural industry, a shift in which he was a
major promoter.

In 1943 Engledow became a founder trustee of the Nuffield Foundation,17 an
appointment that brought him into contact with a wide range of issues connected to
science and research, as the Nuffield Foundation developed a program of support
that was modeled partially on that of the Rockefeller Foundation in the United States.
When in the United States for the organizational meeting of the Food and Agricul-
tural Organization in 1943,18 Engledow had visited the Rockefeller Foundation and
talked extensively with Harrar, director of the Mexican Agricultural Program. He was
impressed with the Rockefeller Foundation's work, which, in turn, perhaps inspired
him to have the Nuffield Foundation prepare a study on the principles that should
govern British agricultural policy. Begun in 1948, for a variety of reasons the report,
Principles for British Agricultural Policy, was not issued until 1960. This report made
the general argument that the need to maintain strategic preparedness for the possi-
bility of war was the major justification for keeping British agriculture larger and more
productive than it would be under laissez-faire market conditions.19 A more produc-
tive British agriculture became government policy in 1947, before the Nuffield
report was even started, so it is clear that forces other than the foundation were at
work in altering the basic stance of the United Kingdom toward agricultural produc-
tion and the science that underlies it.
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His experiences in two world wars plus his work in the empire's far-flung colonies
had made Engledow intimately familiar with the role of agriculture and food supply
in the national security of Britain. More than most people, Engledow knew that food
supply was crucial to military strength and that to achieve food security might
require state intervention. Indeed, this theme dominated not only his contributions
but virtually all reform efforts in British agriculture from 1939 into the 1950s.

War and the Climate for Change, 1935-1944

Engledow played a pivotal role in the reconstruction of British agriculture, especially
after 1942. Prior to that time, British politics were not amenable to the political com-
promises needed to change agriculture, no matter how persuasively people like
Engledow argued. The Liberals and the Labour Party were driven largely by a devo-
tion to free trade in agricultural goods, the only mechanism they fully trusted to keep
the price of food low for their constituents. Reformers on the Left, such as Christo-
pher Addison and Daniel Hall, advocated science to make agriculture more produc-
tive, and they coupled their vision for science to land nationalization. The tiny Com-
munist Party similarly shared a vision of a technically sophisticated agriculture
operating on land owned by the state.

Conservatives, in contrast, tended either to line up with the free-trade position,
because their positions as capitalist entrepreneurs were served by low-cost food for
their workers, or to fear government interference and land nationalization because
they were landowners. The Conservatives were not necessarily opposed to the prac-
tices of scientific agriculture, but as a party they did not want either to disrupt the
economic patterns based on cheap (imported) food or to discuss state intervention
in the farm economy when a clamor from the Left would argue for far more inter-
vention than the Conservatives wanted. In addition, some Conservatives undoubt-
edly still saw the countryside as a quaint, nostalgic, green refuge from the dismal gray
of industrial Britain. These romantics may have derived their incomes from the
industrial bleakness, but they wanted to take their holidays and retreats in a place
that scientific rationalism had not penetrated.

Without the outbreak of the Second World War, this stalemate might have lasted
for many years. Plant breeding, as developed and advocated by Engledow and his
colleagues, would have continued to play only a limited role in British agriculture,
much as it had for the twenty-one years since the end of the World War I. Gathering
war clouds over Europe, however, triggered preliminary movements by the govern-
ment to improve the production levels of staple foods in Britain.

First, in 1935 the minister of agriculture appointed a committee to study the prob-
lems of food production in wartime. From this and subsequent work came the Agri-
culture Act of 1937, which provided further subsidies of wheat, barley, and oats. These
inducements to higher production were expanded yet again in May 1939. In 1936
came the preparations to reform the War Agricultural Executive Committees, com-
posed of progressive farmers in each county plus technical advisers. These commit-
tees, when activated in 1939, had the power to inspect the technical operations of
each farm in the county, to recommend improved practices for those farmers found
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lacking, and, if necessary, to remove a farmer and turn the land's operation over to
another farmer who would manage it with more intensive inputs.20

War Agricultural Executive Committees, which continued to operate for the
duration of the conflict, played a significant part in raising the output of wheat har-
vested in 1939 (1.64 million tons) to the wartime high of 3.44 million tons in 1943.
Similarly, potato production went from 4.35 million tons in 1939 to a wartime high
of 8.70 million tons in 1945.21 As advocated at the start of the war by Sir John Boyd
Orr, production of staples such as wheat and potatoes was a critically important policy
to pursue,22 one that required each domestic farm to use the most intensive methods.

Britain had used War Agricultural Executive Committees in the last stages of World
War I (see chapter 4), so the concept of stringent land-use regulation in the pursuit
of increased yields was not new. These committees, however, represented a poten-
tially draconian intervention of the state into the affairs of private landholders and
tenant farmers. No political party seriously pursued such measures until war arrived
in 1939, but it was not until 1940 that the full fury of the war was upon Britain; 1940
was also the first full year in which the programs of the War Agricultural Executive
Committees could come into effect.

One other prewar step that was taken was in the field of agricultural education. In
response to an appeal in 1938 by the Bedfordshire County Council for a small grant
(£200) for a demonstration farm, officials of the Ministry of Agriculture argued that
the ministry was ill equipped to provide advice or help on educational matters. Fur-
thermore, the officials noted that a Consultative Committee on Agricultural Educa-
tion was to be created, which would provide advice on how a coherent system of
demonstration farms could be supported. In addition, ministry officials planned to
launch a small committee that would conduct a full inquiry into all aspects of agri-
cultural education.23

Serious reconstruction of Britain's system of agricultural education was needed
to remove a fundamental constraint, already identified in the 1930s: Britain could
not get the highest return from its agricultural research (i.e., higher national yields)
because farmers, farmworkers, and their advisers were neither numerous enough
(advisers) nor fully trained (farmers and farmworkers) to employ the potential of new
developments. The problems were extensive: insufficient numbers of university stu-
dents sought agricultural degrees; many of these had to emigrate for lack of work in
the United Kingdom; domestic farmers were underserved by technically proficient
advisers; and opportunities for students to get technical training at the advanced sec-
ondary level were inadequate.24

Potential disruption to food imports due to war suddenly made the undeveloped
state of agricultural education easily visible. Research institutes often had little con-
nection to universities and thus to the education of postbaccalaureate students; tech-
nical advisers of the Ministry of Agriculture had no necessary connection to research
institutes or universities; demonstration farms were few; and support for education
among those eighteen years old and younger was fragmented and poorly supported.
Whether agricultural education was a responsibility of the Ministry of Education or
the Ministry of Agriculture was not clear. Also unclear was whether farmers needed
a university-level (i.e., baccalaureate degree) education, or whether they should con-
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fine their studies to schools lower than university. Was agriculture even a fit subject
for universities to offer?

These questions all suggested that, despite major British contributions to scien-
tific research in agriculture, the country had never embraced an industrialized sys-
tem of agriculture. Without such a system, however, an industrialized country would
probably be forced to rely on imports, because working people would find more
lucrative employment in industry and thus abandon farmwork. Only highly produc-
tive, mechanized agriculture could expect a level of labor productivity that would
enable agricultural labor to earn a wage comparable to that possible in a factory. Only
products that were subsidized, not imported because of perishability, or prohibited
from import by tariff or quota could hope to survive in an industrial country without
a significant commitment to high-intensity agriculture.

These, then, were the conditions that characterized Britain in 1939. Most of its
laboring people had left the farms for the cities. Given the commitment to free trade
in food there was no need, short of war, for an educational system to support ever
more complex technologies in agriculture. Without the educational system to gen-
erate a culture of commitment to high-intensity agriculture, it was not even possible
to generate the necessary technologies in a form that was applicable to the specific
requirements of British farms. Disarray in agricultural education, therefore, consti-
tuted a serious, long-term impediment to increased domestic food production.

It was this problem that the Ministry of Agriculture was attempting to come to
grips with in late 1938 and early 1939. Because of unsettled conditions in Europe,
ministry officials were not able to convene a working committee until March 1940.
Thomas Loveday, vice chancellor of the University of Bristol, agreed to chair a com-
mittee whose charge was "to review the position of agricultural education of Univer-
sity Departments of Agriculture and Agricultural Colleges, as affected by war con-
ditions, and to recommend from time to time such financial assistance from the
Exchequer as may be considered appropriate, bearing in mind also the possible
demand for higher agricultural education in the immediate post-war period."25

The Loveday Committee, as it came to be known, worked diligently through July
1944, with its major task the allocation of money to the fifteen colleges and univer-
sities that had agricultural programs. For the most part, the committee kept alloca-
tions at a steady level during these war years. Some changes in funding patterns were
necessary for programs that lost most of their students, suffered bombing damage, or
had a special onetime need for a piece of equipment.26 Thus the Loveday Commit-
tee did not do more than inventory existing programs and allocate limited funds in
the way it thought would best preserve them. In short, until 1944, the committee did
not delve into a serious examination of the philosophy that should guide agricultural
education, nor did it direct its attention to any programs other than the higher edu-
cation programs in colleges and universities.

Not only did the Loveday Committee not get into the business of serious reform
of Britain's agricultural education; it appeared at one time to have a rival. In July
1941, one year after the Loveday Committee first met, the Board of Education and
the Ministry of Agriculture appointed a separate committee "to examine the present
system of Agricultural Education and to make recommendations for improving and
developing it after the war." This committee, known as the Luxmoore Committee
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after its chair, Lord Justice Luxmoore, was explicitly asked to go beyond higher edu-
cation and to include formal programs for elementary and secondary students and
informal programs for landowners, bailiffs, farmworkers, land agents, agricultural
engineers, teachers, and advisers.27

The charge to the Luxmoore Committee clearly overlapped that of the Loveday
Committee, especially on the mandate to chart postwar policy for agricultural educa-
tion. Unfortunately, the surviving records of both committees do not clarify why the
second committee was appointed, nor why the charges to the two groups were not more
distinct. Fear of being usurped by a rival committee, however, led one of the Loveday
Committee members, John S. B. Stopford, vice chancellor of the University of Manches-
ter, to resign in disgust; he believed the Loveday Committee had been supplanted in
the important task of reforming an important part of British education.28

Although on the surface the Luxmoore Committee's charge appeared to give it
the enviable task of designing a postwar agricultural education system of the broad-
est scope, without the time-consuming tasks of allocating money to existing programs,
in the long run the Luxmoore Committee did not prevail in its 1943 report.29 Two
factors probably accounted for its ultimate lack of influence. First, the Luxmoore
Committee was split, not unanimous. One member, who thought agricultural edu-
cation, at least at this level, should remain integrated with other educational pro-
grams, objected to having elementary- and secondary-level programs taken out of the
hands of local education authorities. Second, the Luxmoore Committee was small
(eight members), worked only two years, and lacked the breadth of membership
required to revamp an industry as complex and large as agriculture.

Reconstruction Begins 1944-1945

By 1944, little doubt remained about the outcome of the war. To be sure, a great
deal of uncertainty still attended the exact course and time schedule that would
ultimately result in the collapse of Germany, Italy, Japan, and their allies. That Brit-
ain would not be forced to capitulate to Hitler, however, was not in doubt. In such a
climate it was possible to begin a serious reform of the agricultural industry of the
United Kingdom. Given the seriousness of the food supply situation that had begun
in 1939, essentially no argument existed on whether Britain should substantially
increase the intensity of its farming sector.

The minister of agriculture, R. S. Hudson, spoke for the government in Parlia-
ment on 20 January 1944 about the recently released Luxmoore report. He an-
nounced the government's intention to accept the report's recommendation for a
more centralized national advisory service for farmers (in the United States this was
called the Cooperative Extension Service), but he explicitly rejected the notion of
centralized control from London over formal education programs. Instead, the coun-
ties would still be responsible for technical education,30 and universities would re-
main in charge of higher education and training for research. Hudson wrote in May
1944: "The Luxmoore Committee furnished us with valuable advice on the main
principles which should govern this branch of agricultural education, but I am satis-
fied that a good deal of further thought and planning is needed before we attempt to
determine the shape of higher agricultural education for the years to come."31
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In early 1944, Ministry of Agriculture officials began the work of assembling an
extraordinarily broad-based committee to advise on how to create an educational
infrastructure for the support of British agriculture. Two committees emerged, one
for higher education issues and one for matters of secondary education. Thomas
Loveday, then nearing seventy and wanting to retire from the vice chancellorship of
the University of Bristol, agreed to chair the new ventures, and his committees were
called, respectively, the Loveday Committee Reconstituted and the Junior Loveday
Committee.32

Jointly with the Board (later Ministry) of Education, the Ministry of Agriculture
recognized the need to include representatives from secondary and higher educa-
tion. Educational members, however, were not sufficient. Farmers, representatives
of the National Farmers Union, directors of research institutes, members of War
Agricultural Executive Committees, representatives of the National Federation of
Women's Institutes and of the Women's Land Army, and a representative of the
Transport and General Workers' Union33 served on the two committees. Thus, sim-
ply in terms of viewpoints represented, the twenty-three members of the new Loveday
committees had vastly more strength than the earlier Luxmoore Committee. More-
over, the Ministry of Agriculture envisioned that shortly after the committee began
work, Loveday would spend half of his time on it for five years and receive a salary of
£1,000 per year (a generous amount for an academic at the time).34 In short, revamp-
ing an entire system for knowledge generation for a country's agricultural industry
was finally seen as the complex task it truly was.

The Loveday Committee Reconstituted began its work in July 1944 with a broad
charge: "to consider the character and extent of the need for higher agricultural
education in England and Wales and to make recommendations as to the facilities
which should be provided to meet the need." Its review of the current situation indi-
cated that in all of England and Wales, only 1,387 students were pursuing degrees at
the university level in agriculture, down from over 2,000 in 1938-39.35

As the committees began their work, it became clear that one of the members of
the Higher Agricultural Education Committee, Sir Frank L. Engledow, professor at
Cambridge University, would play the role of chief visionary for the potential of British
agriculture. Engledow had not been on the Luxmoore Committee, but he had pre-
pared a series of papers for it, which were brought forward to the Loveday Commit-
tee Reconstituted. Their scope was broad and reflected Engledow's interests in pro-
duction agriculture on a wide front.

In the first paper36 Engledow outlined the problems of British agricultural educa-
tion and sought objectives that the country should pursue. He argued that the exist-
ing agricultural education was inadequate in scope, unsuitable in form, without
sufficient central supervision, and without clear objectives. Education, research, and
advising functions were lumped with each other in a confusing, haphazard manner.
In order to create a new system for higher agricultural education, Engledow proposed
three objectives:

1. Promote general intellectual development.
2. Develop the student's understanding of the physical, biological, and economic

principles that determined forms and practices of agriculture; this objective was
particularly important for helping the adoption of new technology.
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3. Promote technical efficiency, both in production agriculture and in agricultural
research.

Engledow went on in this paper to identify two types of students that would
attend the universities. Some would be headed for work in management, others for
academic and research work. Engledow strongly believed that, for the latter students,
universities should combine work, for example, teaching with research or teaching
with advising.

Engledow's promotion of a better educated cadre of workers who would be
capable of developing and using more productive technology was reinforced by a
paper prepared for the committee by the Agricultural Research Council. The coun-
cil estimated that only about 500 total workers were assigned to its own research
stations and the Ministry of Agriculture stations. Britain needed at least an additional
300 to 400 workers, and that number should increase to about 1,000 within fifteen
years. Universities therefore needed to move their production of research workers
from the approximately 15 per year to about 30 per year. After the war, biological
science would quickly replace physical science as the training most needed by the
country.37

Work on the new Loveday committees reflected the postwar consensus about
British agriculture. No clear opposition to efforts to increase the technical efficiency
and intensity of British agriculture was to be found. On the contrary, a high degree
of overlap emerged among groups that did not necessarily have common interests:
the National Farmers' Union, the Transport and General Workers' Union, and the
National Union of Agricultural Workers. The National Farmers' Union represented
150,000 farmers—the backbone of the middle-class managerial cadre of the country-
side. These were the managers who hired the landless labor needed to run British
agriculture and as such would be expected to resist the demands for better wages,
working conditions, and living accommodations put forth by the Transport and
General Workers' Union. All three groups, however, endorsed the notion that edu-
cation, science, and technology were important aids to a better life.

For their members, the National Farmers' Union wanted to have education to
degrees for research workers, teachers, advisory officers, technical inspectors for the
Ministry of Agriculture, and technical officers of marketing boards. For the farm
institutes, which provided technical training to farmers and farmworkers, the union
did not think a degree was essential, but in any case the training offered should be
directed more to the business management side of agriculture rather than the scien-
tific. This position to the Loveday Committee Reconstituted was very similar to the
position the National Farmers' Union had delivered to the Luxmore Committee in
1943. There it explicitly rejected land nationalization and favored a more highly
developed educational and research system that could produce and disseminate new
technical practices.38

Similarly, the Transport and General Workers' Union supported increased edu-
cational resources if British farmers were to compete with imports from other coun-
tries. Educational resources also had to be seen as educational opportunities for
children, and the union wanted rural children to have opportunities equal to those
in urban areas. In addition, the union wanted more flexibility from the universities
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in accepting students from rural areas, who often had lesser educations than their
urban counterparts. Similar themes, such as the need to provide educational oppor-
tunities for farmworker children, came from the National Union of Agricultural
Workers. This union was particularly keen on having more scholarship assistance
and more places at university directed to children of farmworkers, not just to rural
children in general.39

One of the only statements suggesting a more tepid interest in augmenting tech-
nical knowledge in British agriculture came from the Central Landowners' Associa-
tion, founded in 1907 and representing over 10,000 land and estate owners. The
association did not oppose the intrusion of technical expertise into the British country-
side, but its position paper spoke to need for an estate owner to continue the tradi-
tional practice of being involved in "public duties" at both the local and national
level. For this sort of work, education at the university level was important, but it
should not become too vocational too early. Liberal studies, such as history, would
be useful for the landowner who might engage in "public duties," but degree work
in agriculture was certainly appropriate for the sons of large landowners.40 It is quite
probable the Central Landowners' Association was simply representing the traditional
view of the remnants of the landed upper class, who occupied positions of power
and prestige in London and the rural areas. In some ways these landowners may have
feared or resented the intrusion of technically intensive farming into a lifestyle built
on the wealth of extensive holdings. Even so, however, the association's position was
one of mild support and certainly not opposition to intensification.

In its report at the end of 1945,41 the Loveday Committee Reconstituted fully
embraced the need for more science and technology in British agriculture. It defined
agriculture as the science and practice of producing food from the land and market-
ing it. In the committee's view, agricultural education was to develop the men and
women who would perform tasks intelligently and effectively to promote the welfare
of agriculture. Higher education had to produce the leaders who would make Brit-
ish agriculture more productive. Graduates of higher education would work in a wide
range of occupations, both in the United Kingdom and in the colonial empire. These
included production agriculture, estate management, advisory officers, teachers,
researchers, economists, engineers, and in various commercial activities dependent
upon agriculture. Education in support of research was especially important because
"research is the foundation of technical efficiency and progress." Fundamentally,
the committee believed that "The welfare of agriculture depends on the constant
application of new knowledge in improved practice."42

In its final report, the committee also devoted a great deal of effort to providing
detailed estimates of needs: the number of trained professionals and their disciplin-
ary backgrounds, the number of student positions at specific universities, and the
finances to support the students and their professors. While these details are impres-
sive in documenting the thoroughness of the tactical work of the Loveday Commit-
tee Reconstituted, the most important dimension of the study remained the consen-
sus achieved among landless labor, production farmers (tenants and owners), and
large estate owners about the importance of science and technology. Given the
strength of this consensus across powerful class divisions, it was clear that Britain's
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postwar planning in agriculture would head in the directions outlined by Sir Frank
Engledow.

Consensus for Reconstruction of British Agriculture, 1944-1947

As 1944 and 1945 progressed, it became increasingly clear that major changes would
forever alter the face and character of British agriculture, long after the emergency
of war had ended. First, in 1944 the Agriculture (Miscellaneous Provisions) Act
brought into existence the National Agricultural Advisory Service, which for the first
time gave Britain a comprehensive advisory system. This service, headed by J. A. Scott
Watson, was the one recommendation of the Luxmoore Committee that found its
way into policy. Watson, Sibthorpian Professor of Agriculture in Oxford University,
was at the time of his appointment also serving on the Loveday Committee Recon-
stituted. Once a national commitment to provide expert technical advice to farmers
was in place, it was unlikely that Britain would ever again let its agriculture languish
as it had for the previous century.

In April and May 1944, further evidence that the restructuring was under way was
provided by an extraordinary conference organized by the Royal Agricultural Soci-
ety of England. Long a stronghold for those of the landed aristocracy who were also
interested in technological progress in agriculture, the Royal Agricultural Society of
England usually did not pay much attention to the hopes and aspirations of small-
scale tenant farmers and the agricultural working class. This conference, however,
convened twelve very different organizations, which issued a joint statement at the
conclusion of their deliberations. A mere list of the participants indicates the breadth
of the spectrum, from landowners to tenants to working laborers to the professional
experts who managed British farms:

Royal Agricultural Society of England
National Farmers' Union
Group of Peers
Council of Agriculture for England
Council of Agriculture for Wales
Central Landowners' Association
National Union of Agricultural Workers
Transport and General Workers' Union
Land Union
Chartered Surveyors' Institution
Land Agents' Society
Land Settlement Association

The joint statement, endorsed unanimously, showed a similar breadth of issues
involved in the restructuring of agriculture:

The fundamental purposes of long-term policy should be the proper use and man-
agement of the agricultural land of this country for the production of the foodstuffs
which it is best fitted to provide and which are most required to satisfy nutritional needs
while maintaining the fertility of the soil, the raising of the standards of rural life and
the increase in the rural population.
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It is essential on national grounds that British agriculture should be maintained in
a healthy condition, sufficiently prosperous to ensure a stable level of prices which
will yield a reasonable return to the producer and on the capital employed in the
industry and a scale of wages sufficient to secure a standard of living comparable to
that of urban workers. . . .

In return for a guaranteed price level, all owners and occupiers of rural land must
accept an obligation to maintain a reasonable standard of good husbandry and good
estate management, and submit to the necessary measure of direction and guidance,
subject to provisions for appeal to an impartial tribunal.

Agricultural education and opportunities for advancement within the industry
should be expanded and research developed.43

Thus all of the interests most directly concerned with the fate of the countryside
participated, and their combined statement represented an agreement on three critical
points: (1) owners, managers, and labor all had a right to earn a decent (but unequal)
living from the land, which would remain in private ownership; (2) owners and
managers were willing to accept state intervention on the level and quality of their
managerial practices in return for guaranteed prices; and (3) agricultural education
and research were seen as advantageous to all.

Politically, consensus on the many issues affecting agriculture was more difficult
to obtain in 1944. Prices of agricultural products, for example, were the key to pros-
perity among the rural classes and to the abilities of consumers to have a high-
quality diet. Although the conference at the Royal Agricultural Society of England
was able to agree that everyone should prosper and be well fed, the major political
parties had very different attitudes toward subsidies, levies, tariffs, the rights of unions,
and wages. Similarly, the major political parties had different ideas about ownership
of the land. The Communist Party, for example, adamantly favored nationalization.
Labour favored the state's right to take land but thought it was inadvisable to take
control of all of the land too rapidly. The Liberals and the Conservatives were more
reticent about land nationalization and probably had doubts that it was wise. They,
too, however, accepted the legitimacy of state intervention to control the use of agri-
cultural land, a stance that erodes a commitment to private ownership.44 It was per-
haps this underlying, potentially explosive debate over prices and landownership that
made Churchill's wartime government reluctant to announce a long-term policy for
agriculture during late 1944 and early 1945, despite persistent questions about the
government's intentions in the House of Commons.45

In stark contrast to the debates over prices and landownership, the legitimacy of
science and technology was unquestioned. All political parties, and indeed every other
group that studied agricultural policy, favored more intensive education and research
for postwar British agriculture.46 Science, technology, and education were seen to
offer the hope of advancement, prosperity, and national security to labor, tenant farm-
ers, and landlords. So long as the majority of Britons, who were urban, could be
assured of adequate supplies of good, nutritious food at reasonable prices, the way
was clear for a substantial increase in British capacity for agricultural science and
research.

War ceased in Europe in May 1945, and within weeks Churchill called for elec-
tions, to be held in July. Labour won an overwhelming victory: 47.6 percent of the
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popular vote (a plurality to the 39.6 percent of the Conservatives) and 393 out of
640 seats in the House of Commons (61 percent).47 Clement Attlee became prime
minister in late July.

Attlee's government was unexpectedly plunged into a financial and food crisis by
the rapid end of the war against Japan and the precipitous ending of the American
lend-lease program. Without the American aid, the United Kingdom, still depen-
dent upon imports, had no immediate way of paying for those imports on its own
account. Rebuilding of export markets shattered by the war would be necessary
before the United Kingdom had enough foreign exchange to purchase its accustomed
supplies of imported wheat and other food supplies. To compound these difficul-
ties, which were primarily a domestic problem, within six months the Attlee govern-
ment knew that wheat supply was a widespread problem in many parts of Europe
and Asia (see Chapter 6).

