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June 20, 1977

The President
The White House
Washington, D.C. 20500

My dear Mr. President:

I take great pleasure in transmitting to you a report from the National
Research Council entitled World Food and Nutrition Study: The
Potential Contributions of Research.

Shortly after the World Food Conference in Rome in 1974, President
Gerald R. Ford requested the assistance of the National Academy of
Sciences in "a major effort to lessen the grim prospect that future
generations of peoples around the world will be confronted with chronic
shortages of food and with the debilitating effects of malnutrition."
Specifically, we were asked to "make an assessment of this problem and
develop specific recommendations on how our research and develop­
ment capabilities can best be applied to meeting this major challenge."

We gladly accepted this invitation, since the prevalence of hunger
and malnutrition in the world is a matter of great concern to this
Academy as well as to the worldwide community of scientists. A
Steering Committee, chaired by Professor Harrison Brown of the
California Institute of Technology, was empaneled to conduct this
study. They enlisted the assistance of 14 special study teams and, in
addition, more than a thousand other knowledgeable individuals, at
home and abroad, were given opportunity to contribute their special
insights and recommendations.

In November 1975, we transmitted to President Ford the preliminary
findings of the Steering Committee as summarized in Interim Report:
World Food and Nutrition Study. At the same time, we also transmitted
the report, Enhancement of Food Production for the United States,
prepared by our Board on Agriculture and Renewable Resources under
the chairmanship of Professor Sylvan Wittwer of Michigan State
University.

In your Inaugural Address you made clear that while the United
States, alone, cannot guarantee the basic rights of every human being to
be free of poverty, hunger, disease, and repression, we can and will
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cooperate with others in combating these ancient enemies of human­
kind. Whereas overcoming the problems of widespread hunger and
malnutrition in the world and greatly increasing food availability at
reasonable cost will be extremely complex endeavors, requiring action
along many lines, there is reason to be hopeful, nevertheless. This report
concludes that, given the political will here and abroad, it should be
possible, by the end of this century, to eliminate most of the hunger and
malnutrition now associated with mass poverty.

The report indicates that the substantial research and development
capabilities and educational resources of the United States can make a
major contribution to the world capability to achieve markedly
increased food availability and to minimize the age-old threats of hunger
and malnutrition. At the same time, these efforts could benefit both the
producers and consumers of food in our own country by lowering
production costs, increasing agricultural profitability, and helping to
contain the rising cost of food.

This report is in three parts. Chapter 1 presents an analysis of the
world food and nutrition situation in all of its complexity, and points
out the special role that accelerated research and development can play
in resolution of the problems. Chapter 2 contains a carefully evaluated
listing of the most promising areas of research and development, based
upon studies made by 12 teams of experts. Chapter 3 offers recommen­
dations concerning the mechanisms for getting the job done. Specific
suggestions are made regarding appropriate responsibilities of the
Department of Agriculture, the Agency for International Development,
the National Science Foundation, and the Department of Health,
Education, and Welfare as well as of other concerned agencies of the
federal government. The report emphasizes that, if this program is to
succeed, it is particularly important that your office coordinate our
national endeavors and develop an international effort commensurate
with the need.

In addition to this final report you will shortly receive five volumes
containing the full reports of the study teams which undertook the
detailed analyses and evaluations. May I take this opportunity to
express the appreciation of the Academy to Professor Brown for his
inspired leadership of this study, to Dr. Joel Bernstein, the Study
Director, for his superb management of this enterprise and to all those
who so generously contributed their time and creativity to our common
cause. Our thanks are tendered as well to the National Science Founda­
tion, the Department of Agriculture, the Department of Health, Educa­
tion, and Welfare, the Department of State, and the Agency for
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International Development, for their cooperation in and support of this
endeavor.

Now that this task has been completed, we want to assure you, Mr.
President, that the National Academy of Sciences stands ready to work
with you, in any way it can, in a major world effort to free humankind
at last from the scourge of hunger and malnutrition.

Sincerely yours,

4~
Philip Handler
President
National Academy of Sciences
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Foreword

Few of the challenges facing humanity are huger or more important
than the problem of world hunger and malnutrition.* Why is it that
hundreds of millions of our fellow human beings are inadequately
nourished? Why is it that, in spite of our technological progress, millions
of persons die each year as the direct or indirect result of inadequate
food intake? What steps can be taken to lessen the suffering and stress
that are the consequences of not having enough to eat?

These and other questions were discussed at the World Food Con­
ference held in Rome in 1974. Shortly thereafter the President of the
United States wrote to the President of the National Academy of Sci­
ences asking the Academy to "make an assessment of this problem and
develop specific recommendations on how our research and develop­
ment capabilities can best be applied to meeting this major challenge."

The President's request was accepted and the study was begun in
June 1975. This is the final report of the Steering Committee appointed
to undertake that study. .

Chapter 1 of this report, "Dimensions of the World Food and Nutri­
tion Problem," represents the effort of the Steering Committee to comply
with the President's request to make an assessment of the world food

• Throughout this report we define "hunger" as a craving or urgent need for food,
and "malnutrition" as faulty or inadequate nutrition. Clearly a person can be
malnourished without being hungry because either the intake of specific nutrients
is too small or too large.

xi



xii WORLD FOOD AND NUTRITION STUDY

and nutrition situation. The problem, as the Committee makes clear, is a
very complex one composed of a number of critical interacting parts.
Research and development are shown to be but two of the components
(albeit extremely important ones) of an effective program for lessening
hunger and malnutrition.

The adequacy of food supplies, of course, is critical, but much more
is involved. In particular, widespread poverty in the developing coun­
tries is a major cause of hunger and malnutrition. The stability of
supplies and prices at local, national, and international levels is an
important factor affecting the ability of food systems to meet food and
nutritional needs. Government policies are often inappropriate and the
organizations serving food systems do not always perform effectively.

The rapid rate of population growth is a contributor to hunger and
malnutrition. However, there is growing evidence that improvements in
nutrition as well as in education and health are likely to be accompanied
by declines in fertility. We propose that the question of just how specific
aspects of development affect fertility be an important component of a
separate major study on population.

Chapter 2, "High Priority Research," represents the first part of our
attempt: to comply with the President's request to "develop specific
recommendations on how our research and development capabilities
can best be applied to meeting this major challenge." Defining "re­
search" as the search for new knowledge and "development" as the
application of knowledge to the solution of practical problems, we first
attempted to list promising research and development approaches to the
solution of the various aspects of the world food and nutrition problem.
That listing, which was compiled by a number of study teams, was very
long. Using procedures described in Chapter 2, the proposed research
areas were then evaluated and from them 22 were selected as containing
particular lines of research that would have the greatest effect on world
food and nutrition during the next few decades. We believe that these
22 areas should be given the highest priority by the government of the
United States, along with other nations.

Chapter 3, "How to Get the Work Done," represents an attempt to
examine the research priorities as they relate to national and interna­
tional institutional arrangements and funding requirements. We empha­
size that, while much of the research and development can be under­
taken in U.S. institutions, a large part of it must be undertaken in the
developing countries. Special attention was given, therefore, to mecha­
nisms whereby research and educational institutions in the United States
might most effectively help developing countries expand and strengthen
their own research and development capabilities.
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The greater part of the work leading to the recommendations in
Chapters 2 and 3 was undertaken by 14 study teams. The Steering
Committee is deeply grateful to the chairmen and members of the
various study teams for their dedicated work, undertaken for the most
part under heavy pressure of time. The full study team reports are
presented in subsequent volumes of this report. The study teams are
responsible for the content of their reports, which were reviewed by the
Steering Committee.

Although most of the members of the Steering Committee and of the
study teams have had considerable international experience, it neverthe­
less seemed essential to obtain the views of experts from other parts
of the world concerning these problems. Accordingly, four seminars
were held-the first in Bangkok, Thailand, with Asian scientists; the
second in Cali, Colombia, with Latin American scientists; the third in
Nairobi, Kenya, with scientists from Africa and the Middle East; and
the fourth near Vienna, with scientists from Eastern and Western
Europe. Letters were sent to 200 scientists and administrators in devel­
oping countries who are concerned with problems of food and nutrition,
seeking their views on issues before the Steering Committee, and many
thoughtful responses were received. Many of the views expressed at
those seminars and in the letters are incorporated in the recommenda­
tions of the Steering Committee.

Numerous other persons were consulted. These included many
officials of the sponsoring U.S. agencies and representatives of land­
grant and other universities, of development assistance organizations,
and of public interest groups. Scientists and administrators of the public
and private research communities working on fQod and nutrition were
consulted extensively, as were population experts. Consultations were
also held with the Technical Advisory Committee of the Consultative
Group on International Agricultural Research, with the directors and
deputy directors of many of the international agricultural research
centers, and with other international experts.

Five U.S. government agencies gave financial support to this study:
the National Science Foundation, the Department of Agriculture, the
Department of Health, Education, and Welfare, the State Department,
and the Agency for International Development.

As chairman of the Steering Committee, I thank the Committee
members for their countless hours of hard work. Above all, I thank the
study director, Joel Bernstein, for his dedicated efforts, and other
members of the staff who have done so much to make this report
possible.

I look upon this report as the beginning rather than the end of a
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process. It is hoped that it will stimulate a series of actions by the
government of the United States that will help to strengthen and extend
worldwide efforts aimed at substantially reducing hunger and mal­
nutrition.

HARRISON BROWN, Chairman
Steering Committee
World Food and Nutrition Study
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Summary

1. Dimensions of the World Food and Nutrition Problem
The world food system is not working adequately for either poor or rich
countries. Large and increasing numbers of people are hungry and mal­
nourished. Associated with hunger are other matters of increasing seri­
ousness: rising costs of food production, unstable market conditions,
and increasing evidence that the content of diets is a major contributor
to health problems in virtually all countries, including the United States.

Human beings suffer from several kinds of malnutrition. They can
be harmed by eating too little food, or too much food, or by the wrong
amounts or balance of particular elements in their diet. These types of
malnutrition are found in all countries, but undernourishment is par­
ticularly widespread in the poor countries, while the other kinds of mal­
nutrition are prominent in rich countries like the United States.

Possibly as many as 450 million to a billion persons in the world
do not receive enough food. Most of the hungry people live in the
poor countries where populations are destined to grow rapidly for some
time into the future.

Since World War II, the growth of population and of total income in
most of the world has been unprecedented, and this has further in­
creased demands for food. World population grew 60 percent from
1950 to 1975; 80 percent of this growth was in the developing countries.
From 1950 to 1974, the gross national product (GNP) per person in
both the developing and the high-income countries more than doubled.

1
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It is likely that by the tum of the century per capita GNP will have
doubled again.

The immediate cause of hunger is the lack of resources with which
to buy or produce enough food. Insufficient food interacts with disease.
apathy, and other effects of poverty to foster malnutrition and lower
productivity. Thus such problems as the inequitable distribution of in­
come and unemployment are important aspects of the problem of world
hunger.

Sharp fluctuations in world food supplies and prices aggravate prob­
lems of hunger and malnutrition. The variability in production due to
weather, pests, and disease, and government policies to stabilize in­
ternal prices contribute to the instability of food prices and supplies.

Another important cause of malnutrition is the absence or weakness
of policies, institutions, and programs to foster the best use of available
food supplies for the purpose of improving nutrition. In poor and rich
countries alike, governments, private organizations, and individuals
continually make decisions that affect nutritional status with little or no
knowledge of the nutritional consequences.

The most important requirement for the alleviation of malnutrition
is for the developing countries to double their own food production by
the end of the century. We are convinced that this can be done given
the political will in the developing and higher-income countries.

Thus the problem of alleviating hunger and malnutrition in the
world is a complex one. Success will depend upon how effectively we
undertake four major tasks: increasing the supply of the right kinds of
food where it is needed, reducing poverty, improving the stability of
food supplies, and decreasing the rate of population growth.

INCREASING FOOD SUPPLY

If the developing countries are to increase per capita food availability
by at least 1 percent per year, they need to expand their food production
over the next 25 years at an average rate of about 3 to 4 percent per
year. How much of the increase in food supply will be available to in­
crease per capita consumption will depend on how fast the rate of
population growth declines.

Expanding crop area and increasing crop production per hectare
are the two ways to increase food production. Increases of crop area
probably will not exceed an average of 1 percent per year over the next
25 years and may be appreciably less. Thus increases in yield need to
average about 2.5 percent per year. This will not be easy to achieve
and susiain, but it is encouraging that the developing countries collec­
tively increased their food production by 38 percent during the period
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1965 to 1975. Major efforts, organized around improved farming
technologies, will be needed to achieve the necessary rates of increase.

This situation also will create pressures upon the United States to
increase food production at an appreciable rate. Our population is still
growing. Further, if the developing countries continue to import increas­
ing amounts of their food from the United States, and if the import
demands of Europe and Japan continue to rise because of growing
affiuence, increased U.S. productivity will be necessary to reduce rising
pressures on U.S. food prices and production costs. This necessitates
finding ways to increase our agricultural yields still further.

REDUCING POVERTY

Two essential conditions for reducing poverty in the developing coun­
tries are rapid expansion of employment and an increased supply of
food. Maximum use of the available work force simultaneously expands
output and personal incomes, particularly at the lower end of the in­
come scale. Expanding food supply fulfills the principal consumption
needs of the poor at a lower cost and promotes the growth of national
income. Simultaneously expanding national employment, food supply,
and the well-being of workers depends heavily on introducing more
productive technologies throughout the food system that make better
use of workers. Direct food distribution programs can help alleviate
poverty and correct the maldistribution of food.

STABILIZATION OF FOOD SUPPLIES

Local, national, and international measures are needed to prevent sud­
den drops in food supplies, market gluts that discourage production,
and sharply fluctuating food prices. Improved technology can reduce
food losses caused by weather and pests. Appropriate government poli­
cies also can reduce instability in food supplies and prices. And national
and international arrangements for food reserves can remedy cycles of
glut and shortage.

POPULATION GROWTH

In the short run, gains in nutrition in low-income countries may in­
crease population growth rates by decreasing mortality before fertility
declines. However, there is evidence that the social and economic
changes required for increased food production and better health also
are conducive to reduced birth rates.

In the long run, no action is more important for improving the world
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food and nutrition situation than the reduction of birth rates. In view of
this fact, we strongly recommend that the U.S. government sponsor a
study to assess how U.S. research capabilities can best be applied to help
countries desiring effective means of reducing birth rates.

THE ROLE OF RESEARCH AND DEVELOPMENT

A strong research base is essential to all activities needed to increase
the food supply, reduce poverty, and moderate the instability of supplies
and prices. The role of research is to broaden the range of choices
available to all those who affect world food supply and nutrition such as
farmers, consumers, and government officials. In stressing this we do not
assume that research and development will solve world food problems,
only that it is an essential part of the solution.

A broad spectrum of research and development activities, ranging
from adaptation of existing technologies to the search for new scientific
discoveries, is necessary to improve the performance of food systems.
In this study we particularly stress the need for biological innovations,
improved farming systems, improved technologies aimed at reducing
risks, and improved development policies and organizations. We also
emphasize research that concentrates on the effects of malnutrition.
Finally, we stress the great importance of expanding basic food and
nutrition research. Many of the improvements we visualize cannot be
brought about unless our reservoir of relevant basic knowledge is
enlarged.

THE ROLE OF THE UNITED STATES

The United States, along with other high-income nations, can contribute
to the solution of problems of hunger and malnutrition by providing
capital assistance, cooperating in the formulation of development plans,
and working for a more effective international environment in trade and
the management of food reserves. Larger U.S. involvement in these ac­
tivities is desirable.

The United States can playa very important role in research and
development. Our experience in research and in the training of research
workers could help the developing countries build their own research
capabilities. This is particularly important because many problems can
be studied only in the environments in which they occur. Programs of a
large number of research and educational institutions in the United
States could be redesigned to include more studies of selected world
food and nutrition problems.

The effect that research efforts by the United States could have on
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world food problems depends on the extent and quality of U.S. working
relationships with national and international research organizations in
the developing countries.

RECOMMENDATIONS

In the light of our analyses, we recommend: (1) expanded research
efforts to improve food and nutrition policies, increase food availability,
reduce poverty, and stabilize food supplies; (2) actions to help mobilize
and organize research and development resources in the United States
and throughout the world; and (3) a U.S. government mechanism to
better interrelate actions that affect food and nutrition situations both
at home and abroad.

AN OPPORTUNITY

The challenge to U.S. research capabilities that is presented by world
food problems is attended by many reasons for optimism.

Our most important reason for optimism is the increasing ability of
many developing countries to address their own food problems. Many
developing countries have made important progress in addressing the
poverty and population growth factors that underlie malnutrition. In
addition, the potential for improving agricultural yields in developing
countries is clearly very large.

If there is the political will in this country and abroad to capitalize
on these promising elements, it should be possible to overcome the
worst aspects of widespread hunger and malnutrition within one genera­
tion. By the end of the century, grain production could be doubled in
the developing countries and food production in the rich countries
could be increased by more than the total grain production of the
United States today.

We find these prospects exciting and worthy of strong national and
international efforts.

2. High Priority Research

HOW PRIORITIES WERE ESTABLISHED

.The selection of major research areas and promising approaches for
achieving them was based on their prospective effects on world hunger
over the next few decades.

To establish priorities, 12 interdisciplinary study teams were as-
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sembled and asked to identify research and development areas with out­
standing potential to help meet world food and nutrition needs. Three
questions posed by the Steering Committee guided the selection of these
areas:

- What advances in knowledge will specific areas of research produce,
and what is the scientific or technological significance of these ad­
vances?

- If the research produces results, what effect would they likely have on
reducing global hunger and malnutrition over the next several
decades?

- What supportive action will be required to conduct research for the
accelerated activity recommended (e.g., more resources, policy
changes, organizational changes)?

The priority areas identified by the study teams, which totaled over
100, were then evaluated by Study Team 13, which examined the im­
portant areas from a number of points of view, including near-term
effects (less than 15 years) and longer term effects (more than 15
years). This ranking resulted in the designation of 22 priority areas.
They were selected because of the likelihood that important advances
toward the broad goal of each research area were feasible and would
contribute significantly to improving the world food and nutrition situa­
tion. Particularly promising individual lines of research are identified
within each priority area. The 22 selected priority research areas fall
into four categories: nutrition, food production, food marketing, and
policies and organizations. Some recommended priority lines of re­
search promise possible widespread application within 5 to 10 years.
Others will produce results only over the longer term. No rankings are
made among the 22 areas; they constitute the minimum of a highly
selected list of promising types of research requiring support.

• We recommend that U.S. research support be increased for the lines
of research identified within these 22 research areas:

• Nutrition-Performance Relations
• Role of Dietary Components
• Policies Affecting Nutrition
• Nutrition Intervention Programs
• Plant Breeding and Genetic Manipulation
• Biological Nitrogen Fixation
• Photosynthesis
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• Resistance to Environmental Stresses
• Pest Management
• Weather and Climate
• Management of Tropical Soils
• Irrigation and Water Management
• Fertilizer Sources
• Ruminant Livestock
• Aquatic Food Sources
• Farm Production Systems
• Postharvest Losses
• Market Expansion
• National Food Policies and Organizations
• Trade Policy
• Food Reserves
• Information Systems

NUTRITION

Nutrition is fundamental to human life, performance, and well-being.
This report discusses priorities for various parts of the food system;
however, all priorities are based on the goal of adequate nutrition for
all segments of the world population.

There is little systematic examination of the effects on human popula­
tions of national and international policies affecting nutrition. In this
connection, research is needed not only on the extent and functional
significance of malnutrition, but also on the merit of present and future
policies affecting nutrition. Specifically, we propose research on:

- how present diets affect human functional performance;
- what foods can best meet nutritional needs under differing circum-

stances;
- government policies that indirectly affect nutrition;
- how best to reach people through programs for improving the nutri-

tional status of particular population groups.

Improved diets can be a major factor in enhancing human well­
being. Changes in diet may well tum out to be beneficial to the health
and life expectancy of large segments of the population in the United
States. In the developing countries, effective nutrition interventions are
likely to have more of an effect on human health than comparable
investments in medical care.
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FOOD PRODUCTION

Research on food production can find the technical means for improv­
ing yields and stability of yields of the most important food plants. The
low-income countries of the tropics particularly face difficult problems
in achieving self-sustaining farming systems that produce high, stable
yields with a minimum dependence on energy and capital. During this
century, scientific advances have extended our ability to develop new
crop and animal strains tailored to the needs of particular regions or
special uses. Among the more obvious examples are high yielding
hybrid com and sorghum and the semidwarf varieties of wheat, rice, and
barley. We suspect we are nowhere near the natural limits of plant
productivity. New techniques of genetic manipulation will permit us to
achieve much greater productivity in the future.