Collaboration between the United States and Britain brought a resolution to the
1946 world food crisis without the eruption of a major famine. Nevertheless, even if
a wartime consensus about the need for a more productive agriculture had not been
formed in 1944, the events of 1945-46 made it abundantly clear that the reconstruc-
tion already under way must continue. In addition to continuing the development
of the National Agricultural Advisory Service, the new government made two other
initiatives that cemented the reforms in place. First, Attlee's government cut through
the debate over prices for domestic agricultural goods by forging a compromise with
farmers in the Agricultural Act of 1947. Second, the government made a decision to
increase substantially the amount of support to all agricultural research as well as
incorporating the researchers and research stations into a unified national system.

The Right Honorable Thomas Williams, minister of Agriculture through all of
the Attlee administration (Figure 9.2), had the prime responsibility for creating the
Agricultural Act of 1947. Williams, born in 1888, was elected a Labour MP from
the western district of Yorkshire in 1922, a seat he held until his retirement in 1959.
He began his experience in government as a parliamentary private secretary to Noel
Buxton, minister of agriculture in the first Labour government in 1924. When Labour
again came to power in 1929, Williams served as parliamentary private secretary for
the minister of labour until 1931. During a stint out of government, Williams wrote
a book, Labour's Way to Use the Land, that enhanced his position as a major Labour
spokesperson on agriculture.48 During World War II he served as the parliamentary
secretary of the Ministry of Agriculture and Fisheries. Thus when Labour was elevated
to power in 1945, he clearly had the appropriate experience to become minister of
agriculture and fisheries, a post he occupied from July 1945 to October 1951. Wil-
liams served in the House of Lords from 1961 until his death in 1967 at the age of
seventy-nine.49

Williams and the Labour government faced a horribly complex and daunting
challenge when they came to prepare the centerpiece of their agricultural legisla-
tion, the Agriculture Act of 1947. Undoubtedly the primary driver for the Labour
government was its desire, indeed its political need, to rebuild and improve the
material conditions of life for working- and middle-class Britain. The Labour Party,
a creation of and accountable to the trade unions, drew many of its members and
leaders, much of its financial support, and virtually all of its votes at the polls from
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Figure 9.2 Tom Williams, minister of
agriculture, 1945-51. © Crown copyright,
U.K. Ministry of Agriculture Fisheries and
Food; photograph supplied through the
courtesy of Lesley Holland.

the working class and the unions representing them. To the end of supporting a more
abundant material life, the hallmark of the Labour program was to create conditions
of full employment, a comprehensive scheme of social services, and a labor law that
gave unions a stronger hand in dealing with the managers and owners of British
industry. In terms of the empire and the larger world, Labour wanted to maintain
Britain as a world power.

Agricultural policy had to be structured in ways that supported the overall goals
of the Labour government. Parties internal to agriculture (the landowners, farmers,
and farmworkers) perhaps could have been satisfied with a modest program that
generated a larger demand for British agricultural goods at prices that were better
than those obtained in the 1930s. Mechanisms to obtain such a program were var-
ied and included price supports; income subsidies; and quotas, tariffs, and levies on
imported goods. Farmworkers also would have demanded programs for better hous-
ing, higher wages, and educational programs to offer advancement for themselves
and their children.

Such simplicity, however, was not to come to Williams. Extraordinarily powerful
competing demands had to be accommodated before the government would have a
workable agricultural policy. First and foremost was the simple fact that most Brit-
ons were not farmers or farmworkers; they were urban consumers who wanted food
to be inexpensive. If foreign food was cheaper than domestic, then any move to more
domestic production was surely to be difficult. At the same time, Britain ended the
war with a much diminished capacity for paying for imported food. Prior to the war,
British exports had earned enough money to enable Britain to pay for imported food
and other products. After the war, the Labour government inherited a chronic prob-
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lem of inability to earn enough foreign exchange, especially American dollars, to
pay for the imports. Forgoing the imported food, however, created a danger of food
shortage in the short term, which in turn would have further diminished Britain's
capacity to export, which in turn would have necessitated further curtailment of
imported food. Thus a vicious circle was waiting to descend on any government of
the United Kingdom, a circle of disintegration that could, in fact, have led to the
dissolution of the nation.

Agriculture was one of several "saviors" that the Labour government expected to
use to solve the very real foreign exchange crisis. Increased domestic production would
alleviate the need for imported food, and politically the costs of domestic produc-
tion would be justified on the grounds that foreign exchange simply was not avail-
able to pay for imported food. Moreover, by reducing the foreign exchange require-
ments of Britain, agriculture could play an important part in keeping the United
Kingdom at the financial, economic, and political center of the Commonwealth, a
position that demanded a strong, stable, and convertible pound sterling.

Williams outlined the government's plan in a speech to the House of Commons
on 15 November 1945. His cornerstone was a system of assured markets and guaran-
teed prices for milk, livestock, eggs, cereals, potatoes, and sugar beets. The minister
of agriculture would discuss proposed price supports annually with the farmers, a
practice that had begun in February 1945, even before the war ended. By establish-
ing a guaranteed price sufficiently far in advance for key products, Williams argued
that it would be possible to have the maximum extent of home production (thus saving
foreign exchange) and prices agreeable to both farmers and consumers (thus avoid-
ing resentment at the polls from disgruntled urban and rural voters). Williams went
on to note that the government intended to continue to have the power to make sure
that agricultural land was properly managed and equipped and that the National
Agricultural Advisory Service delivered the best technical advice possible. County
committees similar to the War Agricultural Executive Committees would continue
to be the vehicle by which national policy was delivered to the local areas. As an
afterthought, Williams also noted that world food supplies were seriously short, a brief
hint of the world food crisis that would erupt in 1946 (see Chapter 6).50

Williams's speech in the House of Commons was focused largely on the domes-
tic implications of agricultural policy, but internal studies made by the Ministry of
Agriculture and Fisheries and the Ministry of Food in the winter of 1944-45 (when
Williams was the parliamentary secretary of the minister of agriculture) fully devel-
oped the foreign exchange issue that shortly blossomed to its full effect. This study
projected that domestic agriculture would replace £80 million per year of food im-
ports at prewar prices by 1950-51. The report went on to note that severe rationing
of food could yield the equivalent of £116 million per year at prewar prices and that
the government did not want to contemplate such action. In order to have agricul-
ture play its intended role in foreign exchange savings, the ministries recommended
policies to move capital investment into agriculture, promote building of farm struc-
tures, ensure that labor supplies were adequate, control the technical quality of farm-
ing, and assure farmers of stable markets with adequate prices.51 This study was not
published until 1947, by which time the issue of foreign exchange was the most promi-
nent crisis faced by the Labour government.



204 Geopolitics and the Green Revolution

The Agriculture Act of 1947 worked its way through Parliament during 1946 and
was given the royal assent on 6 August 1947.52 It contained no real surprises, because
Williams and the Labour government had indicated for nearly two years that Labour
policy on agriculture would be based on the management of agriculture to meet the
needs of the people as a whole, not just the landowners and farmers. To this end, the
act was based on the incentives to farmers formed by guaranteed prices, reviewed
annually with farmers, that were set far enough in advance for farmers to plan their
production with full knowledge of the minimum price they would receive. For its
part, the government had the power to raise and lower the guaranteed prices in a
way that adjusted domestic production to the projected needs. It was this latter
capacity that would allow the government to fine-tune the tension between the farmers
who wanted higher prices and the consumer/taxpayer/voter who wanted lower costs.
The major products of both animal and plant agriculture were covered, including
wheat. Foreign exchange considerations formed the backdrop against which this
adjustment would be made.

The act also contained punitive provisions that allowed the minister of agricul-
ture to direct the technical practices that farmers must use and to dispossess farmers
or owners of their lands if the directions were not followed. Comments in the House
of Lords suggested that this was the end of a proud tradition of country gentry man-
aging the land, but in fact the only new power of the government was its control over
land use in peacetime as well as wartime.

The Agriculture Act of 1947 did not itself address the question of science and
technology except in that it gave the minister of agriculture the power to decree the
technical practices that would be used to serve the national purposes. This provi-
sion, taken together with the formation of the National Agricultural Advisory Ser-
vice in 1946 and the movement under way at both the Ministry of Agriculture and
the Agricultural Research Council, made it clear that national policy in Britain was
now driven by the need to intensify the technology used in domestic production.
British farmers would be guaranteed good prices, provided with new technology and
advice on how to use it, and, if need be, told to use the new technology or else lose
their land. In its internal deliberations the National Executive Committee of the
Labour Party was explicitly attuned to the uses it had for the agricultural industries:

The Government has launched a great long-term programme for growing more food
at home. As we grow more food, we shall become less dependent on imported sup-
plies. British agriculture will be one of the greatest dollar savers of all. British farm-
workers and farmers will literally be "digging for dollars" on British soil.

The Government's plan is, as announced by Mr. Tom Will iams.. . on 22 August,
1947 to increase home food production by as much as £100,000,000 by 1951-52. This
represents an increase of 50% over pre-war, 15% over the war-time peak of 1943-44,
and 20% over 1946-47

Prices for farm produce, acreage payments and subsidies are being increased. . . .
The purpose of the increased financial assistance is threefold: to give farmers enough
money to buy the necessary additional machinery, livestock and so forth; to cover the
increase in the farmworkers' minimum wage and in other costs; and to create confi-
dence in the future by establishing higher prices up to 1951-52. . . .

This is the greatest programme for the development of British agriculture ever
launched in peace-time. The challenge is a massive one, for without the utmost
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efforts of the agricultural industry, either undernourishment or unemployment may
have to be faced. The Government is confident that all concerned with agriculture
will answer the nation's call.53

Perhaps only one issue in Labour's postwar policy was a drastic shift from the
general thinking about agriculture that had begun in the 1930s. By 1947, Labour
had abandoned all thoughts of a complete land nationalization, as had earlier been
advocated by Christopher Addison, Sir Daniel Hall, and Tom Williams. The 1947
act provided the minister of agriculture with the statutory authority to purchase
land compulsorily and to dictate land uses, but the party apparently concluded that
nationalization was not the way to proceed. It is possible that it feared the disrup-
tion that would surely attend such a move and might have destroyed the land's
abilities to help get the United Kingdom out of its foreign exchange crisis. Alterna-
tively, it perhaps concluded that strength at the polls would not be significantly
enhanced by land nationalization. Whatever the reason, after the passage of the
1947 act it was clear that Britain fully intended to have a much more productive
agriculture but that the increases would come through price programs, technical
advising, and substantial investment in new agricultural research, not the radical
reform of land nationalization.

Expansion of Agricultural Research and Wheat Breeding,
1942-1954

Support for increased research was inevitably present from the scientists concerned,
and agricultural scientists had called for increased resources since before the turn of
the century. What was new, therefore, in the years after World War II was the grow-
ing acceptance of their ideas by Parliament.

War emergency prompted the government to increase funding for research from
about £170,000 per year in the late 1930s54 to about £570,000 for the year ending
31 March 1942.55 For the remainder of 1942 and 1943, the Agricultural Research
Council debated the means by which research could be restructured. Frank Engledow
prepared a memo on needed changes in Britain's research capacities after he joined
the council in 1942. His memo, plus that of the council's secretary, W. W. G. Topley,
were the basis of extended discussions on 23 November 1943. Topley summarized
the proceedings in terms of two major themes: the relationship of the agricultural
research institutes to universities, and the problem of recruiting suitably trained and
motivated personnel. Topley concluded that the five research institutes at Cambridge
University, including the Plant Breeding Institute, would be better able to accom-
plish their missions if they moved to management by autonomous governing boards
rather than governance by departments at the university. He noted that a committee
was currently reviewing the PBI and plant breeding as a whole for recommendations
on restructuring. He further concluded that substantial demand for experienced
researchers might necessitate recruitment abroad in the United States, Canada, and
Australia.56

Between 1944 and 1946, the council developed a comprehensive and highly spe-
cific plan for postwar growth of the agricultural research establishment. Ten survey
groups, each composed of Britain's best known agricultural scientists, provided a set
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of recommendations for different research specialties in a report called Post-War
Programme. Their scope included the adequacy and organization of existing research
stations and the need for new stations, new personnel, and new capital expenditures.
Overall, they recommended that research expenditures should move from the exist-
ing £737,000 to £1,441,000; capital expenditures on the order of £2,535,000 were
considered necessary to bring existing stations up to an enhanced capacity for research
and to initiate entirely new facilities. A time line of ten to fifteen years was recom-
mended by the council as appropriate for the amount of growth envisioned.57

Engledow chaired the group studying the needs of plant breeding, and the group
examined the major plant-breeding research stations: the Plant Breeding Institute
(University of Cambridge, cereals), the John Innes Horticultural Institution (inde-
pendent, basic genetics), the Welsh Plant Breeding Station (University of Aberystwyth,
grasses), and the Scottish Society for Research in Plant Breeding (independent,
potatoes and other crops of importance to Scotland). It also turned its attention to
issues in breeding of fruits and vegetables. All existing major research stations were
recommended for enhancement, and the group also advocated a new plant-breeding
station for vegetables.58

Annual expenditures for wheat and other cereal breeding at the PBI, suggested
Engledow's group, should go up by about fivefold, from £5,150 per year to £24,000
per year. Capital expenditures of £75,000 were needed to augment the institute's
facilities. For many years it had performed its experiments on a tiny facility of
21 acres, and postwar planning envisioned an expansion to 380 acres and substantial
additions to the staff.59 In a move supported by all political parties, the Labour gov-
ernment set in motion the expenditures needed to foster this massive expansion, not
only of the PBI but of the whole of agricultural science research in Britain. John Fryer,
secretary of the Agricultural Research Council from 1944 to 1949, noted after the
release of the memorandum on Post-War Programme that "there is every reason to
suppose that this plan has the full sympathy of the Government,"60 which indeed
was the case.

Expansion on such a scale at the PBI demanded new leadership. Howard Hunter
had moved into the directorship of the institute in 1936, when Rowland Biffen
retired. Hunter retired in 1946 after having spent the war years directing both the
PBI and the National Institute of Agricultural Botany. G. Douglas H. Bell became
acting director on Hunter's retirement and full director in 1948. For the following
twenty-three years, until 1971, Bell directed the PBI in an expansion so large as to
clearly demarcate the new institute from the small research station established in
1912 by Biffen.

Even as a boy, Bell (born 18 October 1905 in Swansea, Wales) was interested in
plants. He obtained a degree in agricultural botany at the University of North Wales
and in 1928 began two years of study at Cambridge with Engledow and Biffen, fol-
lowed by a trip to the United States to study barley. When he returned to England in
1931, Bell immediately went to work for Biffen at the PBI, with whom he earned his
doctorate. Three years later Engledow also asked Bell to take over some of the lec-
turing in pure and agricultural botany at Cambridge, a post he held for fourteen years,
until he became the full director of PBI under its new arrangements.
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Surviving records do not completely explain the difficulties in launching the growth
of the PBI into a major research institute. Nevertheless, Bell was left in a state of
uncertainty both by the process of his hiring and by the ways in which the govern-
ment expected the PBI to expand. First, the Agricultural Research Council agreed
internally to offer the position to Bell in early 1947, then decided to look at an addi-
tional candidate, and finally made its decision in January 1948, with effect from
1 October 1947.61 Given Bell's long association with Engledow and Engledow's
prominence in Agricultural Research Council affairs, it is simply unclear why it took
about a year to complete the appointment. Second, Bell recounted years later with
some surprise, that while he was waiting for the Agricultural Research Council and
the Ministry of Agriculture to decide on his appointment, he traveled to London to
meet with the secretary of the council. He wanted to find out what the council had
in mind for the expansion but was told that it was his job to tell the council what the
PBI would become!62 Bell, however, had substantial experience and ideas, and at
the age of forty-two he began to preside over the PBI's transformation.

Bell wanted the PBI to be approved by the scientific community, the farming
industry, the industries dependent upon farming, such as milling and baking, and
the government's officers at the Agricultural Research Council and the Ministry of
Agriculture. With so many masters to please, it is perhaps not surprising that the
governance of the PBI appeared complex, even convoluted. When Bell first became
director, he reported to the Agricultural Research Council's secretary. Shortly after
coming on as director, he also began to report to the Ministry of Agriculture. Cam-
bridge University ceased all responsibilities for management of the PBI in 1950.
Finally, in 1952, the PBI began operating as a company controlled by its own gov-
erning body, chaired by Sir Frank Leonard Engledow of Cambridge University. Seven
of the nine members of the board were scientists, thus symbolizing that the PBI was
first and foremost a scientific research organization. Funds to run the institute con-
tinued to come through the Agricultural Research Council from the Ministry of
Agriculture.63 Engledow's continued involvement suggested that the PBI was not
entirely divorced from the university, but the university had no formal control over
the institute's work.

Legal organization, however, was probably the easiest problem to solve. Far more
difficult were the efforts to acquire an expanded land base and new buildings. Bell
wanted the PBI to remain next to the town of Cambridge as an incentive for staff:
proximity to the town meant that staff children could easily attend good schools, but
a more remote location would not offer such an advantage. Yet obtaining a large block
of land near a prosperous university town turned out to be a long process. As early as
1948, Bell noted that a 380-acre farm, Ansty Hall, in Trumpington, a village near
Cambridge, was under negotiation for purchase. Acquisition was completed in 1950,
after the death of the elderly tenant farmer.64

Building on the Ansty Hall site commenced in 1951, and the first staff occupa-
tion of the new facilities began in late 1952. Work on cereals and administration of
the PBI remained at the School of Agriculture at Cambridge University until late
1954, however. Formal dedication of the completed site took place on 15 July 1955,
eight years after Bell had begun as the PBI's acting director.65
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Despite the difficulties and delays of purchasing land and building facilities in
the midst of postwar shortages, Bell realized that staff and the research program were
the most important dimensions of his directorship. He laid out the PBI's first priority
as the maintenance of existing breeding and varietal selection work. Retirements and
interruptions from the war had left the PBI in the immediate postwar years with only
a tiny operation. Bell wanted to expand the hybridization work as soon as possible,
and his appointments quadrupled the size of the scientific staff from three to twelve
between 1947 and 1951. Overall, the staff of the PBI went from twelve to thirty-five
in this period.66

One of the first hires made by Bell was Francis G. H. Lupton, a young man who
had started his study of the natural sciences, especially botany, at Cambridge before
the war. After five years in the Royal Navy, Lupton resumed his studies at Cambridge
in 1946. Although most of his contemporaries in botany had only disinterest or dis-
dain for agricultural subjects, Lupton was influenced by F. T. Brooks to move from
basic botany to the agriculture diploma and an applied study of botany, zoology, and
physiology. Brooks was also on the Agricultural Research Council (from 1941 until
his death in 1952), which put him in a good place to recommend Lupton to Bell in
1948.67 He became head of the cereals department at the PBI in 1970, as Bell was
retiring from both head of the department and from directorship of the institute.68

Lupton worked at the PBI for thirty-five years until his retirement in 1983.69 A few
years later, in 1954, Bell hired John Bingham into the cereals department. Before
coming to the institute, Bingham had earned a baccalaureate degree in agricultural
botany at the University of Reading. Like Bell and Lupton, Bingham, too, had a long
career at the PBI.70

Bell, Lupton, and Bingham received numerous honors, both scientific and civil,
for their work. Bell was elected to fellowship in the Royal Society in 1965, as was
Bingham in 1978.71 Bell and Bingham were also elected as honorary fellows of the
Royal Agricultural Society of England. Bell was named a CBE (Commander of the
British Empire) and Lupton an OBE (Order of the British Empire) in recognition
of service deemed meritorious by the British government. The honors for these three
scientists reflected their substantial achievements in breeding new high-yielding
varieties of wheat suitable for Britain and for other contributions to agriculture.

Concluding Remarks

From 1939 until the late 1980s, a period of five decades, the United Kingdom
reversed the agricultural decline that had begun a century earlier with the repeal of
the Corn Laws. All governments, both Labour and Conservative, remained committed
to minimum price guarantees and public support of research as the focus of public
policy. Results of the research program established at the PBI by Bell in the late 1940s
took nearly two decades before they began to yield new varieties of wheat, but after
1970 the PBI's products dominated British wheat production, and yields were at
unprecedented highs for Britain (see Chapter 10).

Between 1945 and 1973, a number of institutional changes were initiated by the
government that altered the situation for agriculture and agricultural science at the
margin. Most prominent was the passage of the Plant Varieties and Seeds Act (1964),
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the movement of the Agricultural Research Council (by then called the Agricultural
and Food Research Council) into the Department of Science and Education (1965),
the establishment of the National Seed Distribution Organization (1967), and, most
significantly, the entry of the United Kingdom into the European Community in
1972. While each of these events altered the specific context in which wheat breed-
ing was performed, none in any way reversed the fundamental commitment of the
government to the concept that Britain would produce more of its food from its own
soil.

Britain had come close to famine in two world wars, was stripped of its empire by
national liberation struggles in India and elsewhere, and was forced by World War
II and the loss of India to revamp its economy72 in ways that substituted domestic
food production for imported foods. Britain produced only 23 percent of its wheat
in 1936-39 but 67 percent in 1974-75 and 77 percent in 1980-81.73 Similar gains
were to be found in other commodities. Transformation of British farming and agri-
cultural science required a profound reworking of the relationships between British
culture and the country's environmental resources. It truly remade the English
countryside and reconstructed Britain's relationship to its environment. At the very
least, a proper loaf of bread could finally be made from wheat grown in English soil.
It is also important to understand that Britain's agricultural transformation was its
version of the green revolution. Just as Mexico and India intensified their agricul-
ture for serious national security purposes, so, too, did Britain.
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Science and the
Green Revolution

1945-1975

Higher Yields from Science

In the years after the end of World War II, farmers, agricultural scientists, and policy
makers in many countries all knew, or learned, that higher yields of wheat were what
they wanted, and they were successful in achieving them. Their specific motivations
were different, but their objectives were not. Not only were the objectives clear, but
a central method by which the higher yields were to be achieved was plant breeding.
Plant breeding itself was an applied science that had to be nested within organiza-
tions that supported it and its allies in the agricultural, biological, and engineering
sciences.

By 1950 wheat breeders believed that the number of factors governing yield was
small, which meant that the research avenues likely to be fruitful were also few in
number. The amount of water available and the responsiveness to soil fertility, espe-
cially nitrogen, were in most cases the key ingredients for higher yields. For wheat, the
ability of the plant to resist invasion by fungal pathogens was almost as important as
water and soil fertility. Water and fertility were needed in every crop year, but damage
from fungal pathogens varied with weather. Thus plant disease was not necessarily a
destructive factor every year. Control of water, soil fertility, and plant disease was there-
fore at the center of research programs in wheat breeding. A wheat breeder would find
success if his or her program produced new varieties that gave higher yields within the
context of water, soil fertility, and plant disease existing in the area.

210
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Ancillary questions also existed and in some cases matched the major factors in
importance. Weed control was always a problem, so high-yielding wheat had to have
some capacity to resist competition from weeds. Similarly, in some areas and some
years, insects could cause damage. Wheat varieties therefore had to be able to with-
stand them somehow.

Other factors of importance to wheat breeders were habit of growth and the color
and quality of the grain. Winter wheats were useful in climates that had winters mild
enough to allow planting in the fall and thus higher yields the next summer. Spring
wheats were mandatory where climatic conditions were more severe. Consumers were
used to red or white grains, and they resisted purchasing an unfamiliar color. Simi-
larly, wheat seeds varied enormously in their physical-chemical properties, which in
turn affected the uses to which they could best be put. Some served well to make
leavened breads while others were more suitable for pastries and confections. A bread
wheat did not make a good doughnut, and a cookie wheat made a poor loaf of leav-
ened bread. Still others were best suited for pasta or for animal feed. Because con-
sumers resisted buying a grain not suited for its intended purpose, wheat breeders
knew that their programs had to produce varieties that matched expectations of the
consumers as well as performed well under the conditions of water, soil fertility, and
plant disease.

Scientific expectations for wheat breeding were thus reasonably clear after 1945.
Unfortunately, other than for a few private breeders, research programs existed only
in theory unless governments made a conscious decision to provide systematic sup-
port over a period of many years. Moreover, support had to include efforts to edu-
cate research workers and technicians, finance the research programs in appropriate
research stations, and provide the advice and financial climate needed by farmers to
acquire the new varieties and other new, related technology. It was sometimes diffi-
cult for governments to make these decisions because the political economic and
cultural context of wheat production were complex.

Decisions were made, however, and research programs were launched to find new
ways to get more wheat from the soil (see chapters 5-9). In the thirty years between
1945 and 1975, the United States, Mexico, India, and the United Kingdom each
traversed a path that took it to a remarkably higher level of wheat yields (per hectare
per year). Wheat breeding was a core component of each country's abilities to pro-
duce the grain. Although the ingredients needed to produce the higher yields were
numerous, a key step everywhere was the recognition of the semidwarf genes that
permitted a wheat plant to be highly responsive to nitrogen fertilizer. The genetic
material containing the semidwarf genes was taken from Japan to the United States
and then to Mexico, and then, by different pathways, to India and the United King-
dom. These genes gave rise to a green revolution on a global basis.

Semidwarfing Genes and the Exploitation of Cheap Nitrogen

People, other animals, and plants all have nitrogen as an important constituent of
their bodies. Nitrogen is included in proteins, nucleic acids, vitamins, and other
materials. Quite possibly one reason for the ubiquity of nitrogen in living creatures
is that the earth is enveloped in massive amounts of the material, which constitutes
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about 78 percent of the volume of the atmosphere. Despite the overwhelming abun-
dance of nitrogen, living organisms nearly starve for lack of nitrogen in the right
chemical form.1 Atmospheric nitrogen gas is a molecule consisting of two atoms of
elemental nitrogen bound tightly together. In fact, those two atoms are so tightly
bound that under most conditions neither atom will leave the other to combine with
any other material. For this reason, atmospheric nitrogen is essentially "inert," that
is, it generally does not react with anything and cannot be used directly to sustain
life.

Under certain specific conditions, however, the nitrogen molecule in air will react
chemically. Its constituent nitrogen atoms will combine with other materials and
become "fixed" as ammonia or as one of several oxides of nitrogen. Ammonia is used
directly or is "nitrified" to nitrites and nitrates, which are then taken up by green plants
to support vital processes. Unfortunately for human beings, the conditions necessary
to fix nitrogen into usable forms are extremely limited. Lightning, photochemical
reactions, and the combustion of fuels fix nitrogen. In addition, a complex array of
bacteria have an enzyme, nitrogenase, that permits them to fix nitrogen to ammo-
nia. Some of these bacteria live symbiotically with legumes and other types of plants,
and some live freely in soil or water. Outside of these limited physical and biological
pathways of nitrogen fixation, however, nitrogen gas in the air around us remains
inaccessible, with one major exception: the manufacture of synthetic nitrogen fertil-
izer, which will be discussed shortly.2

Energy is the key to fixation of atmospheric nitrogen. The enormous electrical
energy of a lightning burst, for example, can break the bonds that hold nitrogen atoms
together, and the fixed nitrogen can enter the soil to be absorbed by plants. More
subtle are the biological processes involving nitrogen fixation. Symbiotic bacteria in
legumes and other plants, for example, take sugars made in photosynthesis in the
plants and convert this chemical energy into other high-energy compounds, which
are used to fix atmospheric nitrogen. Plants with symbiotic nitrogen-fixing bacteria
thus pay a "tax" in the form of sugars lost from the plant to the bacteria. In return, of
course, the plant receives essential amounts of nitrogen from the bacteria.3

Similarly, cyanobacteria (formerly known as blue-green algae), for example, can
photosynthesize both sugars and the high-energy compounds needed to break the
powerful bonds holding nitrogen atoms together. These microscopic plants can thus
do for themselves what more complex plants like legumes must do in consort with
their symbiotic bacteria. Cyanobacteria occur in moist soils and in aquatic environ-
ments. Agricultural systems, especially rice, may receive some nitrogen through such
organisms.4

Once fixed, a nitrogen atom becomes part of one of the most important of the
ecological biogeochemical cycles. In the nitrogen cycle, fixed nitrogen moves from
plants to consuming animals to decomposers to eventual return to the atmosphere
as nitrogen gas, where it can again be fixed. People derive immense benefits from
the "free fertilizer" provided by the nitrogen cycle. For most of the time in which
humans have been on earth, the natural pathways of the nitrogen cycle were gener-
ally adequate to support the plants and animals upon which we depended for sur-
vival. We thus took our part in the nitrogen cycle and had no need to concern our-
selves with its mechanisms or even its existence.
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Three factors operating over thousands of years began slowly to encourage a more
active human involvement with the nitrogen cycle. First were processes involved with
agriculture. With the Neolithic revolution, humans began their ongoing codepen-
dency with wheat and the hard labor of tilling the soil (see chapter 2). Sometimes
the harvest was appropriated entirely by the tillers, but after the development of more
"complex" societies it was taken from the tillers by a ruling class. In either case, more
crop for the same hard labor was easily seen as an advantage. Materials such as ma-
nure to fertilize the crop thus became valuable resources. Thousands of years after
the Neolithic, modern chemistry finally explained why manures were valuable and
identified nitrogen, phosphorus, and potassium as the most important constituents
of a manure. The search for ways to provide nitrogen was well developed by the end
of the eighteenth century in Britain and had spread or developed independently
elsewhere.

Second were processes involved with warfare. People originally did not need sci-
ence or sophisticated weapons for their interminable, bloody squabbles. With the
advent of gunpowder in China and Europe, however, military strategists came to
appreciate the vastly more efficient mayhem that explosives could provide. Gun-
powder, learned the chemists, had fixed nitrogen in the form of nitrate salts. Nitrates
as oxidizers in intimate contact with carbon sources provided the extraordinarily rapid
combustion that produced an explosion. Thus to the hunger of agriculturalists seek-
ing new manures was added the generals' desire for ever cheaper and more powerful
bombs and firepower. By the nineteenth century, chemists who understood nitro-
gen became the front line for those seeking increased production in agriculture and
more efficient engines of destruction.

Third and finally came a factor that became important in the eighteenth and nine-
teenth centuries. Increased food supplies, better hygiene, and medicine reduced the
human death rate, first in Europe, then everywhere. As a result, the number of people
on earth began to increase at a faster pace. Until the twentieth century, people were
supported entirely by naturally fixed nitrogen. In the twentieth century, however,
natural rates of nitrogen fixation became inadequate, at least given existing land-use
practices. An alarm about "overpopulation" was easy to raise, even though a more
careful analysis indicated most such alarms were simplistic. Despite these complexi-
ties, the notion that larger populations could not be supported at natural rates of
nitrogen fixation had an important element of truth. As the human population has
continued to grow past 5 billion individuals, the magnitude of and necessity for human
intervention in the nitrogen cycle has also grown.

Although three factors have affected the search for ways to fix nitrogen, the quests
for manures and explosives clearly were the most influential. Science provided what
may have been its first successes in agriculture in eighteenth-century Britain. The
Norfolk four-course rotation allowed a crop to be grown on every piece of land every
year, a marked advance over the medieval tradition of a three-year rotation, one of
which was a fallow year. During one of the four years, the crop was legume clover,
an innovation that led to a greater amount of fixed nitrogen reaching the soil than
when the land was fallowed one year out of three. A cereal such as wheat followed
the clover, and in the third year a root crop such as turnips provided animal fodder.
The root crop allowed heavier stocking of animals per hectare, which in turn pro-
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duced more manure. In the fourth year, another crop of cereal was grown. Results of
this crop rotation, coupled with enclosure of common land, enabled yields and
income to increase substantially.5

European expansion to the New World resulted in the large-scale exploitation of
the guano deposits of Peru and the sodium nitrate mines of what is now Chile. The
existence of these huge deposits of natural bird dung and the highly soluble sodium
nitrates were due in part to the extremely arid climates of these parts of South America.
Guano, of course, was a result of natural processes of nitrogen fixation, but the abil-
ity to move it from one place to another was a deliberate human manipulation of the
natural processes. Both products were exported to the United States and elsewhere
in large quantities during the nineteenth century and represented major enhance-
ments of natural nitrogen flows to the importers. Chilean sodium nitrate provided
fixed nitrogen to the United States from 1830 onward, and in the first half of the
twentieth century sometimes supplied nearly one-third of the country's annual con-
sumption of fixed nitrogen. Other sources of naturally fixed nitrogen that were de-
veloped commercially included wastes from fish- and meatpacking plants, sewage
sludge, cottonseed meal, and other waste products.6

Expansion of the iron and steel industries during the nineteenth century created
a second source of new fixed nitrogen in agriculture. In this case, however, the nitro-
gen was not "natural," that is, it was strictly a product of human activity and thus for
the first time represented an enhancement of nitrogen supplies outside the natural
pathways of the nitrogen cycle. In 1893 the Solvay Process Company of Syracuse,
New York, built twelve coke ovens that could capture the gases coming from the
heated coal, including ammonia. By 1930 over 100,000 tons per year of nitrogen in
fertilizer (mostly as ammonium sulfate) were produced in by-product coking, about
one-third of American consumption of fertilizer nitrogen at the time. This route to
nitrogen fixation was tied directly to iron and steel manufacture, so by-product
ammonium sulfate was not a product manufactured for itself.7

Markets for guano, sodium nitrate, and by-products of coking developed slowly
in the nineteenth and early twentieth centuries. Many farmers in the United States
had neither the means nor the motivation to invest in fertilizers.8 Before 1939, Brit-
ish farmers used about 60,000 tons per year of nitrogen fertilizer, a figure that rose
rapidly to 182,000 tons in 1944 under the pressure of maximum production (see
Chapter 9).9 Indian farmers used low amounts of nitrogen fertilizers before 1939,
especially on the staple cereal crops.10

A series of inventions starting in the early twentieth century set in motion a dra-
matic, steady decrease in the price of synthetically fixed nitrogen. By the 1950s, syn-
thetic nitrogen fertilizers were sufficiently inexpensive that many growers, even those
who grew cereals as well as those who raised the more lucrative cotton, tobacco, fruits,
and vegetables, were increasingly inclined to use as much of the new fertilizers as
possible. Economic return was the driver in decision making. Decades before the
1950s, technologically progressive farmers had begun to seek methods that enabled
them to use nitrogen's abilities to magnify yields.

These inventions were a series of efforts to attack directly the recalcitrant nitro-
gen molecule of the air. Developments of hydroelectric facilities, such as at Niagara
Falls in the late nineteenth century, probably triggered research to put to work the
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mammoth amounts of energy now available. Some of the methods to destroy the
bonds between the two nitrogen atoms included electric arcs to oxidize atmospheric
nitrogen to nitrate, a material directly utilizable by plants as food. Over a period
of about fifty years, numerous variants of this strategy were tried, none terribly
successful.11

A second, more indirect, attack on the stable nitrogen molecule was somewhat
more successful by the 1950s. Limestone (calcium carbonate) was burned to form
lime (calcium oxide), which in turn was placed with coke in an electric furnace at
2200°C to form calcium carbide. Nitrogen gas mixed with the calcium carbide at a
high temperature (1100°C) yielded calcium cyanamide, which could be used
directly as a fertilizer. Unfortunately, the huge amounts of electricity needed to pro-
duce the high temperatures, plus the use of about two tons of coal for each ton of
fixed nitrogen, made this route to fixed nitrogen expensive.12

Two German chemists, Fritz Haber and Carl Bosch, sponsored by the Badische
Anilin- und Soda-Fabrik, put together a workable method of combining nitrogen with
hydrogen to form ammonia (NH3). By 1909 Haber had found a number of catalysts
for the reaction, which permitted the chemist to form ammonia at relatively low tem-
peratures and pressures. Still, however, his machine could produce only about eighty
grams per hour, a remarkable achievement for research but far from adequate for
large-scale production. Bosch and his colleagues engineered a plant that by 1913
could fix twenty or more tons per day of nitrogen, which they quickly expanded to
thirty tons per day at the Ludwigshafen-Oppau plant of the Badische Aniline- und
Soda-Fabrik.13

World War I led the U.S. government to attempt to build a synthetic ammonia
plant in Alabama, but successful production never occurred there. After the war, a
number of companies built plants, and synthetic ammonia became a strong contender
in the American fertilizer business. By 1940 the United States was making over
100,000 tons per year of synthetic nitrogen (over 25 percent of the total nitrogen
fertilizer), much of it ammonia produced by many variations and refinements of the
original Haber-Bosch process. This figure had risen to 587,000 tons of nitrogen fer-
tilizer by 1949, about 64 percent of the total. This method of fixing nitrogen from
the air surpassed the coke by-product production in 1941 for the first time. After 1945,
direct fixation from the air vastly exceeded the production from coke. Twenty-seven
plants were operating in the United States and Canada by 1950, with a capacity in
excess of 1.5 million tons per year.14

Human ability to radically augment the nitrogen cycle was thus born in the period
1900 to 1950. The significance of the Haber-Bosch process was recognized with Nobel
Prizes, in 1918 for Haber and in 1931 for Bosch. Important leaps in ammonia produc-
tion came with both world wars, but agriculture was the major market for fixed nitro-
gen over the long term. From 4,000 tons of nitrogen fixed in 1913-14, the amount of
synthetic nitrogen produced exceeded 11.8 million tons in 1959-60,15 and the energy
cost of synthesizing the materials dropped substantially.16 More recently, ecologists have
noted that the amount of nitrogen fixed synthetically is larger than that fixed by natural
processes. This development could have profound, negative environmental repercus-
sions.17 At the same time, however, it is important to note that the large human popu-
lation is now dependent upon the ability to fix such large quantities of nitrogen.
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Agriculture was profoundly affected by the advent of inexpensive nitrogen that
could be applied almost at will. Farmers had known for years that manures were good
for yields, but these synthetic manures took time to move into the role of a stable
production tool. They cost money to buy, which hindered growers who were wor-
ried about unstable and uncertain prices. They were unfamiliar to use and could
damage crops if not handled properly, so growers and their advisers had to learn to
handle the new technology before it could be seen as a reliable tool. Rather quickly
after the Haber-Bosch process achieved commercial success, complaints from organic
enthusiasts focused on their long-term potential to harm the soil, and allegations of
inferior produce ricocheted around the new fertilizers. Albert Howard, the illustri-
ous English wheat breeder in India, achieved more name recognition by leading this
movement for organic agriculture than he ever had as a wheat breeder.

Nevertheless, the fixed nitrogen was so cheap and so effective that its eventual
hold on the agricultural producer was unshakable. The question for growers became
not whether to use the materials but when, how much, how applied, and for how
much money. "Progressive" farmers were those who moved first to exploit the new
sources of nitrogen. In turn, these advocates of heavier fertilization with nitrogen
created the conditions for plant breeders: new varieties of wheat and other crops would
have to be bred with heavy nitrogen fertilization as the assumed backdrop.

Use of manures on wheat, natural at first and later with synthetic nitrogen, began
in the nineteenth century, notably in Japan. With the desire to increase yields by
adding nitrogen came the recognition of a prominent "flaw" in the wheat plant as it
had been grown for millennia: wheat stems were spindly and tall, as much as 200
centimeters (2 meters). Wheat actually produced two crops, grain and straw. These
traditional varieties produced grain and straw in proportions that were considered
appropriate for the most part. Grain for food was the prize of the crop, but the straw
had vital functions as animal bedding and feed and, in some areas, for construction
purposes such as roofing.

Traditional varieties may have been well suited to producing quantities of grain
and straw in amounts that were useful. However, farmers who wanted to increase
their yields of grain found that increasing the amount of manure on wheat was often
useless. What mattered was the fate of the straw. With heavy manuring, the plant
produced a straw that could not support the grain head. As a result, the plant fell
over ("lodged") before harvest. Not only was any increase in grain yield lost, but also
manuring often resulted in yields that were even smaller than those that relied on
natural levels of nitrogen in the soil. In short, manuring the traditional wheats was at
best unhelpful and at worst counterproductive.

Despite the tendency for the world to be awash in too much wheat in the nine-
teenth century (see chapter 2), at least one country, Japan, may have lacked suffi-
cient supplies and accordingly began to seek wheat varieties that would not lodge
with manuring. Japan had limited agricultural land and worked to expand produc-
tion of grain, partly through military expansionism in the early 1900s into Formosa
and Korea. The second method to enhance total production of grain, begun in the
late nineteenth century, was to find plant varieties that would yield more per hect-
are. Fertilization was assumed.
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Success in raising yields per hectare was visible to the visiting American commis-
sioner of agriculture, Horace Capron, who headed an advisory delegation to Japan
in 1873. Capron recorded that the Japanese had found wheat varieties, sometimes
as short as 0.5 meters, that responded to manuring by producing a larger grain head
and would not lodge. These plants produced more grain relative to straw than did
the traditional varieties. Even before Capron's visit, some of these short Japanese
wheats were sent to France, and in 1911 other Japanese wheat seeds were distrib-
uted to wheat breeders in Italy.18 Thus even before synthetic ammonia became avail-
able, some countries were seeking wheat types that would usefully respond to
manures and alter the traditional balance between grain and straw.

Japan continued its efforts in wheat breeding up to World War II, and the Minis-
try of Agriculture released several improved varieties that had been selected from
crosses of wheats of very diverse origin—some Japanese, some from the United States,
and possibly some from Korea. A few of these varieties served as the sources of
"semidwarfing" genes after 1945.19 All of them had straw that was shorter than con-
sidered "normal," but wide ranges of height occurred in both the semidwarfs and
the traditional varieties. The most important characteristic of the semidwarfs was their
ability to respond to nitrogen fertilizer without lodging. By no means were the Japa-
nese semidwarfs the only source of short-strawed wheat, but they were preeminent
in breeding efforts after 1945.

Samuel Cecil Salmon20 of the USDA was the critical link in moving the genetic
material of the semidwarf Japanese wheats into the international networks of wheat
breeders. Salmon, born in a sod house on the frontier in South Dakota in 1885,
received his baccalaureate at South Dakota State College of Agriculture, later joined
the faculty of Kansas State College of Agriculture and earned a master's degree there,
and received his doctorate with Professor H. K. Hayes at the University of Minne-
sota in 1932.

Hayes, meanwhile, was himself in the midst of a research group seeking resistance
in spring wheat to stem rust (Puccinia graminis tritici), a project also involving E.C.
Stakman (see chapter 6). This exercise ultimately led to the release of the variety
Thatcher in 1934, a major achievement for the spring wheat area of the United
States.21 Salmon, therefore, was trained in one of the most important centers for wheat
breeding. Almost immediately upon finishing his doctorate, Salmon moved to be-
come the USDA project leader on wheat. Here he had the responsibility of promot-
ing the improvement of all wheat in the United States.

At his new job in Washington, D.C., Salmon was largely confined to a desk
and the work of coordinating the vast research network among the federal and
state wheat-breeding stations. Perhaps it is not surprising, therefore, that his major
direct contribution to wheat improvement came quite serendipitously. When Doug-
las MacArthur established a government of Japan by the American Army of Occu-
pation, he created a Natural Resources section. Postwar shortages of food were
potentially quite severe in Japan, and the Natural Resources section, headed by
Major Warren H. Leonard, requested assistance on wheat affairs from USDA.
Salmon left Washington, D.C., for Japan in December 1945 and remained until
July 1946.22
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Most of Salmon's work was to advise on the organization of an effective national
research network in wheat. To this end, he visited many stations and ultimately rec-
ommended that many of them be consolidated into larger units, that work between
them be coordinated, and that a national advisory service be created. Among the many
policy-type sessions he held, however, he also was able to observe many test plots of
the 1946 wheat crop. Several varieties caught his eye, one of which was known by
the Japanese as Norin 10.23 Even Salmon, however, did not know just how remark-
able it would turn out to be: "I did not visualize the future extensive use and value of
Norin 10, but I do think it fair to say that I recognized it as different from any variety
in the U.S. and potentially valuable."24

Salmon's many years of experience with wheat were at the right place at the right
time. He arranged that samples of several Norin varieties be sent to wheat breeders
in the United States.25 Salmon's direct involvement with the Japanese wheats ended
once he arranged for their transmission overseas. Nevertheless, his appreciation for
a wheat that could respond to nitrogen led to the introduction of new genetic mate-
rial to a research network in the United States that was seeking the properties exhib-
ited by the Norin wheats.

Orville Arthur Vogel: Wheat Breeding in the "Inland Empire"

Samples of four Norin varieties arrived in the United States between June and
August 1946. They were first grown in an isolated nursery in Arizona during 1946-47
to check for possible new disease organisms. In the following year, seven breeding
stations received samples of these Japanese wheats. Further samples of wheat from
Japan and Korea arrived in subsequent years, but the four Norin varieties quickly
entered into ongoing breeding work. One of the research stations receiving the Norin
wheats in 1947 was the joint program of USDA and Washington State College of
Agriculture (now Washington State University) at Pullman, Washington.26

In retrospect, it is easy to see that the genes contained within the Norin wheats,
especially Norin 10, were spectacularly successful when introduced into wheats grown
in Washington, Oregon, and Idaho, often dubbed by local enthusiasts as the "Inland
Empire." In 1961, fourteen years after first receiving the Norin samples, the Pull-
man station released the new variety Gaines, a soft white winter wheat that gave from
5 percent to 50 percent higher yields than the varieties then in use.27 By itself, pro-
ducing Gaines was a significant achievement in plant breeding for yields. Too close
a focus on the achievements of Gaines alone, however, obscures two other broad
sets of questions. First, why were the workers at the Pullman station so receptive to
the Norin materials? Second, what were the follow-up ramifications for subsequent
wheat breeding? Answers to these inquiries are needed to understand why the scien-
tific work to produce Gaines occurred at Pullman and what difference it made.

Orville Arthur Vogel (1907-1991) (Figure 10.1) played the lead role in first mak-
ing use of the Norin genes in the United States. Vogel, one of seven children, was
born on a farm near Pilger, Nebraska. His grandparents had immigrated from Ger-
many, and his parents still spoke German. Vogel's first language was German, and
he did not learn English until he was five. His parents separated when he was in the
seventh grade, which led to moving to Pilger, where he completed high school.28
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Figure 1 0.1 Orville Arthur Vogel (center) describing a new eight-row planter for wheat-
breeding experiments. Courtesy of U.S. Department of Agriculture, Pullman, Washington.

Vogel's timing on entering the world could not have been worse for the job he may
have preferred: farming. American agriculture suffered from chronic low prices all
through the 1920s, and the onset of the Great Depression in 1929 lowered prices to
catastrophic levels. Under any circumstances it would have been difficult for a young
person to enter farming, and Vogel instead pursued education. He took two years of
work at Yankton College in South Dakota, taught high school in Wynot, Nebraska, for
two years, then finished a bachelor of science degree in agriculture at the University of
Nebraska in 1929. He continued at Nebraska for a master's degree in 1931. Immedi-
ately upon finishing his graduate work, he received an offer to be a junior agronomist
with the Bureau of Plant Industry, USDA, stationed in Pullman, Washington. Vogel
and his wife, Bertha, from Lincoln, Nebraska, headed for Washington State, where he
began his duties on 16 February 1931 as a young man of twenty-three.29

Vogel thus entered a world that, like his native Nebraska, was not far removed
from initial Euro-American settlement. Washington had become a state in 1889, just
forty-two years before Vogel arrived. Settlement of the Oregon Territory had begun
in the 1840s, but when Vogel arrived the state of Washington was still sparsely settled.
Forest products and fishing dominated the economy of the western part of the state,
and wheat and apples were the big industries of the eastern areas.
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Physically and economically, Washington, Oregon, and Idaho were not easy
areas for commercial wheat production. The deep, fertile loess soils that covered parts
of Washington, known as the Palouse, were attractive for wheat production and usu-
ally had enough rainfall to make a reasonable crop. Much of eastern Washington,
however, lacked either good soil or sufficient rainfall or both. More important was
the remoteness of the area from the main population centers of the United States,
which made movement of any agricultural crop to market expensive. In fact, no
economic transport of a bulky, low-value crop like wheat was even imaginable until
railroads connected Washington and Oregon to the eastern United States. Based on
the state's geography and demography, therefore, wheat in Washington from the
beginning had to be an "export industry" in a highly competitive market. Large-scale
wheat production was never feasible for the local market of the Inland Empire. Wheat
cultivation in Washington was part of the "excess wheat acres" in the Neo-Europes
(see chapter 2), and reduction of production costs was always a paramount goal of
both farmers and research workers.

Perhaps the remoteness of Washington State, and consequently the need for
reduction of production costs, helped encourage a tradition of wheat breeding to
begin soon after Washington entered the Union. William Jasper Spillman served as
professor of agronomy at Washington State College from 1894 to 1901 and initiated
a program of breeding for winter wheats in 1899. He moved to USDA in 1902.This
effort aimed to capture the higher yields possible with fall-sown wheats than with the
spring-sown varieties that dominated wheat production at that time. Spillman was
successful in finding winter hardiness suited to the area, which considerably increased
the production of winter-grown wheats and therefore the total wheat production of
Washington. Spillman's varieties were club wheats, an ancient form adapted to hot,
dry conditions and with short straw. A particular disease, loose smut (Ustilago tritici,
a seedborne disease), however, increasingly plagued Washington wheat growers, and
Spillman's new winter varieties were thus limited in their yield potential.30

After Spillman, Edward Franklin Gaines began a program of breeding for loose
smut resistance in 1915. Gaines had earned his bachelor's and master's degrees at
Washington State College in 1911 and 1913, respectively. He earned a doctor of
science degree at Harvard in 1921. Gaines was successful in breeding a variety, Ridit,
that was released in 1924 and resisted all of the then recognized races of loose smut.31

Loose smut, however, continued to form new races, and in any case Washington wheat
continued to be subject to enormous downward pressures on prices throughout the
1920s because of overproduction of wheat on a global basis. Thus Gaines' successes
always occurred in a context of persistent severe problems. The extreme competitive
pressures battering American farmers who were in the heart of their transition to full-
scale industrial models allowed no resting on laurels for even a moment.