Plant Breeding and Genetic Manipulation Research support should
be increased in three areas: revitalizing work on the "classical" genetics
and plant breeding methodology of economic plants; work at the cellu­
lar level aimed at producing preconceived genetic changes and the de­
velopment of methods to screen for agronomically important traits; and
improving genetic stocks. This work requires collaboration among sci­
entists in this country and abroad who are working in classical genetics
and plant breeding, cell biology, and related fundamental scientific
fields.

Biological Nitrogen Fixation Nitrogen is a critical element in protein
and therefore in the growth of plants and animals. The large increases
in yields over the past 25 years, particularly in the high-income coun­
tries, have resulted from the increased use of nitrogen fertilizers. Even
so, two-thirds to three-fourths of the nitrogen fixed in association with
world agriculture is estimated to occur biologically: microorganisms
extract it from the air and fix it in soils and plants. The greater use of
this source of nitrogen for plant growth is a reasonable prospect and
should be a prime research goal.

Shortages of natural gas and petroleum and the rising costs of the
raw materials used to produce chemical fertilizers are persuasive rea­
sons for accelerating research on biological alternatives. Moreover,
such research is likely to be useful in reducing the environmental
contamination associated with chemical fertilizers.

There are several promising lines of research for increasing biological
nitrogen fixation. These include identifying and improving the symbiotic
associations between leguminous plants and microorganisms, inducing
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a similar association between microorganisms and cereal grains, and
transferring the genetic capability for nitrogen fixation directly from
bacteria to plants.

If cereal crops could fix nitrogen at 30 percent of the soybean rate,
the additional nitrogen fixed would equal 36 million tons. This amount
of nitrogen is more than five times the total amount currently used in
the developing countries.

Photosynthesis Perhaps the greatest potential for using the sun's
energy lies in increasing the efficiency with which crops fix solar energy
through photosynthesis. Most plants capture no more than 1 to 3 per­
cent of the solar energy they receive. What we know presently indicates
a theoretical conversion potential of about 12 percent. Experts suggest
that increases in the photosynthetic efficiency of plants could produce
gains of 50 percent to well over 100 percent in agricultural yield after
15 years of intensive research.

Resistance to Environmental Stresses The principal causes of instabil­
ity of food output are stresses on plants such as pests, weather aberra­
tions, and chemical variations in soils. Notable in the latter case are
aluminum toxicity and related nutrient deficiencies of acid soils, and
salinity.

We assign high priority to several areas of research to reduce the
vulnerability of crops to stress, including steps to identify, screen, and
breed resistant plants.

Pest Management The losses from pests are known only imprecisely
but, worldwide, they may average a third of potential production. Rice,
the world's most important crop, suffers losses of perhaps 40 to 50
percent.

Three areas of research should have high priority: the use of agro­
nomic practices to control pests (the foundation of improved pest man­
agement systems), breeding for resistance to plant pests, and the intro­
duction of organisms that prey on particular pests.

Weather and Climate Fluctuations in weather and climate cause the
largest variations in food production. World food reserves are insuffi­
cient to compensate for harvest losses due to the serious weather fluctua­
tions that could occur in a single year. Thus efforts to alleviate prob­
lems arising from droughts, unseasonably high or low temperatures,
and severe storms are crucial.

We give highest priority to two related areas of research. Our first
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priority recognizes that agriculture must make better use of weather
and climate information. Research to this end would have three ob­
jectives: better use of statistical techniques for estimating weather and
climate changes; development of more sophisticated models for handling
farm risks; and improved management skills for dealing with the effects
of weather variability. The second priority is research to improve the
analytical techniques for predicting the effects of weather on crops,
recognizing that, in large part, agriculture must adapt to the variability
of weather and climate.

Management of Tropical Soils Most of the potentially arable land
that is not farmed is in the tropics of Africa and South America, about
1 billion hectares or three-fourths again as much land as is presently
cultivated in the world. Seventy percent of this unused arable land has
acidic soil belonging to the groups called oxisols and ultisols. There
are encouraging indications that these two soil types, if handled prop­
erly, can produce high crop yields. However, growing conditions in
many tropical areas are far from ideal, and much research will be re­
quired before cultivated crops can be grown economically and without
affecting the environment adversely.

The sequence of recommended research includes: classifying local
soil types, establishing suitable land-clearing methods, identifying
methods to correct deficiencies in soil composition which could be used
in combination with new stress-resistant plant varieties, identifying
measures to enhance water retention and root penetration, developing
suitable cropping systems and/or forage-animal systems, and adapting
technologies to local ecologic and socioeconomic conditions.

Annual crop production in these humid lands, if well-managed,
could be raised to 150 to 200 percent of the temperate zone production
per hectare.

Irrigation and Water Management Adequate water is indispensable
for plant growth. Having enough water depends not only on average
annual precipitation, but also on the reliability of supply. Farming
systems can be highly productive on relatively small annual supplies.
if the supplies are dependable or if the soil adequately stores water in
relation to variations in rainfall. Unfortunately, precipitation is the
most variable and least predictable element of weather.

Today, 14 percent of the world's farmed area is irrigated, and esti­
mates suggest that the area irrigated could be more than doubled. How­
ever, as most of the world's farmers will not have access to irrigation.
there is also a great need for improved water management in rainfed
agriculture.



Summary 11

The recommended research priorities stress improving onfarm water
management, supplemented by research and development on physical
improvements and on new planning techniques to guide farmers.

Fertilizer Sources The use of chemical fertilizers is usually the most
rapid means of increasing farm production. As we have seen, research
on biological nitrogen fixation deserves high priority worldwide, but
research on inorganic chemical nutrients also is needed.

Two research efforts are recommended to develop new sources of
fertilizers: one is for less expensive methods of fixing nitrogen that do
not use the increasingly scarce supplies of natural gas and petroleum,
the principal raw materials for current production. The other is for the
design of fertilizers that can be efficiently used in the tropics.

Other research includes the expanded use of rock phosphates and the
use of larger percentages of phosphate ores, better provision for apply­
ing micronutrients that are important in the tropics, and the develop­
ment of slow-release fertilizer.

Ruminant Livestock Animal products are a major part of the world's
diet and could play a more important role in the developing countries.
In the United States, different types of livestock supply two-thirds of
the protein for human consumption. In the developing countries, animal
products are a much smaller but still important part of the diet, provid­
ing 20 percent of the protein for human consumption. However, animal
production has been rising rapidly and can increase severalfold in the
future if research and development can overcome certain obstacles.

Two-thirds of the world's agricultural land is in permanent pasture,
range, and meadow, of which 60 percent is not suitable for cultivation.
These lands, where not claimed for other uses, are exploited best by
large ruminant livestock, primarily beef and dairy cattle, which now
produce almost half of the world's meat products and most of its milk
products. Animals constitute an important stockpile of food and capital
for the developing countries. The total caloric worth of worldwide ani­
mal stocks in 1974 was 50 percent more than that of grain stocks, and
the animal stocks were more evenly distributed.

Animal yields can best be increased by three lines of research: im­
proving feed supply from forage plants in the open ranges and other
pasture situations; improving animal health by concentrating on the
most damaging contagious diseases; and increasing the offspring of
animals that best use low quality diets and resist disease.

Aquatic Food Sources Fish are an important component of total
human and animal food intake. In 1974, the world commercial produc-
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tion of food products from fresh and saltwater was about 70 million
tons, excluding whales and seals. Five million tons were obtained from
aquaculture, mostly in freshwater.

Fisheries and aquaculture differ. Fisheries are essentially gatherings
of wild animals, whereas aquaculture employs varying degrees of direct
animal management. The application of research to increase produc­
tion of aquatic animals holds promise in both areas. Research for fuller
use of the fish catch could produce early results that would benefit both
the United States and the developing countries. It is estimated th~t the
amount of fish protein directly consumed by humans could be doubled
without increasing the present world catch.

Research on aquaculture will lead to greater yields. The annual
yield of pond fish in Southeast Asia could be increased fivefold from
the present average of 600 kilograms per hectare through polyculture
coupled with the development of nutrition. This technical potential,
combined with the developing countries' growing interest in aquacul­
ture, promises substantial gains.

Genetic improvements will permit the larger-scale gains needed in
the long run. Fish geneticists estimate that gains in production from
selective breeding alone could soon amount to 2 to 5 percent per year.

Farm Production Systems The use of new technologies by farmers
in the developing countries is inhibited because technology usually
comes to them, if at all, in disconnected pieces. Thus they have difficulty
fitting it effectively into their farming and social systems. Research on
the structure of those systems is of high priority. Since farming systems
comprise many factors, this research must be multidisciplinary.

Research on farm production systems has excellent prospects for
greatly increasing production, income, and social well-being. It should
include:

- selecting crop combinations for the best total income and nutrition;
- introducing improved varieties of crops and animals that permit

higher yields, increased annual production per farm, and more stable
incomes through adjustments in the length, timing, and mixture of
growing seasons;

- preserving the diversity of species and protecting soil resources for
long-term production;

- experimenting with crop combinations, sequences, and improved
cultivation techniques;

- designing equipment to meet the needs of small farmers for tillage
and other cultivation, irrigation, food storage, and crop handling;
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improving the organization and administration of local services;
- improving the management skills of farmers and housewives needed

for the production, preservation, and consumption of food.

Food production on currently farmed land in the humid tropics can
be increased, perhaps by as much as fourfold in the long run. The intro­
duction of new farming systems requiring minimal inputs of resources
should be important in this regard.

FOOD MARKETING

The quantity and quality of food available to consumers depend upon
a chain of connecting services that determines how well the whole food
system works. The chain can be very short, involving only the farmer
and household members; or it can be long, as in the complex marketing
services of high-income countries.

To improve the quantity and quality of food actually eaten in the
developing countries and also the real income of both producers and
consumers, a number of improvements are needed in these services:

- reduction of waste, which typically is very large;
- reduction of costs;
- better maintenance of food quality, or enhancement by fortification

or other processing;
- wider and more even distribution of supplies over time and space;
- better communication of consumer demands to producers.

It is estimated that in some parts of the world as mucb as 50 percent
of the food supply from plants and animals is lost between harvest
and consumption, especially in the humid tropics. The most immediate
research need is to inventory the amount, location, and cause of food
losses. Efforts should then be made to determine whether these causes
are attributable to poor management, inappropriate pricing and policy,
or lack of needed technology.

We recommend the following lines of research as especially promis­
ing: extending preharvest pest control to the postharvest phase, and
improving food preservation technologies and storage for the humid
and arid tropics, particularly for use at the farm and village levels.

Markets in the developing countries must be expanded to provide
incentives for increased production, to give consumers a wider variety of
foods at lower cost, and to reduce the food losses that occur when excess
supplies cannot reach markets. One remedy is to expand the purchasing



14 WORLD FOOD AND NUTRITION STUDY

power of the consumer, especially of the poor consumer. A second
remedy, applicable at any level of national income and purchasing
power, is to expand the number of markets for farmers in the developing
countries.

Research is recommended on means of increasing the purchasing
power of poor people in the developing countries: increasing the effi­
ciency of food distribution programs, pricing policies, and product pro­
motion and design. The research needed to expand markets in the
developing countries includes: improving transportation; improving in­
termediate marketing institutions; and adapting modem analytical tech­
niques to the planning, organization, and management of major com­
modity systems.

The large size of the food sector in the economies of the developing
countries and the fact that most of the costs involved in food losses
occur after the food leaves the farm suggest that food savings could
be considerable.

POLICIES AND ORGANIZATIONS

Science and technology alone cannot improve the world food and nutri­
tion situation. Government policies and the organizations affecting food
must provide incentives and opportunities for increased production and
better distribution of food. Hence research on social and economic
policy is essential.

Illustrations of the effects of national policies and organizations are
plentiful. Technology that permits farmers to grow more food at a lower
cost per unit of output can be offset by government price, tax, or trade
policies that influence the prices of farm products and inputs. These
policies can make increased production unprofitable for producers,
thereby discouraging use of the new technology. Inadequate credit and
marketing services affect the dependability of supplies of seeds, fer­
tilizers, and machinery, and may discourage farmers from applying
improved technologies.

International policies and organizations are critically important to
the world's food supply. Poor countries would have more incentive to
apply better technology in food production if they had better opportuni­
ties to expand sales into international markets.

The list of policy and organizational problems is long, and the specific
content and relative importance of each differs according to time and
place. Experience suggests that the individual developing countries
often have common problems regarding their policies and organizations
affecting food. Thus it is desirable to develop a number of widely ap­
plicable generalizations through comparative analysis of experiences
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in different countries. However, the size and difficulty of the research
needed on policies and organizations require a large increase in cur­
rent social science research capabilities, both in the United States and
in the developing countries.

The developing countries depend upon international trade in food,
and upon the principal commodities used to produce food such as fuel,
fertilizers, and pesticides, to provide adequate food supplies for their
people. The trade policies of both the developing and the high-income
countries affect the abilities of the developing countries to meet their
national goals.

There are many unknowns about the nature and extent of the inter­
actions among the principal factors affecting trade. These unknowns
limit the abilities of individual countries to make rational choices on
trade policies and they impede productive dialogue on the international
issues. Research is needed to better understand patterns of world food
production and trade that take advantage of the resources indigenous
to certain areas and that will reflect the real costs of food production in
various parts of the world. Research also is needed to permit anticipa­
tion of technology and development trends and their implications.

Food reserves are an important means of ensuring the stability of
food supplies. Most food stocks are grains, which can be stored and
transported more easily than other foods. World grain markets are af­
fected by the interactions of supply, demand, and stocks at national and
international levels, and these relationships must be considered when
establishing policies for the management of grain stocks.

One line of research would investigate the storage systems of par­
ticular developing countries-where stocks are held, who owns stocks,
the losses during storage in various types of storage facilities, and the
costs and gains from storage. Research should first more accurately
describe and evaluate current systems and then evaluate how these
systems could be improved.

Another line of research would examine the alternatives to holding
grain reserves. For .example, international trade may be a feasible al­
ternative for achieving market stabilization and improved distribution.
The extent to which food aid could be used to help the developing
countries stabilize their food supplies needs to be investigated.

Decision makers need timely information to assess the likely effects
of alternative decisions. Decision makers in the developing countries
are often severely handicapped by a lack of data. For all countries,
policies, programs, and research are becoming more diverse and com­
plex year by year, and requirements for information expand corre­
spondingly.

The developing countries have many information problems and re-
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quirements that are similar to those of the high-income countries, al­
though the data required and the complexity of the systems are less.
The developing countries already spend sizable portions of their scarce
resources on information needs. The information is often unused, either
because the wrong data are collected or because there is no way to dis­
seminate the data. Appropriate research can help prevent both problems.

Promising new technology is rapidly being developed to improve in­
formation systems. This includes analytical systems for appraising the
variables affecting food production, marketing, and nutrition; computer
technology; and the capabilities for remote sensing. We can expect a
growing number of low-eost systems for use by the developing countries.

Research is recommended on: the information needs of the producer,
crop monitoring systems, international data bases for land and nutrition,
and total information systems design.

3. How to Get the Work Done

Our analysis leads to three major conclusions:
First, a large part of the research needed will have to be carried out

in the developing countries, where the most serious shortages of re­
sources for food and nutrition exist. Consequently, the capacity of the
developing countries for research and its application must be sub­
stantially enlarged.

Second, the international food and nutrition research centers and
programs established in tropical countries over the last decade require
continued strengthening.

Third, a large part of the research needed will have to be carried out
in the high-income countries, where most of the relevant scientific re­
sources are found. In order to undertake its share effectively, the United
States should enlarge and reshape its research on food and nutrition.

These objectives need to be approached in combination, not sepa­
rately, building working relationships among research groups in the
high-income and developing countries and the international centers.

RESEARCH CAPACITY IN THE DEVELOPING COUNTRIES

The capacity of the developing countries to conduct research and de­
velopment on food and nutrition varies substantially from country to
country, but all are far short of the scientific and technical resources
they need. Those countries must provide the resources they need to
build research capacity, but much can be contributed by others, includ-
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ing the United States. We conclude that the United States should, when
asked:

- train researchers for the developing countries at U.S. universities and
help build training institutions abroad;

- help the developing countries establish research facilities and institu­
tions and apply research results;

- encourage and support communication and collaboration among
research workers in the developing countries, in the international and
regional institutions, and in the United States on problems of com­
mon interest.

INTERNATIONAL RESEARCH CENTERS AND PROGRAMS

Perhaps the largest research contributions to reducing world hunger in
recent years have been made by the international agricultural research
centers such as the International Rice Research Institute in the Philip­
pines. These centers have produced important research results, have
become important training locations, and have contributed to building
research capacity in a number of the developing countries. Such centers
and programs have a great deal of potential, and they need to be con­
tinued and strengthened.

The United States should:

- continue to provide 25 percent of the funding for the centers and
programs sponsored by the Consultative Group on International
Agricultural Research;

- join in supporting other high quality international centers, both those
with which it is already involved and others for which it is not now
a major supporter;

- move vigorously and imaginatively to encourage collaborative relation­
ships between international centers and research groups in the United
States.

u.S. RESEARCH ON FOOD AND NUTRITION

U.S. research on food and nutrition should enable future U.S. food
production and distribution to meet domestic needs at reasonable prices
while permitting the continued export of major amounts of food. The
research also should contribute to increasing food production and im­
proving food distribution in the developing countries.

Specifically, we conclude that:
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major increases are needed in fundamental research in the natural
and social sciences, particularly in those areas related to the enhance­
ment of food production and nutrition;

- a new and broader approach is needed for research on nutrition;
- much greater attention needs to be given by the U.S. research com-

munity to international objectives;
support for social science research relevant to food and nutrition
should be increased sharply.

RECOMMENDATIONS FOR U.S. ACTIONS

The Federal-State System of Agricultural Research

Our first set of recommendations concerns the federal-state agricultural
research system and the role of the Department of Agriculture (USDA).

We consider these recommendations to be the most important we are
making on organization and financing. They are intended to enable the
Department of Agriculture, in cooperation with other group~, to make
a much larger contribution to reducing world hunger and malnutrition
than they have thus far. The Department of Agriculture and others
involved in agricultural research will need to emphasize and support
the entire spectrum of research related to food. They will need to
mobilize scientific resources that have not previously been involved
with agricultural research. They will need to add to their traditional
focus on the United States a direct concern with hunger and malnutri­
tion overseas. Thus the Department of Agriculture and others must
develop a substantial and sustained international orientation. Further,
they must work in close collaboration on food and nutrition problems
with the Agency for International Development.

• We recommend the appointment of an Assistant Secretary of Agri­
culture with responsibility only for research and education.

The Assistant Secretary should be a senior scientist of sufficient
stature to attract the highest quality scientific participants.

• We recommend substantial increases in federal funding for the
traditional USDA research programs (including support for state pro­
grams), and we recommend funds to establish a new program of com­
petitive grants for research on food and nutrition.
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Increased funding will provide new vitality for the existing system
and a stronger base for the accelerated research we recommend.

• We recommend a first-year increase on the order of $120 million,
something under 20 percent of the total of about $700 million of USDA

and state funds now devoted to food and nutrition research. We propose
that the new funds be divided equally between the existing federal-state
channels and the new competitive grants program. Thereafter, we
recommend successive increases, after adjustments for inflation, on the
order of $60 million or approximately 10 percent per year in real
terms for the next four years, also divided evenly between the existing
programs and the new competitive grants program.

There is no doubt that funding increases on this scale are needed to
attack the larger research agenda and to overcome the effects of the
relative neglect of agricultural research in recent decades.

Three points are worthy of note. First, a substantial share of the
increased funds will be needed to expand V.S. personnel. Second, we
urge that a major new emphasis be placed on nutritional research by the
Department of Agriculture. Third, we emphasize the importance of
establishing a strong competitive grants program in the Department of
Agriculture.

• We recommend a five-year federal matching grants program for
nonfederal research facilities and equipment. These grants should be
available to other universities and private nonprofit institutions as well
as to those in the land-grant group.

A large infusion of resources is needed for altering and replacing
existing obsolete facilities. Additional facilities will be needed to carry
out the proposed research agenda, including a few wholly new installa­
tions. Federal funds as large as $100 million per year might be well
used.

We reemphasize that Department of Agriculture funds should be
used to enable the V.S. scientific community concerned with food and
nutrition to become involved in international efforts: to join in col­
laborative research with colleagues abroad, to conduct research over­
seas, to undertake training and postdoctoral fellowships in research
centers abroad, and to invite foreign scientists to work at V.S. research
facilities.