Congress appropriated further funds to establish the Western Regional Coopera-
tive Wheat Improvement Program in 1930. This money enabled the Washington
experiment station to add two additional USDA researchers to the staff, one of whom
was Vogel. Vogel's assignment was to learn varietal testing and breeding from Gaines.
At the time of his hiring, research objectives were quite clear: resistance to loose smut
and lodging. In addition, Vogel was to work on finding resistance to "shattering" —
the habit of grains breaking out of the grain head before threshing—in white winter
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wheats.32 A variety that shattered was difficult to harvest without extensive losses of
grain. On the other side, of course, farmers did not want varieties in which the grain
was held too securely to the grain head because that trait would make threshing
difficult.

From his very first day of work, therefore, Vogel knew that his job was to help find
wheat varieties, particularly winter wheats, that would yield more, be resistant to loose
smut and other diseases such as bunt, and not shatter. Problems with loose smut
remained particularly important and in some areas and years of the 1930s could take
up to 90 percent of the crop in the western states.33 The idea of higher yields was also
tied to resistance to lodging, especially because some of Washington's soils were quite
fertile and even without heavy manuring often supported grain crops that lodged.34

Vogel was quite explicit in 1937 about the types of wheat varieties considered valu-
able: "A number of the winter wheat hybrids appeared especially promising because
of their short, stiff straw, high resistance to bunt and reasonably good head and kernal
types."35 Vogel thus began his work in a setting that (1) valued high yields, (2) saw
short plants resistant to lodging and disease as key to achieving those yields, and (3)
expected to create those plants by crossing currently used varieties with other germ
plasm that appeared promising.

By the 1940s Vogel had a number of accomplishments. While working at the
Washington station, he earned his doctorate in 1939 with a thesis based on a study
of factors that affected shattering.36 Vogel also proved extremely inventive in the design
and construction of planting and threshing machinery for plant-breeding research.37

He also served from 1947 to 1955 as the coordinator of Cooperative Wheat Improve-
ment for Western States, an administrative job that he was happy to leave in order to
return to his first love, the practical breeding of new wheat varieties.38

In the 1930s Vogel set in motion the hybridization experiments that led to a steady
stream of new varieties, which over three decades dominated the wheat industry of
the northwestern states (Washington, Oregon, and Idaho). When Vogel began his
wheat breeding, Elgin was the variety in Washington State that gave the highest yields
and thus was the standard against which potential new releases were measured. Vogel's
first two releases were Orfed in 1943, followed shortly thereafter by Marfed in 1947.39

In 1949 he and his colleagues released two new varieties of winter wheat, Brevor and
Elmar. Brevor, he noted, was a soft white wheat with straw that was short to medium
in height and highly resistant to lodging. Compared with Elgin, Brevor gave 5 to 12
percent greater yields in many places, and average yields for Brevor were nearly 63
bushels per acre in contrast to Elgin's 59.3 bushels per acre.40

Elgin and Elmar (both short-strawed) and Brevor (very short-strawed) were all well
accepted in the Inland Empire. They could be planted in the fall on land with high
fertility, and their short straw made them resistant to lodging. They were also resis-
tant to bunt.41 As much as forty pounds of nitrogen per acre could be put on Brevor
without causing lodging.42 Use of fertilizer to get high yield may have been the most
important characteristic, but it was not the only one sought by farmers.

Erosion control, especially on some of the steep and highly erodible soils of the
Palouse, was increasingly important to both growers and natural resource managers.
Erosion control was aided by fall-sown winter wheats, but early sowing in the fall
was better than late fall. Elgin, Elmar, and Brevor, unfortunately, were not good for
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early fall sowing. They tended to grow too much in the following spring, which led
even these short-strawed varieties to make too much straw, lodge, and suffer yield
loss. For this reason, Vogel and his colleagues were interested in finding yet shorter
varieties than Brevor, which tended to reach a height of 95 to 113 centimeters. Elmar
reached 100 to 120 centimeters.43

About a hundred Norin 10 seeds, sent to Vogel by Burton B. Bayles and Samuel
C. Salmon of USDA, arrived in Pullman in time to be planted in spring 1948. When
no grain heads were visible by mid-July, Vogel knew he had winter-habit seeds.44 In
fall 1948 Vogel had a graduate student, Dick Nagamitso, make crosses between Norin
10 and Brevor to produce F1 seeds.45 Second-generation plants (the F2) showed the
segregation typical of Mendelian genes, and some were of the very short stature of
Norin 10. Norin 10 itself tended to be male-sterile, which meant that its progeny
with this characteristic tended to outbreed with other wheats rather than be self-
fertile and thus true-breeding. Vogel and his colleagues searched among the F4 prog-
eny to find varieties that were male-fertile as well as short and high-yielding. Two of
the selections entered varietal tests in 1954, where they both yielded more than Elmar
and Brevor, especially when sown early. Increases in yields were as much as 20 per-
cent (67.8 bushels per acre compared with 56.5 bushels per acre). These new plants
were short like Norin 10—only about 65 centimeters tall, compared with the approxi-
mately 100 centimeters or more of Brevor and Elmar.46

Vogel and his colleagues realized that they had significantly new material, even
though they had not yet brought the Norin 10 genes into a commercial variety for
release:

On the basis of present data it appears that the semidwarf growth habit represents a
highly important development toward the breeding of winter wheats better suited to
highly productive soil and climatic conditions, and especially for use in very early fall
seedings for controlling soil erosion in the Pacific Northwest. These results warrant a
re-evaluation of previously accepted limitations in winter wheat production.47

Subsequent selection work and further crosses finally gave stable plants of accept-
able total characteristics by 1958, when Vogel began to consider how to release the
new semidwarfs as a commercial variety. Grain from 1,000 plants was planted in 1959
to yield about 75 bushels in 1960. About 50 bushels were used by commercial seed
growers to give 6,800 bushels in 1961, which were sold to the Washington State Crop
Improvement Association. By 1962, half a million bushels were available, enough to
plant about one-fourth of Washington's wheat.48 Gaines was the new variety, the first
semidwarf wheat plant developed within the United States and a harbinger of substan-
tially elevated wheat yields not just within Washington State but ultimately globally.
Orville Vogel had substantially increased the ability of farmers to make use of the now
cheap supplies of fertilizer nitrogen, and thus of people to harvest solar energy.49

Vogel was tied into an extensive network of cooperating wheat breeders, and, just
as the Japanese breeders had generously shared the Norin varieties with the USDA,
Vogel shared the material with a wide range of other breeders. Of greatest conse-
quence was his sending in 1953 of F2 seeds from the cross of Norin 10 and Brevor to
Norman E. Borlaug of the Rockefeller Foundation program in Mexico. Borlaug
started using the material by 1954.50
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What is important to note here, however, is that the conceptual framework for
recognizing and developing Norin 10's genes was well in place for at least a decade
before the Japanese varieties came to the United States. Vogel knew that farmers
wanted higher yields, which ultimately meant increased use of nitrogen. The breeder's
job was to find varieties that could respond to higher nitrogen levels without lodg-
ing. Plants also had to have appropriate disease resistance, milling and baking quali-
ties, and other attributes suitable to climates, soils, and markets. Furthermore, Vogel
knew long before Norin 10 came his way that crosses planned within a framework of
Mendelian genetics were the primary way of constructing suitable new varieties. He
also had techniques to distinguish the differences caused by genetic differences rather
than the environmental influences of climate, soils, and growing conditions.

Exploitation of Norin 10, therefore, did not require any new objectives or meth-
odologies. What Norin 10 provided was evidence that the existing frameworks of
analysis were effective in finding the types of wheat plants that farmers wanted.

Norman E. Borlaug: Wheat Breeding to Transform Mexico

Norman E. Borlaug, born in 1914 on a small farm in northeastern Iowa near the
town of Cresco, became in the 1970s the most famous of the scientists who created
the green revolution (Figure 10.2). He was awarded the Nobel Peace Prize in 1970
for his work in breeding semidwarf wheats,51 a project begun with seeds from Orville

Figure 10.2 Norman E. Borlaug. Courtesy
of University of Minnesota Archives.
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Vogel of the F2 of Norin 10 x Brevor. By that time Borlaug had a career that included
plant pathology, plant breeding with an emphasis on wheat, the role of high-yielding
varieties in national development, and the relationships of demography to agricul-
tural change. He was a crusader who took the word about higher yields to anyone
who would listen. Borlaug was equally effective with farmers in their fields, scien-
tists in their experiment stations, and heads of state in their palaces. Perhaps Borlaug
was at his best when it came time to meld the biological results of breeding experi-
ments with changes in policy needed to move national average yields to higher pla-
teaus. He was completely convinced that the growth of the human population was a
serious problem and that the achievement of higher yields was simply a way to buy
time while other efforts sought a reduction in the population growth rate.

For all his achievements later in life, Borlaug's early career did not immediately
show this promise. Somewhat on a lark, he left Cresco for the University of Minne-
sota in 1933. Once in Minneapolis, he was told he must attend University College
to do more preparatory work before matriculating at the university. At least some of
his advisers raised the question of whether he was really cut out for university work.
Borlaug, however, if nothing else, had a stubborn streak plus a competitive flair that
kept him going in his studies. He successfully gained full entrance to the university
and graduated with degrees in plant pathology—a B.S. in 1937, an M.S. in 1940,
and a Ph.D. in 1942.

Elvin Charles Stakman, the well-known plant pathologist who led the Survey
Commission on Mexican Agriculture for the Rockefeller Foundation in 1941 (see
chapter 5), was Borlaug's primary mentor; he persuaded Borlaug to change from a
specialization in forestry to plant pathology. Borlaug was also influenced by Herbert
Kendall Hayes, one of the major consolidators of the science of plant breeding, a
successful breeder of rust-resistant spring wheats, and mentor to S. C. Salmon.
Borlaug's professional training thus took place in what was probably the most active
center of wheat improvement in the world at the time. Minnesota's preeminence
may have derived from its status as a major milling and baking center for wheat grown
in many parts of the Great Plains, as well as a major wheat producer in its own right.

The United States was at war when Borlaug finished his doctorate, so his first work
was dictated by the Selective Service System and the manpower allocation schemes
of the War Production Board. As a trained mycologist, he joined the ranks of staff
scientists at the DuPont Company in Delaware, where he worked on such topics as
mildew resistance in the rayon fabrics used by the military. Stakman, however, had
other intentions for Borlaug's talents. In 1942, at the annual meetings of the Ameri-
can Phytopathological Society, Stakman and J. George Harrar began to recruit
Borlaug to join the newly formed Mexican Agricultural Program financed by the
Rockefeller Foundation. Harrar had also earned his doctorate with Stakman, in 1935,
and had accepted the directorship of the Office of Special Studies in the Ministry of
Agriculture in 1943 (see chapter 5). Borlaug was released from manpower regula-
tions on 1 July 1944 and prepared to join the staff of the Rockefeller Foundation.52

Borlaug arrived in Mexico in October 1944, to be followed shortly thereafter by
his wife of eight years, Margaret Gibson Borlaug, and young daughter, Norma Jean.
He faced a number of obstacles. First, he had never worked on wheat, maize, or beans,
the crops of most interest to the Rockefeller program. Second, he had never before
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been outside of the United States and knew not one word of Spanish. Third, the
Rockefeller program was still in its very early stages, without a clear sense of which
research directions were most likely to be successful. Fourth, the Rockefeller team
was without much in the way of well-developed facilities. On a more personal level,
the Borlaug family was grieving their child, who died shortly after birth in 1945.

Borlaug's primary duties were to work with Harrar on the wheat improvement
program. Between 1943 and 1945 Harrar had conducted three annual surveys of
wheat areas in which he compiled information on methods of cultivation, stand
health, varieties used, and diseases endured. His general conclusions were that
Mexican wheat production was amenable to many improvements.53 Based on his
initial work, Harrar proceeded to outline what was by then a standard, multifaceted
research program based on collection of local varieties, selection from the local plants
of varieties that looked promising, importation of varieties from elsewhere, a uniform
testing protocol for yield and resistance to stem rust and other diseases, breeding of
new varieties, and the distribution of the best new varieties. By 1945 he had collected
and analyzed 277 varieties of local wheat varieties grown in Mexico and made 42
crosses of local varieties for testing.54 Within a few years Harrar found that 5 out of
300 introductions had done well.55 In spring 1945 Stakman made a visit to Mexico
and noted that it was essential to work at multiple research stations, a fact that Harrar
had noted also. Stakman further noted that wheat in Sonora was important but that
no work was under way there at the time.56

Although both Harrar and Borlaug were trained as plant pathologists, not wheat
geneticists, the crossover of skills in the two disciplines was high. Resistance of wheat
to the many pathogens that attack it was a prime objective of wheat breeding, so a thor-
ough background in plant pathology was in fact quite essential to wheat breeders.
Mexican wheat, in fact, was plagued with severe disease problems, mostly from stem
rust (Puccinia graminis tritici). Moreover, since Stakman's elucidation of plantpathogen
evolution and the importance of races in wheat disease control (see chapter 4), plant
pathology itself had been almost as concerned with genetics as was plant breeding. Thus
both Borlaug and Harrar brought useful knowledge to the tasks of wheat improvement,
despite the fact that both also had to acquire new skills and adopt new approaches.

By the time Borlaug arrived, Harrar had planted one experimental crop of wheat.
In spring 1945 Harrar and Borlaug began the first crosses of wheat for plant breed-
ing. At this time Harrar concluded that his overall administrative duties were too much
for him to continue to also direct the wheat improvement program. Therefore, he
turned the program over to Borlaug's leadership.57

Subsequent years demonstrated that Harrar's talents in administration and diplo-
macy were outstanding, which took him successively to the New York office of the
Rockefeller Foundation as deputy director for agriculture (1951-55); director of
agriculture (1955-59); vice president for medical, natural, and agricultural sciences
(1959-61); and president and trustee (1961-72). His involvement with the adminis-
trative dimensions of the foundation's programs included the substantial expansion
of the agriculture program and, in the 1960s, the organization of the international
agricultural research centers.58

Harrar's preoccupation with the administrative functioning of the Office of Spe-
cial Studies left wheat improvement in Borlaug's hands. Borlaug recalled forty-four
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years later, in 1989, that he knew what his major responsibility was: to get higher
levels of wheat production in Mexico as soon as possible.59 This was, of course, the
major rationale behind the Mexican government's desire to have the Rockefeller
Foundation program in Mexico at all (see chapter 5). Exactly how to achieve this
well-established objective, however, was not at all clear or uncontroversial.

Borlaug knew that soil fertility was a major problem with Mexican wheat yields,
but it was not the only problem. In the 1940s wheat was grown in two major areas of
Mexico: El Bajio, the highland areas of central Mexico, near the capital district of
Mexico City, and the newly irrigated deserts of the northwest in the states of Sonora
and Sinoloa (Figure 10.3). Farms in El Bajio were small, operated by impoverished
peasants, some Indian and some mestizo. Northwestern farms were large, well capi-
talized, and owned either by Mexicans who fully identified with the European
aspects of Mexican culture or by North Americans from the United States.

Borlaug's colleague Edwin John Wellhausen ran the maize improvement project
largely in El Bajio and was convinced that solutions had to be created for the major-
ity of farmers in the highlands. Borlaug, however, came to see the situation for wheat
quite differently. By 1948 he was convinced that raising Mexican national levels of
wheat production must involve the large, irrigated farms of the northwest, as well as
the highland areas.60

Two factors probably led him to this conclusion. First, use of nitrogen fertilizers
and other capital inputs would be essential if wheat yields were to rise. The farmers
of the northwest were likely to be more receptive to and more capable of adopting
reliable schemes of wheat production based on higher fertility levels than the smaller
farmers of the highlands. Second, for Mexican wheat growers in the mid-1940s, dis-
ease and the resulting instability of yields were at least as great a concern as the abso-
lute level of yields. Thus Borlaug knew that obtaining resistance to stem rust, the
most devastating of the diseases, was the first task. Varieties with better yield poten-
tial could follow once rust resistance was achieved.

Borlaug thus planned his research program around the idea that he would work
in both the highlands and in the northwest. Experimental plots in both regions im-
mediately opened the door to an important innovation in the breeding methodolo-
gies: "shuttle breeding," or the production of two generations a year by using the
different growing seasons of two distinct regions. The orthodox view at the time,
learned from H. K. Hayes, was that the plant breeder grew all plants in the area in
which they were to be used. The idea behind this theory was that the plant had to be
adapted to the soils and climate in order to be successful. Only if all selections were
made exactly in the area of production could the breeder be confident that selected
new varieties would be well adapted.

Borlaug began, probably between 1946 and 1948, to violate this orthodoxy and to
move breeding experiments back and forth between his plots in Toluca in the high-
lands and Sonora in the northwest, separated by 2000 kilometers. Thus he had to
cross the best advice of his teachers, who were not shy about pointing out that he
seemed not to have learned his lessons very well.61

Why did Borlaug launch this challenge to orthodoxy, especially since Harrar was
not keen about it for reasons of travel expenses? Two explanations seem most likely.
First, development of experimental plots in Sonora was the prime vehicle for bring-



Figure 10.3 Major wheat-producing areas of Mexico, showing the distances from the highland areas (El Bajio)
to the northwestern areas (Sonora and Sinoloa). Line drawing by Tim F. Knight. Outline of map adapted from
U.S. Department of the Interior, Geological Survey, North America 1982 (1:10,000,000) (Reston, Va.: Geological
Survey, 1982), 1 p. Wheat-growing areas adapted from U.S. Department of Agriculture, Major World Crop Areas
and Climatic Profiles (Washington, D.C.: U.S. Department of Agriculture, 1987), Agriculture Handbook no. 664.
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ing the Rockefeller work to the attention of growers in the northwest, an essential
ingredient, Borlaug felt, in raising national production levels of wheat. Second, rust
problems were severe in all parts of Mexico but especially in the northwest. Borlaug
thus had to solve the rust problem of the northwest, and he wanted to do so as quickly
as possible. Traditionally plant breeders counted on ten generations of crosses to get
new varieties, which, at one generation per year, meant a total of ten years to get a
commercial release. Borlaug hoped that, at two generations per year, he could
reduce the time needed to get a new variety to about five years or maybe fewer.

Borlaug was so convinced of the necessity to conduct his research program in both
Sonora and El Bajio that he initiated work when the physical facilities in Sonora
were, to put it mildly, extremely difficult. The Yaqui Valley of Sonora was reachable
only by poor roads, or by going through the United States. A plot of land was avail-
able, on an experiment station established by Don Rodolfo Calles, governor of Sonora,
in the 1930s, but support for research in the area had been poor and the station had
gone to ruin. Borlaug endured sleeping in haylofts and cooking his own food. He
had either to borrow machinery from neighboring farmers or do the work by hand.62

Years later, he remembered these expeditions to Sonora as bleak, to the point that he
even wondered whether he ever should have left his promising career with the DuPont
Company.63 Nevertheless, he so believed that Sonoran wheat was crucial that he stub-
bornly refused to abandon shuttle breeding. When Harrar, backed by Stakman, told
Borlaug in 1948 that he should not go to Sonora anymore, Borlaug actually resigned.
Within a day, Stakman and Harrar backed down and refused to accept the resigna-
tion. So Borlaug continued his work in both El Bajio and Sonora.64

Years after the fact, Borlaug was not entirely sure why Harrar and Stakman had
changed the decision about the program in the northwest. He surmised, however,
that a letter from Don Aureliano Campoy, a farmer whose land adjoined the experi-
ment station in Sonora, may have been the deciding factor. Campoy's letter, which
arrived the very day Borlaug resigned, extolled the virtues of Borlaug's team under
conditions of inadequate support from the head office. Borlaug, probably unknown
to Harrar, also received a copy of the letter from Campoy. In addition, Borlaug's work
was well known and respected by Don Rodolfo Calles, former governor of Sonora
and son of former president Elias Calles.65 Whatever the reasons, the patronage of
influential persons in the northwest was advantageous to building local support for
wheat research in the newly irrigated Sonoran deserts.

This support from Calles represented a substantial success for Borlaug's program.
Sonoran wheat farmers had suffered disastrous outbreaks of rust in 1939, 1940, and
1941, all before the Rockefeller Foundation began its work. Their fields were so
devastated by the disease, and the response of agricultural scientists was so inadequate
at the time, that prominent growers in the area disdained the promises of science.66

Borlaug believed it was his preliminary work in Sonora that began to turn the situa-
tion around to the point that the growers supported his work.

Inclusion of Sonora in Borlaug's wheat-breeding program had at least three con-
sequences, two of which Borlaug had anticipated and one of which was serendipi-
tous. First, breeding two generations per year did in fact reduce the time for finding
useful rust-resistant varieties. By 1950 Borlaug and his colleagues had released at least
eight new varieties, all of which had some advantage over the multitude of wheats
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previously grown in Mexico.67 Second, Borlaug's program made the northwest grow-
ers enthusiastic about achieving higher production levels on their own lands, which
in turn raised total Mexican production levels. In addition, wheat selection, plus policy
changes in the Ministry of Agriculture to increase the production of wheat at the
expense of barley, led to increased production of wheat in the high elevations of central
Mexico by 1950.68

The third and serendipitous consequence was that the breeding scheme designed
by Borlaug had the unanticipated effect of making any varieties he selected quite
well adapted to multiple soil and climatic conditions. Perhaps most important, he
later learned that most wheats are sensitive to photoperiod, that is, they will not flower
and set seed unless the light conditions are proper. Generally this means that wheat
must experience lengthening daylengths in order to flower.69 Borlaug, however,
planted his experimental seeds in Sonora in November, when daylengths were short-
ening. He then harvested in April, moved the new generation to Toluca, and planted
in May, when daylengths were getting longer. These plants were harvested in Octo-
ber, just in time to move them to Sonora for a November planting. As it turned out,
this regime of selection eliminated varieties that had strong requirements for length-
ening days in which to flower. Only daylength-insensitive cultivars thrived and were
carried on in Borlaug's program. In later years this unanticipated daylength insensi-
tivity was highly important in the success the plants had in many other parts of the
world.

Based on the improvements made to wheat varieties, the expanded area given to
wheat, and especially the increased production from the northwest, total Mexican
wheat production went from 365,000 metric tons (average yields of 750 kg/ha) in
1945 to 1.2 million metric tons (average yields of 1370 kg/ha) in 1956.70 By 1950
Harrar's overall assessment of the wheat improvement effort in Mexico was that the
yield potential had been reached and that further work would be aimed at getting
better seed stocks and improving the cultivation practices of Mexican growers. Addi-
tional increases in agricultural production would also come from similar work in
beans, maize, barley, and rice.71 It seemed from Harrar's report almost as if the
scientific knowledge then available had already contributed as much as possible to
the question of Mexican yields.

Borlaug's wheat improvement program between 1948 and 1954 might best be
characterized as in a period of refinement and consolidation. The initial jumps in
yield that came from a vigorous, systematic breeding and selection program were
essentially in place by 1948. Farmers who aggressively sought the higher yield po-
tential of the new varieties adopted them, and extension work promoted the more
widespread use of the improved varieties among farmers less inclined to take risks
with new practices. Increased use of nitrogen fertilizer made the higher yields pos-
sible. Even an outbreak of new stem rust race, 15B, which caused much damage in
Canada and the United States, had relatively little impact on Mexico because the
new variety Kentana, released in 1948, had good resistance to it. Kentana accord-
ingly came to be grown even more widely. It did well in El Bajio, the northwest, and
other areas. Lerma Rojo, a new variety released in 1954, was likewise highly success-
ful because it grew well in soils of low and high fertility and had stable, broad resis-
tance to many diseases.72
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Thus within ten years of Borlaug's arrival in Mexico, he could point to a number
of results that had transformed the wheat production industry of Mexico. As with
Vogel's work in Washington State, Borlaug, Harrar, and their colleagues had not made
radically new conceptual developments, aside from the introduction of shuttle breed-
ing and the abandonment of carefully breeding new varieties to fit a precise ecologi-
cal setting. For the last six years of this first decade, Borlaug's publication pattern
turned increasingly to extension brochures to advise farmers how to get the highest
yields and to announcements and descriptions of the varieties released.73 Unless some-
thing dramatically new came to their attention, it looked in the early 1950s as if
Borlaug and his colleagues had reached a plateau of achievement that would not
soon be raised.

It was not that Borlaug was satisfied with the yields that he and his colleagues were
able to reach. He recalled many years later that from the mid-1940s he and Joe Rupert
had kept their eyes open for shorter strawed wheats that might not be susceptible to
lodging under conditions of high fertility. Although they found many such plants,
none ever turned out to be useful in breeding for short stature. For the most part,
these plants were probably aneuploids, that is, plants missing a chromosome and some
of its genes. Such plants would not breed true and were short only because they were
deficient in their genetic makeup.74 In 1952-53, Borlaug also made a concerted
search of the USDA World Wheat Collection for wheats with shorter straw, to no
avail.75

Burton B. Bayles of USDA provided the crucial information that moved the
semidwarfing genes from Vogel's to Borlaug's breeding program. Bayles visited the
Rockefeller program several times in the late 1940s and early 1950s as part of his
coordination work on wheat improvement in the western states. In 1952 he told
Borlaug about Vogel's success with the Norin 10 varieties, and Borlaug wrote Vogel
to ask for samples. In 1953 Vogel sent several selections of F2 seeds from Norin 10 x
Brevor and Norin 10 x Baart, and Bayles sent samples of Norin 10 to Borlaug. Borlaug
attempted to get the semidwarf genes into good Mexican varieties, but the first
attempts were plagued with problems. Norin 10 was a late flowerer, which meant it
had to be used as the female parent and bear the seeds of the next generation. Unfor-
tunately, Norin 10 was also highly susceptible to the rusts in the area, and all of the
first crosses died. Borlaug also used the seeds from Vogel to cross with Mexican
varieties.

By 1955 several crosses were successful, and Borlaug realized that he had a re-
markably new type of wheat that could potentially surpass the yields of anything known
up to that time. Mexican wheats, which were spring varieties that matured within six
months, could never match the yields of Vogel's winter wheats that had nine or ten
months to grow. Nevertheless, under Mexican conditions the semidwarfing genes
allowed farmers to use high levels of nitrogen fertilizer without causing lodging, and
this was the key to higher yields.76

Borlaug and his associates released two varieties of semidwarf wheats in 1962:
Penjamo 62 and Pitic 62. Both had been derived from the Norin 10 x Brevor cross
sent by Vogel.77 Release of these two new varieties came before Borlaug and his col-
leagues felt they were ready. In fact, Borlaug would have preferred never to release
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either one in order to continue the breeding cycle long enough to remove certain
defects. The necessity to release them came from the fact that curious farmers who
visited the experiment stations were taking samples of breeding stock. Borlaug noted
that many commercial fields were showing a complex mixture of the new short semi-
dwarfs and the older tall varieties like Lerma Rojo. It was not only that Penjamo 62
and Pitic 62 were better than these haphazard mixtures, but Borlaug realized that
the stations would have to make the release soon or lose credit for their development.78

In the subsequent five years (to 1967), the Rockefeller Foundation scientists put
out a steady stream of new releases with the semidwarf genes of Norin 10. Sonora 64
and Lerma Rojo 64 both came out in 1964 (the number in the varietal name gives
the approximate year of introduction). They were followed by Jaral 66, Tobari 66,
INIA 66, Noreste 66, Norteno 67, and CIANO 67.79 Just as the introduction of the
new varieties between 1948 and 1954 had facilitated a substantial increase both in
yield per hectare and in total national production, these new semidwarfs provided
yet another sharp boost to yield potential. Improved varieties without the semidwarfing
genes could yield between 4000 and 4500 kilograms per hectare, but the new types
with the Norin 10 genes could yield 6000 to 6500 kilograms per hectare.80

Elimination of wheat imports as a way to conserve foreign exchange was a pri-
mary motivation for the Mexican government's desire to have the Rockefeller Foun-
dation begin its program (see chapter 5). By 1963 the American embassy in Mexico
City reported that on this ground the Rockefeller Foundation program was more than
a complete success. In the 1940s the Mexicans had imported an average of between
196,000 and 278,000 tons of wheat per year. By 1955-59 this annual importation
had dropped to about 23,000 tons per year, approximately 90 percent lower than
importations in the late 1940s. In the early 1960s the importations dropped to below
500 tons per year and were usually fewer than 10 tons per year. In 1962 Mexican
exports of wheat were about 1,000 tons, and in 1963 this figure rose to 72,000 tons.81

Mexico not only was conserving foreign exchange, improved wheat production was
earning foreign exchange. Without the semidwarfs, self-sufficiency was possible; with
the semidwarfs, Mexico moved into being surplus in wheat.

In 1960 the Rockefeller Foundation concluded that its work in the Office of Spe-
cial Studies was finished. On its own account, the Mexican government was inclined
to absorb completely the work of the foundation. Indeed, as a full partner, the Mexi-
can government worked with the Rockefeller and Ford Foundations to transform
the Office of Special Studies into the second of the international agricultural research
centers. The Centro Internacional de Mejoramiento de Maizy Trigo (International
Center for the Improvement of Maize and Wheat, or CIMMYT) opened its doors
near the village of Texcoco outside of Mexico City.

For the first time in sixteen years, Norman Borlaug believed he might be leaving
Mexico, which by this time was truly his adopted home. However, under Harrar's
leadership the Rockefeller Foundation was moving toward a new and comprehen-
sive program to increase grain production in all parts of the less developed world. As
part of this effort, Borlaug drew the assignment of remaining as a Rockefeller Foun-
dation consultant to CIMMYT with the task of promoting increased wheat produc-
tion in any country that wanted assistance. In this capacity he became the chief cou-
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rier of both the Norin 10 genes and the gospel of making the wheat plant an efficient
tap into the now globally cheap sources of nitrogen fertilizer. These duties soon
brought him to India and contact with M. S. Swaminathan and other Indian scientists.

Monkombu Sambasivan Swaminathan
and Indian Wheat Breeding

By the early 1960s, word of the remarkable properties of the Norin 10 genes was rapidly
making the rounds of the network of the world's wheat breeders. In contrast to the
situation Vogel faced in the late 1940s, no doubt remained that the semidwarfing
genes could be moved from the Norin strains and put into varieties that worked in
different climates, soils, cropping patterns, and political economic circumstances.
Movement of the semidwarfing genes thus became a matter of information and of
samples reaching a new location that was prepared to develop the varieties needed
by local farmers and to demonstrate how to make the new seeds work.

India by the early 1960s was fully outfitted with a research and education network
that was seeking genetic material with properties like those of the Norin 10 genes.
The policy of the Indian government was ostensibly favorable to higher yields, but
the pathway to implementation was tortuous (see chapter 8). As it turned out, move-
ment of the Norin 10 genes into Indian agriculture was possibly not entirely neces-
sary and certainly not sufficient to raise India's aggregate national yields of wheat to
levels of self-sufficiency. Political economic policies also had to be adjusted to stimu-
late a sufficient number of farmers to obtain higher yields. Natural and political
calamities threatened the integrity of the Indian state in the mid-1960s, which pushed
India into a new policy framework. With the semidwarfing genes, India's wheat pro-
duction quickly rose to levels almost unimaginable a few years earlier. Thus was born
the green revolution. Many were involved, but M. S. Swaminathan and Norman E.
Borlaug played pivotal roles.

Monkombu Sambasivan Swaminathan was bom on 7 August 1925 in the town of
Kumbakonam, known for its many temples, in what is now the southeastern state of
Tamil Nadu (Figure 10.4). His father, a medical doctor, was M. K. Sambasivan, from
the village of Monkombu in Travancore, now part of Kerala. His mother, Shrimati
Thangammal, was from Pudukottai, at the time a princely state in what is now Tamil
Nadu. Swaminathan's father died when he was only eleven years old, and he, his
mother, two brothers, and one sister were assisted by various brothers of his father
and mother.82

Although Swaminathan's father died when the boy was quite young, he later re-
called at least two features of his father's work that had substantial impact on his own
thinking. First, Dr. Sambasivan became quite prominent in the town of Kumbakonam
for his leadership in campaigns against mosquitoes that transmitted filariasis. The
effort involved mobilizing of the community to do such things as fill in holes that
held water and thus bred mosquitoes. Sambasivan became a leader in town politics
through his medical work. Second, Dr. Sambasivan was an avid participant in the
growing struggle, led by Mahatma Gandhi, for Indian national independence, em-
bodied in swaraj (self-rule) and swadeshi (self-reliance).83 This effort also included
the struggle for reform of the caste system and the opening of temples to Harijans
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Figure 10.4 J. George Harrar (left), H. K. Jain (second from left) and Monkombu Sambasivan
Swaminathan (second from right), inspecting improved varieties of seeds in Delhi, 1971.
Courtesy of Rockefeller Archive Center, North Tarrytown, New York.

(outcastes or untouchables), a reform that led the high-caste priests to refuse to
attend Dr. Sambasivan on his death.84 In later years Swaminathan's work in agricul-
tural research drew upon his early exposure to notions of community involvement,
extending new opportunities to the very poor, and, most important, the idea that self-
reliance in food production was essential for Indian national dignity.

Swaminathan earned his first baccalaureate degree at the age of nineteen from
Travancore University in 1944. He then studied agriculture at Coimbatore Agricul-
tural College in Madras, where he received a second baccalaureate degree in 1947.
Swaminathan at that time considered going into farming on family-owned lands, but
an uncle urged him to continue his studies. Accordingly, in the year of Indian inde-
pendence (1947), he entered the postgraduate program in genetics and plant breed-
ing with B. P. Pal at the Indian Agricultural Research Institute (IARI) in New Delhi,
where he received a diploma in 1949. During this work, however, he still remained
somewhat uncertain about his future in agricultural science. Accordingly, in 1948
he sat for the exam to enter the civil service and was offered a position with the
Indian Police Service. Swaminathan declined the offer and in 1949 won a UNESCO
fellowship to study genetics at the Netherlands Agricultural University in Wageningen.85

After one year in Wageningen, Swaminathan moved to Cambridge, England,
where he began work on potatoes with H. W. Howard at the Plant Breeding Institute
(PBI). Thus Swaminathan reinitiated the pathway that B. P. Pal had begun in 1929
when he left India to study with Biffen and Engledow at PBI. Swaminathan earned
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his doctorate under Howard in 1952 and then set off for a year of research work at
the University of Wisconsin in the United States (1952-53). During these first years
of his professional work, therefore, Swaminathan published entirely on the potato
(through 1955) with a focus on cytogenetics, cytology, and plant breeding. He re-
turned to India in January 1954 after declining a position at the University of
Wisconsin.86

Return to India at first meant a temporary post in rice breeding at the Central
Rice Research Institute in Cuttack. From April through September 1954, Swaminathan
worked on crossing japonica and indica varieties of rice. Significantly, this work
brought Swaminathan for the first time into contact with the genetic basis of yield.
The japonica varieties could yield five to six tons per hectare, but the indica varieties
could not go beyond two tons per hectare. At fertilizer rates of higher than twenty
kilograms of nitrogen per hectare, the indica varieties lodged. Although Swaminathan
remained at Cuttack for only six months and did not publish results of his work there,
some of the segregants from his original crosses reached Malaysia, where they were
still grown three decades later.87

In October 1954, Swaminathan obtained a permanent post as assistant cytoge-
neticist at IARI in New Delhi, where he remained as a teacher, researcher, and ad-
ministrator for the next eighteen years. During these years at IARI, he maintained a
vigorous research program with students, which resulted in over fifty postbaccalaureate
degrees awarded and over 200 publications by 1970. Swaminathan also switched the
focus of his work to wheat when he joined IARI. He became especially interested in
the prospects of using radiation to induce useful mutations in economic crops.
Swaminathan became one of the most prominent agricultural scientists of India and
contributed greatly to the development of IARI as a major research station.88

In the 1960s and 1970s, he received many prestigious awards. These included
the Mendel Memorial Medal by the Czechoslovak Academy of Sciences (1965),
selection as an honorary member of the Swedish Seed Association (1971), the Silver
Jubilee Commemoration Medal of the Indian National Science Academy (1973),
election to the Royal Society (1973), election as a foreign associate of the U.S.
National Academy of Sciences (1977), and election as a foreign member of the V. I.
Lenin All-Union Academy of Agricultural Sciences of the USSR (1978).89

At least some of these awards might have come to Swaminathan for his extensive
work in cytology, cytogenetics, and studies in mutagenesis. Swaminathan, however,
played a catalytic role in bringing the high-yielding wheats to India and in promot-
ing the policies needed to stimulate higher aggregate national yields. In 1961 IARI
began the All India Coordinated Wheat Improvement Project, located in its Divi-
sion of Genetics.90 Although Swaminathan did not directly coordinate the All India
effort, his movement into the headship of the botany department brought him out of
his laboratory and into the very practical, field-based breeding program.

Swaminathan recalled many years later that it was in 1959 that he first became
aware of Vogel's work on the semidwarf wheats and their ability to respond positively
and without lodging to high levels of nitrogen fertilizer. He wrote to Vogel and asked
for seeds, but Vogel's high-yielding wheats were in winter varieties, which required
a period of cold to flower and were suited to conditions that permitted the crop to be
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in the ground for seven to nine months before harvest. Indian wheat is generally
planted in November or December, and it must be ready for harvest by April, before
the fierce summer heat arrives in May. Thus Vogel suggested that Swaminathan might
want to contact Boiiaug in Mexico in order to obtain some of the Mexican varieties
that were of the spring habit, designed for a short season of about five months.91

Swaminathan's interest in the semidwarfing genes thus developed at exactly the same
time that the Ford Foundation recommended more intensive inputs into Indian
agriculture and prodded Nehru's government into organization of the Intensive
Agricultural Districts Program (see chapter 8).

While correspondence was going on between Swaminathan and Vogel, S. P. Kohli
of lARI's botany department initiated crosses with some Italian dwarfs, but these short
wheat plants also had an ear that was short and thus did not yield much grain.
Swaminathan knew by 1962 that short, stiff-strawed wheats that had normal ears and
resistance to numerous races of black, brown, and yellow rusts were likely to be the
kinds of plant that would allow Indian farmers to take advantage of nitrogen fertiliz-
ers and more irrigation later in the season. In February 1962 he noticed some ex-
perimental plots at IARI that had plants with the requisite short stems and normal
ears. He traced the records of these plants and found that they originated from
Borlaug's program in Mexico. After informal discussions with Pal and Ralph
Cummings, field director of the Rockefeller Foundation in India, Swaminathan
prepared a formal proposal to bring Borlaug to India during the next flowering and
harvest period for wheat, February through April 1963.92

Pal and Cummings were both supportive of Swaminathan's proposal, and Borlaug
arranged to be in India during March 1963. Swaminathan prepared an extensive tour
of the varied areas growing wheat, each of which had special characteristics of climate,
soil, and local wheat varieties.93 Borlaug traveled almost constantly during his month
in India, frequently with members of the IARI staff, including Swaminathan, Kohli,
and others. By 1963 Borlaug knew well from his experience with the Norin 10 genes
in Mexican wheats that at least in theory it should be possible to develop comparable
wheat plants in India. In his summary of findings from his trip, therefore, he focused
on the major factors that he judged had to be accommodated in order to increase
Indian wheat production: disease resistance, soil fertility, water, and breeding for high-
yielding potential under adequate systems of fertilization and irrigation.94

Borlaug especially linked the problems of soil fertility, the prospects for higher
uses of fertilizer, and the appropriate objectives of a wheat-breeding program:

Most of the Indian soils where wheat is cultivated, are extremely deficient in nitro-
gen. ... In order to appreciably increase the production of wheat in India, it will be
necessary to bring about a great change in the breeding, agronomic and soil fertility
research, as well as in the application of the plant pathology information. ... In the
past ten years it has been standard practice to search for small increases in yield. . . .
Now, when there is every hope of a revolution in ... the use of fertilizer, it is neces-
sary to ... change . . . the plant itself. . . . This modification in the breeding program
.. . should discard the idea of searching for a variety which will.. . increase only a few
pounds per acre the potential yield. . . . There is an immediate need for a new agro-
nomic type of wheat which will catalyze . . . the use of fertilizer and improvements in
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irrigation. . . . The first and most clearcut, obvious factor limiting yield when cultural
practices are modified, is lodging. New varieties must be developed which willbe [sic]
resistant to lodging when heavy rates of fertilization are applied.95

Borlaug went on to recommend that wheat improvement needed a full-time coordi-
nator in order to bring true, national coordination to what he saw as a seriously frag-
mented exercise. He pointed out that even within IARI, two different and largely
uncoordinated wheat-breeding programs were under way. He also recommended
initiation of a summer breeding station so that two generations per year could be
grown and thus the time to obtain a new variety reduced. Borlaug's orientation was
clearly on the project of raising national aggregate production figures as quickly as
possible, that is, a transfer to India of the very success he had in Mexico.

At the conclusion of his Indian visit, Borlaug promised to prepare a selection of
Mexican varieties and get them to India in time for sowing in the fall of 1963. The
shipment from Mexico arrived in November and contained 100 kilograms each of
Lerma Rojo 64A, Sonora 63, Sonora 64, and Mayo 64. These varieties had all been
released for commercial production in Mexico. In addition, Borlaug sent smaller
samples of over 600 additional lines in advanced stages of selection but not yet
released in Mexico.96

Sufficient quantities of the four released varieties allowed the IARI scientists to
divide the samples among four different research stations. Yields the following spring
immediately indicated that the Mexican wheats were remarkable. Indian improved
wheats without the semidwarfing genes generally did not yield above 2700 kilograms
per hectare, and in good years most of them tended to yield in the range of 2000 to
2400 kilograms per hectare. In contrast, all of the Mexican varieties indicated in the
first year that they could yield generally in the range of 2900 to 3700 kilograms per
hectare. Some yields came in at nearly 4600 kilograms per hectare.97

In comparison with yields being obtained on farmers' fields, the Indian-improved
varieties grown on research plots were thus generally about three times more pro-
ductive. All India average wheat yields in the period 1956-57 to 1960-61 were 759
kilograms per hectare. The Mexican varieties demonstrated immediately that yield
limits might be as much as five to six times as high as Indian farmers were then
obtaining.98

Even given the spectacular yield potential of the Mexican wheats under Indian
conditions in the first year of experience with them, Borlaug was convinced that, with
adequate fertilization, varieties such as Sonora 64 and Sonora 63 should yield more,
as much as 5 500 to 6000 kilograms per hectare,99 a figure that was nearly eight times
as high as Indian farmers were then obtaining. From Borlaug's point of view, these
figures were sufficient to justify an immediate effort to push the Mexican wheats into
the mainstream of Indian wheat production:

These varieties or advanced lines should be multiplied rapidly and used for widescale
testing and demonstration purposes. If results continue favorable after another year of
extensive testing they should be used commercially without hesitation. Such varieties
possessing high yield potential and resistance to lodging, when heavily fertilized and
properly irrigated will serve as a catalyst toward revolutionizing Indian wheat produc-
tion if used vigorously as an extension and demonstration tool in the Village "package
developing programs." (emphasis in the original)100



Science and the Green Revolution 237

Additional excitement was also generated by enthusiastic press coverage of
Borlaug's second visit to India. On 15 March 1964 the Times of India, the Sunday
Statesman, and the Sunday Standard ran articles that trumpeted the high yields
obtained in the first trials of the Mexican wheats at IARI.101 Borlaug's enthusiasm
may also have been stirred by a formal movement by the board of trustees of the
Rockefeller Foundation, under the leadership of J. George Harrar and John D.
Rockefeller III, in September 1963, to designate five areas of concentration, the first
two of which were "Toward the Conquest of Hunger" and "the Population Prob-
lem."102 Positive press coverage and a formal designation of higher yields as the top
priority for the foundation were powerful incentives to push for rapid adoption of
the Mexican wheats.

Borlaug's enthusiasm notwithstanding, a number of scientific and political factors
stood as barriers to further promotion of the Mexican wheats. Although no argument
attended the notion that the Mexican wheats provided genetic material that could be
highly valuable under Indian conditions, Pal and Kohli were not keen on the idea of
quickly releasing the Mexican varieties as they were. They cited as matters of concern
the shriveled grains and susceptibility of the Sonoras in Punjab to yellow rust. They
argued for caution and for crossing the Mexican wheats with Indian wheats in order to
get new genetic varieties that would combine the best traits of the Mexican wheats with
the best of the Indian strains. Kohli, who was the coordinator of the All India Coordi-
nated Wheat Improvement Project, wanted Borlaug to send 200 to 300 kilograms each
of eight Mexican varieties and 20 kilograms each of an additional twenty-one Mexican
strains. Guy Baird of the Rockefeller Foundation staff in India echoed the concerns of
Pal and Kohli and urged caution. He pointed out that premature release of U.S.
hybrid maize in India had created problems.103 All parties also realized that the Mexi-
can wheats were not absolutely essential to increasing wheat production in India. More
fertilizer and irrigation on Indian wheats, provided the amounts were not so high as to
provoke lodging, could also produce higher yields.

Not only did scientific questions surround the idea of pushing the new wheats
into rapid adoption; the very notion that wheat itself was worthy of high attention
was possibly controversial. Rice was the major grain of India, which may have cre-
ated questions of how much money should be devoted to research on wheat. In
addition, India and the Rockefeller Foundation had invested as much or more in
maize improvement since 1957, which may have promoted work on that grain as
perhaps a better use of future research funds.

Despite these reservations, Swaminathan, with the support of Pal and the Indian
Council of Agricultural Research, moved in March 1964 to propose that Borlaug send
about twenty tons each of Sonora 63 and Sonora 64 to be used by IARI and other re-
search institutions for about 1,000 acres of demonstration plots and to increase the supply
of the Mexican seeds. In addition, the Ford Foundation staff were interested in mov-
ing the Sonora 63 and Sonora 64 into seed farms in the Intensive Agricultural Districts
they were supporting. These plantings, too, were proposed more for demonstration and
for seed increase than for full commercial production.104 On its own account, IARI
took the seeds produced in the spring of 1964 and multiplied them over the summer
at its station in Wellington, in south India. Those seeds entered the All India Coordi-
nated Wheat Improvement Program, to be harvested in spring 1965.105
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On the scientific front, therefore, 1964 began with great excitement at the yields
of the Mexican wheats, but the results prompted an intense desire for more research
and further initiation of breeding work to combine Mexican and Indian wheat
strains. Administratively, the Rockefeller Foundation added R. Glenn Anderson
(1924-81) to its New Delhi staff as cocoordinator with S. P. Kohli of the All India
Coordinated Wheat Improvement Project. Anderson had come from his native
Canada to Mexico to work with Borlaug before accepting the assignment in India.
Anderson's appointment represented a substantial increase in the Rockefeller Foun-
dation program in India and a direct infusion of experience from Mexico to India.
The foundation's increased commitment to wheat was also reflected in a substan-
tial overall budget increase for its Indian Agricultural Program.106 On the Indian
side, the Education Commission of Indian government appointed B. P. Pal, direc-
tor of IARI, to chair a task force on agricultural education, which met into 1965.
Ralph Cummings, field director of the Rockefeller Foundation program in India,
was added to the task force in May 1965 and proceeded to play a highly influential
role in drafting the final report.107 The year 1964 therefore marked a substantial
deepening of both India's and the foundation's engagement with wheat as a vehicle
for reform of Indian agriculture.

If scientific considerations alone had not been sufficient to result in a slow em-
brace of the Mexican wheats, political factors soon rose to paramount importance
shortly after the wheat harvest of March and April 1964. Of most significance was
the death of Prime Minister Jawaharlal Nehru in May 1964, after his debilitating
stroke of the previous January. Lai Bahadur Shastri was elected to the leadership of
the Congress Party, and thus to the prime ministership, on 9 June 1964.108 Thus at
the very time the Mexican wheats were first showing their prowess for yields under
heavy nitrogen fertilizer, the top levels of the Indian government underwent a major
transition, the first in the seventeen years of independence. Uncertainties stemming
from new leadership may have dampened enthusiasm among administrators like Pal,
who headed the IARI. When a new boss is coming in, the last thing an experienced
civil servant wants is to be responsible for starting a bold new venture that fails or is
not in line with new priorities.

It quickly became apparent, however, that the promise for higher yields would
not be outside the goals of the new leadership. Shastri's first alteration of the cabinet
was to appoint C. Subramaniam, then the minister of steel, to be minister of food
and agriculture, an arena of government policy that was in crisis and disarray. Shastri
and Subramaniam both believed that India needed to raise its total agricultural pro-
duction. In June, during his first month in office, Shastri appointed a prices com-
mittee, which recommended price incentives for commercial farmers and larger
investments in production inputs. Subramaniam's new Food Corporation of India,
announced in July 1964, was to be the major conduit for procuring grain at prices
attractive to farmers, although for its first year of operation it would purchase mostly
rice, not wheat, from domestic growers. In July Shastri's government also began
negotiations with the United States to provide about 4 million tons per year of wheat
imports for the following five years. Thus at the time the new Mexican wheats first
showed promise, the new government clearly remained on a trajectory to rely on
imports of wheat to meet domestic demand.
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Subramaniam continued the development of his thoughts in a speech to the
National Development Council, Committee on Agriculture and Irrigation, on 1 January
1965. The National Development Council was Shastri's vehicle for opening the
debate about India's planning to political leaders of the states, who had had little influ-
ence with the Planning Commission under Nehru's rule.109 Subramaniam called for
a reorganization of central government efforts in order to bring better cooperation
between the Ministries of Agriculture, Irrigation, and Community Development and
Cooperation. He was particularly forceful in arguing for a wider use of science in
reforming Indian agriculture, including the use of better seeds, more and better use of
fertilizer, and more efficient use of irrigation. Prices to reward the farmer and credit to
enable the farmer to invest, he argued, were also needed.110 With this speech, about
seven months into his tenure as minister of agriculture and with no previous background
in the field, Subramaniam clearly staked out a broad and comprehensive reform agenda
based on the new technology provided by agricultural science.