In our view, the Secretary of Agriculture speaks not just for the
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interests of American food producers but also for the broader interests
of all American citizens.

Agency for International Development

Our recommendations propose substantial increases in the scale of and
improvements in the substance of the activities of the Agency for Inter­
national Development (AID) to: help establish research and develop­
ment capacity in the developing countries, support further development
of international research centers and programs, and support U.S. groups
that wish to undertake food and nutrition research in the developing
countries. Title XII of the Foreign Assistance Act of 1975 provides a
new legislative base for these activities and for the participation of U.S.
universities in them.

In recent years, AID has suffered a serious deterioration in its pro­
fessional staff concerned with agriculture, and must rebuild its past
competence. The resources of the universities cannot be mobilized and
applied to the needs of the developing countries unless there is a high
quality professional cadre in AID.

• We recommend a larger and more systematic effort by AID to help
the developing countries establish research and development capabilities
for food and nutrition in both the natural and social sciences.

AID has been committing about $30 million per year for this purpose.
In our view, that figure should be at least tripled as rapidly as possible.

• We recommend a larger and better-designed AID effort to train
research personnel for the developing countries.

Such an effort should have two main components. The first involves
work with U.S. universities to improve the quality and relevance of
their training for foreign students. The second involves helping to estab­
lish research training programs in the developing countries themselves.

• We recommend the establishment of a joint AlD-University com­
mittee on international training under Title XII of the Foreign As-
sistance Act. .

• We recommend continuation of AID support for international re­
search centers and programs, both those supported by the Consultative
Group on International Agricultural Research and others of worldwide
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or regional scope that are likely to provide research results that are
badly needed by the developing countries.

International research centers involve special risks but they also pro­
vide special opportunities. Such centers can contribute significantly to
the build-up of research capacity in the developing countries. To
achieve the potential advantages it is desirable to limit such centers
and programs to those few that are clearly of unusual promise and to
assure their working relationships with national centers in all parts of
the world. U.S. contributions to those centers, which amount to about
$20 million per year and are scheduled to rise by about $4 million per
year over the next several years, are clearly money well spent.

• We recommend that AID enlarge significantly its support for estab­
lishing operating relationships between U.S. research groups and those
in the developing countries.

In recent years, the U.S. universities' knowledge of conditions in
the developing countries, and their direct involvement in those coun­
tries, have been declining. We commend the concept, now being de­
veloped under Title XII, of support for research programs linking U.S.
and overseas researchers interested in a common problem, such as
adapting soybean cultivation to tropical conditions.

Other forms of support also should be considered. AID should not
hesitate to support research with middle-income countries such as Brazil
or Mexico. Such countries offer some of the best opportunities for
valuable and relatively inexpensive exchanges of research.

Finally, AID should provide encouragement for good university
planning and management of international research. The universities,
in tum, should recognize that the aim of Title XII is to help the de­
veloping countries primarily by supporting work there.

National Institutes of Health

The National Institutes of Health (NIH) is the largest source of federal
support for research on human nutrition, spending about $60 million
per year. Most of this research is oriented to the interrelationships be­
tween diets and diseases prevalent in the United States.

• We recommend that NIH'S support for nutrition research be re­
oriented to place greater emphasis on studies of human subjects, par-
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ticularly using epidemiologic approaches and behavioral and other
social science skills.

• We recommend that more effective arrangements be established
for coordinating research on nutrition supported by the several Insti­
tutes and by other relevant agencies in the Department of Health, Edu­
cation, and Welfare.

• We recommend only modest increments in the NllI budget for
nutrition research for the immediate future. Some funds from lower
priority programs should be diverted to high priority purposes. In the
longer run we have no doubt that larger funds will be required.

National Science Foundation

The central mission of the National Science Foundation (NSF) is to
nurture the health of science and the increase of basic knowledge.
Support for basic research related to food and nutrition concerns is
relatively modest-about $40 million. Large and sustained increases
are needed to enlarge as rapidly as possible the stock of fundamental
knowledge on which future applied research will depend.

• We recommend that the National Science Foundation substantially
increase its support of fundamental research in biology and other
natural science disciplines underlying work on food and nutrition.

• We also recommend strengthened support by NSF for disciplinary
research in the social and behavioral sciences relevant to food and
nutrition.

• We recommend that funding increases be complemented by in­
creasing the size and duration of individual project financing.

The authorizing legislation for NSF for fiscal year 1977 places special
emphasis on international scientific collaboration to assist in resolving
critical world problems such as those of food and population.

• We recommend vigorous action by NSF under this new mandate
to promote international scientific collaboration.

The fiscal year 1977 authorizing legislation also puts new stress on
training in interdisciplinary research, including research grants.

• We recommend that a program of training in interdisciplinary
research be undertaken because of its potential for dealing with food
and nutrition problems.
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Privately Supported Research

Currently, roughly half of U.S. research and development concerned
with food and nutrition is financed in the private sector. Most of this
activity is in business firms representing a wide range of industrial
pursuits.

• We recommend that AID enlarge its use of contracts to draw on the
capacity of private companies to contribute to research and research
training objectives in the developing countries. .

• We also recommend that the Department of Agriculture consider
the possibility of making greater use of private resources, by contract,
for needed aspects of food and nutrition research where that may bring
effective results at equal or smaller public cost.

Two factors may inhibit the usefulness of normal market-oriented
research and development by private business. The first is the possibil­
ity that government regulations established in the interest of health,
safety, environmental protection, and other purposes may, through
overlapping, imprecision, or shortcomings, result in unnecessary or
unwise limitations on research and development.

• We recommend that coordination and simplification of regulations
affecting research and development on food and nutrition be given early
attention.

A second set of problems involves patent rights. Issues being raised
in international forums challenge the validity, and therefore the effec­
tiveness, of patents and other proprietary rights. There are other pro­
spective problems concerning the adequacy of patent laws as these apply
to research on plants.

• We recommend an early evaluation of U.S. and international pro­
prietary rights under the leadership of the Executive Office of the
President.

Executive Office of the President

It is necessary to establish in the Executive Office of the President ar­
rangements for designing and implementing a coherent strategy for re­
search on food and nutrition. Such a strategy can be established only
within the framework of a coherent general strategy for dealing with
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world food and nutrition problems. We think the operational authority,
funds, and programs should be retained in the various departments and
agencies. At the same time, a central capacity is needed to look ahead
at overall problems.

There are various organizational altemetives for achieving these
ends. The essential characteristics are capable leadership and an inde­
pendent staff.

• We recommend the establishment of these two entities in the Execu­
tive Office of the President: one to develop and maintain a coherent
U.S. strategy for dealing with world food and nutrition problems; the
other, subordinate to the first, to facilitate coordination of u.s. and
international research activities on food and nutrition.



1 Dimensions of the
World Food and
Nutrition Problem

Introduction
Large and increasing numbers of people are hungry and malnourished,
but a restless world strongly believes that much of this hunger can be
eliminated. The rising costs of food production in many countries
threaten higher food prices at a time when the capacity to produce food
is seriously underutilized, especially in the poor countries. The world
food system could be made to work more effectively for both the poor
and the rich countries.

If hunger and malnutrition are not to be the fate of increasing num­
bers of the world's population, the United States must use its capacities
for research and development to counter the rising costs of food pro­
duction, to reduce the instability of food supplies and prices, and to
improve the production capacity and incomes of farmers in the de­
veloping countries, many of whom have small land holdings, often in
remote areas. Less apparent, but important, is the growing evidence
that the content of diets is a significant factor in the health problems of
all countries, including the United States. If U.S. research capabilities
are used more effectively and supported adequately, they can better
serve U.S. needs and contribute more to alleviating world hunger and
malnutrition. We believe that the U.S. scientific community is ready and
able to undertake this task.

Experience has demonstrated that research that offers new prospects
for the food-deficit developing countries can benefit producers and con-
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sumers both here and abroad. Moreover, unless the productivity of agri­
culture is increased in the developing countries, the United States may
face higher costs of food production and higher food prices for con­
sumers.

This report offers recommendations on how the U.S. scientific com­
munity can best serve U.S. and world food needs. As background for
these recommendations, we will first examine the food and nutrition
situation in the world today.

THE EXTENT AND NATURE OF MALNUTRITION

There is abundant evidence that large numbers of human beings suffer
from malnutrition. Estimates by the Food and Agriculture Organization
(FAO) and the World Bank, respectively, suggest that around 450 mil­
lion and possibly as many as a billion people do not receive sufficient
food. Most of these people live in the developing countries.

Malnutrition causes millions of premature deaths each year. It is a
contributing factor to diseases in many parts of the world, ranging from
schistosomiasis in Africa to some kinds of cancer in the United States.
In some societies, 40 percent of the children die before they reach the
age of five, mostly from nutrition-related causes. A substantial portion
of the survivors suffer handicaps of learning, behavior, and work
capacity because of inadequate diets and recurring illness.

Concepts regarding the nutritional state of people in the United
States are currently being revised. Millions of Americans are overweight
to a degree that interferes with their health and longevity. Other health
disorders are thought to result from the nature of our food. Possible
links between nutrition and diet and the degenerative diseases, learning
disabilities, and certain forms of cancer and of mental illness are creat­
ing concern in government and scientific circles about the damage being
done by malnutrition and about the limitations in our knowledge of
nutrition.

Public perceptions of world nutrition problems are conditioned largely
by newspaper and relief agency reports about the threat of starvation
for millions resulting from disasters such as droughts or floods. Starva­
tion and pockets of severe, chronic food deficiency can and should be
virtually eliminated by effective local action, reinforced as needed by
help from abroad.

Nutrient deficiencies that cause widespread disease and debilitation
chronically affect far more people and cause greater cumulative damage
than outright starvation. Malnutrition shortens life expectancy. Acute
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and chronic infections and anemia reduce work output and induce
debility. This loss of vitality undermines a person's capacity to savor
life, and the human condition is degraded.

Although hunger and malnutrition have plagued people throughout
history, the current situation differs from those of the past. First, with
the rapid growth of the world population, the absolute number of mal­
nourished people has increased greatly, although the proportion has
decreased. Second, and even more important, a significant segment of
human society has learned how to provide itself with enough food by
applying scientific knowledge to food production and distribution. That
segment, which includes the United States and other high-income coun­
tries, has demonstrated conclusively that research, combined with other
measures, can contribute substantially to increasing the supply of food,
improving its distribution, and enhancing nutrition.

COUNTRY VARIATIONS AND INTERDEPENDENCE

Food problems vary among countries and are generally related to each
country's stage of economic development.

The high-income countries, with a gross national product (GNP) per
capita in 1975 of about $4,500, include about 1.1 billion people of
North America, Europe, Japan, and Oceania. These countries have
large numbers of underfed people, but their greatest nutrition problems
are caused by the poor quality of diets and overeating.

The middle-income developing countries (excluding the People's Re­
public of China) include about 800 million people in Asia, Africa, and
Latin America with a GNP per capita in 1975 of about $950. This group
of countries has the highest rate of population growth (about 2.8 per­
cent annually) because their death rates have dropped far more rapidly
than their birth rates. These countries have experienced rapid economic
growth and large increases in food production. However, because of
population growth and poor income and land distribution in many of
these countries, tens of millions remain seriously underfed. Large por­
tions of these populations also suffer from the types of malnutrition
that are common in the high-income countries.

The poorest countries, with GNP per capita under $200, include about
1.2 billion people in 36 extremely poor nations spread across Asia and
the middle of Afric'a. Hunger and malnutrition are the most severe in
these countries. An estimated one-third to one-half of the people in
these countries are malnourished. The lowest-income developing coun­
tries provide the least amount of food per person, and currently have the
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most limited capabilities for increasing production per person and for
financing imports.

China and the other centrally planned Asian countries are a fourth
group and include an estimated 900 million or more Chinese and
residents of the former North Vietnam and of North Korea. Their GNP

per capita is probably in the lower range of the middle-income developing
countries. Because we lack reliable information on population and food
in these countries, the extent of malnutrition is not known with cer­
tainty. Many observers report, however, that overt malnutrition is not
common. It is important to learn more about the extent and nature of
this apparent achievement in dealing with the problem.

Our research recommendations are expected to benefit countries in
all four groups, although distinctions are made at some points in our
analysis. The recommendations recognize that efforts to improve food
supply and nutrition in the United States, in the developing countries,
and in the other high-income countries are highly interdependent.

All countries depend on one another to serve as export markets or
sources of imports or both: for food products; for supplies or services
needed to produce food such as fertilizer, equipment, pesticides, weather
information, and credit; or, further back in the food production chain,
for petroleum, steel, or technical education. The policies that individual
countries or groups of countries pursue to secure markets or sources
of supply affect the trade of other countries and the stability of their
food suppijes and prices. Large-scale changes in population growth and
in diet in some parts of the world affect food availability and markets
for the other parts. International cooperation can reduce the instability
of national food supplies due to weather and pests, and can improve
national access to the world's technology and to natural resources used
for food production. In light of all these considerations, few countries
can be self-contained in meeting their food and nutrition needs. Some
might come close to autonomy, but at high cost.

THE PRINCIPAL PROBLEMS OF DEVELOPING COUNTRY

AND U.S. FOOD SYSTEMS

In the developing countries, the inadequacy of food systems is princi­
pally measured by the serious damage that malnutrition inflicts on their
populations. Chronic food shortages and distributional problems are
aggravated periodically by bad weather, severe price instability, and
the high cost of fertilizer and other production inputs. Incentives to raise
the low productivity of food systems and to expand production often
are weak.
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To eliminate widespread malnutrition, the developing countries must
roughly double food production by the end of the century, provide the
poorest people adequate access to food supplies, and learn how to pro­
vide a healthier diet for all their people. These are difficult but attain­
able goals.

The U.S. food system has its own performance problems. Food
prices have become more unstable, creating uncertainty for both pro­
ducers and consumers. Price instability is intensified in the United States
and in the developing countries by trade barriers and regulated markets
in many parts of the world and by the relative weakness of worldwide
mechanisms for stabilizing the prices of agricultural commodities.
Growing but unstable demand from abroad for U.S. commodities in­
creases the prospect of instability (see Figure 1).
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Several danger signals portend rising production costs for food in the
years ahead unless research and development make possible significant
increases in agricultural productivity. These signals include an 'apparent
leveling of yields for major crops (Figure 2), rising costs of energy in­
puts for all segments of the food system, and loss of land due to wind
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and water erosion and salinization of irrigated land. Environmental re­
straints imposed upon the use of agricultural chemicals may increase
production costs and result in greater variability in output.

Much of the gain in U.S. agricultural yields and food output since
World War II has resulted from large increases in the use of fertilizers,
pesticides, equipment, buildings, irrigation systems, and other capital.
The prospect of higher costs for energy-intensive farm inputs and of
decreasing returns from additional uses requires greater use of other
means of increasing yields in order to limit cost increases for farmers
and higher food prices for consumers. Greater reliance must be placed
on new varieties of crops, improved species of livestock, and farming
systems that produce more food from given levels of expenditure on
physical inputs.

Farming systems that rely more on biological innovations such as
biological nitrogen fixation and pest-resistant and stress-resistant species
and less on capital-intensive purchased inputs such as fertilizers, pesti­
cides, and machinery would benefit farmers in the rich and poor
countries, including especially poor farmers and farm laborers.

IMPLICATIONS FOR FOREIGN TRADE

Technological gains and the expanded output associated with them
can lead to increased specialization in the United States and in the
developing countries in those commodities for which each has the
greatest cost advantage and to reciprocal increases in imports. Trade
policies that permit these gains will benefit producers and consumers
in both the United States and the developing countries. Although each
country must continue to produce most of its own food, rising con­
sumption levels make it desirable to expand reciprocal trade. The
chief gain from imports for the developing countries will be in the
lower costs of grain staples. Imports will benefit the United States
primarily by increasing the variety in our diets and reducing costs of
off-season and tropical fruits and vegetables and other products.

Reciprocal increases in food imports mean expanded exports for
the United States and some developing countries. Exports are an im­
portant factor in stimulating rapid overall development in the low­
income countries.

Food exports also are important to the United States. They pro­
vided 21.5 percent of our export earnings from 1971 to 1975. During
that period, the United States exported almost 60 percent of its
wheat, over 50 percent of its soybeans, and almost 20 percent of its
corn. A large and growing commercial market for U.S. agricultural
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exports exists in low-income countries that achieve rapid agricultural
and economic development.

U.S. agricultural exports to the developing countries increased about
400 percent from 1967 to 1976 while the increase to high-income
countries was about 240 percent. In 1976, U.S. exports were $11.2
billion to the developing countries and $13.6 billion to the high-income
countries. A U.S. Department of Agriculture (USDA) study of 66
countries from 1957 to 1964 showed that, as per capita incomes.rose
10 percent, agricultural imports increased 25 percent in low-income
countries, 11 percent in medium-income countries, and 8 percent in
high-income countries. An analysis of nine developing countries, with
a history of rapid development and with annual agricultural produc­
tion growth substantially faster than that of the United States, showed
that their commercial imports of U.S. farm products increased from
$56 million in 1955 to $2,469 million in 1973.

Foreign Competition

Expanding agriculture in the developing countries is sometimes thought
to conflict with the competitive interests of U.S. agriculture. But as we
have seen, U.S. agriculture should benefit greatly from that expansion.
Although overseas producers could become competitors of the United
States in some commodity markets, the anticipated demand growth
accompanying increased agricultural productivity and output will
minimize, if not eliminate, the adverse effects upon U.S. producers.

Experience has shown that the worst response that the United
States could make to such competitive pressures would be to shield
our agriculture from competition. The United States has a large stake
in maintaining open world markets for agricultural commodities. New
U.S. trade restraints encourage similar measures elsewhere and reduce
the markets for U.S. agricultural products. Trade restrictions also re­
move incentives for cutting costs in U.S. agriculture, thereby damaging
our ability to compete and raising food prices for U.S. consumers. A
far better course is to make suitable provisions for federal help in
easing adjustment problems that may arise.

MUTUAL GAINS

The problems of the U.S. and developing country food systems are
highly interrelated. By financing and supporting research to increase the
quantity and quality of the world food supply, the United States could
benefit in five major ways:
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more profitable farm production and increased incentives to expand
production, by countering the rising costs of food production;
increased supplies of food at reasonable prices, which would help
control inflation;
longer-term markets for exports and sources of low-eost imports for
food and other commodities, by stimulating productivity and eco­
nomic growth in the developing countries;
reduction of environmental degradation associated with increased
use of chemicals in agriculture;
conservation of scarce petroleum and natural gas used to produce
fertilizers and energy for food production.

The Causes of Hunger and Malnutrition

GROWTH OF POPULATION AND OF NATIONAL INCOME

In the two centuries prior to World War II, the rate of population
growth gradually increased worldwide. Overall population growth in
the developing countries reached an annual rate of increase of about 1
percent. This rate was somewhat slower than in the high-income coun­
tries but was characterized by higher birth and death rates. Since
World War II, the world population has expanded much faster, especi­
ally in the developing countries, primarily because death rates have
decreased more rapidly than birth rates. From 1950 to 1975, the world
population grew from 2.5 billion to 4 billion persons. Eighty percent
of this growth was in the developing countries where rates of population
increase rose to an average somewhat over 2.5 percent per year. This
rapid growth apparently is beginning to slow down, and may now be
2.3 to 2.4 percent, reflecting declines in birth rates in Asia (including
China). Meanwhile, population growth rates in the high-income coun­
tries have declined to about 0.7 percent.

Estimates for the future suggest, even with immediate and successful
efforts in family planning, a world population of close to 6 billion people
by the end of the century unless there is an unwanted increase in
mortality. About 90 percent of the additional 2 billion people will be
in the developing countries.

In addition to the population growth since World War II, an unprec­
edented growth of national income in most of the world has increased
the demand for food. Average real GNP per person rose about 120
percent in the high-income countries between 1950 and 1974, and about
110 percent in the developing countries, from 1950 levels of about
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$2,100 and $170, respectively (at 1973 price levels). Before World
War II, the developing countries were net exporters of grains, their
principal food. After the war, rising demand exceeded production in­
creases and the developing countries became net importers.

These countries are trying to sustain high growth rates for output
and income over the years ahead so that social progress can outpace
population growth. This effort will continue the pressure of rising
income on food supplies. At the same time, in the high-income countries
increasing afHuence even with slow population growth is likely to
increase the demand for food and feed imports, particularly in Europe
and Japan. If food production growth rates should fall below recent
levels because of adverse weather or difficulties in increasing produc­
tivity in agriculture, affluence and the greater purchasing power of the
richer countries will make it very difficult for the poorest nations and
poorest people to obtain adequate food supplies.