Not only did Subramaniam prove to be a quick student in learning the substance
of an industry he had previously not known; both Subramaniam (Figure 10.5) and
Shastri (Figure 10.6) showed the personal interest to visit the experimental plots of
Mexican wheats at IARI. Shastri's visit was at a field day for local farmers, and the

Figure 10.5 C. Subramaniam, minister of agriculture (second from right) inspecting a field
of Sonora 63 with officials of the Indian Agricultural Research Institute and the government
of India. Courtesy of Rockefeller Archive Center, North Tarrytown, New York.
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Figure 10.6 Lal Bahadur Shastri, prime minister of India, 1964—66, being presented with
a sheaf of grain by a village cultivator at a field day during the Diamond Jubilee Celebration
of the Indian Agricultural Research Institute. Courtesy of Rockefeller Archive Center, North
Tarrytown, New York.

prime minister delivered a speech in simple Hindi in which he said the modern wheats
were to older wheats as airplanes were to bullock carts. Subramaniam relied on sci-
entists like Swaminathan to prepare much of his material. Swaminathan recalled
later that although Nehru was interested in science, the new leaders of India pro-
vided higher access to people interested in agriculture.111

More than mere interest in agriculture, however, was involved. As Subramaniam
moved to embrace fully the promise of the high-yielding varieties of wheat, he was
simultaneously rejecting the entire basis of India's development plans as they had
been developed by Nehru and the Planning Commission since 1947. It is likely that
only the near-calamitous political conditions in 1964 and 1965 permitted Shastri
and Subramaniam to promote a policy that was so accepting of the new wheats at
IARI. Possible outbreak of famine, eruption of political violence over shortages of
food, and stern pressure from the World Bank all combined by August 1965 to com-
plete the transition in the central government to a full embrace of the technology
needed to get higher agricultural production (see chapter 8).

Subramaniam's proposal was to make real India's commitment to the Intensive
Agricultural District Programme, which the Ford Foundation had recommended
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in 1961. Endorsement of the IADP carried with it a substantial reallocation of India's
foreign exchange reserves. Where 191 crores of rupees (1 crore =10 million) had
been spent on imports for agriculture during the third five-Year plan (1961-66),
Subramaniam's new proposals called for over a fivefold increase, to 1,114 crores of
rupees in the fourth five-year plan. During the course of the plan, estimates of India's
foreign exchange earnings were 5,100 crores of rupees, of which 5,300 crores of
rupees were projected to meet existing imports and 1,350 crores of rupees were needed
for foreign debt servicing. Thus without Subramaniam's agricultural projects, India
was already projecting a deficit of foreign exchange of 1,550 crores of rupees.112

Financing development, including Subramaniam's plans, thus required foreign
assistance of at least 2,650 crores of rupees, an amount larger than the 2,600 crores
of rupees estimated to be received from 1961 to 1966. Such mammoth needs for
inputs to agriculture, mostly irrigation equipment and nitrogen fertilizers, also raised
the possibility that if foreign assistance were not forthcoming, India would have to
accept private foreign investment to build manufacturing plants for these items but
on terms of foreign ownership that up to that time India had found unacceptable.
Opponents within Shastri's government focused on the inescapable needs for for-
eign assistance, the unpalatability of foreign capitalist penetration, plus the inegali-
tarian nature of the IADP scheme for rural development to stall Subramaniam's
proposal.113

If 1964 was the year of cautious scientific optimism on the promise of the Mexi-
can wheat and the turmoil of change in the political sphere, then 1965 was the year
of consolidation of confidence on the technical capacities of the semidwarf wheats
and a continuation of unsettledness in many dimensions of Indian political life. Most
serious among Indian political worries were the worsening relations with Pakistan.
Skirmishes in April over the Rann of Kutch turned into full-scale war in September,
with major battles in the far north (Jammu and Kashmir) and in the Punjab between
Delhi and Lahore.114 To the disruptions caused by conflict came a year of drought
starting with the monsoons of the summer months. The full effects of the water short-
age were visible by early 1966.115

Wheat harvested in March and April 1965 was sufficient to approve Lerma Rojo
64A and Sonora 64 for release to commercial production on irrigated land. The
Mexican wheats were especially good at resistance to lodging.116 In early July the
Indian government placed an order to Borlaug for 200 tons of Sonora 64 seed. The
Rockefeller Foundation was to pay Mexico in U.S. dollars, and India was to reim-
burse the Rockefeller Foundation in New Delhi in rupees.117 In late July India wanted
to change the order to 100 tons of Lerma Rojo 64 and 100 tons of Sonora 64, if pos-
sible, because of Lerma Rojo's better rust resistance. Unfortunately, the switch was
not possible, because the 200 tons of Sonora 64 were already en route when the
revised order was placed. Accordingly, India ordered an additional 50 tons of Lerma
Rojo 64.118 Borlaug advised that Sonora 64 should not be grown in areas in which
stripe rust was a problem.119

A shipment of 250 tons of seed could plant about 2900 hectares (about 7,100 acres)
if seeded at 86 kilograms per hectare, which was the seeding rate used for the 1965-66
yield trials.120 IARI planned to use the 250 tons for further testing, demonstrations,
and distribution to over 5,000 farmers.121 Thus by mid-1965 both the scientific and
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political consensus was that India was moving to disperse the Mexican wheats as they
were, without waiting to breed new varieties that had useful Indian traits. Such breed-
ing work could come later, of course, and ultimately replace the original Mexican
types.

Strategically, this move to rapid adoption of the Mexican wheats was a major shift
from the usual caution and slower pace of new variety adoption. It clearly reflected
Borlaug's missionary sense that dramatic increases in yields, even when the varieties
available were not perfect, was the way to proceed:

Since Indian wheat production is entering a phase of dynamic change it will be nec-
essary to use a dynamic approach to the multiplication and distribution of new
varieties. ... I would urge you to be aggressive in deciding to multiply and distribute
promising lines. Don't look for the perfect variety —or for a variety that will last for 15
years commercially, for you will never find it. If your breeding program is dynamic
and aggressive, the lines entering increase will already be obsolete. This is the way it
should be.122

This dramatic shift in the speed at which Indian agriculture was being reformed
was based as much on political considerations as on scientific considerations. Indian
scientists had two years' worth of data, for 1964 and 1965, which indicated that the
Mexican wheats could respond without lodging to nitrogen fertilizer and irrigation.
Further extensive trials were under way for the 1965-66 growing season.123 They were
not perfect in terms of resistance to Indian rusts, especially Sonora 64, but with care
they apparently could be grown safely in India with great success. Farmers had to
learn new methods of seeding, irrigation, fertilizing, and controlling weeds, but such
adjustments did not pose a major conceptual problem.

Politically, in the summer of 1965 Shastri's government could not have felt any-
thing but beleaguered. In addition to the chronic concerns about food supplies and
the uses of foreign exchange, India had fought, not very successfully, a skirmish with
Pakistan on their southern border in the Rann of Kutch. India, with its much larger
population, was militarily much more powerful than Pakistan, but both countries
were heavily armed, largely by the United States, which worked to keep both coun-
tries in the Western camp against the Soviet Union and China. Dependence on the
United States for both food and military equipment was not a welcome state of
affairs in New Delhi.124 Thus any avenue to relieve these political stresses must surely
have looked attractive to Shastri's government.

To make matters worse, in the summer of 1965 the United States was in the pro-
cess of revamping its programs of food aid, as part of a larger concern about global
population growth. India specifically was informed by the State Department that future
aid would depend on India's allocation of foreign exchange for fertilizer or on build-
ing fertilizer plants in India. In addition, in August 1965 the Johnson administration
put India on virtually a month-to-month arrangement for food aid.125 These explicit
links between population, food aid, and agricultural policy were stimulated by a con-
ference of demographers, policy makers, and others, which was held in July and orga-
nized by the Rockefeller Foundation.126 Thus the foundation worked on the reform
of Indian agriculture from two sides simultaneously: first as collaborators with Indian
agricultural scientists on wheat yields and second as catalysts for policy making in the
United States for ties between food aid and the actions of recipients of aid.
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Almost immediately on the conclusion of the war with Pakistan (late September
1965), India proposed to the Rockefeller Foundation to import a large amount of
Mexican wheat seed, to arrive in time for planting in the fall of 1966. At first the
proposal was for 5,000 tons. This figure dropped to 2,000 tons in February 1966,
then rose to 21,000 tons in April. Although the Rockefeller Foundation was delighted
to act as a catalyst in arranging for this enormous shipment, Harrar, as president of
the foundation, wanted no responsibility for the seed because of possible problems
with poor germination. Harrar was willing, however, to provide India up to $ 100,000
to help pay for it.127

Subramaniam made the political importance of the Mexican wheats completely
clear in statements published in October and November 1965. It is importantto see
in his own words how he linked agricultural science, the development of India, and
India's national security:

The inadequacy of our agricultural production has thrown a grave challenge to the
nation engaged in the task of its economic growth and in the increasing responsibili-
ties of its defence. It is a challenge to our will to live in prosperity and freedom. . . .
Our men of science are called upon to provide the ideas and leadership for bringing
into the field methods and techniques which will effect a breakthrough in our agri-
culture and sustain its dynamic growth. . . . Agriculture in this country should be
regarded as a management problem and not merely a way of life, and I am sure, the
productivity approach is going to help us in maximizing output.128

[Indian and Pakistani armies have stopped, but we should not blunt our vigilance.] In
fact, we must remind ourselves that there is an enemy lurking still —the enemy of
ignorance, poverty and obscurantism. This enemy has to be fought and fought to a
finish. Never has this need been so great as now; and never has our country been in a
mood as ready to respond as today to new initiatives to sweep away the cobweb of delay,
obstruction and reaction. . . . India cannot continue to remain in the same state as
before. . . . [The current crisis] has focused the need to introduce in a maximum way
science and technology into our administration, our economic activity and our de-
fence. The scientific revolution has a great role to play in making our society strong
and successful. Research has to be organised in a bold and purposive manner to this
end.129

Prime Minister Shastri was even more explicit about the links between agricul-
tural production and the nation's security. In a broadcast on All India Radio from
Delhi on 10 October 1965, he stated:

I consider self-sufficiency in food to be no less important than an impregnable de-
fence system for the preservation of our freedom and independence.... Dependence
on food imports is not only bad for the economic health of our country but it under-
mines our self-confidence and self-respect. We have to stand on our own legs and a
beginning has got to be made right now towards self-sufficiency in food. The food
front today is almost as vital as the military front. . . . The jawan is giving his blood, he
is staking his life for the country. I am asking the kisans to give their toil and their
sweat.130

Although Subramaniam resolved to move as quickly as possible to increase India's
agricultural production, the Shastri government did not last long enough to com-
plete the mammoth import of the Mexican wheats. Lal Bahadur Shastri died in
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Tashkent, USSR, on 11 January 1966, the morning after concluding a peace agree-
ment with Pakistan that had been brokered by Premier Aleksei Kosygin. Shastri's death
reignited the battle within the Congress Party over the directions of Indian policy.
Indira Gandhi, Nehru's daughter, emerged as the new leader and prime minister on
19 January 1966.

In the confusion of establishing a new administration, those within the Planning
Commission who opposed Subramaniam's plans for the Mexican wheats may have
sensed an opportunity to raise anew the objections to moving to capital-intensive
agriculture. Staff of the Rockefeller Foundation heard the commission's objections
that nitrogen fertilizer would not be available in 1966 and that in any case the Mexi-
can wheats had not responded well to fertilizer. They launched a request to Borlaug
in Mexico for solid information about the potential for nitrogen responsiveness in
the Mexican wheats.131 Although surviving records do not indicate exactly how
Borlaug and the other foundation staff responded, the objections based on availabil-
ity of nitrogen fertilizer very probably reflected the intense battle within the Indian
government over how to allocate scarce foreign exchange.

Subramaniam's plans for Indian agriculture survived the transition from the Shastri
government to the Gandhi administration. In fact, they became a major piece of
discussion when Gandhi visited Washington in March 1966 as part of the new
government's efforts to improve relations with the United States. Gandhi was obliged
to meet the demands of the Johnson administration that India devalue the rupee,
enhance its own ability to increase agricultural production, and in other ways show
evidence of development that were consistent with what the world's largest capitalist
country thought development should be. Gandhi was successful in impressing the
American government with India's policies, even though she later faced intense criti-
cism both within Congress and among opposition parties.132 She also was successful
in gaining a commitment from the Johnson administration for the increased food
aid that would be needed in 1966 because of the failure of the monsoon rains of
1965-66.133 Subramaniam's influence within the new administration was enhanced
by his appointment to a seat on the Planning Commission,134 which previously had
been a source of opposition to his thinking.

Given the now firm directions of the new government, in 1966 India sent a team
of three, including S. P. Kohli of IARI as the chief technical adviser, to Mexico to
select and purchase a large quantity of Mexican wheat to seed a significant portion
of the 1966 wheat crop of India. A total of 18,000 tons of Lerma Rojo 64 began load-
ing on the Greek freighter Phaedra at the Sonoran port of Guyman on 18 July 1966.
This was the largest single seed transaction ever in the developing world, and it was
tremendously complicated. The Indian delegation had to deal with Mexican coop-
eratives and individual farmers, select fields, get rid of weeds that would contami-
nate the seed, and oversee the warehousing, cleaning, and sacking of the grain for
shipment. For their efforts, Borlaug felt they got a good price and handled the whole
affair very skillfully.135 By mid-September the Phaedra was unloading its cargo at
Khandla in Gujarat.136

With such a large shipment of grain, India was launched into a transformation
of its wheat production. Borlaug estimated that 18,000 tons plus seed raised in
1965-66 in India would permit about 1 million acres to be planted with semidwarf
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varieties in the fall of 1966, to be harvested in the spring of 1967. With the new
harvest, India would be fully set to use the high-yielding varieties in 1967-68.137

At the time, India had about 33 million acres under wheat, of which about 10
million had some irrigation.138 Thus the huge shipment of Mexican grain, plus
that raised domestically, had the potential for seeding about 10 percent of the suit-
able (irrigated) wheat land.

In 1966-67, for the second year in a row, the monsoons failed in India. Drought
in India, however, was always a problem for the areas without irrigation. If irrigation
was available, then yields might suffer little or no ill effect from the drought; such
was the case with the 1966-67 drought. Total grain production of India was down
sharply for the second year in a row, and the drought of the previous year had left the
country with no carryover stocks. Production of 89 million metric tons in 1964-65
had dropped to 72 million metric tons in 1965-66 and less than 75 million metric
tons in 1966-67. Imports, including a record-setting 10 million metric tons in 1966,
averted famine but not a loss of national pride.139 In contrast to the decline in
national yields, the state of Haryana, just west of Delhi, had extensive irrigation works.
The index of its production of wheat in 1964-65 was 137.8, which dropped slightly
to 135.1 in 1965-66 and rose to 157.8 in 1966-67 (1956-57 = 100). It is possible
that Haryana's production of wheat in 1966-67 went up because of the first influx of
the Mexican wheats on a large scale. Fertilizer consumption was increasing rapidly
at the time: 1,081 tons of nitrogen were used in 1960-61, but this had risen to 12,626
tons in 1966-67.140

For India as a whole, the year 1966-67 marked a turning point in its national wheat
production. Continuous pushing of the high-yielding variety program by the Indian
government and the Rockefeller and Ford Foundations pushed the area planted to
the new varieties from 504,000 hectares in 1966-67 to over 10 million hectares in
1972-73. Correspondingly, India's reliance on food grain imports began to drop, from
4.7 percent of total in 1960-61 to 0.8 percent in 1972-73.141 Similar changes
occurred with rice production as dwarf varieties that responded to fertilizer came
into production. The green revolution did not end the question of agriculture and
food production in India, but it shifted it onto an entirely new plain in which self-
sufficiency was a realistic goal.

The people most involved went on to positions of greater responsibility, a factor
that surely reflects the prestige they earned in the eyes of the Indian government for
their efforts. Subramaniam appointed B. P. Pal, director of the Indian Agricultural
Research Institute, to be director general of the Indian Council for Agricultural
Research in June 1965. This was a move that had been recommended by a review
team headed by Dr. Marion Parker of USDA and was welcomed by the Rockefeller
Foundation staff in New Delhi. For the first time a scientist would head the council,
and all scientific research units sponsored by the central government came under
Pal's supervision.142 For his general supervision of the green revolution, therefore,
Pal became the chief agricultural scientist of India. He remained in that role until
his retirement in January 1972.

M. S. Swaminathan, who had played such an important catalytic role in identify-
ing the semidwarf strains as potentially interesting, remained at IARI until Pal's
retirement in 1972 and then became Pal's replacement as director general of the
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Indian Council for Agricultural Research. He remained the chief agricultural scien-
tist of India until 1979, when he moved successively to be secretary in the Ministry
of Agriculture and Irrigation (1979-80) and then member of the Planning Commis-
sion (1980-82). Swaminathan then left the service of the Indian government to be-
come director general of the International Rice Research Institute in the Philippines.
He retired from that position in 1988, returned to India, and continued to serve as
president of the International Union for the Conservation of Nature and Natural
Resources, a post he began in 1984.143

In India, Pal and Swaminathan brought the plant-breeding work that originated
with Rowland Biffen and Frank Engledow in England together with the plant breed-
ing that stemmed from the work of Orville Vogel and Norman Borlaug of the United
States and Mexico. In their turn, the Indian scientists contributed further varieties of
wheat that ultimately transformed the Indian agricultural landscape, just as Vogel
and Borlaug had transformed those of the United States and Mexico. To complete
the circle, we now turn to the work of Francis G. H. Lupton and John Bingham,
who transformed the English agricultural landscape in a similar fashion.

Francis G. H. Lupton and John Bingham

Two English scientists, Francis G. H. Lupton and John Bingham, were at the heart
of the efforts to breed new winter wheats at the Plant Breeding Institute after World
War II. Lupton joined the PBI staff in 1948, at the start of the institute's postwar
reconstruction (see chapter 9). Bingham began work on 1 December 1954.144 The
two scientists and their colleagues eventually reached about 1,000 new crosses per
year, but it was not until 1964 that the PBI scientists released a new variety: Maris
Widgeon. This was the first substantially new wheat variety created in Britain since
Frank Engledow's Holdfast was released in 1935, twenty-nine years earlier. Private
breeders in Britain released a few varieties of wheat, such as Redman in 1939 and
Hybrid 46 in 1946,145 but for the most part British-grown wheat tended to be
varieties produced either by PBI or by foreign research stations. Thus British wheat
breeding endured a spell of nearly three decades without many new varieties.

An absence of new releases for such a long time by no means indicated a lack of
interest in wheat by PBI. Instead, the long hiatus represented, first, virtually a com-
plete disruption of wheat-breeding efforts for nearly fifteen years by World War II
and the reconstruction of agricultural research that followed it (see chapter 9). Sec-
ond, the initially high postwar enthusiasm for increasing British food production,
which could have been a powerful stimulus to introduce new wheat varieties, began
to dissipate in the 1950s. Reforms in British agriculture initiated by the Labour gov-
ernment after 1945 elicited higher food production from farmers without remark-
ably new varieties.

Higher farm production in the 1950s occurred in a context of general economic
recovery from the damages of the war. As a result of the more prosperous times, the
sense of urgency about the British food supply and the foreign exchange reserves for
food imports diminished through the 1950s and 1960s, but the period from 1952 to
1954 produced brief foreign exchange scares that were reminiscent of the sterling
crises of 1947 and 1949. Engledow and a few others146 continued to maintain that
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Britain needed to achieve even higher levels of food self-sufficiency as a national
security measure, but the mainstream sentiment became more complacent and thus
happy with the higher levels that had already been achieved. Wartime austerity rules
on wheat milling ended in 1953, and most consumers probably did not care if the
bread was made with imported wheat or domestic grain, as long as the price was
reasonable.

Not only did improving economic conditions during the 1950s reduce the sense
of crisis about the need for British food self-sufficiency, but also the wheat breeders
at PBI had one of the most technically and politically difficult jobs among wheat
breeders in the entire world. Compare their situation with those elsewhere: in Mexico,
Borlaug and his associates entered the scene when very little improvement of wheat
varieties had been accomplished. A few judicious selections from the varieties
already growing, some imports of varieties not found in Mexico, and some simple
crosses, all combined with some advice about use of a little fertilizer, sufficed to make
significant changes in the Mexican context. This comment is not to diminish the
significance of what Borlaug's team achieved, but, in contrast, British wheat breeders
had to produce varieties that were better than the already improved varieties being
grown, with modest amounts of fertilizer, in order to be successful. Moreover, the
Mexican government at the level of the president acutely wanted higher national
wheat production, and Borlaug's unit reported directly to the minister of agriculture,
which gave it a continuing high political visibility.

Similarly, Indian wheat breeders after 1947 already had a substantial backlog of
improvement work. In contrast to Britain, however, India had until 1964 a govern-
ment that did not match its words of enthusiasm for agriculture with policies that
encouraged farmers to increase production. The Labour government's Agriculture
Act of 1947 (see Chapter 9) established a variety of programs that remunerated farmers
who moved to higher production levels, and the Conservative government that fol-
lowed made changes that encouraged more intensive practices even more effectively.
India's government did not move to real incentives for higher production until the
mid-1960s. Thus PBI wheat breeders faced the ironic situation that government
policies to encourage production were already so successful at improving yields of
existing varieties that it was increasingly difficult to find new ones with higher yields.

Perhaps the British context for wheat breeding was most similar to the American
one. American breeders, too, worked in a situation that already had substantially
improved varieties, so they also had to search hard for new varieties that could outyield
the old ones. In contrast to the United Kingdom, however, agriculture in general
was a much more powerful industry in the United States. The government's atten-
tion never drifted far from agriculture because the political consequences could be
severe. British farmers could not wield such a block of votes in Parliament, so there
was a tendency for government in Britain to pay attention to agriculture most when
the Treasury feared a collapse of the pound sterling and a foreign exchange crisis.
PBI's breeders were thus caught up in the shifting levels of attention they could
expect agriculture and their craft to enjoy from Parliament and the public.

Thus the program in wheat breeding at PBI after 1950 became one without a strong
sense of crisis to push for rapid introduction of new varieties. Instead, Lupton,
Bingham, and other PBI scientists pursued a breeding strategy linked to an extensive
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research program on (1) quality for bread making of wheat protein, (2) plant physi-
ology, (3) plant pathology, (4) cytology, and (5) cytogenetics. Although the specifics
of the research instituted after 1948 had all the trappings of the most current biologi-
cal science, it is significant to note that the grand strategy for postwar PBI breeding
programs actually dated to the work of Biffen and Engledow in the 1920s. They
argued explicitly in 1926 that what was needed for British wheat were varieties that
had shorter, stiffer straw that would enable farmers to put on more manure without
causing the crop to lodge. In addition, they believed that British wheats could be
constructed to produce strong flour for bread and to be resistant to disease.147

Partly as a result of this extensive research program, and partly as a matter of good
fortune from newly imported genetic material, PBI ultimately produced new vari-
eties that had astonishingly high yields, perhaps close to the theoretical maximum
based on efficiencies of photosynthesis currently found in wheat. In addition, PBI
wheats bred by Lupton and Bingham had protein quality suitable for use in British
breads, which reduced the amount of wheat imported from North America to van-
ishingly small amounts. Britain, in fact, achieved the vision held by Rowland Biffen
in 1905, self-sufficiency in wheat production, in the 1980s.148

The period 1948—55 was one major reorganization and shifts for both PBI and
British agriculture as a whole, and it is important to understand these events in order
to see how Lupton's and Bingham's research program emerged and succeeded. When
Lupton joined PBI in 1948, he had just completed his baccalaureate degree from
Cambridge with a tripos in botany, zoology, and physiology. He had not had any
experience, practical or theoretical, in agriculture, but PBI Director G. D. H. Bell
hired him because he was well versed in the biological sciences, which reflected Bell's
sense that PBI staff should be good scientists first and learn their agriculture as they
needed it. Lupton spent a substantial part of his first year attending the lectures in
agriculture at Cambridge, and his first assignments were to assume responsibility for
the wheat breeding previously conducted by Engledow.149

During the reconstruction of PBI, a substantial amount of time was spent orga-
nizing the new facilities, defining the breeding objectives, and devising the breeding
methodology. A particularly important point was whether the program should seek
varieties that made "strong" flour. British millers and bakers were accustomed to
buying imported grain from North America, which had the kinds and amounts of
protein necessary to make a strong flour, which in turn could make the type of bread
loaf preferred by the British. English wheat tended to make a weak flour, which would
not rise properly and gave a loaf of poor crumb structure. At the dedication of PBI's
new buildings, an elderly miller went so far as to tell PBI scientists that they would
be wasting their time to seek wheat varieties that could produce strong flour under
British conditions. The miller's implications were that Britain would always be
dependent on imported wheat, unless British consumers developed a preference for
a different type of bread. Engledow, Bell, and Lupton, the three senior wheat scien-
tists, however, disagreed and insisted that the quality of the grain should be an im-
portant objective of the PBI program.150

After the initial objectives of the work were clear, Lupton began research that
focused on the resistance of potential new varieties to disease (yellow rust, Puccinia
glumarum; powdery mildew, Erysiphe graminis tritici; and eyespot, Cercosporella
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herpotrichoides). In addition, Lupton delved deeply into the methods for conduct-
ing large-scale breeding experiments. Factors he considered were how to (1) select
parents, (2) select progeny for further testing, (3) lay out the plots for testing the prog-
eny, important for distinguishing the environmental effects of soil variation from
genetic differences, (4) assess variation between seasons and thus further distinguish
environmental from genetic effects, (5) select for disease resistance, and (6) select
for grain quality.151 Later, in the 1960s, Lupton added studies on photosynthesis in
wheat and the mechanisms by which the sugars made in the green parts of the plant
were moved to the grain for storage as starch.152 Always, the goal was to find new
wheat varieties that had higher yield, quality, and reliability for growers.153

Bingham joined the staff in 1954, six years after Lupton. He was born in Norfolk
and had completed his baccalaureate in agricultural botany at Reading University
before spending two years in the Royal Air Force.154 When Bingham arrived in Cam-
bridge, PBI had consolidated its postwar growth plans. The new facility at Ansty Hall
Farm was just occupied, the formal dedication by the minister of agriculture
(D. Heathcoat Amory) was coming up in mid-1955, and a batch of new scientists
(including Bingham) had just been hired by Bell. Bell also had outlined a new five-
year plan for the institute's research, which was endorsed by external reviewers just
before Bingham came on board.155

Bingham's efforts focused on questions of protein quality for bread making, an
objective that constituted about one-half the effort on wheat breeding at the time.
For Bingham, the practical work of breeding was more important than the accom-
panying research in physiology and plant pathology, but he believed that such re-
search was critical to the conduct of the breeding work. He, like Lupton, published
a steady stream of papers on various aspects of the work at PBI.156

Lupton and Bingham made up a team that spent most of its efforts on winter wheat.
Spring wheat was done by R. N. H. Whitehouse, who joined PBI with Lupton in
1948. Whitehouse also worked on winter oats while Lupton and Bingham worked
on spring oats. Bell worked on barley, lectured at Cambridge, and had the overall
administrative responsibilities for the institute. These four were the senior workers
in the Cereals Division in the first decade after PBI's reorganization in 1948. As they
worked during this first decade, however, the context to which they mainly related,
production agriculture, was itself undergoing a profound shift. In retrospect, it is easy
to see the changes in British farming that in some ways made it difficult for the sci-
entists to produce new varieties that had a chance to compete for the farmers' atten-
tion. On the other hand, the new conditions included higher uses of nitrogen fertil-
izer, which made it imperative to find varieties that would withstand the higher
fertilization without lodging. Furthermore, farmers' attention was keenly tuned to
the advantages of any such varieties, should they be found.

In order to see the shifting structure of British agriculture as a whole, it is neces-
sary to sketch the broad changes wrought by the Second World War. In 1939 Britain
imported about 70 percent of its food and raised about 30 percent domestically (per-
centages are of wholesale value) for its 46 million people. Liquid milk and potatoes
were almost entirely homegrown, meat was 50 percent domestic, and wheat, sugar,
oils, and butter were largely imported. For wheat and flour, about 88 percent was
imported.157 A total of about 5 million acres (out of about 30 million acres of total
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farmland) was used for grain crops, about 45 percent of which was in wheat. About
two-thirds of the British wheat went for confectionery products (biscuits, or "cook-
ies" in America, and cakes). One-fourth of the crop went to feed animals. The rest
was for seed and bread, but bread was primarily made from imported strong flours.158

During the war, improved prices, combined with strong government policies to
produce more food locally, stimulated farmers to plow up grassland for wheat, bar-
ley, and potatoes. One-fourth of Britain's sheep were slaughtered because of the loss
of grass pastures, but cattle remained at about constant numbers. Wheat and barley
production rose by about two-thirds, and potato production went up 100 percent.
Wartime restructuring therefore led British farmers to produce more domestic grain
for bread and animal feedstuff.159 For the consumer, this meant that body and soul
were kept together with bread (made with more domestic wheat) and potatoes, supple-
mented by rationed high-protein products such as milk and beef, which was produced
with more domestic feed grains (barley, oats, and wheat) than prior to the war. As
noted earlier (chapter 9), wartime Britain still relied on many imports of food and
feed from North America, but an increased proportion of its calories came from British
sunshine.

At the conclusion of the war, no one wanted to see the prewar depression condi-
tions return to British agriculture; in addition, increased domestic production was a
prime tool adopted by the Labour government for alleviating Britain's foreign ex-
change crises (see chapter 9). Although it was not an explicit goal of the Agriculture
Act of 1947, the government aimed to have national agricultural production 60 per-
cent higher than 1939 by 1956. Deficiency payments provided in the act were the
prime mechanism by which farmers were to be encouraged, albeit indirectly. In
theory, farmers' higher profits were to go for investment in more intensive technolo-
gies, which in turn would create higher national production levels.160 With higher
production levels would come reduced demand for imports and thus important sav-
ings on limited foreign exchange reserves.

Experience with the first several years of the 1947 act indicated that farmers did
not respond to the incentive payments in ways that policy makers in the Ministry of
Agriculture intended. Rather than intensify their farming practices to increase their
aggregate outputs, farmers purchased consumer items such as automobiles. National
output rose a modest 8.5 percent between 1945-46 and 1950-51, not encouraging
for policy managers who wanted to see national output up by 60 percent in 1956.
Consequently, in 1951 the government moved to a program of grants to subsidize
specific types of farming practices. Grants were available after 1951 for purchases of
fertilizers, plowing up grasslands for grain production, and raising of beef calves.161

This tactic began to show effects quite quickly. Wheat production rose from 2.4
million tons per year in 1950-52 to 2.7 million tons in 1955-57, even though acre-
age dropped from 2.3 to 2.1 million acres. Similarly, barley production rose from
2.0 to 2.9 million tons per year, and barley acreage expanded from 2.0 to 2.4 million
acres.162

Change to a Conservative government when Winston Churchill led his party to
victory in the 1951 elections did not significantly affect these policies to stimulate
aggregate levels of output. Although the Conservatives paid homage to the notion of
free markets and people doing without government handouts, the practice of pro-
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duction grants was continued and extended in the years after 1951. Grants for major
capital improvements, hedgerow removal, and land drainage were significant stimuli
to move British farmers from a pattern of mixed animal-arable farming to more highly
specialized, mechanized farms that raised only grain or only animals, on a progres-
sively larger and more intensive basis.

In one sense, the government's policies were a success: national output was up
56 percent by 1953-54, compared with the goal of output up by 60 percent. This
"success," however, was tempered by the government's recognition that global agri-
cultural output was also increasing and that the United Kingdom's agricultural poli-
cies were not only expensive to the Treasury but arguably unneeded in the context
of general British economic recovery and cheap supplies of food imports. In 1954,
for example, the United States adopted the P.L. 480 program as a way of disposing of
its enormous supplies of surplus grain. Some raised questions about whether it might
be wiser for Britain to revert to its old habits of reliance on imported foods.163 Still,
through the 1950s the government continued to use production grants to encourage
the increase in homegrown feed grains, beef, and milk.164

Deliberate government action to encourage the intensification and specialization
of British farms produced a moving target for PBI scientists, but they continually
matched the selective conditions for identifying promising new varieties as closely
as possible to the emerging practices of farmers. In both barley and wheat, the insti-
tute showed some successes during the 1950s. Bell, who had worked on barley since
the 1930s, had an immense success when he released several new varieties of barley
and field peas. The most significant of these was Proctor, a new barley released in
1953.

Proctor was important for two reasons. First, it gave the new PBI enormous cred-
ibility because of its incredible success. By 1960, within seven years of its official
release, Proctor occupied 70 percent of the barley acreage in the United Kingdom.165

Not only was Proctor the main barley of choice, but acreage devoted to barley also
expanded tremendously, from 2.0 million acres in 1950-52 to 3.6 million in 1960-62
and to 5.4 million in 1970-72.166 Expansion of barley and selection of Proctor as the
barley of choice was not really foreseen by Bell and his PBI colleagues because Proc-
tor was bred to be a good malting barley for the brewing industry. This was because
at the time of the crosses leading to Proctor, a major use for barley was for making
beer. About half of the crop went for this purpose, and the rest was used as livestock
feed.167 Government promotion of more cereal and livestock production generated
the vastly increased interest in barley, which essentially replaced oats as a major Brit-
ish feed grain. Total British production of barley rose from 2.0 million tons to
4.9 million tons in 1960-62 and to 8.6 million tons in 1970-72.168

Second, Bell believed that the success of Proctor provided an important vindi-
cation for the overall breeding strategy at PBI. Barley, like wheat, can respond to
nitrogen fertilizer, but lodging is a serious problem unless the variety has short,
stiff straw. Proctor and the other new barleys introduced in the 1950s had the prop-
erties that made them all resistant to lodging. In addition, Proctor came from an
extensive series of crosses, treated as one breeding program with a focused objec-
tive, and conducted over a long period (about fifteen years).169 The design of the
breeding program for barley was comparable to that for wheat, so Proctor's suc-
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cesses surely gave PBI scientists hope that they would eventually have similar suc-
cesses with wheat.

PBI success with wheat was not as rapidly forthcoming as it was with barley. Per-
haps a good deal of the time lag was due to the belief that it took many generations
of selection to perfect a variety to the point that it could do well in yield tests and be
useful to growers. Bell noted in 1947, at least one year before Lupton joined the staff,
that PBI was interested in a number of new varieties from elsewhere in Europe, par-
ticularly France and Sweden. Breeding work in France had not ceased during the
German occupation, and French breeders by the mid-1940s had some short, strong
straw varieties that could withstand more nitrogen without lodging. These varieties
were imported immediately after the war for testing in Britain, but Bell recommended
that growers stay with already recommended varieties until the imports could be better
characterized.170 By 1949 the number of recommended wheat varieties for Britain
was at twenty-two, all dating from before the war and representing a mix of British,
French, Belgian, Dutch, and Swedish efforts. The new French varieties were not yet
ready for recommendation.171

By mid-December 1952 the situation had changed considerably. At the Crop
Conference of the National Institute of Agricultural Botany, the new French vari-
eties Nord Desprez and Capelle Desprez were noted to be heavy-yielding, with short
stiff straw and good resistance to yellow rust. At least one grower was eagerly antici-
pating the possibilities of higher yields of wheat with the new varieties and argued
that it was time for the institute to take some of the older varieties off the list because
they weren't much good and caused confusion among farmers. In addition, he rec-
ommended that the institute conduct yield tests at higher levels of soil fertility and
that the Ministry of Agriculture should set targets of cereal yield increases at 30 per-
cent higher in 1956, not 15 percent higher.172

Tests at the outlying experiment stations quickly confirmed the interest in the new
French wheats, especially Capelle Desprez. Plots planted in fall 1946 at the Norfolk
Agricultural Station and harvested in 1947 showed Nord Desprez as the "outstand-
ing variety."173 For the next several years, Nord Desprez continued to appear impres-
sive, but from the test plots harvested in 1950 it was clear that Capelle Desprez had
a significant advantage over Nord Desprez. Not only did Capelle Desprez show the
high yields as Nord Desprez, but also it was significantly more resistant to eyespot
disease and yellow rust.174

Capelle Desprez was recommended by the National Institute of Agricultural
Botany in 1953 and became the most widely grown wheat in Britain from 1958 to
1968. Capelle Desprez was noticeably shorter than other varieties then in produc-
tion. For example, Little Joss, Biffen's first variety released in 1908 and still grown
on 2.3 percent of the wheat acreage in 1950, was 142 centimeters in height, com-
pared with Capelle Deprez's 110 centimeters.175 In terms of what Biffen and Engledow
had envisioned in 1926, this short, stiff-strawed, disease-resistant variety was almost
perfect for British conditions. Capelle Desprez's major fault was that its protein quan-
tity and quality were not adequate to make a strong flour for British bread.

Given the original desire in 1947 to make Britain more independent of imported
wheat, on the surface Capelle Desprez seems to have been a failure because during
its reign Britain continued to import strong wheats to make the British loaf possible.
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A more careful examination of the Ministry of Agriculture's program, however, indi-
cates that the policies used to increase British agricultural production were in fact
precisely suited to ensuring the success of Capelle Desprez. Deficiency payments,
the first incentive adopted in 1947, merely gave the farmer a government check for
the difference between the target price and the average price of wheat in the market.
No premium was established to pay the farmer a higher amount for wheats that could
make strong flour. In short, only yield helped a farmer's income, and Capelle Desprez
was the best and most reliable yielder. By 1965-67, British wheat yields had risen to
3.8 million tons from 2.4 million acres, compared with 1.9 million tons from 2.2
million acres in 1945-47, a 100 percent increase in production on a 9 percent
increase in land.176

In addition, the production grants instituted after 1951 for more use of fertilizer
and more drainage had the effect of promoting intensive, heavily fertilized growing
of wheat, which was increasingly produced with little or no crop rotation. The
famous Norfolk Four Course System (clover, turnips, wheat, wheat; or one of its many
variants) was thus firmly buried as a relic of the past. As a result of the intensive,
continuous wheat production, the disease eyespot, known for many years, suddenly
became a serious problem in English wheat production. Capelle Desprez was the
variety of choice because it offered stronger resistance to eyespot than any of the other
British wheat varieties. This French import was so good under the conditions that
emerged in postwar British wheat farming that it is not surprising that it was difficult
to find anything to outcompete it.

Wheat breeding at PBI by the late 1950s and early 1960s actually looked rather
bleak. To be sure, Bell had been eager to import the French wheats immediately
after the war because one aspect of varietal improvement was to identify useful cul-
tivars created elsewhere for adoption and adaptation. Plant breeders, however, needed
to create their own varieties, if only to maintain a sense of pride in their scientific
skills. It was thus a time of embarrassment in 1961 when the National Institute of
Botany removed the last PBI variety of wheat from the recommended list, the first
time this had ever happened since the institute was organized in 1930.177

Bell, Lupton, and Bingham, however, never forgot their objective of trying to get
a wheat that was high-yielding and also could make flour that worked well for the
British loaf of bread. For a time, however, yield, regardless of quality, was the over-
riding concern. Nevertheless, PBI scientists, among their many crosses, mated Hold-
fast (introduced by Engledow in 1935) with Capelle Desprez in an effort to get the
bread-making quality of Holdfast with the high yields of Capelle Desprez. By 1960,
results were promising, and by 1964 Lupton had released a new variety, Maris
Widgeon, which combined high yields with the ability to make strong flour. Yet the
first indications of adoption were disappointing, a factor that led PBI scientist to
wonder whether it was worth continuing the emphasis on grain quality.178

Ancillary developments, outside of the major work on breeding, however, com-
bined to make a new context for Lupton's and Bingham's wheat-breeding efforts. First,
in 1961 the research organization for the British bakers developed a new process of
mixing the dough that made it possible to use a lower quality flour and still get a loaf
of bread that was acceptable to British consumers. Essentially this Chorleywood
Baking Process combined oxidizing agents with higher levels of physical work done
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on the dough in mixing to create a protein matrix that expanded properly when the
yeast fermented to produce carbon dioxide. At FBI itself, work on micromethods of
testing wheat for protein quality and quantity made it possible to select more effi-
ciently for the exact kinds of protein that made a strong flour. Yet other work at PBI
on the cytogenetics of wheat from the 1940s through the 1970s made it possible to
incorporate disease resistance from wild relatives of wheat in the genus Aegilops into
wheat, thus giving new strengths to genetic resistance to disease. These three devel-
opments, each in their own way, helped to dispel the feeling that developed in the
1960s that Capelle Desprez and Maris Widgeon might have represented the peak of
wheat yields that was not to be surpassed.

Successes in the field also helped immensely. Bingham brought out Maris Ranger
in 1968, a variety also based on Capelle Desprez but yielding even higher amounts
of a grain suitable for making biscuits, a confectionery that needed weak flours.
Enthusiasm for the possibility of new PBI varieties was also enhanced by that old
ally of agricultural reform in the United Kingdom, worry about foreign exchange
considerations and the ability of higher domestic yields to reduce food imports.
Largely due to the Chorleywood Baking Process, yet another assist was given to the
good reputation of Maris Widgeon. By 1967, some milling companies were offering
a premium price for Maris Widgeon grain, so long as its overall protein content was
10 percent or more. At these levels of protein in Maris Widgeon, the Chorleywood
Baking Process could use flour that was as high as 75 percent homegrown and still
produce a loaf that would sell in the markets of London.179

Thus if the 1960s began with a deep pessimism about the potential of the PBI
program, the decade ended with a revived sense that the course of the research would
lead to new varieties that would outcompete the existing ones. Two developments in
the 1970s combined with the existing context of English wheat production to take
wheat production levels to the place of national self-sufficiency and even made Brit-
ain a minor exporter of wheat. First was an institutional change, the United Kingdom's
entry into the European Economic Community and participation in its Common
Agricultural Program (CAP) on 1 January 1973. In terms of technology, the CAP
was nothing new. Its ability to elicit change from British farmers lay simply in the
fact that it provided generous grants to farmers all over Europe to invest in more
intensive practices, including machinery, drainage, and fertilizer use. The CAP also
provided a guaranteed market for all grain produced, at a price that was highly
attractive to British grain farmers. Thus after 1972, British wheat yields began to climb
steadily as farmers continued to invest in new technology and plowed up every avail-
able hectare to cash in on the guaranteed market.180

Technically, the process encouraged by the financial policies of the CAP was vastly
enhanced by the introduction to Britain of the Norin 10 semidwarfing genes. Entry
of the Norin 10 genes to Britain was difficult only in the sense that the varieties in
which the genes first appeared were not suitable for English conditions. Certainly
no conceptual problems separated the attributes of plants carrying these genes from
the objectives of PBI's program. After all, the institute had been looking for short,
stiff-strawed varieties that could respond, without lodging, to nitrogen since 1926.

John A. Rupert, who had worked closely with Borlaug in Mexico for the Rockefeller
Foundation, left Mexico and moved to Chile when the foundation began an agri-
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cultural program in that country. In Chile, at a latitude in the south comparable to
Britain's in the north, and in a maritime climate, Rupert crossed lines containing
the semidwarfing genes with Capelle Desprez and Marne Desprez. PBI obtained FI
selections of these crosses in 1962.181 At first, however, they were mostly troublesome
because they had very high susceptibility to mildew and yellow rust, common Brit-
ish diseases that the lines had not been bred to resist.182

PBI scientists recognized the power of the new genetic material and knew of its
immense successes in the United States, Mexico, and India. In 1977, fifteen years
after the genes first came into the United Kingdom, PBI released Hobbit, the first
semidwarf variety well suited to the British economic and physical environment. A
string of other releases followed shortly thereafter, and British yields on a per hectare
basis and on a national basis began to soar. In 1984, a particularly productive year,
Britain produced wheat on 1.97 million hectares with an average yield of 7.6 tons
per hectare and a total national yield of 15 million tons. The national market for
wheat was only 10 million tons, so Britain was in the position of being a wheat
exporter, a position the country had not occupied since the nineteenth century.183

Britain did not achieve these sorts of yields without igniting a complex series of
criticisms of the technology involved. Environmental criticisms centered on the large
amounts of fertilizer and pesticide used to achieve the higher yields. In addition, the
CAP payments made it worthwhile for wheat and barley farmers to plow even quite
marginal land and put it into production, thus destroying precious wildlife habitat
in a very densely populated country that had already lost a great deal of its habitat.
The CAP itself was criticized as a waste of taxpayers' money and as a generator of
surpluses that were "dumped" at below production prices in the third world. The
dumping provoked the same response in the third world as did the U.S. P.L. 480
plan: depression of yields in the recipient country because its farmers could not com-
pete with the imported grain.184

Nevertheless, by the 1980s and 1990s the scare about starving to death had left
the United Kingdom. No longer could agricultural science receive the hopes of the
nation for preserving the ability to live in the face of an enemy that threatened to
starve the country into submission. Even the farmers, who in World War II had won
accolades for preserving Britain, became known simply as "barley barons" by their
critics more interested in environmental conservation, ending unneeded drains on
the taxpayer, and fostering food self-sufficiency in third world countries. Despite all
the changes in attitude between 1945 and 1985, it must still be recognized that the
PBI scientists, particularly Lupton and Bingham, had created a remarkable new tech-
nology that changed the very way the British people saw their land and its potential
to sustain them. This was the science that truly made the green revolution a global
phenomenon.



Epilogue

Implications of History
for the Future

A Brief Recapitulation

This book began as an effort to understand how and why the green revolution
occurred in less industrialized countries between about 1960 and 1980. Specifically,
it aimed to understand India and Mexico, both of which embraced new technology
that yielded substantially more wheat than did their respective traditional practices.
Clearly the "how" had its proximate causes in the adoption of new varieties, higher
amounts of fertilizer, and more intensive use of water resources:

Seeds + nitrogen + water—> increased yields

More distally, the means by which the new production practices were built rested
on the development of Mendelian genetics, applied plant breeding, the ability to make
inexpensive nitrogen fertilizer, and water development projects. Thus the "how" of
the green revolution rested firmly on the ability to coordinate several component
technologies, each of which was needed to produce the higher yields.

It was in the question of "why" that the story quickly became more complex. Start-
ing from the end point and working backward leads to a series of linkages, or layers
of explanation within layers of explanation:

• The green revolution happened because of new practices made available by plant
breeding, soil fertility science, and hydrologic development.

256
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• The new practices were part of a larger set of changes in agricultural technology
that were adopted by farmers, each of whom saw the practices as a workable solu-
tion to their own problems. The farmers who adopted the new practices saw them
as a way for themselves to better control and use a portion of the earth.

• The new practices themselves came from a complex of research initiatives. Nations
embraced programs of plant-breeding research, plus the general education of farmers
and scientists, because these programs were considered essential to each nation's
security. At various times and places, these considerations dealt primarily with
issues of direct military security and more indirect issues of protecting foreign ex-
change reserves.

• Considerations of national security were part of the larger issue that is fundamental
to the existence of nation-states: How does a country maintain control over a por-
tion of the earth? Just as farmers had to be concerned with their ability to control a
small piece of land, nations had to worry about the collective project of controlling
larger pieces of land. Military threats from outsiders and losing control of foreign
exchange reserves both threatened the viability of nations. Ample supplies of grain
were seen by leaders as a bulwark for defense of the realm and of the currency.

• Societies collectively sought control of large land areas in order to guarantee the
survival of their own cultural identity. Efforts to preserve cultural identity, however,
were linked to more fundamental concerns about methods of tapping the energy
trapped in photosynthesis. Societies learned about 10,000 years ago of the ability of
the wheat plant to capture light energy from the sun in a form that was convenient
to harvest and store. These peoples thus formed a cultural identity around the use
of wheat. Both wheat and these societies were irrevocably changed as they devel-
oped an inseparable codependency.

Seen in this light, we may ask again, Why did the green revolution occur? The
answer would lead through a series of explanations, starting with the yield enhance-
ment given new seeds by fertilizer and water, through the efforts of farmers to con-
trol their farmland and nations to control their national territory, and ending with
the mutual codependency of people and wheat.

Does this mean that the codependency, evolved millennia ago in the Neolithic
age, set in motion a train of events that led inexorably and inevitably to the green
revolution? No. The chain of events linked here was not absolutely determined by
the activities of our Neolithic ancestors seeking ways to capture photosynthetic
energy.1 Historical inquiry simply offers description and explanation after the fact.

Despite the limitations of history, this larger explanation of the green revolution
sheds immediate light on a number of questions2 one hears about it:

• Was the green revolution in less industrialized countries the result of humanitarian
aid from the more industrialized countries? No need exists to doubt the genuine
humanitarian impulses that often accompanied the aid programs, but humanitar-
ian explanations alone are grossly deficient in capturing the full complexity of the
green revolution. We must learn to see the embrace of the aid programs by both
donors and recipients as reflections of their respective desires to ensure their nation's
security.

• Was the green revolution a strategy of multinational corporations to "hook" less
industrialized countries into needing their products, such as fertilizers and pesticides?
Multinational corporations certainly found it in their interest to sell their products
in the third world, but the evidence presented here indicates that the green revolu-
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tion was not of their initiative. It seems most reasonable to say that the involvement
of these companies came substantially after the decisions were made to embrace
the promise of high-yielding agriculture and that their sales strategies had little or
nothing to do with why the high-yielding systems were developed.