To contend with these prospects, in addition to the existing food
shortages, the developing countries urgently need to expand food sup­
plies more rapidly and distribute them more efficiently over the rest
of this century. The high-income countries also will need to expand food
production and trade.

POVERTY

The major immediate cause of hunger is poverty. Poverty is the lack of
resources with which to buy or produce enough food. Insufficient food
in tum combines with disease, apathy, and other effects of poverty to
foster malnutrition and lower human productivity.

Poverty exists everywhere, but its extent in a considerable number
of countries is massive. The World Bank estimates that 750 million
people in the poorest nations live in extreme poverty with annual
incomes of less than $75. Even in the middle-income developing coun­
tries, World Bank estimates show about 170 million people at the
extreme poverty level and hundreds of millions of others are subsisting
at income levels less than one-third of their national averages. Most
of the extreme poverty is due to low national output and income,
combined with maldistribution of the income that is available.

Although food supply has grown slightly faster than population since
1960 in the developing countries as a whole, rapid population growth
and inequitable income distribution apparently have combined to
increase the absolute numbers of malnourished while the proportion of
malnourished has decreased.
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INSTABILITY OF FOOD SUPPLY

Sharp fluctuations in food supplies and prices have seriously aggravated
the problems of hunger and malnutrition in many parts of the world.
Much of the instability arises from acts of nature, such as extreme
weather variations or heavy infestations of pests and diseases that
destroy crops and animals.

Between 1966 and 1972, the introduction of high yielding food
production technologies in the developing countries, accompanied by
generally good weather, increased per capita food supplies and created
a surge of optimism about reducing world hunger problems. In the
next few years, international prices for food products were extremely
variable after more than a decade of'stability. Production variability,
reflecting bad weather, was responsible for part of the price instability.
U.S. policies and those of many other governments, which stabilized
internal prices by offsetting local production shortfalls with increased
imports or decreased exports, also contributed to sharp fluctuations in
world food prices.

Favorable weather conditions helped improve crops in 1975 and
1976, but without altering long-term trends indicating the need for
greater production efforts, particularly in the developing countries.
These improvements,. therefore, do not lessen the need to ensure
against instability of food supplies in the future. The world food system
is still subject to natural and political destabilizing events, and there
are few years in which some areas do not experience heavy losses from
bad weather or pests.

Price and supply instability have their greatest effect on producers
and consumers who are poor and lack the nutritional, food, or financial
reserves to endure periods of shortage. In periods of glut, sharply
declining prices slash the incomes of poor farmers who cannot afford
to hold their crops until prices rise again.

LACK OF A NUTRITION POLICY

Malnutrition is widespread both in countries where food is scarce and
in countries where food is plentiful. This suggests that reducing mal­
nutrition depends not only on increasing overall food supply and
stabilizing national food supplies, but also on reducing the number of
people below poverty income levels, and on improving dietary prac­
tices through education and other interventions. This in tum points to
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the need for governments to give greater attention to the nutritional
effects of the full range of their programs and policies.

Governments, private organizations, and individuals continually
make decisions and take actions that affect nutritional status with little
or no knowledge of the nutritional consequences. Yet few if any coun­
tries are systematically working to discover, collect, and apply compre-­
hensive knowledge about the nutritional effects of policies or programs.
The extent of malnutrition could be greatly reduced with greater
knowledge about appropriate ways to influence the content of diet, the
physical and social environment in which the malnourished live, and
the distribution of food.

What Needs To Be Done?

INCREASING FOOD SUPPLY

Food production in the developing countries must increase at an unprec­
edented rate to the end of the century.

Eight food sources-rice, wheat, com, sugar, cattle, sorghum, millet,
and cassava-provide most of the nutrients for people in the developing
countries. These eight food sources also are the major sources of income
for people in those countries. They account for about three-fourths of
the calories and two-thirds of the protein consumed, and in the case of
the poorest populations may account for as much as 85 to 90 percent
of calories and protein. Grains provide more than 60 percent of the
calories consumed in the developing countries and perhaps 70 percent
in the poorer countries, and they are the principal food commodity in
world trade. Thus quantitative appraisals of the world food problem
have concentrated primarily on grains. (See Table 1, Appendix A.)

Although grains are a useful basis for estimating approximate food
balances, it is essential to recognize the importance of many other foods
consumed in the developing countries. Potatoes, yams and sweet
potatoes, beans and peas, nuts, fruits and vegetables, and animal
products (including fish) are important sources of calories, protein,
and other essential nutrients, and in many cases they are growing in
importance as sources of farm income and foreign exchange.

Supply and Demand to Date in the Developing Countries

Between 1950 and 1975, food production in the developing countries as
a whole (excluding China) expanded at the unprecedented rate of
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about 2.8 percent per year. The expansion was faster than that of the
high-income countries, particularly between 1965 and 1975 when the
results of agricultural research were applied increasingly to production
(see Figure 3). However, since 1960 population and income growth
in the developing countries have increased the demand for food by
about 3.5 percent per year. Since production has not increased as
rapidly, grain imports have filled much of the gap (see Table 1).
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TABLE 1 Average annual grain production, consumption, and imports for
poorest and middle-income countries, and exports from principal sources
(I ,000 tons), 1961-63 to 1976

1961-63 1964-66 1969-71 1973-75 1976

Poorest countries·
Production
Consumption
Net imports
Gross imports

Middle-income countries··
Production
Consumption
Net imports
Gross imports

Exports from principal sources
United States
Canada
Australia
Argentina
Thailand
European Community

127,486
133,569

6,415
8,582

99,653
98,862

451
11,371

36,889
12,692
6,754
6,818
2,273
7,630

128,358
140,947

11,754
13,513

113,110
109,056
-3,805
11,911

44,314
14,804

7,617
9,408
2,755

11,453

160,306
165,630

6,682
8,213

129,772
135,222

5,143
19,063

39,692
15,293
10,767

8,051
3,433

17,791

171,744
181,652

12,100
13,686

143,145
151,999

10,356
25,632

74,499
15,099
11,026
9,445
3,812

25,708

180,442
188,212

10,334
12,360

167,240
167,617

2,870
25,572

76,724
16,730
12,410
14,365

3,550
13,207

·Poorest countries are those with per capita incomes of less than $200 in 1975. A list of
these countries is included in Appendix A, Table 2.
"Middle-income countries are those with per capita incomes of over $200 in 1975.
A list of these countries is included in Appendix A, Table 2.

SOURCE: U.S. Department of Agriculture, Economic Research Service (1977).

Despite the return of overall food production to the previous high
growth trend of 2.8 percent, after the lull of 1972 to 1974, population
growth has held average per capita increases in food production over
the 1960 to 1975 period to about 0.3 percent per year. This leaves
relatively little room to reduce malnutrition, particularly when the
increased per capita consumption by the more afiluent in these countries
is taken into account. For the poorest group of developing countries,
the average annual increase in food production has been only 2.3 per­
cent over the past 15 years. Per capita consumption has not increased
at all, and in Africa it has decreased by 10 percent.

Future Needs

The developing countries need to increase food production by about
3 to 4 percent per year to the end of the century. This estimate is based
on:
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about 2.5 percent for annual population increases, if these stay at
present levels;·
about 1 percent for average annual increases in per capita food
consumption, which seems a minimum goal given present levels of
malnutrition, or more if declines in the rate of population growth
permit;
maintaining roughly the current proportion of their food supply that
comes from net grain imports (about 15 percent of grain consumption
in recent years for the importing countries) on the assumption that
they probably cannot import more over long periods because of
balance-of-payments problems.

The 3 to 4 percent estimate allows for considerable differences in these
three factors among countries and over time; some countries may need
to attain higher rates of growth of food production.

Expanded crop area or higher production per hectare per year are
the only sources for the 3 to 4 percent crop production increases that
are needed.

Annual increases in crop area probably will not exceed an average
of 1 percent per year over the next 25 years, and may be appreciably
less. Annual increases in crop area in the developing countries averaged
1.4 percent in the 1960s, declining over the decade. While costly pro­
grams are being planned or implemented to settle large new areas in
Latin America and elsewhere, higher returns usually can be realized
from investments on existing farmland. We assume that high costs and
other typical difficulties will continue to slow development of new
lands. Thus adequate food supplies for the low-income areas of the
world depend on substantial increases in production per hectare, aver­
aging about 2.5 percent per year over the next 20 to 25 years. Areas
that are experiencing rapid population growth and lack land reserves
may require increases in yields from 3 to 5 percent per year.

Prospects for Food Production in the Developing Countries

The average annual increase in crop yields in the developing countries
was 1.9 percent during the 1960s. Achieving the needed increases in
yield and output will not be easy. However, the 38 percent increase in
the food production of the developing countries between 1965 and
1975 is encouraging, although expanding crop area may have played a
greater role than it will in the future. Of the 71 countries on which we

• Assumptions about rates of population growth underlying our recommendation
are discussed briefly in Appendix E.
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have data for the 1965 to 1975 period (see Appendix A), 30 countries
containing 1.3 billion people achieved or went beyond the estimated
3 to 4 percent rate of production increase needed for the future.

However, most of the poorest countries are only beginning to develop
the capabilities needed to support a rising rate of productivity. They
lack the capital, skills, and organization necessary for development.
Because of their greater poverty and malnutrition, the poorest countries
need proportionately larger annual increases in per capita food supply
than the middle-income developing countries, and they can least afford
continuing large-scale imports to supplement their own production.

Unprecedented rates of agricultural development are unlikely to
occur without organizing special programs. These must be built around
higher yielding farming systems, supported by adequate price incentives
for greater production. Provisions must be made for adequate supplies
of water, fertilizer, energy, and other inputs, and for marketing. Land
tenure needs changing in many countries. Credit and other services must
be provided. Large numbers of people must be trained and extension
services strengthened. Research capabilities must be greatly strength­
ened. Price, trade, budget, and other policies must support an inte­
grated development effort. Developing the capabilities to do all these
things adequately is a formidable undertaking for the developing
countries.

Implications for U.S. Production

The foregoing estimates of developing country requirements have
important implications for the United States. The prospect that the
developing countries will expand grain consumption and imports,
parallel with their production increases, implies expanded exports for
the United States. The expected growth of demand for U.S. food pro­
duction both from U.S. sources and from other high-income countries
must be added to this. We can, therefore, anticipate rising pressures on
U.S. production costs and food prices unless research and development
efforts succeed in reducing per unit costs of additional food production
by increasing productivity. Productivity must continue to grow not only
in the United States and other high-income countries but also to an
equal or greater degree in the developing countries to counter rising
costs of food production.

REDUCING POVERTY

Hunger and malnutrition cannot be addressed solely by food programs.
The processes of social and economic development must be considered,
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including programs concerned with access to resources, distribution of
income, control of parasitic and other infectious diseases, extension of
health services, provision of safe water supplies, and literacy and
general education.

In most countries, social, economic, and political measures not
directly related to food are necessary to reduce malnutrition and im­
prove health. National development programs should foster overall
growth and improve incomes to reduce the extreme poverty that de­
prives people of adequate food. Direct food distribution can be used to
supplement such programs.

Most developing countries are seeking accelerated growth of output
and income. Many countries want to achieve a more equitable distribu­
tion of income. Given a developing country's commitment to these
goals, success in reducing poverty heavily depends on rapidly expanding
employment and labor productivity, and on a more plentiful food
supply. Improving the productivity of small farms contributes to both
of these objectives.

Maximum use of the available work force expands output and raises
personal incomes, particularly at the lower end of the income scale.
Expansion of the food supply allows the rural and urban poor to pur­
chase food, their principal consumption item, at lower cost; this, com­
bined with increased employment, raises their real incomes.

Expansion of national output complements expansion of food pro­
duction and consumption. If the developing countries can maintain
GNP increases near the level of about 6 percent achieved since 1960, the
market demand for food will be adequate to absorb per capita supply
increases of 1 to 2 percent.

Political support must be mobilized in support of the integrated
expansion of output, employment, and food supply. This overall process
would require:

Changing national and international policies and institutions to
improve income distribution and to implement effective development
plans. Additional changes are required for improving health, educa­
tion, shelter, credit, and other services that increase individual
productivity and well-being and provide more income-generating
opportunities. Better land tenure and improved distribution of water,
grazing, and fishing rights also can be extremely important.
Allowing scarce capital and capital goods to command prices cover­
ing full costs in order to encourage better use of available labor,
increase of savings, and the channeling of savings toward the most
productive investment uses. The composite effect generally is in­
creased labor productivity and income.
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- Developing domestic and export markets to permit rapid expansion
of food production without sharp declines in price during periods of
high production.

Direct food distribution programs can alleviate the more severe
effects of poverty on nutrition in many countries. For example, supple­
mental feeding can be arranged for nutritionally vulnerable groups, such
as pregnant and nursing mothers and preschool children, particularly
in town or urban settings. Unemployed poor can be hired for rural
public works and paid in food. Subsidies or government-guaranteed low
prices for basic food requirements can be provided to low-income
consumers through special retailers, food stamps, or other means.
However, administrative, social, and political difficulties usually limit
the extent to which such measures can reduce the large numbers of
malnourished. Maldistribution of food can best be corrected over the
longer term by providing poor people with the means and oppor­
tunities to produce or purchase more food.

STABILIZING FOOD SUPPLY

Local, national, and international measures are needed to prevent
sudden sharp drops in food supplies and to prevent severe market
gluts that discourage production.

One need is to focus on problems occurring at the farm level. Im­
proved technology can reduce losses of crops and livestock caused
by weather and pests. Production research must emphasize both in­
creasing and stabilizing yields.

Farmers would benefit substantially from improved weather pre­
diction. Weather and climate modification is a more uncertain and
long-term prospect calling for full exploration.

Research also can identify governmental options for reducing in­
stability in food supplies and prices that result from inappropriate
policies. For example, governments frequently do not allow the price
shifts needed to induce changes in consumption or production, which
would moderate conditions of food shortage or surplus. Or, they may
remove food supplies from national and international markets and
thereby increase instability in those markets.

One of the most effective remedies for removing cycles of glut and
shortage continues to be Joseph's prescription for the Pharaoh-in­
creased food reserves coupled with effective stockpile management.
Better food preservation and storage methods are needed in the
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developing countries both at the farm level and beyond. These should
be supplemented by improved international storage and emergency
transfer arrangements.

The United States and other high-income countries could under­
write agreements that would ensure participating nations against tem­
porary serious shortfalls in food production. Such programs should be
carefully designed to avoid discouraging local production or the devel­
opment of local grain reserves.

It is important that action be taken to reduce cycles of glut and
shortage and also that they not be allowed to distort perspectives on
the more serious longer-term problem. The essential course of action
to solve the basic food shortage problem is a long, steady effort to
raise the productivity of agricultural resources in order at least to
double the production of food by the end of the century and provide
further increases thereafter. A few consecutive years of good harvest
should not divert us from this purpose.

IMPROVING FOOD AND NUTRITION POLICY

A few poor countries have achieved levels of life expectancy, infant
mortality, and death rates and birth rates usually achieved only in
societies with much higher incomes. Sri Lanka and the Indian state of
Kerala, while their per capita incomes were less than $150, and South
Korea, Taiwan, and, probably, China, while their per capita incomes
were still less than $300, are five such cases. If other low-income
countries had similar death and birth rates, the number of deaths each
year would decrease by more than 10 million and the number of
births would be reduced far more.

These heartening results seem to be associated with a wide range
of food transfer, education, health delivery, land tenure, and other
labor-intensive rural programs, but far too little is known about specific
relationships and the different circumstances involved. This knowledge
is essential as a basis for action, and would inform decision makers
about the nutritional gains that can be achieved, and about the out­
comes of inaction.

Governments of developing countries that are trying to establish
rational nutrition policies and programs need encouragement and sup­
port. The United States also lacks and needs adequate research and
policy mechanisms in this field. Collaboration and exchanges of in­
formation between the developing countries and the United States are
essential to build nutrition policy research capabilities on both sides.
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POPULATION

In the long run, no action is more important for improving the world
food and nutrition situation than reducing the high birth rates that
still prevail in much of the world.

Significant gains in nutrition in the low-income countries may have
the short-run effect of increasing population growth rates by decreas­
ing mortality rates before birth rates decline. However, there is in­
creasing evidence for the hypothesis that the kinds of social and
economic changes required for major increases in food production and
better health also are conducive to later marriage, lower fertility, and
successful policies to reduce birth rates. The developing countries
must substantially increase food production both to provide for the
short-run population increase that is inevitable and, as part of inte­
grated development, to induce socioeconomic changes that will result
in a rapid, sustained reduction in fertility. Recommending research on
specific population interventions is beyond our mandate. However,
U.S. research capabilities are contributing far less than they could to
expanding the options for achieving the population changes so urgently
required in many countries.

• We strongly recommend that the U.S. government sponsor a
study to assess how U.S. research capabilities can be best applied to
help countries that desire effective means of reducing birth rates.

The study should cover biological, socioeconomic, policy, and or­
ganizational factors. It should assess current demographic status and
trends worldwide, and should recommend measures to strengthen the
usefulness of U.S. research resources for the world population situa­
tion.

The Role of Research

The role of research is to broaden the range of choices available to all
who influence world food supply and nutrition: farmers, consumers,
agribusiness managers, health service personnel, government officials,
and politicians. Sustaining a flow of improved choices to these decision
makers is crucial if world hunger and malnutrition are to be reduced
by the end of the century. In stressing this, we do not wish to promote
the notion that research and development will solve world food prob­
lems, only that it is an essential part of the solution. Many other
factors must be considered in guiding research into productive paths
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and in applying the improved options that research makes possible.
These options must, of course, fit well into particular development
contexts. Moreover, even when they do fit well, difficult and time­
consuming adjustment processes may be required for existing systems
to accommodate new ways of doing things. Many of these com­
plicating factors are themselves in need of research that can identify
better ways of coping with them. Research is needed to improve the
results that are attainable with limited resources, recognizing the im­
portant role that adequate resources and policy play in development.

THE RESEARCH SPECTRUM

The improvement of food systems, from production through consump­
tion, requires a continuum starting with adapting existing technologies
and resources to local needs, moving to improving technologies
within the limits of available scientific knowledge, and ending with a
search for new scientific discoveries that extend the biological, physical,
and social limits of knowledge. Fundamental work with large potential
to improve technology should be pursued now because results typically
will not affect food supplies for 10 or 20 years.

Research is particularly important to improve development policies
and organizations in order to assure that technologies affecting food
production and consumption are appropriate to the social and economic
goals and environments of each country. The kinds of technologies
used in the developing countries influence the relative shares of national
income received by the poor and hence the degrees of poverty and
malnutrition. This consideration underlies our selection of research
and development priorities. We stress biological innovations, farming
systems, and risk-reducing technologies that will most benefit the
lowest-income farmers and farm laborers. We also emphasize research
that concentrates on those who are malnourished; that illuminates the
socioeconomic effects of organizational, policy, and technology choices;
and that helps to reconcile food needs with requirements for conserving
and enhancing the earth's natural resources.

THE IMPORTANCE OF MORE BASIC RESEARCH

Large-scale improvements in technology are needed to achieve long­
term goals such as: a sustained 3 to 4 percent annual growth rate of
developing country food production; a reduced dependence worldwide
on chemical and other energy-intensive production inputs; and a major
improvement in the nutritional status of the world population. Applied
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research to provide technologies and policies needed to advance toward
such goals is severely constrained by a lack of scientific knowledge
about biological and behavioral factors.

We need to know more about the interactions within and between
the elements of the natural and social systems relating to our food
supply (e.g., plants and animals and their organs, cells, and smaller
components; disease agents; soils; atmosphere; the human body; and
individual, family, and community behavior mechanisms) and about
the cause-and-effect relationships underlying what is happening. With
such knowledge, researchers can improve techniques for changing exist­
ing relationships among these elements. It also can provide the basis
for larger-scale and more rapid improvements in the performance
characteristics of plants and animals, for improving the nutritional
effects of food, and for enhancing the effectiveness of organizations
and policies governing food systems.

It is essential to pursue basic research that can be useful in removing
impediments to worldwide technological gains, and to accelerate gains
in fundamental knowledge that bear upon specific applied research
problems. For example, basic genetic research may provide plants
and microorganisms with the capacity to fix nitrogen. Applied research
would then make it possible to introduce this yield-determining char­
acteristic into crops grown around the world.

GAINS FROM RESEARCH

Analyses of investments in agricultural research generally indicate that
returns have been several times those usually realized by other types
of industrial or developmental investment. Evenson's study (1975) of
average benefits from wheat and rice research in some two dozen
countries estimates that, for the period 1948 to 1971, each dollar of
basic agricultural research generated, after 8 to 10 years, an annual
benefit of about $80 in developing countries and $31 in high-income
countries. The equivalent estimates for applied or developmental agri­
cultural research were about $60 and $7. These estimates must be
interpreted with caution, but they are evidence that the annual returns
from investment in research on food production may be as much as
40 to 60 percent in the developing countries.

Studies indicate that a major factor in the higher rate of return
from research investment in the developing countries is the large
potential for using and adapting knowledge from research performed
elsewhere. Studies also indicate that a developing country needs a
significant research capacity of its own to profit from outside research.
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The strength of exchanges between national research and outside re­
search, and between farmers and researchers, is a key determinant of
the return from national research.

Basic research can open up unexpected applications of great value,
apart from its value in attacking preidentified bottlenecks to progress in
applied research. For example, the possibilities of selecting out and
recombining particular genetic components of diverse organisms (recom­
binant DNA), originally discovered by biomedical research, could mean
increasing agricultural yields. Work by a USDA scientist on the structure
of the RNA molecule is of profound value in the design of fertilizers for
plant use, among other important practical applications.

Basic bacteriological studies led to using urea and other nonprotein
nitrogens as feed supplements for ruminants, thereby substantially
reducing the cost of beef. These supplements currently substitute for
some of the protein in ruminant rations, and thus free natural proteins,
such as soybean meal, for human consumption. Basic research on
antibiotics has been applied to animals in the United States, with a
reported annual savings of approximately $1 billion. Such examples are
numerous.

The Role of the United States

Clearly, each country must chart its own course of development and
select the technological components it regards as appropriate. Each
country is responsible for solving its own problems of malnutrition
and poverty. We do not assume superior wisdom concerning these
matters on the part of this Committee or on the part of other U.S.
groups. We assume only a U.S. capability and willingness to work and
collaborate on research problems where U.S. participation is welcomed.

The United States, along with other high-income nations, can help
solve food problems by measures that are beyond the scope of this
study, for example, by providing capital assistance, by cooperating in
the formulation of development plans, and by working for more effec­
tive international policies on trade and on management of cereal re­
serves. We believe that larger U.S. involvement in these activities is
desirable.

Here, we are concerned with research on food and nutrition, and
we believe the United States should contribute far more to world needs
in this area. The United States has extensive experience in and
facilities for planning, organizing, and conducting research and for
educating scientific personnel. One recent estimate puts the U.S. expendi-
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ture for publicly supported agricultural research at almost a third of
the world total.

The United States can contribute by helping to build research
capabilities in the developing countries and by orienting U.S. research
activities more to global concerns about hunger and malnutrition.

THE U.S. RESEARCH ROLE

The United States can assist developing countries in building their
food and nutrition research capabilities by helping them to establish
and operate research institutions, and by helping to train scientists and
other research workers. Research capabilities also can be strengthened
on both sides if U.S. and developing country research. organizations
collaborate on joint research projects, exchanges of research informa­
tion and materials, exchanges of scientists and students, technical con­
ferences, and advisory services.

Research that shapes and fits available technologies to local cir­
cumstances is indispensable for using improved technology. This re­
search must be performed locally. Often technology is not applied
more widely in developing countries because localities are unable to
adapt it to their particular circumstances. Therefore it is natural that
research institutions in the developing countries place high priority on
building capabilities for adaptive research that can bring relatively
quick production results. At the same time, the developing countries
should build up their own basic research skills. Some have made sub­
stantial progress in this regard.

Our choices of priorities for additional U.S. research have been
made in the context of world research. The United States is only one
of many possible sources of additional support for work on world food
problems. Other high-income countries, many international organiza­
tions and, most important of all, the developing countries are making
increased efforts. Thus the U.S. research community should emphasize
those activities that it can do best, while recognizing the need to work
with research organizations outside the United States. Clearly, research
that benefits the United States domestically has the best prospect of
sustaining more and higher quality U.S. support over the long term.

U.S. and developing country interests are best served if U.S. re­
search relevant to both concentrates on work that requires the highly
trained scientists and complex research facilities abundant in the
United States, and that generates results that are widely transferable to
the developing countries for incorporation into further research and
development there. Three categories of research fit these criteria well:
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(l) basic research; (2) comparative analysis of the experiences of
different countries with similar technical, social, or policy innovations;
and (3) development of analytical and research methodologies.

Obtaining significant results from the last two types of research,
involving predominantly social science analysis, is difficult. All coun­
tries are short of good research results and capabilities in this field.
But the United States is relatively well supplied with the requisite
tools: working experience in countries around the world, highly
trained social science analysts, and rapid access to worldwide data. We
should expand this important work.

In emphasizing fundamental biological research and the need to
integrate social science research into food and nutrition research and
development programs, we do not want to appear to understate the
importance of conventional applied agricultural research. The latter
provides the means to translate knowledge from fundamental biological
and socioeconomic research into improved technology that can be used
by farmers. Thus it is essential to strengthen conventional research in
such areas as plant and animal breeding, soil and water management,
cultivation practices, mechanization, animal feeding and health, en­
vironmental stresses and stability of yields, and improvement of capital
inputs.

BUILDING RESEARCH COOPERATION

The effect of U.S. research on world food problems depends on the
effectiveness of U.S. working relationships with national and interna­
tional research and development organizations in the developing coun­
tries. Better collaboration also is needed among the disparate U.S.
research communities. There is very little working contact between
those engaged in fundamental research in the biological sciences and
those involved in technological research on food and nutrition prob­
lems.

The contrast between agriculture and medicine is instructive. In the
case of medicine, fundamental research in the biological sciences is
closely linked to applied medical research through large-scale funding
by the National Institutes of Health and by major medical schools.
This has not been done to nearly the same extent in agriculture. Links
between nutrition or food science departments and strong biological
research units also are too limited. The result is that most of the
workers in fundamental biological research in the United States have
gravitated to the biomedical side. More of them should be attracted
into the food area.
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BENEFITS OF RESEARCH COLLABORATION

The United States and developing countries have common interests in
research collaboration that would provide the following benefits:

- Reduced production costs that increase the profitability of farm­
ing; stimulate food output, development, and reciprocal trade; per­
mit more stable food prices; and help control inflationary pressures.

- Reduced year-to-year fluctuations in world supplies of grains and
other major foods, which are accompanied by sharp price fluctua­
tions that cause economic difficulties for U.S. and developing coun­
try farmers and consumers.

- Reduced environmental pollution and consumption of energy and
scarce minerals.

- Increased knowledge about the complex interrelationships among
diet, health, life-style, and factors in the physical and socioeconomic
environments.

The United States will benefit from an expanded flow of technical
findings from production research in the developing countries. Germ
plasm developed through programs in the developing countries has
improved the yields and stress resistances of U.S. crops and will be
increasingly important in pest resistance. Some examples of technical
findings from the developing countries of benefit to the United States
are:

- Virus-resistant Pangola grass from South America has restored large
beef pastures in the Southeast.

- Nigerian beans of high nutritional quality have been adapted by
Wisconsin researchers.

- Wong barley from China established barley as an important crop on
the Eastern Seaboard.

- The high yielding Hudson potato, incorporating Andean genes, has
been widely used.

- Lentil varieties from Turkey have given the first successful winter
production of lentils and show high promise in the Pacific Northwest.

- One wheat variety collected in Turkey is estimated to have bene­
fited the United States by $50 million annually.

- Two soybean varieties introduced from Nanking, China, have given
impetus to large-scale soybean production in the southern United
States.

- Oat varieties from Israel now give the best protection possible in
the United States from crown rust infestation.
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International wheat research centers also have furnished the United
States with such high yielding varieties as the "lancota" variety, re­
leased jointly in 1975 by USDA and university scientists in Nebraska,
Kansas, South Dakota, and Texas. Similarly, crossbreeding of tradi­
tional English breeds with foreign beef cattle such as Brahma and
Charolais types has improved the disease and parasite resistance of
animals in the South and Southwest.

Research and development on nutrition problems in the developing
countries could improve the health and well-being of all peoples. The
United States is already applying at home knowledge gained from re­
search and development collaboration on food fortification in the de­
veloping countries. Similarly, studies of patterns of disease in the
developing countries are contributing to U.S. research that is exploring
possible links between diets and cancer, coronary heart disease, and
other illnesses that affiict Americans. Large savings in health service
costs may be realized.

Two additional benefits from international research collaboration
deserve emphasis. First, expanding food production by raising produc­
tivity is perhaps the most effective way to moderate the disruptive
struggles between producers and consumers over food prices. This
struggle within and between countries is a major source of domestic
and international discord. With growth in productivity, producers can
receive lower prices up to a point and still gain income. An important
role for policy research is to find ways to assure that rising yields benefit
both producers and consumers and to moderate short-term costs of
technological change for groups that might be harmed.

Second, the mutual gains in knowledge from international collabora­
tion on research and development are important. This collaboration
provides the developing countries access to the world's knowledge base,
which is crucial to their development efforts. It gives the United States
an opportunity to enhance its understanding of other peoples, particu­
larly those who live in developing countries. Direct experience in prob­
lem solving in foreign environments is a good way to strengthen the U.S.
knowledge base. Participants from universities and other organizations
gain understanding needed to train people in all fields who must relate
increasingly to the world around us.

Action Proposed

In light of the foregoing assessment, we recommend in the following
chapters U.S. actions that would expand and strengthen our research
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and development contribution to solving world food and nutrition
problems.

First, we recommend research that could improve food and nutri­
tion policies, increase food availability, reduce poverty, and stabilize
food supplies.

Second, we recommend actions to help mobilize and organize re­
search and development resources in the United States and worldwide.

Third, we recommend a mechanism to better integrate U.S. govern­
ment actions that affect food and nutrition throughout the world.

The size of the research effort that we recommend for the United
States is moderate and feasible. The additional cost would average
about $210 to $230 million per year over the first four years of the
program. This is approximately 1 percent of the federal research and
development budget and 10 percent of the estimated total food and
nutrition research done in the United States.

An Opportunity
The world's food problems present a challenge to U.S. research capabili­
ties. This challenge, although difficult and urgent, is attended by many
reasons for optimism.

Our most important reason for optimism is the increasing ability of
many developing countries to address their own food problems. While
progress over the past decade has been uneven and many difficulties
remain, the present situation includes:

- larger numbers of trained, experienced technical and managerial
people in the institutions serving agriculture and marketing;

- clearer perceptions on the part of policymakers and officials about
what is needed to improve food systems and accelerate the pace of
development;

- greater availability of the tools of production-fertilizers, water, farm
capital, and supporting services, including research;

- a labor supply that facilitates the use of intensive farming practices
that can result in high yields per hectare with relatively small capital
inputs;

- availability of a wide array of external assistance;
- greater agreement among the nations and organizations of the world

about the nature of the problems.

The unique potential and problems of tropical agriculture are be­
ginning to be recognized. Wide variations in climate and soils in tropical
regions require many different kinds of technology. Efforts to control



Dimensions of the World Food and Nutrition Problem 53

soil, disease, pest, and other problems of tropical agriculture, and efforts
to identify more productive farming systems for different tropical areas
are still in their early stages. Year-round or relatively long annual
growing seasons are common. The potential for increasing food pro­
duction appears to be great, but there must be full recognition of the
importance of avoiding serious ecological damage.

The potential for improving yields in the developing countries is very
large, as indicated by the disparities in yields of major food crops and
animal products among different countries and different producers. For
example, FAO data on rice yields for 1975 show a few countries in
the 5 to 6 tons per hectare· range, but three-fourths of the 115 coun­
tries included had average yields under 3 tons, and over half were under
2 tons. Similar data for maize yields show 82 countries producing under
1.5 tons per hectare in contrast to average yields of 5.4 tons in the
United States. Average dry bean yields in the Far East are about one­
fourth of yields in the Near East. Many factors account for such dif­
ferences, but adaptive research to fit known technology to local cir­
cumstances, together with adequate policy support and organizational
services, could greatly reduce them.

There are large reserve assets in the developing countries that can be
applied over the long run to increase world food production, and re­
search can help make them more useful. These assets include large areas
of land suitable for farming; grossly underutilized water resources; many
sources of fertilizer and animal feed, including organic wastes, that we
can learn to use more efficiently; food currently lost during or after
production; and large quantities of waste products from grains, oilseeds,
fish, and animals that are now thrown away or used for nonfood
purposes.

Many developing countries have made important progress in ad­
dressing poverty and population growth, two factors that influence mal­
nutrition. We have noted the rapid advances of national output and in­
come since 1960. While the absolute numbers of those malnourished
and living in absolute poverty have increased, the proportion of their
populations in these conditions has declined. Recently, balance-of­
payments problems, stemming primarily from rising petroleum prices,
have disrupted economic progress for many of the poorest countries.
However, most developing country governments are pursuing rapid de­
velopment nevertheless. The meeting of basic human needs is gaining
support as an important goal for development although there has been
little progress in improving the distribution of money income. For ex­
ample, there are increasing efforts to reach larger numbers of people

• Metric measures are used throughout this report.
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with public health and other services aimed at reducing the effect of
poverty on nutrition. Many countries have experienced substantial
drops in birth rates since 1965, notably in Asia.

Capitalizing on these promising elements will not be easy. In many
cases, it will require structural reforms that are politically difficult, large
outlays of capital, and tenacious efforts. Because of such difficulties,
progress could be slow.

On the other hand, if there is the political will in this country and
abroad to capitalize on these elements, it should be possible to over­
come the worst aspects of widespread hunger and malnutrition within
one generation. By the end of the century, food production could be
doubled in the developing countries. In the high-income countries,
grain production could be increased by more than the total grain pro­
duction of the United States today, even while maintaining reasonable
production costs despite the rising costs of energy, water, and other re­
quirements. We find these prospects exciting and worthy of strong na­
tional and international efforts, and we believe that a latent political
will now exists in numerous countries which could be mobilized in a
mutually supporting fashion to commence and support such efforts.

The 1974 World Food Conference, from which this study resulted,
was a major first step in mobilizing the world community to address the
problems of increasing world food production and reducing hunger and
malnutrition. Continuous, if slow, progress has been made in following
up on some of the conference's principal resolutions, including the estab­
lishment of a World Food Council and of an International Fund for
Agricultural Development. In mid-1976, the World Employment Con­
ference focused attention on the potential for more effectively ad­
dressing basic human needs; and on the possibilities, through coopera­
tive efforts, for removing hunger and malnutrition as a major scourge by
the end of this century. The U.S. government has prescribed new direc­
tions for U.S. development assistance that recognize that good nutrition
and productive employment are essential to human well-being. And
late in 1976, both the U.S. Senate and U.S. House of Representatives
passed essentially similar resolutions enunciating a "right" to food. We
find these steps encouraging.

In his statement to the citizens of the world broadcast on Inaugura­
tion Day, President Carter said that the United States will cooperate
with other peoples in shaping a world order that is more responsive to
human aspirations, including cooperation in fuIfilling the basic human
right to be free of poverty and hunger. He also said that the United
States will take the lead in furthering such cooperation. The recom­
mendations of this study identify practical ways in which the United
States can pursue this resolve.



2 High
Priority
Research

Chapter 2 presents major research areas and promising approaches for
achieving them. In keeping with the President's request, the selection of
research areas was based on their prospective effects on world hunger
over the next few decades. Details of proposed research are given in the
Supporting Papers.

We identify research areas that need larger U.S. research expendi­
tures. Some food and nutrition research that is important may be ade­
quately funded already. We are not attempting to recommend the full
set of priorities for U.S. research in this field. Many types of research
are under way in U.S. facilities for good reasons unrelated to this study.

How Priorities Were Established

To establish a set of research areas which should have priority, 12
interdisciplinary study teams of experts were assembled (see Table 2)
and each team was asked to identify outstanding areas of research and
development required to help meet world food and nutrition needs.
Three questions posed by the Steering Committee guided the selection
of priorities:

- What advances in knowledge will specific areas of research produce,
and what is the scientific or technological significance of these ad­
vances?
If the research produces results, what effect would they likely have

ss
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TABLE 2 Study teams, World Food and Nutrition Study

Study Team Title

Crop Productivity
Subgroup A Pest Control

2

3

4

5

6

7

Animal Productivity
Subgroup A Animal Health

Aquatic Food Sources

Resources for Agriculture
Subgroup A Farming Systems

B Land and Water
C Fertilizers
D Energy and Equipment

Weather and Climate

Food Availability to Consumers
Subgroup A Food Losses

B Food Processing and Preservation
C Food Marketing and Distribution

Rural Institutions, Policies, and Social Science Research
Subgroup A Policies and Program Planning

B Research, Education and Training, and Extension
C Finance, Input Supplies, and Farmers'

Organizations

Infonnation Systems

Nutrition

8

9

10 Interdependencies
Subgroup A

B
C

D

Population and Health
Energy, Resources, and Environment
International Trade Policy and Comity Between

Nations
National Development Policies

11

12

13

14

New Approaches to Increasing Food Supplies

New Approaches to the Alleviation of Hunger

Research Priority Assessment

Agricultural Research Organization
Subgroup A Research Organization in the United States

B Global Agricultural Research Organization
C Development of Research Personnel
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on reducing global hunger and malnutrition over the next several
decades?

- What supportive action will be required to conduct research for the
accelerated activity recommended (e.g., more resources, policy
changes, organizational changes)?

The study teams began with assessments of research priorities al­
ready made by U.S. and international agencies. In light of their own
experience and after consulting hundreds of other experts, they pro­
duced a list of over 100 priority research areas. This list was then
analyzed by Study Team 13, composed of 19 experts of broad back­
ground and experience in food and nutrition. Study Team 13 ranked the
research areas according to near-term effects (less than 15 years) and
longer term effects (beyond 15 years). (The ranking process is ex­
plained in more detail in Appendix B.) Final adjustments in priorities
were made by the Steering Committee.

The results of this selection process are presented as 22 priority
research areas in four categories: nutrition, food production, food
marketing, and policies and organizations. No rankings are made
among the 22 areas; they constitute the minimum of a highly selected
list of promising areas of research requiring support. Research in each
priority area addresses a broad research goal. Within each area we
recommend particular lines of research that we believe to be the most
promising for additional U.S. support.

• We recommend that U.S. research support be increased for the lines
of research identified within these 22 research areas:

• Nutrition-Performance Relations
• Role of Dietary Components
• Policies Affecting Nutrition
• Nutrition Intervention Programs
• Plant Breeding and Genetic Manipulation
• Biological Nitrogen Fixation
• Photosynthesis
• Resistance to Environmental Stresses
• Pest Management
• Weather and Climate
• Management of Tropical Soils
• Irrigation and Water Management
• Fertilizer Sources
• Ruminant Livestock
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• Aquatic Food Sources
• Farm Production Systems
• Postharvest Losses
• Market Expansion
• National Food Policies and Organizations
• Trade Policy
• Food Reserves
• Information Systems

The recommended areas include both basic and applied research.
All of the research is mission-oriented; that is, each priority line of re­
search was selected because of a significant probability that, if suc­
cessful, it would contribute to the improvement of the world food and
nutrition situation. Research, of course, must be translated into effec­
tively operating technologies and programs.

BALANCING LONG-TERM AND SHORT-TERM RESEARCH

Some recommended research areas could produce results in the de­
veloping countries and in the United States within 5 to 15 years. Others
will produce results only over the longer term. This study identifies re­
search areas that attempt to balance the need for long-term research
that has major payoffs with the need for short-term research that has
smaller but more immediate returns.

Nitrogen research presents an example of the choices that face the
government. The amount of nitrogen available to food plants is a funda­
mental limitation to expanding food production worldwide. There are
many ways to reduce this limitation. Applying more of the available
nitrogen fertilizers will produce the most immediate returns on invest­
ment. Improving fertilizers and existing symbiotic interactions between
legumes and nitrogen-fixing bacteria is expected to produce results in
both the near and distant future. Research on new forms of biological
nitrogen fixation and on organic recycling of nitrogen will require more
time before results can be expected.

The strategic question is how best to allocate resources. This decision
must take into account probable improvements in yield from existing
technology, likely trends in food supply and demand, prospects for sig­
nificant new research results at different levels of effort, and the prob­
able length of time required for research to produce results. Socioeco­
nomic effects also must be weighed.