• Was the green revolution confined just to less industrialized countries? No, many
industrialized and less industrialized countries adopted the new varieties, more
fertilizer, and more water for their grain production in order to get better yields.
The green revolution was a global phenomenon.

• Is the green revolution now over? If one sees the green revolution as a wave of new
technology that substantially increased cereal yields, then in many countries the
wave of technological change is now past. Grain farmers in those countries con-
tinue to use the technology, and most of the world's grain now comes from farmers
who adopted the green revolution practices. The green revolution is "over" only in
the sense that it is no longer new. Instead, it is the major standard practice.

• Was the green revolution a failure or a success? To answer this question it is impera-
tive to establish the criteria for success. If success means an increase in the aggre-
gate physical supply of grain, the green revolution was a success. If success means
an end to hunger, then the green revolution was a failure. People without access to
adequate land or income, regardless of their country of residence, remain ill fed.

• Did the green revolution exacerbate hunger? Answers to this more provocative and
difficult question are hotly contested, with some arguing that it did and others that
it didn't.3 A more pertinent answer, however, is to note that the fundamental moti-
vations for policies promoting the development of high-yielding cereal production
were at best only tangentially aimed at alleviating hunger and poverty.

• Was the green revolution an environmental disaster that left humankind dependent
on fertilizers derived from fossil fuels, a narrowed genetic base in its major crop plants,
and increased use of pesticides? Some environmental criticisms of the green revolu-
tion seem to imply that the world would be better off if the underlying science and
technology had not been developed.4 Unfortunately, little evidence suggests that
continuation of more traditional production practices would have ended hunger
and left human beings more secure. Continuation of lower yields in the face of
population growth would have created incentives for conversion of more land to
agriculture and thus increased habitat destruction for wildlife. This is not to argue
that the green revolution solved problems in a fully satisfactory way. If the high-
yielding practices are to be rejected on environmental grounds, however, they must
be rejected explicitly and with a discussion of the full effects of their withdrawal.

Looking Back at the Motivations for the Green Revolution

The argument presented in this book was that two major concerns —national secu-
rity and population levels—prompted the U.S. government and major U.S. philan-
thropic foundations to support the modernization of agriculture in the third world.
At this point it is appropriate to ask a very different kind of question: Granted that
concerns over national security and population may have spurred policies to promote
the development of high-yielding agriculture in the third world and elsewhere, were
the theories about these "correct"? Specifically, was the population-national security
theory true?

In other words, was it really true that U.S. national security was enhanced by the
new agricultural practices? Similarly, was it really true that either population sizes
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or growth rates mandated an increase in food production in order to prevent starva-
tion? Also, was it really true that overpopulation in the third world was the cause of
susceptibility to communist insurrection, as claimed in the population-national
security theory (see chapter 6)? We turn first to the questions on population and
overpopulation.

Discussions about the effects of the size of the human population, and the
population's growth rate, on the quality of human life almost always end in a morass
of vitriolic disagreement. Unshakable and generally implicit presuppositions fre-
quently form the framework of the analyst's position and thus affect the conclusions.
Of most importance is the question of whether the analyst either harbors or rejects
the Malthusian presupposition: human life tends toward misery because of the
almost universal improvident exercise of human reproductive powers. Those who
embrace Malthus see all human demographic data as supporting their pessimistic
conclusions. Those who don't generally see the potential for the betterment of the
human condition. Neither side can abide or accept the other side's point of view.

Despite the rude intrusion of gloom from Malthus, what is clear from a biologi-
cal point of view is that population levels and growth rates are of consequence. All
other things being equal, more people implies more human biomass, which implies
an ability of the population to tap greater supplies of food, which implies an ability
to harvest more of the earth's primary productivity. Similarly, rapidly growing popu-
lations change their perturbation of the surrounding ecosystem more rapidly than
slow-growing or static populations, all other things being equal. In a word, popula-
tion matters, even if we may have a hard time understanding the links among popu-
lation size, growth rate, and the prospects for happiness.

This book does not attempt a reconstruction and critical reappraisal of the mass
balance considerations between the human population of the 1940s and 1950s, on
the one hand, and the abilities to tap photosynthetic processes at the time, on the
other. Such an exercise could be done, but it is vastly beyond the scope of what is
presented here. Without such a reconstruction, no definitive judgment can be made
about whether the world's population of the 1940s and 1950s, or segments of the
population in particular countries, was truly beyond the carrying capacity of the earth.

Several other statements can be made, however. First, influential leaders in the
Rockefeller Foundation, the U.S. government, and elsewhere firmly believed that
population levels and growth rates in certain third world countries were too high and
thus insupportable. Second, these same leaders did not raise questions about the
distribution of wealth and power within those countries. Nor did they raise questions
about why some people were hungry, even when physical food supplies were ade-
quate. Third, these same analysts did not raise questions about the historical legacy
of imperialism on the agricultural productivity of the third world.

In other words, the population theories in the population-national security theory
were too simplistic to provide insights into the reasons for food production levels in
the third world or the distribution of the harvest already being achieved. Instead, based
on the oversimplification of the population-national security theory, leaders from
the United States embraced higher production of cereal grains as the key to solving
hunger in the third world. With hunger solved, the threat they perceived from com-
munist insurrection would diminish.
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The popularity of the population-national security theory among policy strate-
gists within the United States had its roots in the uncritical embrace of Malthus. So
long as Malthusian despair was the only thing that could be seen, there was no other
way of thinking about population and the accompanying requirements for agriculture.

It is in this sense, then, that the population components of the population-
national security theory were false. Essentially the theory incorporated an uncritical
acceptance of the Malthusian tragedy as a presupposition and used demographic data
to reformulate the presupposition as a conclusion. Blinded to the immense impor-
tance of distributional factors, the theorists targeted aggregate physical yields as the
major problem. High-yielding production systems solved that problem. Of course
hunger was left untouched because all along hunger had been primarily a matter of
distribution, not aggregate physical supplies.

In a similar vein, the population-national security theory posited a linear linkage
between overpopulation, hunger, and a resultant political instability and suscepti-
bility to communist subversion. Even if overpopulation were not the cause of hun-
ger, is it possible that susceptibility to communist subversion was linked to hunger?
This question, drawn from the links posited in the theory, is itself quite odd.

On the one hand, the answer might be yes. A poverty-stricken and hungry popu-
lation, recognizing that its misery derived from the skewed distribution of wealth and
power in a country, might embrace the promised redistributive effects of commu-
nist revolution. Thus it may be that the population-national security theory had a
germ of truth in it. Maybe the susceptibility to communist influences was linked to
hunger, even if not to overpopulation.

On the other hand, the answer might be no. The very form of the theory presumes
that communist revolution was an evil foisted upon otherwise worthy and intelligent
people by subversion, generally from unscrupulous infiltrators. With the possible
exception of Eastern Europe, communist insurgencies that were successful in estab-
lishing revolutionary governments probably derived their successes not from the evils
of infiltrators but from their abilities to marshal and focus domestic outrage at the
abuses of wealth and power within the country.

In other words, the population-national security theory was also false in its pre-
suppositions about the sources of revolutionary fervor. The theory could not envi-
sion that revolution might be seen as a rational, liberating act that garnered support
from a significant portion of a population. Equally significantly, the theory could
not accommodate the often burning desire of former colonies to expunge the stench
of imperialism from the national psyche, which generally meant ending the privi-
lege that a small portion of the population received from the imperial power in
exchange for collaboration with that power.

At its core, therefore, the population-national security theory was blinded by an
uncritical assumption of Malthusian misery and an inability to fathom the smolder-
ing resentments born of unequal distributions of wealth and power in the third world.
Put simply, the theory was not a sound and rational basis for the creation of U.S.
policy. Perhaps in its avoidance of serious questions about the distribution of wealth
and power, the theory may have satisfied its supporters, who saw no need or good
stemming from raising questions about equity. For most Americans, however, avoid-
ance of those important questions was harmful. It may be, for example, that variants
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of the theory lay behind the disaster of the Vietnam War and other armed incursions
in the third world. Leaders who followed the theory built policies that shamed and
directly harmed the vast majority of the American people.

Let us turn now to the other major question of whether the embrace of high-
yielding agricultural practices was linked to the national security of nation-states. It
is the argument of this book that the governments of the United States, Mexico,
India, and the United Kingdom, each for their own different reasons, saw their
respective national securities enhanced by higher agricultural yields. Were these per-
ceptions really true? Put differently, would any or all of these countries have been
materially less secure if they had not adopted high-yielding practices?

It is important to note here that this question is subtly but importantly different
than the question about the population-national security theory. Here we are asking
whether in fact a nation-state gained strength, and hence a better capacity to exer-
cise its will on behalf of its own security, by having higher agricultural yields. Before,
we were asking about the validity of a particular perception in the United States about
the links between population and communist subversion in a third world country,
which in turn was asserted to be linked to the vital interests of the United States.

For three reasons, the validity of the link between a nation's aggregate yields and
its strength is secure. First, higher yields produce surplus stocks that can provide a
national population with higher food reserves in times of adversity. Even if the
nation is not entirely self-sufficient for calories and protein from its own produce,
higher yields reduce dependency on a harvest somewhere else, outside the sovereignty
of the nation.

Second, higher yields provide something to trade with other countries and thus
serve as a potential earner of foreign exchange. With more income of foreign
exchange, a country has more flexibility in how it deals with the rest of the world,
and thus its options for maintaining national integrity are higher.

Third, higher yields from a given land base potentially provide the wherewithal
to have a larger portion of the national population engaged in work outside of agri-
cultural production. Such work may include production of other goods for trade,
production of armaments, or direct service in the armed forces. Agricultural strength
is one of the foundations upon which national leaders can protect and project their
influence.

In each of our four countries, higher agricultural yields made the country a more
formidable presence in the world. In the United States, higher yields from a steadily
declining labor force produced the world's largest industrial establishment, the world's
largest armaments industry, and one of the world's largest armed forces. Surplus
agricultural goods were a keystone in the foreign exchange earnings of the United
States, and large surpluses virtually guaranteed that no other nation could threaten
the country with lack of food supplies. In turn, after 1945 the United States mounted
an aggressive containment strategy against the socialist countries, a campaign that
would have been far more difficult if the farm front at home had been less productive.

Mexico embraced the promise of high-yielding wheat production in order to soften
a chronic shortage of foreign exchange earnings. With the decrease of wheat imports,
Mexico's foreign exchange reserves could be used for other industrial expansion
projects and for support of its armed forces. Although Mexico's military strength may
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appear small compared with that of the colossus on its northern border, the country
exercises considerable influence within Latin America. A lower yielding agriculture
would diminish Mexico's clout within the community of nations.

India faced an economy devastated by imperialism and shattered by partition in
1947. For complicated reasons (see chapter 8), India did not immediately embrace
an effective program to increase its aggregate agricultural yields. As a result, it ended
up putting itself at the sometimes untender mercies of the United States, from which
it obtained major supplies of wheat needed for its survival. In addition to enduring
the pressure born of hunger, India's low yields left its foreign exchange reserves ex-
hausted, and it faced uncertainty in any project to draw labor out of agriculture into
industrial production. War with Pakistan and two consecutive years of serious drought
brought the matter to a head. India finally jumped for the higher yielding technolo-
gies, and as a result it eased its chronic dependency on foreign grain. Foreign
exchange could go for other purposes, people could leave agriculture for industry,
and the humiliation of pressure from Pakistan and the United States was eased.

Britain's economy faced problems of major reconstruction after 1945. Immense
damage from the war, the loss of empire, and an acute foreign exchange crisis dra-
matized the weaknesses of the United Kingdom. Combined with the dreadful memo-
ries of being threatened with starvation in two wars with Germany, the postwar world
was one where Britain had to either increase its yields or be exceptionally clever in
other ways to earn the foreign exchange to rely on imported foods. Although the British
economy never lost its heavy emphasis on foreign trade and extensive use of imported
food, the changes embraced led its agriculture to substantially higher levels of pro-
duction. Agricultural exports contributed to foreign exchange earnings, and the coun-
try conceivably could feed itself in time of crisis (although the diet might not be very
popular).

Higher yielding agriculture was one of the major keys in each country's efforts to
position itself during the cold war years. To be sure, cereal yields were not the only
thing that mattered in determining a nation's strategic position against other nations,
but just as surely they were among the most important contributors. Economic plan-
ners and top political leaders alike learned to recognize and draw upon the resources
made available by high-yielding agriculture.

In a way, the situation was ironic for the United States. Although a major theory
driving its foreign policy, the population-national security theory, was blind and fatally
deficient as a guide to how the world worked, one dimension of the theory was true:
higher yields had something to do with national security. What was ironic was that
American strategists designed the theory to explain events in the third world, but in
fact the one part of the theory that was true was true globally, including for the United
States.

An Eye to the Future

The preceding argument emphasized that the population-national security theory
was historically important but fatally flawed as a way of thinking about agricultural
needs in the third world, even though higher yields themselves had considerable effect
on a nation's security. The following question, however, is still at issue: Do the links
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between agricultural research, agricultural yields, and national security have an
effect on efforts to reform agriculture, in both its social and environmental consequences?
More specifically, what does the historical legacy of the linkages say about the four
most prominent debates that surround contemporary agricultural affairs:

• Is agriculture sustainable for the indefinite future?
• Is the global human population at or beyond the carrying capacity or Malthusian

limits of the earth based on sustainable agricultural practices?
• What is the appropriate economic and political balance between tillers of the soil

who raise crops and consumers who must purchase them to survive?
• What is the appropriate balance between the industrialized nations ("the North")

and the less industrialized nations ("the South")?

In order to address these questions, recall that the political ecology framework
directs our attention to (1) human participation in ecosystem functions such as
energy flows and biogeochemical cycles, (2) the use of agricultural technology to
harvest the biosphere's primary productivity, (3) the creation of political economic
structures to control the production and distribution of materials from the biosphere,
and (4) the legacy of history that hangs over any effort to change either technology or
political economic structures. Disciplined attention to these facets can shed light on
the major debates about contemporary agriculture. Each is sketched briefly in the
following.

On Sustainability

"Sustainability" has become an overworked and underinformative word since the
report of the United Nations World Commission on Environment and Development
(the Brundtland report) in 1987.5 Despite its use in ways that hide rather than illu-
minate, the term clearly refers to something that has intuitive appeal. What is at
issue centers in the standard definition: sustainable practices provide for the current
generation without diminishing the ability of future generations to provide for them-
selves. In short, the term emphasizes the moral issue that people now living must
consider the needs of people who are yet to come. An unsustainable practice by
definition is one that creates intergenerational sin.

What is so often overlooked about Sustainability, however, is an elaboration of
details to focus on the major components at stake: What exactly is to be sustained?
Over what area of the earth? Over what period of time? By whom? For whom?6 Until
and unless these questions are answered with precision, discussions of Sustainability
are empty.

Agriculture's many paradoxes and puzzles, noted at the start of chapter 1, make it
particularly important to achieve precision on these questions in discussions of agri-
cultural Sustainability. At least four major potential candidates might answer the
question of what exactly is to be sustained:

• The social community of farm families in an area
• The economic and political power of a particular group or nation
• The magnitude of yields of particular harvests
• The usability of particular natural resources, for example, soil or groundwater
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In some cases, making one of these sustainable may make some or all of the other
three also sustainable. Unfortunately, in other cases making one sustainable may mean
at least one of the other three cannot be sustainable. Different interest groups may
have radically different ideas about exactly what is to be sustained. Failure to specify
explicitly the objectives of a particular candidate for a sustainable practice can lead
to severe misunderstanding among groups of people.

A political ecological perspective helps the discussion on sustainability of agri-
culture in several ways. We are reminded to focus on the technology proposed for
harvesting the biosphere's primary productivity. Such a focus instantly brings into
relief questions about what resources are to be tapped, who owns them, what yields
are to be expected, who will own and who will use the technology, and who will own
the harvest. A focus on the technology also easily invites comparisons to other prac-
tices that might accomplish the same harvest by a different means.

In another, albeit indirect, way, political ecology also helps guide the discussion
on sustainability by reminding us of the importance of history. From the narrative in
this book, the most salient point in the history of the green revolution was the cen-
trality of national security concerns in its genesis. This legacy still hangs over all
efforts to reform agriculture in order to make it more sustainable. To put it bluntly,
if sustainable means a diminution of aggregate yields, then questions may be raised
about the threats of smaller yields to the integrity of nations. It may not matter that
smaller yields might be more profitable for individual farmers and adequate for sound
nutrition of the populace. If reduced surpluses are seen as a threat by economic and
political leaders, then the sustainable practices responsible for the lowered yields may
be viewed with extreme disfavor. It is this legacy that haunts the search for alterna-
tive modes of farm production.

On Carrying Capacity and Malthusian Limits

Assertions that the global human population is nearing, at, or beyond the carrying
capacity of the earth are common in both the popular press and the scholarly litera-
ture. Grain harvest levels and stored grain reserves in 1995, for example, were lower
than they had been in several previous years. Some analysts concluded from these
statistics that the Malthusian day of reckoning was at hand.7

Unfortunately, it is impossible to refute an assertion that the judgment day is near.
Maybe it is, for reasons we might or might not be able to understand. What is clear,
however, is that no proof can show that the apocalypse is absent. For this reason, a
prophesy of Malthusian doom may catch the public's imagination or interest but is
nevertheless intellectually stale: if we cannot prove the impossibility of an apocalypse,
then to predict one may be too easy in that the prophet of doom cannot be shown to
be incorrect, except with the passage of time. After time, however, the prophet can
launch a new warning, and most listeners have forgotten the old one.

Intellectual problems aside, however, both the public and political leaders rightly
should get agitated over reasonable predictions that a serious problem exists. The
questions, therefore, are whether predictions of Malthusian catastrophe are rea-
sonable and whether we should take immediate steps to protect ourselves? Politi-
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cal ecology can usefully inform this debate. Two features of the framework are most
important.

First, we are reminded that, as part of ecosystems, people participate in energy
flows and biogeochemical cycles. Agriculture is, in fact, the set of practices or tech-
nologies by which we tap into those flows and cycles. Changes in agricultural tech-
nology can enhance or decrease our abilities to tap energy flows and biogeochemi-
cal cycles. Thus any prophecy of having reached the carrying capacity of the earth
must be subjected to scrutiny on a specific point: Is it really true that no mechanism
(i.e., no technology) exists to enhance the harvest? If a mechanism exists, can it be
used indefinitely into the future with the same expected yields? If these questions
are not adequately addressed, then a case exists that the prophecy of doom is not yet
well justified.

Second, we are reminded that people create political economic systems to con-
trol both the production of material goods from the biosphere and their distribution
and enjoyment. If the distribution and enjoyment of the agricultural harvest is not
equitable, then some people may be hungry in the midst of physical supplies that
greater than the amounts needed to provide an adequate diet to all. Thus any proph-
ecy of limits must be examined for the question of equity. If this examination has not
occurred, then the prophecy is not yet completely justified.

As population biologist Joel Cohen has recently argued, efforts to estimate the
carrying capacity of the earth date from many years ago. It is extremely difficult to
settle on a firm conclusion, however, because the number of people who can be
supported depends on the agricultural technologies employed, the diets enjoyed, and
the patterns of sharing the harvest.8 Added to these complexities, of course, are the
further difficulties in understanding sustainability.

Absence of the ability to predict a definitive carrying capacity does not mean that
population is of no consequence. It does, however, impose on an analyst the obliga-
tion to specify assumptions explicitly. What was especially unfortunate was to have a
conception such as the population-national security theory drive agricultural research
and practice. The legacy of this theory in the United States suggests the need for
caution in evaluating proposals for addressing population issues.

On the Balance Between Producers and Consumers

An increasingly small minority of the human population is needed for producing
adequate food supplies for the entire population, provided mechanization is used
and yields are high. Thus is born an inherent tension between two classes of people:
those who till the soil and are directly responsible for the earth's agricultural harvest,
and those who obtain a portion of this harvest in some other way. Each of these classes
will want the terms of trade to be skewed in its favor.

Democracies based on majority rule, therefore, face an intriguing moral dilemma.
Nontillers of the soil are or will soon be a substantial majority and thus can vote to
create terms of trade in their own interest. Should an urban majority vote its approval
of governments that bias policies against the interests of rural people who farm? A
counterbalance to the powers of urban majorities stems from the fact that when
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agriculture becomes both mechanized and high-yielding, the few farmers left in busi-
ness may become sufficiently powerful economically to exert a political influence
disproportionate to their numbers. Should these "neoaristocrats" of farming exercise
their muscle to gain privileges over the less economically powerful urban folks?

This is not the place to attempt a balancing formula between the two opposing
classes. It is, however, pertinent to note several items of importance. For example,
patterns of ownership and control of land are generally the most important political
economic structure in any agrarian society and of great importance in industrial
countries. High inequality in landholdings may have been derived from days long
past. New technological practices such as the green revolution may exacerbate the
inequitable distributions of the harvest and lead to a widening of socio-economic
differences. Similarly, ancient cultural customs such as govern the relations between
the sexes or between races may lead to very inequitable, even cruel, divisions of the
harvest. One can agitate about the inequities and propose radical redistributions that
would be more even. Unless, however, one recognizes the possibility of connections
between the technology of agriculture and the division of its wealth, little hope at-
tends the achievement of greater equality and social tranquility. At the same time, it
is also necessary to recognize that continuation of traditional agriculture may entail
equally poor prospects for equality and peace.

On the Balance between the Industrialized "North" and
the Less Industrialized "South "

Just as individuals are divided by inequity within nations, nations are divided by
inequity between those with intensive industrialization and those with less intensive
industrial development. Under imperialism from the eighteenth to the twentieth
century, it was assumed by the imperial powers that the home country with industry
would manufacture and the colonies without would farm. Trade between the two
got everybody what they needed, but imperial theorists generally ignored the fact that
real wealth and power could lie only in the industrial heartland.

Since the end of formal imperialism in the second half of the twentieth century,
the imbalance of power between the former colonies and former masters has often
remained, even though "development aid" for agriculture and industry was ostensi-
bly supposed to even the playing field. More recently, the global push to liberalize
trade in all goods among all nations has been touted as the best way to ensure that all
people will benefit maximally from modern technology.

It may be true that free trade will bring economic benefits, at least to some people,
in every country. In fact, it probably will. Economic theory, after all, holds that in
conditions of free trade, every country will produce those goods and services in which
it has comparative advantage. Thus all things will be produced at lowest cost, which
under free trade can be exchanged for those not produced in a country. In free-trade
ideologies, therefore, over time countries will adjust their agriculture and industry
to produce the products they produce most cheaply. For other things needed, they
will trade. In theory, at least, everybody will be better off.

The problem with the free-trade mantra is not that it contains no reasonable ideas
but that it directs our attention away from issues shown in this book to be of deep
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and abiding importance. For example, free-trade ideas neglect to inquire into the
links among biological productivity (agricultural harvest), economic value, and the
acquisition of political power. The physiological necessity for food means that any
persons not in possession of food can be subjected to enormous coercion as they
attempt to trade whatever they have produced for food. This is a relationship that is
all but invisible in the ideas justifying free trade as a guide to agricultural policy.

It also happens that the current potential for the highest yields of grains lies in the
heavily industrialized areas because it is these countries (Western Europe, the United
States and Canada, and Japan) that are best able to marshal the coordinated use of
improved varieties, fertilizer, pest control, and irrigation under highly mechanized
conditions. With the exception of Canada, the major industrial areas are also the
seat of old imperialisms, with their legacies of resentment still rummaging around
the former colonies.

If free trade in agricultural goods ends up placing a less industrialized area of the
world at the mercy of fierce competition from both the industrial and agricultural
sectors of the industrialized world, the less industrialized country will be at a distinct
disadvantage because of the heavy hand of history affecting its agricultural produc-
tivity. Should an industrialized country be able to use its power over food, the less
advantaged country will indeed be in a bind and very likely will resent it immensely.
Desire for food self-sufficiency helped create the embrace of high-yielding agricul-
ture in countries such as India, Mexico, and the United Kingdom, and may con-
tinue to do so in the future, despite the ideological assertion that free trade is a better
way to go.

Concluding Remarks

Humankind's endless quest for food is the motivating force behind the earth's pre-
mier industry, agriculture. From agricultural wealth, we have found the wherewithal
to build many other fountains of economic production. By modifying the biosphere
in order to tap the energy of photosynthesis, we have remade both the earth and
ourselves. Our relentless obliteration of nonhuman ecosystems in favor of agricul-
tural ecosystems is a major force determining the balance between humankind and
the other species with whom we share the earth. An industry of this magnitude and
importance demands every ounce of our intelligence and creativity to understand it.
With such understanding, perhaps we will continue to share and enjoy the produc-
tivity of agricultural wealth in a way that is pleasing to the spirit. Without understand-
ing, we are very likely to destroy both our own humanity and many of the other
species with whom we need to live.
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-
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—
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4287
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-
—

-
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—

-

-
—
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-

Delhi III

4569

—

-
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-

-
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-

-
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-

-
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—

—

-

-
1714

1641

1581
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but presumably they represented different yield trials conducted under different conditions.
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