For example, research to alter biological processes so that crops
could fix more nitrogen could mean less dependence on chemical fer-
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tilizers: this could reduce food production costs, pollution, and the
drain on stocks of petroleum and natural gas, and would be of particular
benefit to small farmers in the developing countries. These prospects
for such dramatic payoffs lead us to believe that there is an urgent need
to accelerate research on biological nitrogen fixation in crops. Similarly,
with the same urgency research should be accelerated on photosynthesis
and new techniques for genetic manipulation, and on some longer term
elements of research in other priority areas described below.

We conclude that the United States has not given adequate attention
to the long lead time required in bringing basic research to application.

WHERE IS THE RESEARCH SUPPORT NEEDED?

Table 3 lists the research goal and priority lines of research in each of
the 22 priority areas. It also includes anticipated effects of the research
and suggests possible sources of federal financing.

The proportion of U.S.-financed research that should be done in the
United States and the proportion that should be done in the developing
countries vary among the types of research. In Chapter 1, we suggest
that the United States should support research in both places for most
research recommended and should foster collaboration between work
in this country and that being undertaken in other high-income
countries.

Our priorities give special weight to research for which large parts of
the U.S.-financed work can be done in the United States. Such research
can produce major benefits both here and in the developing countries.
Such research is comprised of the more basic types of research, com­
parative analyses of worldwide experience, and methodological studies.
Such an orientation increases the scope for strong and enduring U.S.
research support on problems that are important for developing coun­
tries. Nevertheless, our organizational recommendations stress expand­
ing U.S. support for building research capabilities in developing coun­
tries, including the provision of research funds that each country can
apply to its own priorities.

Nutrition
Nutrition is fundamental to human life, performance, and well-being.
Levels of nutritional well-being both influence and reflect social and
economic development in every country. This report discusses priorities
for various parts of the food system, from primary production to final



TABLE 3 Recommended research priorities
~

Priority area

I. Nutrition
Nutrition-perfor­
mance relations

Role of dietary
components

Policies affecting
nutrition

Nutrition inter­
vention programs

II. Food production
Plant breeding and
genetic manipu­
lation

Biological
nitrogen
fixation

Nature of research effort

Determine damage caused by various kinds and
levels of malnutrition: effects of diet patterns
on levels of human functioning

Determine specific foods that best meet nutri­
tional needs under differing circumstances:
effects of individual nutrient levels, as con­
sumed, on nutritional status

Improve effects of full range of government
policies: effects on nutrition of policies and
practices usually formulated with no con­
sideration of possible nutritional consequences

Improve effects of direct intervention programs:
evaluate effectiveness of alternative programs in
reaching nutritional goals

Strengthen tools of genetic manipulation: plant
breeding, and "classical" genetics; cell biology;
genetic stocks

Increase biological nitrogen llXation associated
with major crops: improve recognized symbi­
otic associations; attempt to establish N2 -fIXing
~ociations with grains and other nonlegumel;
tranlfer fixation capabUlty from bacteria to
plants

Major effects

Nutritional improvement in short run; in
long run dietary changes may benefit health
and life expectancy of large population seg­
ments in United States; in developing coun­
tries nutritional interventions likely to be
more effective for human health than com­
parable investments in medical care

Worldwide potential is immense; production
increases from most lines of research ex­
pected in 10 to 20 years; instrumental for
progress in other priority areas

Large potential worldwide; results within
10 to IS years for legumes and IS to 2S
years for nonlegumes

Sources of support

NIH, NSF, USDA,
AID

USDA, NSF, AID

USDA, NSF, AID,
EPA



Photosynthesis

Resistance to
environmental
stresses

Pest management

Weather and
climate

Management of
tropical soils

Irrigation and
water manage­
ment

Increase amount of photosynthesis in
major crops: reducing photorespiration and
dark respiration; transferring traits from
photosynthetically efficient plants

Improve resistance of major crops to drought,
temperature extremes, deficiencies of acid soils,
salinity: rapid screening techniques; tolerance
of acid soils; shorter season crops; larger root
systems; better use of soil fungi; salinity resis­
tance; farming systems

Reduce preharvest losses due to pests: inte­
grated pest management; specific control
mechanisms

Improve techniques for predicting weather and
climate and using information to assist adapta­
tion by farmers: reduce weather damage to
food production

Improve management of tropical soils to in­
crease crop productivity: soil classification;
land clearing methods; correcting soil defi­
ciencies; maintaining desired soil characteris­
tics; suitable cropping systems and technologies

Improve management of water supplies: adjust­
ments in farming systems and management of
water movement for optimal supply to crops;
adapting farming operations to water avail­
ability

Higher yields of food plants particularly in
the tropics; substantial increases in potential
yields after 15 years or more

Larger and more stable crop yields in 10 to
15 years, more efficient use of inputs, pos­
sible to grow crops in new locations

Can eliminate large and pervasive losses due
to pests, in short run by adapting known
technology. in long run by biological con­
trol techniques

Substantial analytical improvement in short
run; can have payoffs many times the cost

Annual crop production in humid lands can
be 150 to 200 percent of temperate zone
production per hectare

May double crop yields in some areas, and
make capital investments more effective

USDA,NSF

USDA, NSF, AID

USDA, NSF, AID,
EPA

NOAA, USDA,
NASA, NSF

USDA, AID

USDA, AID

0\-



TABLE 3 (Continued)

0\
N

Priority area

Fertilizer sources

Ruminant
livestock

Aquatic food
sources

Farm production
systems

III. Food mJII'keting
Postharvest IOllles

Nature of research effort

Improve cost/return ratios of chemical ferti­
lizers: new methods of producing nitrogen
and phosphorus fertilizer; new fertilizers
tailored to tropical conditions

Increase product yields from ruminant live­
stock, particularly in the tropics: forages;
priority animal diseases; genetics and
reproduction

Increase contribution of aquatic resources to
world food supply: waste reduction and up­
grading product through processing; aquacul­
ture research in both breeding and seed supply
and polyculture management

Improve production systems, particularly for
small farms in developing countries: meth­
odology for identifying appropriate farming
system; multiple cropping; soil and water
management; equipment-labor relationships

Reduce postharvest losses: nature and magni­
tude of losses; pest control after harvest; food
preservation for humid and arid tropics

Major effects

Advances in short and long run; new ways
of producing nitrogen fertilizer will reduce
energy consumption; new and more effi­
cient fertilizers could have major effects on
tropical food production

Forage and disease research will open up
new areas and will improve productivity
and eliminate heavy economic losses

Could double fish protein consumed by
humans without increasing world catch;
could raise potential aquaculture yields
fivefold

Realize potential for two to four times
present production in humid tropics; more
modest increases in semiarid tropics

Substantial reduction in losses that now
range 15 to 50 percent of production;
encourllllement of beneficial changes In
cropplna patterns

Sources of support

AID, TVA, USDA,
ERDA

USDA, AID, NSF

AID, DOl, DOC,
NSF, USDA

AID, USDA, EPA,
ERDA

AID, NSF, USDA,
DOD



Market expansion

IV. Policies and
organizations
National food
policies and
organizations

Trade policy

Food reserves

Information
systems

Extend market scope for consumers and
farmers in developing countries: enhancing
purchasing power; transportation; marketing
institutions; managing marketing flows of
major commodities

Improve policies and organizations affecting
food production, distnbution, and nutrition
in developing countries: human performance
in food systems; comparative studies to iden­
tify transferable improvement factors (decen­
tralization, local participation, staff develop­
ment); interactions of income disVibution with
food production and nutrition; methodology
of sector analysis

Improve effects of trade policy on food produc­
tion and nutrition: studies on effects of trade
liberalization; consequences of international
management of trade; optimum trading patterns

Improve role of reserves in relation to other
measures for stabilizing food supplies: im­
proving developing country food reserve prac­
tices; identifying improved mixes of reserves
and other measures to stabilize food supply

Improve flows of information in support of
decision making on food and nutrition: pro­
ducer information needs to use better tech­
nology; crop monitoring systems; international
data bases on land uses and malnutrition; in­
formation systems design

Stimulate production and consumption and
cut food losses: effects in 5 to 10 years

Early results in improving effectiveness of
policies and organizations relating to food
systems and orienting selection and imple­
mentation of other biological and physical
research; give farmers incentives for produc­
tion and provide prices that will give more
effective distribution

Early effects on orientating country food
policies for balance between own produc­
tion and reliance on trade; improve diets,
incomes, and national economic perfor­
mance

Relieve hunger and malnutrition due to
production instability

Large gains, especially in developing coun­
tries, from fewer wrong decisions and
fuller use of available improved technologies

AID, USDA

AID, NSF, USDA

USDA, AID, State,
DOC

USDA, AID

USDA, NASA,
DOD, NOAA, AID
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consumption, but all priorities are based on the goal of adequate nutri­
tion for all segments of the world population.

Presently, nutritional deprivation is doing immense damage to human
lives and societies throughout the world. For a nation, widespread mal­
nutrition can mean impaired physical and mental growth and develop­
ment of its children, reduced working capacity and income of its adults,
increased costs from disease and health care, and high death rates.
The intangible costs of reduced human vitality may be even greater.

Unfortunately, the national and international policies and activities
that affect the nutritional status of world populations are seldom ex­
amined systematically to identify their effects on nutrition. Even pro­
grams designed to improve nutrition are rarely evaluated for their ef­
fectiveness. Research is needed not only on the extent and functional
significance of malnutrition but also on the merit of present and future
policies affecting food systems. Research in these areas could prevent a
significant proportion of the disease presently attributed to malnutrition
and its associated cost, and could improve the quality of human life and
performance.

Much information already exists on the occurrence and importance
of malnutrition in most countries, but far too little is known about the
many factors that contribute to its cause. There is also not enough in­
formation on the nutritional requirements of different population groups,
especially where poverty is prevalent. Little information is available on
the relative costs and benefits of different national policies directed
toward nutrition and of the effectiveness of international, bilateral, and
nongovernmental efforts to assist nutrition programs. Moreover, social
factors affect food distribution and nutritional status within the family,
and these factors cannot be determined from knowledge of community
food supplies alone or even of overall faInily consumption. Under these
circumstances, decision makers frequently lack a firm basis for judging
the effects of their actions and therefore have little incentive to give
nutrition programs a high priority.

The research recommended in this section is specifically designed to
prevent malnutrition by providing information for effective action. the
types of knowledge being sought and their application are highly inter­
dependent, and all merit high priority.

NUTRITION-PERFORMANCE RELATIONSHIPS

In order to survive, individuals who have low calorie intakes must
reduce their physical activity. The discrepancy between estimated
normal requirements and actual dietary intakes observed for the popula­
tions of most developing countries suggests that such reduced activity is
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widespread. However, neither the economic and social consequences
of these low intakes of dietary energy nor the benefits of increasing
them have been studied sufficiently. Similarly, iron deficiency anemia,
which lowers performance and resistance to infection, is widespread.
Information on the significance of this problem for specific countries is
almost nonexistent. Protein-calorie deficiency is responsible for the
poor growth of children in the developing countries. It impairs their
performance on tests of learning and behavior and reduces their re­
sistance to infection. However, the relative requirements for protein and
calories and the effects of minimal deficiencies of each are highly con­
troversial, largely because the requisite information is lacking. This is
true for deficiencies of most other nutrients as well.

Types of Research

For the individual and for society, there is a need to determine the
consequences of low levels of nutrition on work performance, frequency
and severity of infection, physical and mental growth and development,
school and job performance, pregnancy and lactation, and fertility and
family planning. Research should emphasize how diets affect child­
bearing and childrearing functions. Information is needed on the extent
to which the nutritional status of mothers affects the three variables that
determine the biological potential for population growth: span of repro­
ductive years, pace at which successive pregnancies occur, and rate of
child survival. To decide which nutritional problems should receive
priority and how resources may best be allocated among various target
groups, it is essential to know the relative seriousness of different states
of nutrition and the degree of benefit that can be derived from specific
increments of nutritional improvement.

ROLE OF DIETARY COMPONENTS

Knowledge of requirements for particular nutrients is surprisingly frag­
mentary, even for the healthy populations of the high-income countries.
Little specific information is known about the environmental circum­
stances and diets of those living in the developing countries. It is known
that nutritional requirements are affected by the prevalence of acute and
chronic infections, and that some nutrients are lacking in bulky, pre­
dominantly vegetable, diets. Knowledge about the extent to which spe­
cific foods and diets meet nutritional needs can guide decision makers
who influence nutritional goals for agriculture, government support
policies, food quality and safety, food distribution and marketing prac­
tices, supplementary feeding programs, and educational programs on
nutrition.
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Types of Research

Research on dietary components must concentrate on human nutritional
needs in the developing countries and on the capacity of local foods and
diets to meet these needs. The maximum safe intakes of given foods
must be considered because of the presence of both naturally occurring
and acquired toxic substances in many foods. Because of humid storage
conditions, mold toxins are a particularly common problem. The effect
of local methods of processing and preparing food on the nutritional
quality of diets also must be determined. To formulate effective food
and nutrition policies and educational measures, more must be known
about local dietary beliefs and practices including traditional, religious,
esthetic, and other values assigned to foods.

POLICIES AFFECTING NUTRITION

Until recently few governments have made any attempt to develop a
coherent nutrition policy. However, many developing countries now
have national planning bodies, and interest has increased in incorporat­
ing food and nutrition considerations into both sector policy and overall
national planning. This has been strongly encouraged by such inter­
national agencies as the World Bank, FAO, the World Health Organiza­
tion (WHO), and the new United Nations University, as well as by the
U.S. Agency for International Development (AID) and several other
bilateral agencies. The importance of nutrition planning has been per­
suasively argued but the necessary data base is extremely limited for
most countries. Government policies that are formulated, implemented,
and changed with little consideration for their ultimate effect on nutri­
tion can nevertheless have major effects on nutrition.

Types of Research

One research area encompasses the nutritional effects of food supply
policies and practices, including production strategies, agricultural re­
search priorities, agricultural extension and rural credit services, food
self-sufficiency, food aid, and resource use including land tenure prac­
tices. Another concerns the nutritional consequences of various food
distribution and marketing policies and practices, including pricing
policies, marketing technologies, delivery systems, international trade,
and grain buffer stocks. A third research area would be the nutritional
implications of general government policies, such as income redistribu­
tion, taxation, or employment.
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Comparative studies of the experiences of different countries with
particular types of policies are needed. Simple models need to be de­
veloped for predicting and evaluating the effect of program and policy
interventions, which can be improved as knowledge is gained from their
application.

Research in this area should examine the thesis that dietary require­
ments for sustaining good health, as measured by effects on human per­
formance, are affected by changes in the social, psychological, and
physical environment of the people concerned (see. the report of
Study Team 12). A corollary to this is that government action to reduce
or offset the sources of stress in the environment can improve the nutri­
tional status and well-being of populations.

Studies are needed of countries whose populations appear to be rela­
tively healthy and nutritionally satisfied despite relatively low per capita
levels of food consumption and income. Where such countries and
regions exist (Sri Lanka and the state of Kerala in India are likely
cases), are particular patterns of social and economic policy responsi­
ble for the results? To what extent can we attribute the quality of health
and nutrition to such things as widespread health or educational serv­
ices, egalitarian income and employment distribution policies, social
policies that increase feelings of security, and mobilization of com­
munity energies in popular activities?

Such studies also can advance widespread efforts to measure the
effects of development on the quality of life. Such indicators include
more than gross national product and combine social, health, and eco­
nomic variables to suit each case.

The role of women in determining family nutrition requires special
attention. Most government policy fails to take into account the social
and economic importance of women in the food system. Ordinarily,
women select and prepare foodstuffs for the family. In the developing
countries, women have a major influence on crop selection, particularly
crops that will be consumed in the family or village. These influences
and the role of women in shaping the physical and social environment
of the home affect the nutritional status of the entire family. How well
women perform these roles depends in part on their own health and
psychological well-being.

NUTRITION INTERVENTION PROGRAMS

While it is true that the occurrence of malnutrition is largely deter­
mined by the socioeconomic circumstances of the individual or family,
specific intervention measures can alleviate or even solve some nutrition
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problems without the time and resources required for social change. The
classical example is the elimination of endemic goiter by the use of
iodized salt in many countries. More recently, Guatemala has initiated
on a national scale the fortification of sugar with vitamin A. Also,
several Asian countries have begun to distribute massive oral doses of
vitamin A to young children. Both interventions are designed to prevent
blindness due to avitaminosis A. Iron deficiency anemia also should
be amenable to direct intervention if suitable staples and methodologies
for iron fortification can be identified.

Other types of direct intervention programs include nutritional re­
habilitation centers, food distribution or supplementary feeding pro­
grams, and nutrition education. Programs of this type have been widely
utilized by both the developing and high-income countries and have
received extensive political and economic support. Unfortunately, an
effort has seldom been made to evaluate their effectiveness.

The failure to evaluate adequately ongoing nutrition intervention pro­
grams makes it difficult to determine the effectiveness of past invest­
ments in nutrition and alternatives that might be considered in the
future.

Many intervention programs have most certainly not been oost­
effective and for economic and logistic reasons have not reached more
than a small proportion of the vulnerable groups for which they were
intended.

Types of Research

The research program would include developing and testing evaluation
methodologies (determining what to measure, how to measure it, and
how to interpret the findings for purposes of decision making). The re­
search would test the evaluation methodologies in direct food distribu­
tion, fortification, nutrition education, and various health programs.
Such research is essential for formulating nutrition policy and for de­
signing nutrition programs.

POTENTIAL EFFECTS OF APPLIED NUTRITION RESEARCH

Substantial progress in improving nutrition should be possible by: (1)
identifying questions to be addressed in choosing among intervention
alternatives; (2) organizing current information around these questions
and identifying gaps; (3) filling some of the gaps, at least tentatively,
by short-term and medium-term research projects; and (4) experiment­
ing with processes for formulating and executing plans and programs
that will improve nutrition.
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It is difficult at this stage to estimate the long-term effect of the
recommended research. However, we know that improved diets can be a
major factor in enhancing human well-being. Changes in diet may well
tum out to be beneficial to the health and life expectancy of large
population segments in the United States. In developing countries, ef­
fective nutrition interventions are likely to have more of an effect on
human health than comparable investments in medical care.

Progress in the recommended research areas will depend on con­
tinuing and strengthening other types of research, including: funda­
mental research in the biological, behavioral, and social sciences, cur­
rently supported by the National Institutes of Health (NIH) and the
National Science Foundation (NSF); direct studies on nutrition--disease
relationships, family consumption patterns, and effects of dietary ad­
justments on animals, currently supported by NIH and USDA; research
and development by the international research community on such
projects as inexpensive nutrition surveillance techniques to identify
groups and individuals most at risk; and early warning systems to alert
planners to impending famine or acute malnutrition in vulnerable
populations.

The proposed research will require many additional workers in the
United States and developing countries with fresh perspectives and new
skills, particularly to integrate the natural and social sciences into
studies of nutritional status. Interested persons should have the op­
portunity to build these skills by combining research and operational
experience. International cooperation can help compensate for the short­
age of qualified researchers. The findings produced by such collabora­
tion should be applicable to many countries.

The application of research results to achieve beneficial change will
depend largely on decisions by governments as to what public policies
they adopt and how much they spend on them. The current U.S. ex­
penditure of about $80 million per year is largely used for nutrition
studies with experimental animals or hospitalized patients. A new di­
mension of human nutrition research including social and policy factors
is required. Study Team 9 estimates that a minimal nutrition research
program would cost the United States approximately $20 million more
annually for the first five years.

Food Production
Research on food production can find the technical means for improv­
ing average yield, stability of yield, product quality, and the efficiency
of food plants. The low-income countries of the tropics particularly face
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difficult problems in achieving self-sustaining farming systems that
produce high, stable yields with a minimum dependence on energy and
capital.

Changes in plant performance result from research on plant breeding
and farming practices. However, the potential for such advances de­
pends on progress made on basic studies of .biochemical, ecological, and
biophysical processes and their genetic bases. The experimental yields
of the leading crop research centers are approaching the limits of cur­
rent knowledge gained from such basic research and are likely to be
further constrained unless scientific and technological capabilities are
harnessed more fully.

U.S. research has been concerned largely with temperate zone plants
and ecologies, but the United States is capable of conducting more re­
search relevant to the tropical ecologies of the developing countries.
Some important differences exist, such as length of days, but the United
States has a wide range of relevant ecologies within its own borders,
including tropical and semitropical areas, high altitude or dry areas
similar to parts of the tropics, and sizable areas of soils similar to soils
in the tropics. The United States also has some of the same pathogen
problems as the developing countries. More importantly, the United
States is particularly well equipped to conduct research on generic traits
and on genetic manipulation techniques that are transferable across plant
types, and to undertake developmental breeding of improved plants in
major crop species. Regional and local efforts in the developing coun­
tries could then fit these advances into crops and farming systems for
other ecological zones and specific locations.

Each country needs to follow different commodity priorities. The
United States can seldom tailor its research effort to the various situa­
tions found in the developing countries except by providing research
assistance directly to these countries. We should not assign research
resources to work in the United States on whole food plants that are not
significant for U.S. agriculture when the work can be done better in
the developing countries. However, more research should be conducted
on the U.S. crops and varieties that are closest to those of the develop­
ing countries. This effort and a concentration on improving the general
functional traits of food plants will increase the prospects that U.S. re­
search advances will be incorporated into developing country practices.

There is another reason to increase U.S. attention to functional re­
search priorities. U.S. yield increases have been slowing down. Many
observers believe that this may be due in part to the excessive orienta­
tion of U.S. agricultural research to specific commodities and in part to
the preoccupation of the basic biological research community with bio­
medical research. Whatever the causes, it is clear that work on the
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biophysical processes that control plant production has been seriously
neglected.

PLANT BREEDING AND GENETIC MANIPULATION

During this century, scientific advances have enlarged our ability to
develop new crop or animal strains tailored to the needs of particular
regions or to special uses. Among the more obvious examples are high
yielding hybrid com and sorghum and the semidwarf varieties of wheat,
rice, millet, and barley. Equally dramatic progress has occurred in the
improvement of vegetables, some fruits, and the oilseeds, and in pasture
and forage species.

It is now possible to adapt more crops to regions with short growing
seasons, high or low temperatures, adverse soil characteristics, and in­
adequate rainfall. There have been changes in nutritional, storage, and
harvesting properties. Most important, major increases have occurred
in the productivity of many crops resulting from: the creation of highly
efficient new strains; the improved and increased use of fertilizers and
water; better disease, insect, and weed control; and the improved abili­
ties of farmers to combine many components into highly productive
farming systems.

The new crop and animal strains are the product of highly developed
breeding capabilities. These have resulted from our increased under­
standing of the principles of genetics and of the genetic system of the
individual species.

During the past three decades, when the United States has been more
concerned with crop surpluses than with the need to increase produc­
tion, less work has been done on plant breeding because of inadequate
public financing.

During recent decades, scientific developments have occurred that
promise to extend our ability to alter plant, animal, and other organisms
to make them more useful to society. These developments include the
transfer of basic genetic material from one type of organism to another,
which could eliminate the constraints that genetic relationships impose
upon the classical breeding methods. There also have been advances in
cell culture and in mass replication of whole plants through tissue cul­
ture, among others.

Types of Research

U.S. research support should be increased in three areas: plant breeding
and "classical" genetics, cell biology, and genetic stocks. This research
will be furthered if scientists in this country and abroad who are working
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in these areas collaborate, together with those working in related funda­
mental scientific fields.

Plant Breeding and "Classical" Genetics Particular attention should
be given to the genetics of each major crop species, especially to the
extent that a lack of basic genetic information on any species limits
advances in plant breeding. Research should include work on forage
and pasture species because of their importance for animal production
and the potential contributions of such species to U.S. agriculture.

Special attention should be given to developing crop strains tolerant
to stresses--drought, excess soil moisture, extremes of heat and cold,
toxic factors in the environment, and deficiencies in soils (see "Resist­
ance to Environmental Stresses," a separate research priority).

Mutation breeding, which failed to live up to previous expectations
partly because of lack of knowledge at the cellular level, deserves seri­
ous reexamination as a genetic technique.

Classical genetic methods operate on whole plants, using selection
of the better performers in the field. Thus they are essentially trial-and­
error processes that rely on the chance production of desired combina­
tions of characteristics that can be assessed only by time-consuming and
expensive processes. If it were known which biochemical and biophysi­
cal processes in the plant determine the performance sought, the selec­
tion procedure could be shortened drastically.

Cell Biology Recent research offers the prospect of a new level of
genetic manipulation that could enlarge the capacity of conventional
techniques to test and improve whole-plant yields.

Research along two principal lines is needed. First, there should be
further development of ways to produce genetic changes at the cell level,
and to stabilize these changes in whole plants. This research includes
transferring genetic material between cells, and using cell fusion and/or
introducing recombinant DNA. The U.S. government, in cooperation
with the scientific community, is currently establishing controls to mini­
mize the risks associated with certain aspects of recombinant DNA re­
search. Substantial capital will be required to construct laboratories that
meet containment standards.

The second line of research is to develop new methods to screen
germ plasm for agronomically important traits. This may be accom­
plished at the cell level faster and more cheaply than with classical
breeding techniques, if important cellular processes affecting yield or
other performance characteristics can be recognized.

Although the primary goal is to improve the research techniques used
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for genetic manipulation of food plants, such work also will produce
advances essential for other research areas discussed in this section,
including biological nitrogen fixation. This work also will give scientists
new research skills that will be useful elsewhere. A major effort is essen­
tial on this important research area.

Funding for current U.S. research activities of this type, which lags
behind those in Europe, is estimated at less than $2 million annually.
This level of expenditure does not approach realization of U.S. sci­
entific capabilities. Considering the vast potential of this research, fund­
ing should be increased substantially.

Genetic Stocks Scientists need access to stocks of genetic material
(germ plasm) with the widest range of variability. Much of the existing
diversity resides in wild or seldom cultivated plant or animal communi­
ties that are not in breeders' stocks. Techniques developed through
the first two lines of research will permit improved analysis and con­
servation of genetic variants that would otherwise remain lost or un­
identified. Offshoots of the same techniques will permit the efficient
storage of disease-free germ plasm, thereby lessening the effect of plant
quarantine provisions on the worldwide movement of genetic materials.

Collection, storage, classification, and retrieval systems for plant
germ plasm should be developed on an international basis. The Inter­
national Board of Plant Genetics Resources has recently launched such
a program. While the United States has long been a leader in such
work, the recently established National Plant Genetics Resources Board
should encourage expansion of U.S. activities in the field of plant germ
plasm, benefiting not only the developing countries but also the U.S.
farmer and consumer. International exploration for potentially valuable
new species and work on the conservation of natural habitats that have
especially diverse floras should be part of this effort, in cooperation
with the International Board.

Potential Effects of Research

We suspect we are nowhere near the limits nature has put on plant
productivity. New techniques of genetic manipulation will permit us to
achieve much greater productivity.

By accelerating classical breeding and genetics research, more varie­
ties of plants would be available in the near future. New varieties based
on genetic changes achieved at the cell level probably would not be
available for another 20 years. However, research at the cell level can
provide more immediate results to strengthen chissical breeding, such as
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more rapid and efficient screening of plants for desired characteristics,
and improved stocks of genetic materials. It is likely that such new
techniques will permit combining of traits from plant species that could
not be hybridized by conventional breeding methods and will offer other
possibilities for altering whole-plant characteristics. These techniques
will permit tailoring plants to specific performance needs more closely,
quickly, and inexpensively than is currently possible.

BIOLOGICAL NITROGEN FIXATION

Nitrogen is a key element in the growth of plants and animals. Increased
use of chemically fixed nitrogenous fertilizers has supported increases
in yields over the past 25 years. Although about 45 million tons of such
fertilizer nitrogen are used annually, this amount still is only about
a third of the amount of nitrogen fixed biologically each year by micro­
organisms. Biological fixation of nitrogen has not been increased sub­
stantially in recent years, but it is reasonable to believe that it can be
increased. This should be a prime research goal.

If we have to rely entirely on increased use of chemically fixed nitro­
gen to achieve needed crop production during the next 25 years, the
world production of fertilizer nitrogen would have to be expanded by
two- to fourfold. One estimate suggests that 500 additional large-scale
fertilizer plants would be needed over the next 25 years. At current
prices, these plants would cost approximately $50 billion.

Shortages of natural gas and oil and the rising costs of these and other
raw materials used to produce chemical fertilizers may constitute a
greater constraint than capital costs on expanding fertilizer production.
Research on biological alternatives to chemical nitrogen fixation is
promising, and also offers a means of reducing the environmental con­
tamination caused by nitrates and nitrites. The current annual U.S. ex­
penditure on research on biological nitrogen fixation is about $4 million.
The U.S. scientific community has the capabilities to expand its research
effectively in this area.

Types of Research

Research to increase biological nitrogen fixation should concentrate on
seed and forage legumes and cereals and other grasses as they are the
predominant sources of calories and protein for the world's population.
Seed legumes merit strong attention because most of the current bio­
logical nitrogen fixation in agricultural lands occurs through symbiotic
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associations between leguminous plants and microorganisms. Increasing
the amount of legume-associated fixation is a more immediate prospect
than increasing the amount of fixation associated with cereal crops. Re­
search with legumes may furnish information that can be later applied
to the development of nitrogen fixation in cereals.

Increasing biological nitrogen fixation in legumes should increase
crop yields and the monetary return per hectare. This should motivate
farmers to plant more legumes in place of grains and root crops. This
in tum will strengthen multiple cropping systems.

Some of the promising lines of research for increasing biological
nitrogen fixation are: improving the current symbiotic association of
leguminous plants and microorganisms; inducing microorganisms to
perform a similar symbiotic role with cereal grains; and eventually,
perhaps, transferring the genetic capability for nitrogen fixation directly
from bacteria to plants. This last prospect eventually may have the
largest payoff, but it depends on the new technology of recombinant DNA

transfer. Although this work is encouraging, technical obstacles must be
overcome, and transfers of DNA and dissemination of modified plants
must be undertaken with caution. Research on biological nitrogen fixa­
tion, like research on other plant traits, should include an assessment of
the interactions of modified plants with the ecosystems into which they
are to be introduced.

In the Orient, nitrogen-fixing blue-green algae, living free or associ­
ated with water ferns, have been used to furnish fixed nitrogen to crop
plants, particularly rice. It may be possible to utilize such algae to
furnish nitrogen to a much wider range of crop plants.

In Chapter 3, we recommend a federally sponsored center to collect,
evaluate, store, and distribute strains of bacteria useful in nitrogen
fixation, and to monitor and seek to improve the quality of legume in­
oculants. The private sector should be encouraged, through means dis­
cussed in Chapter 3, to augment the research developed from expanded
public support.

The success of research on biological nitrogen fixation may depend
on progress in photosynthesis research. Photosynthesis provides the
energy needed for nitrogen fixation, which in turn competes with other
food-producing activities in the plant for the available energy. It is little
appreciated that biological nitrogen fixation, like chemical fixation, is
very energy demanding. If corn or other grasses are induced to fix nitro­
gen without corresponding increases in energy availability, it is possible
that gains in yield would be less than gains from the equivalent use of
nitrogen fertilizer. However, the process would have the great benefit
of substituting solar energy for energy from fossil fuels.
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Potential Effects of Research

Study Team 1 has estimated the potential effects of research on bio­
logical nitrogen fixation by cereal crops. If cereals could fix nitrogen
at 25 kilograms per hectare or 30 percent of the rate at which the study
team estimates soybeans fix nitrogen, the additional nitrogen fixed would
equal 36 million tons. This amount is more than five times the con­
sumption of fertilizer nitrogen in the developing countries. Extrapolating
from current yield data in the developing countries, this amount of bio­
logically fixed nitrogen could produce 200 million tons of grain, more
than half the current output of the developing countries (excluding
China). Benefits would be proportionally larger in the developing coun­
tries, which can afford less use of chemical fertilizers.

Even if we discount these estimates, the potential is huge and the
need to accelerate research is urgent. Legume production probably
could benefit from this research within 10 to 15 years, but it would
probably require 15 to 25 years of effort to substantially apply the
results of the more fundamental work, particularly on grains. Both
USDA and NSF should expand their support of research on biological
nitrogen fixation.

PHOTOSYNTHESIS

The lowest cost and perhaps the greatest potential for using the sun's
energy lies in increasing the efficiency with which crops fix solar energy
through photosynthesis. Most plants capture no more than 1 to 3 per­
cent of the solar energy they receive. Present knowledge suggests a
theoretical maximum capture and conversion of 12 percent. The main
research task is to learn how to increase significantly net photosynthesis
per hectare of farmland and how to direct the increased material that
would be created into edible food products (or, perhaps, into fuels).

Types of Research

Classical plant breeding for higher yields has been responsible for
changes in plant characteristics that increase net photosynthesis. For
example, leaf structure and arrangement, growing periods, and life span
can all be modified so that a plant can intercept more sunlight. Farming
practices, such as increasing plant density so that more leaf area is
exposed to sunlight or enclosing plants in greenhouses or plastic covers,
also increase photosynthesis. These approaches need continued support.
However, we emphasize more fundamental research that could bring
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sharp increases in net photosynthesis, particularly in economically
valuable species. Better knowledge of the biochemical and physiological
characteristics that underlie whole-plant traits, and new technologies of
genetic manipulation, offer promising prospects for these investigations.

One such area of fundamental research involves inhibiting the
processes that cause most crop plants to lose a large portion of the
carbon dioxide with which they make plant materials. Certain plants,
like com and sugarcane, have natural mechanisms that suppress "photo­
respiration" (the light-aided consumption of stored foodstuffs) or that
make these plants use stored material more efficiently in the dark. By
studying these mechanisms, we may be able to improve photosynthetic
performance and reduce the inhibitory effects of oxygen on net photo­
synthesis.

Another area of research might enable us to transfer useful traits
from the limited number of photosynthetically efficient plants to the
larger number of relatively inefficient food plants. Important proper­
ties include the rapid transport of photosynthetic products to storage
regions of the plant, delay in plant aging, and the separation of cellular
structures involved in respiration from those involved in photosynthesis.

These efforts have not been a major component of U.S. research on
plant biology, although we have the scientific capabilities to pursue
them. The interdependency between these efforts and the work on bio­
logical nitrogen fixation has already been cited. U.S. efforts should be
increased within the next few years.

Potential Effects of Research

Study Team 1 estimates that there could be a 100 percent gain in yield
in the tropics by slowing photorespiration and achieving greater oxygen
resistance in the principal crops (excluding com and sugarcane). They
also estimate that gains of 25 percent or more in crops everywhere are
possible by improving the efficiency of dark respiration. They anticipate
that these and other routes to increasing photosynthetic efficiency could
produce gains of 50 percent to well over 100 percent after 15 years of
research at the level recommended.

RESISTANCE TO ENVIRONMENTAL STRESSES

The principal causes of instability of food output are a series of stresses
on plants such as pests, weather aberrations, short-term droughts,
temperature extremes, aluminum toxicity and related nutrient deficien-
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cies of acid soils, and salinity. Research on pests and weather aberra­
tions is considered as a separate priority research area below.

Most research has been designed to change plant environments in
order to eliminate or moderate stresses. The strategy has been very suc­
cessful, but would be costly if applied in vast areas of unused but po­
tentially productive land.

Types of Research

The following seven areas of research to reduce the vulnerability of
plants to stress should have high priority:

- Studying the morphological, physiological, and biochemical differ­
ences between susceptible and resistant varieties of the same species
in order to make a sharp distinction possible early in the life of the
plant. Success in this endeavor would lead to rapid screening tech­
niques for identifying desired germ plasm and for selecting new varie­
ties in a breeding program.

- Incorporating resistance to the conditions of acid soils, particularly
aluminum toxicity, into new, higher yielding varieties of crop plants
exposed to such stresses.

- Breeding crops for a shorter growing season to utilize the periods
when drought or frost is least likely, and to allow for planting a sub­
stitute crop, if early crop failure occurs.

- Breeding for deeper and wider root penetration; extensive root de­
velopment permits crops to use more of the scarce water and mineral
nutrients in the soil, thus increasing drought resistance. Breeding for
root penetration, shorter seasons, and tolerance to aluminum toxicity
complement and reinforce each other in overcoming drought. The
capacity of some grasses to penetrate deeply into inhospitable soils
may establish root channels that can be used by other crops.

- Improving the symbiotic relationship between soil fungi and plants.
Certain fungi (mycorrhizae) associate with plant roots and in effect
extend the reach and functioning of the roots resulting in greater
absorption of soil moisture and mineral nutrients.

- Breeding for higher tolerance to salinity, making use of wild species
or varieties as a base. This will permit higher yields in extensive ir­
rigated and semiarid dryland areas where yields are now depressed
and permit more extensive use of irrigation waters of inferior quality.

- Modifying farming systems so that stress is prevented or reduced. For
example, shading by intercropping reduces high temperature stress on
the lower crop.
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It is possible to make progress in research on stress resistance through
conventional breeding approaches, but the greatest long-term progress
is likely to come from reinforcing these approaches with the new genetic
manipulation methods described in the first research priority area
above. This will permit better screening of plant varieties for significant
stress resistance traits and diagnosis of the underlying biochemical and
biophysical relationships. Desirable traits may then be transferable be­
tween widely separated species. U.S. research should playa major role
in advancing and coordinating work in this area.

Some of this research calls for special facilities to permit root observa­
tion without disturbing the environment of the soil.

Potential Effects of Research

The research recommended above will have three major effects: (1)
crop yields should increase and stabilize in large areas that are under
stress conditions; (2) more efficient use will be made of increasingly
scarce energy-intensive inputs such as fertilizer, lime, and water; and
(3) land that previously could not be cultivated will become suitable for
agriculture. Most of the effects on food production could not be ex­
pected for at least 10 to 15 years.

About 40 percent of the world's potentially arable soils, more than a
billion hectares, are acidic types that contain enough soluble aluminum
(or related compounds) to restrict crop growth. This condition affects
between two-thirds and three-fourths of the land that could be brought
under cultivation, many of which are located in humid regions and in
the developing countries. It is reasonable to expect average savings of
1 or 2 tons of lime per hectare or production increases of about 1 ton per
hectare as a result of developing crop tolerance for aluminum. For
instance, recently in some typical acid soils in Brazil, an aluminum­
tolerant variety of sorghum required only 1 ton of lime per hectare, as
compared with the usual 6 tons needed to increase the sorghum harvest
by 5 tons. If the more modest expectation mentioned above were
achieved on only 5 percent of the acidic soils, several billions of dollars
could be saved. The cost-effectiveness of such research must be
established.

The gains from research on resistances to drought and other factors
will come from forestalled crop losses and from new possibilities for
using technological developments that produce higher, more stable
yields. New technologies may increase average output over the years,
but output may be susceptible to heavy losses in years of drought or
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when other stresses are high. Because poor farmers in the developing
countries have inadequate financial and food reserves, they cannot
afford to invest in farming systems that may fail under stress conditions.
They, therefore, often prefer traditional lower yielding farming systems
that are more resistant to natural stresses so that output is more stable.
Thus we can expect that research that builds greater stress resistances
into the high yielding, modem production technologies will increase the
use of these technologies in the developing countries and bring the
greatest benefits to poor farmers.

It is difficult to estimate the size of these benefits, although it is
thought that farmer concerns over stress resistances have been a power­
ful deterrent to the spread of high yielding technologies in the develop­
ing countries. Data from India for the two drought years spanning 1965
to 1967 are an example of the potential benefits of drought resistance.
These data indicate that the drought cut national production 15 to 20
percent; production on many farms was virtually wiped out.

Large gains also can be anticipated for the United States. Drought still
takes a heavy toll of U.S. crops. In the United States, there could be
major savings if we could increase crop tolerance to acidic soil condi­
tions. There are wide-ranging acidic soils in this country and farmers
must use lime and phosphorus to counter acidity.

PEST MANAGEMENT

Pests attack crops, livestock, and food commodities. Some also serve as
carriers of diseases for humans and animals. They are biologically
diverse, including fungi, bacteria, viruses, nematodes, insects and other
invertebrates, weeds, rodents, and birds. In other sections of this chapter,
research is recommended to deal with the postharvest losses of food and
damage to livestock caused by pests.

The magnitude of crop losses from pests is not known precisely but,
worldwide, it is estimated to average about a third of potential food
production. The world's most important crop, rice, suffers the most loss
from pests--perhaps 40 to 50 percent. Pest losses vary widely over time
and space, so that average loss figures obscure regional outbreaks that
can devastate the food economy of an area. Some losses have been so
consistently large that certain crops of great nutritional potential are
not grown in particular areas. Preemptive losses of this kind are not in­
cluded in estimates of pest losses but should be considered in the
planning for research on pest problems.

Our current technology has not been able to stabilize levels of pest
control because the effectiveness of some pest control practices di-
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minishes over time. For example, the increasing resistance of pests to
pesticides has seriously eroded the effectiveness of chemical control of
insects, weeds, and certain plant pathogens. Replacement of one pest
that is sensitive to a chemical control by another pest that is not is a
common phenomenon. The evolution of new biotypes of disease or­
ganisms can make previously resistant plants and animals susceptible
to disease. For these reasons, pest control research necessarily entails
a ceaseless search for new practices just to "stay even." This includes the
search, now primarily in the private sector, for more effective and safer
pesticides.

A recent study on pest control by the National Academy of Sciences,
Pest Control: An Assessment of Present and Alternative Technologies
( 1975), presents comprehensive recommendations dealing with the insti­
tutional and scientific needs in this area. Study Team 1 endorses these
recommendations and emphasizes its own general strategy for progress
in several specific areas.

Types of Research

The recommended strategy entails selecting and applying integrated pest
management techniques that fit particular pest, crop, and animal
species, and socioeconomic situations. This approach includes ecologi­
cal research to: (1) characterize the important pests and obtain realistic
estimates of the damage that they do and how they do it (this deserves
particular attention on an international scale); (2) establish manage­
ment guidelines for deciding on the timing and nature of control action
and which pests are worth working on (this can involve developing
mathematical modeling techniques to integrate the several control pro­
cedures and handle the large amounts of data needed to make deci­
sions); and (3) field test management systems for integrated pest
control.

Integrated control emphasizes combining several tactics to manage
pests. Crop production is often unreliable when it is based on a single
method of pest control. Yield increases and yield stability are more
likely to be achieved when the burden of protection is shared by a
variety of control tactics systematically combined on the basis of sound
ecological principles. Population dynamics must be studied within
typical ecosystems to determine how pest fluctuations are related to
interactions within the natural community and how specific interven­
tions might alter the community dynamics. Integrated control methods
must be adaptable to local production practices, economically and en­
vironmentally sound, and socially acceptable. They are needed for
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various sizes and styles of agricultural operations with different mixes
of labor and capital.

A number of high priority research areas constitute the tactical di­
mension of needed pest control efforts. The first area, fundamental to
successful pest management systems both in the high-income and de­
veloping countries, is cultural control-the use of agronomic practices
that favor natural antagonisms to pests. Such practices include: crop
rotation; fertilization, tillage, and irrigation practices; sanitation; use
of pathogen-free planting stock; and management of crop residues and
animal wastes. Research is needed to study, identify, and describe
methods of traditional agriculture that are effective in controlling pests.

The second area of tactical research is selecting and breeding plants
resistant to pests. This area would include: (1) systematically exploring
and identifying resistant germ plasm; (2) greater understanding of the
biological properties of pest organisms and how these properties interact
with different genetic varieties of food crops; and (3) developing plant
cell and organ culture techniques for use in plant quarantines, in select­
ing pest-resistant varieties, and in developing interspecific hybrids more
resistant to pests.

Third, biological control (introducing organisms that prey on par­
ticular pests such as insect viruses and bacteria) deserves particular
attention because it could perpetuate itself without heavy recurring
costs. Insects and some weeds have been the traditional targets of bio­
logical control; further attention ought to be given to the control of
pathogens as well. The major kinds of research on biological control
include: searching worldwide for controlling organisms, improving
release and establishment procedures, and developing management sys­
tems that use biological control in crop production.

A special case of biological control is use of male-sterile and auto­
lethal methods for insect control. These techniques are highly specific
for particular target pests, which makes them useful in schemes of
integrated pest management, and desirable because of their compara­
tively innocuous effect on the environment.

Potential Effects of Research

Enormous amounts of major crops are lost because of pests. World food
supplies could be substantially increased if such losses can be prevented.
For example, if 20 percent of the current losses in rice were saved,
about 180 million people could be fed from the approximately 45 mil­
lion tons of brown rice that would be available. An estimated savings
of 20 percent is a conservative goal. Gains also would accrue from im-
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proved stability of yields, which would encourage farmers to adopt new
practices that would increase output in addition to innovations in pest
control.

A large part of the need in"this area is research to adapt known tech­
nology. Thus increases in yields of both plants and animals can be ex­
pected early. Application of biological control techniques on a large
scale is a longer term prospect.

WEATHER AND CLIMATE

Fluctuations in weather and climate cause the largest variations in food
production. Thus efforts to alleviate agricultural problems arising from
these fluctuations are crucial. Droughts, unseasonably high or low
temperatures, and severe storms all cause significant losses in food.
Famines, caused most frequently by droughts and floods, have OCCUlTed
somewhere almost every year since World War II.

For the purposes of this report, "weather" refers to events, such as
precipitation and temperature, occurring within a two-week period,
while "climate" is associated with events occurring over longer time
spans. Research on climatic changes has evolved from the recognition
that climate is much more than average weather.

Past climatic trends and deviations from them are well documented.
In the United States, from 1955 to 1973, the climate was less variable
and thus more favorable to crop production than during earlier periods.
But there is no basis for expecting such favorable conditions to con­
tinue. Serious consequences are predicted from the droughts that oc­
CUlTed in the Great Plains and the West in the winter of 1976-77. The
tenuous margin between food adequacy and shortage is due, in part, to
unfavorable weather and climatic fluctuations. The worldwide effects
of weather in 1972 substantially reduced world food reserves and
increased food prices.

Strong national and international programs for climate and weather
are needed. Because of the high costs of weather research, agencies
undertaking this research should make the maximum common use of
experimental design, equipment, and data. For example, the National
Oceanic and Atmospheric Administration (NOAA), the National Science
Foundation, and the National Aeronautics and Space Administration
(NASA) participate in the worldwide Global Atmospheric Research
Program (GARP). As another example, NASA and USDA cooperate on
many programs, especially on improved crop production forecasts.
USDA has used the advanced technology of the worldwide programs to
improve its information system through research such as the Large Area
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Crop Inventory Experiment (LACIE). Research by NOAA and the Air
Force Environmental Technical Application Center relates estimates on
Soviet crops to USDA estimates.

We urge support for the Global Atmospheric Research Program
sponsored by the International Council of Scientific Unions and the
World Meteorological Organization. U.S. annual funding for research
and equipment for GARP is in the neighborhood of $43 million. Estab­
lished as part of the World Weather Watch and endorsed by the U.S.
Congress, GARP has the twin objectives of understanding the transient
behavior of large-scale atmospheric fluctuations in order to increase
the accuracy of weather forecasting for periods ranging from one day to
several weeks, and the factors that determine global air circulation in
order to develop a scientific basis for predicting climatic change. The
GARP program consists of two distinct but related parts: (1) design and
testing of a series of theoretical models of the atmosphere to permit an
increasingly precise description of physical processes that link the
weather of a given day or the average weather of a given month to
that of a subsequent day or month, and (2) studies of the atmosphere
to provide the data required to design theoretical models and to test
their validity. A massive year-long global observation program is
planned for 1978-79, to be followed in the 1980s by an expanded
international GARP program to study the processes that influence climate
change, both natural processes and those that result from human
activity.

Disturbing indications suggest that over the next century use of fossil
fuels for the production of energy might result in a build-up of carbon
dioxide in the atmosphere sufficient to increase global temperatures
on the order of 3°C, and by more in the polar regions. The problem
is so important to food production and other activities that it calls for
concentrated efforts during the next decade. Research is essential to
understand better the global carbon cycle and the distribution of carbon
dioxide in the atmosphere, oceans, and biomass, and to develop an
ocean atmospheric model capable of simulating global circulation and
radiant energy transfer.

An objective for the 1980s should be ascertaining the degree of
climate predictability and, within those limits, developing techniques
for monthly and seasonal predictions. Equally important would be in­
formation based on historical variability of climate to help predict
future climatic changes.

We applaud recent legislation directing the Secretary of Commerce
to prepare a study on the state of knowledge of weather modification.
This should provide a base for developing national policies that would
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take into account the legal, social, ecological, international, and sci­
entific implications of weather modification. We also are pleased that
the World Meteorological Organization is establishing a carefully de­
signed field experiment to determine the feasibility of precipitation en­
hancement. The benefits from even a slight increase in rainfall are
sufficiently attractive that the potential for research in this area must
be determined.

Types of Research

We give highest priority to two related areas of research that have
specific agricultural objectives. We also encourage work in four other
areas of general weather and climate research, especially where they
have implications for agriculture.

Our first priority recognizes that agriculture must obtain and make
better use of improved weather and climate information. The worldwide
GARP program should be adapted to developing country needs where
feasible. Improved predictability will aid both U.S. and developing
country food systems. Research on the better use of information will
have immediate use in the United States and increasingly important
uses in the developing countries.

The purposes of such research are to: (1) use better the statistical
techniques for estimating weather and climate changes including geo­
graphic variability; (2) develop better models for handling farm risks
that use probability distributions for the various cost and benefit factors;
and (3) improve management skills for dealing with the effects of
weather variability.

We endorse the emphasis on management in the recent National
Academy of Sciences study, Climate and Food (1976). Farmers have
made important adjustments to climate over the centuries, but this can be
done more systematically. Management programs can reduce both risks
and damages caused by weather events. Such programs involve deci­
sions on crop and acreage mixes, pest control, seedbed preparation and
planting, interseeding, timing and amount of fertilizer application, and
harvesting. Animal production also can be adjusted: livestock rations
can be altered to accommodate temperature changes, and animals can
frequently be moved to shelter. Farmers currently alter day-to-day
management practices accoJ;ding to expectations about weather. Im­
proved biological response information and more reliable statements
about anticipated weather would enhance their management capabilities.

Our second priority is the improvement of analytical techniques for
predicting the effects of weather on crops, recognizing that, in large
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part, agriculture must adapt to weather and climate variability. There
must be a better understanding of the responses of plants and animals
to weather and climate variables. The previously recommended basic
crop and livestock research for breeding to withstand greater stress of
temperature and moisture would indirectly help farmers adapt to
weather or climate. The research recommended here concentrates
directly on helping farmers adapt to weather and climate.

Research using statistical approaches to link meteorological variables
with biological responses has relied on bioresponse models. These
models must be made more dynamic. Biological response functions
should be established for several research areas including: canopy
radiation interception, photosynthesis, translocation, respiration, mor­
phology, phenology, root development, soil-plant atmosphere dynamics,
water status, and nutrient uptake.

To pursue both of these research priorities, improved national and
worldwide climatological data bases must be developed. Weather in­
formation needed for various agricultural areas should be identified.
We therefore recommend:

- adaptive research to assist developing countries apply the predictive
models of GARP;

- U.S. information programs to provide farmers with weather and
climate information, including an expanded National Weather Service
Program;

- assignment by the U.S. Cooperative Extension Service of an agricul­
tural meteorology specialist in each state to assist in applying the
research findings in this area.

This entire program must be well coordinated anlOng all agencies
and must keep the final users of the findings in mind. Training programs
must be expanded to provide adequate numbers of highly qualified
people to carry out these activities.

We encourage support for four other areas of general weather and
climate research with implications for agriculture: (1) identifying limits
of weather and climate predictability; (2) within these limits, develop­
ing predictions for three time spans--one month to a season, 1 to 10
years, 10 to 100 years, as well as predictions of climatic variability, at
least for a 5- to 10-year period; (3) assessing people's inadvertent
effects on climate; and (4) assessing the potential for weather modifica­
tion nationally and internationally.
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Potential Effects of Research

The high-income countries must take the lead in this research, but it will
have important effects worldwide. Most production in the developing
countries is highly sensitive to weather, and the vulnerability of farmers
in the developing countries to climatic disasters has been a factor in
some of the most catastrophic events in history.

An estimated three-fourths of the potentially arable land in the
tropics have limited production capacity due to insufficient moisture.
Meteorological services are increasingly used in high-income countries,
but have been used less in the tropics due to the lack of data and
research.

The probability of success with bioresponse models is high since
a strong, well-established base in plant and animal physiology already
exists. Imaginative interdisciplinary research directed toward closing
present gaps in biological response data could result in substantial
model improvements within three to five years. Complex multilevel
models could adequately simulate plant and animal responses in about
a decade. Simulation applicable to tropical areas will take longer, but
special tropical considerations should be built into ongoing research
now.

The effects that managerial and probability research could have are
impossible to estimate. Fundamentally, it builds on the basic biological
research that is given high priority throughout this report. However,
application of that research will often depend upon the research recom­
mended here. The potential effect is not limited to agriculture in the
high-income countries. Identifying the "lead indicators" of some aspects
of climate such as the timing and strength of the Indian monsoons
would facilitate many management decisions. For example, the Indian
Meteorological Service has had some success in monsoon forecasting.
The mean surface pressure over tropical South America during April
and the May snow accumulation over the Himalayas were found to be
correlated with summer monsoon rainfall distribution over India.

The effect of greater accuracy in forecasting would be substantial.
Personnel and institutional support for this research should come
through augmentation of the existing research effort. The resources re­
quired would be $10 million annually for at least 10 years. The agricul­
tural benefits, though difficult to estimate, would be substantial.

The GARP program is not expected to benefit the developing coun­
tries for at least 10 years. In the long run, this program should signifi­
cantly affect weather prediction in the tropics. The meteorological
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programs of many countries should be improved as they are coordinated
into GARP. Countries involved in programs such as the Monsoon Experi­
ment (MONEX) (e.g., India, USSR, and Japan) are already planning
research to adapt the GARP results to their own regions.

The capability to anticipate climate anomalies would markedly help
to manage food storage and distribution. The effect of climate is further
illustrated by research on the relationship of climatic stress to protein
content in rice by the International Rice Research Institute (IRRI).

We do not yet know enough to estimate what effects the four general
weather and climate research areas we recommend would have on food
production worldwide. However, we do know that research on climate
and weather is vitally important, and, if successful, could have dramatic
effects on food production in the future.

MANAGEMENT OF TROPICAL SOILS

Most of the potentially arable land that is not farmed is in the tropics
of Africa and South America, about 1 billion hectares or three-fourths
again as much land as is presently cultivated in the world. Seventy
percent of this unused arable land has acidic soil belonging to the
groups called oxisols and ultisols. Similar soils cover large areas of the
United States.

In some tropical areas,the climate permits production all year. There
are encouraging indications that these two soil types, if handled prop­
erly, can produce high crop yields. However, growing conditions in
many tropical areas are far from ideal, and much research will be
required before cultivated crops can be grown economically and with­
out affecting the environment adversely.

Types of Research

An approximate sequence of research needs is: (1) classifying local
soil types and strengthening of research work in representative loca­
tions; (2) establishing suitable land-clearing techniques where appli­
cable; (3) identifying low-cost, efficient methods of correcting deficien­
cies in soil composition which would be used in combination with new
plant varieties that tolerate local stresses; (4) identifying economical
measures to maintain good soil characteristics for water retention, root
penetration, and other plant needs; (5) developing of suitable cropping
systems and/or forage-animal systems; and (6) adapting emerging
technologies and adjusting them to local ecologic and socioeconomic
needs within specific development projects. Much of this research
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includes experimenting with cultivation practices for improving farming
systems. Tropical soil research should include exploring natural soil­
plant ecosystems to determine how they can best support new high
yielding crop varieties with minimum reliance on chemical and physical
amendments to the soil.

The soil classification work should be complemented by the develop­
ment of a worldwide data base on soils that permits widespread, fast,
low-cost transfer of information. The information should relate physical
characteristics of soils, environmental conditions, and appropriate soil
uses. The oxisols and ultisols discussed above and the wetland rice
production regions should be high priority areas for classification.

U.S. work on soil taxonomy, including experiments with computer­
ized storage and retrieval systems, provides a good base for developing
a data system for worldwide use. Soil scientists outside the United
States have contributed valuable help, and the data are already being
used in many countries. U.S. research organizations also can help with
the methodological components in the research described above, and
they can exchange scientists with the developing countries to facilitate
both site-specific and generic work. Although the needed research and
development is site-specific, findings from similar areas can be widely
transferable.

Potential Effects of Research

The potential of farming the unused acid soil areas of the developing
countries is suggested by recent research in Africa and Latin America.
Two or three crop sequences per year on ultisols with the moderate use
of chemicals have produced yields per crop in those areas that are
approximately 80 percent of yields in the United States. Annual crop
production in those humid lands, if well managed, could be raised to
150 to 200 percent of temperate zone production per hectare. The
much larger savannah areas of oxisols usually support only one crop
per year without irrigation, but can produce year-round with irrigation.
They also have the potential for increasing beef production.

Many of these lands now have a low population density and their
development will involve extensive migration of people, both through
organized schemes and spontaneously. Major commitments have already
been made by some governments (e.g., Brazil, Peru) to open up
substantial areas of land, and other countries may follow with similar
policies. Unless such development is technically and economically
sound, many enterprises will fail. This will result in a permanent loss
of resources on the site, severe damages downstream, and social hard-
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ship as disappointed settlers return to their crowded places of origin.
Managing acid soils with less use of lime and fertilizers is also increas­
ingly important in the United States.

The difficulties of the research problems and of the settlement process
suggest that the major effects of this research on production cannot be
expected in less than 10 to 15 years.

IRRIGATION AND WATER MANAGEMENT

Adequate water is indispensable for plant growth. Having enough
water depends not only on average annual precipitation, but also on the
reliability of supply. Farming systems can be highly productive on
relatively small annual supplies, if the supplies are dependable or if the
soil adequately stores water in relation to variations in rainfall. Unfor­
tunately, precipitation is the most variable and least predictable element
of weather. Large regions of the earth experience variations of as much
as 40 percent from their average precipitation. Despite ample average
rainfall, three-quarters of the area farmed in the tropics is limited in
productivity during part if not all of the year because of insufficient
moisture. The water problem for world agriculture is, thus, not total
water availability, but when and where water is available.

Today, 14 percent of the world's farmed area is irrigated and the
percentage of food produced on irrigated land has increased substan­
tially. Various estimates suggest that the area irrigated could be more
than doubled. However, as most of the world's farmers will not have
access to irrigation, there is also a great need for improved water man­
agement in rainfed agriculture.

Water use in irrigated agriculture is too often grossly inefficient.
Known principles and techniques are not applied, often because of policy
and institutional restrictions. Present practices frequently lead to water­
logging and salinization, which decreases productivity. More often they
waste both water and energy and degrade water quality.

Research is needed to increase efficient uses of water, including
research to adapt known principles and techniques to actual situations.
Comprehensive programs in water management adapted to specific
local conditions should be developed. Policy and institutional research
needed in this area is mentioned in "National Food Policies and Or­
ganizations."

Types of Research

Two approaches to the water problem are generally applied, and we
propose research priorities in both. One involves altering physical
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conditions to provide optimal water supply for maximum crop produc­
tion. The other is concerned with adjustment of overall farm manage­
ment operations to improve crops under varying conditions of water
availability.

Research on physical conditions includes adjusting tillage and crop­
ping practices so that soil can retain more moisture; improving irriga­
tion technology and related work to improve drainage and salinity
management; and improving watershed management to maximize water
supply reaching the root zone of crops and to reduce erosion and soil
deterioration on watersheds and cultivated land.

Research on irrigation should concentrate on providing crops with
low-cost, efficient, uniform supplies of water. Attention should be
given primarily to the farm field and the root zone of crops. In the
developing countries, research should concentrate on small farm and
community irrigation systems, including provision of supplemental or
partial irrigation from groundwater or locally stored supplies, and on
the need for managing such systems locally. There should be more
opportunities for combining sophisticated concepts with simple tech­
nologies for practical application in the developing countries, e.g.,
computer modeling of the structuring and operation of systems to
deliver water to farms, coupled with simple delivery systems at the
local level; or use of advanced methods such as laser technology to
survey areas suitable to land leveling, even where oxen could be used
to move the soil.

Improvements at the farm level depend, in the case of larger water
supply systems, on the ability of the farmer to obtain water at the time
and in the quantity required. Thus an important interaction exists
between centralized water management/planning and onfarm water
utilization. The structure of an irrigation system can place severe
restraints on the irrigator's options to apply sound conventional or
innovative water management and practices. Plans are currently being
prepared to extend irrigation to millions of additional hectares, and
these plans should take into account the interaction between farm use
and the water supply system.

Improvement of farm management operations should combine field
experiments with plant modeling and systems analysis. An encouraging
start has been made on techniques for computerized simulation model­
ing that will help to identify the most promising combinations of crop
varieties, planting dates, plant population density, and water manage­
ment practices to guarantee optimum use of available moisture. For the
development of optimum management schemes, such research needs to
be closely coordinated with work in breeding and genetics to select
cultivars best suited to the environment. Although these techniques are
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still primitive, some early applications have already contributed to large
improvements in yield.

The ecology of parts of the United States has much in common with
that of the developing countries. The United States, therefore, has had
much experience with water management research that is relevant to the
developing countries. Further, it has accumulated substantial worldwide
experience with these research problems, primarily in connection with
AID programs. Thus it can do valuable functional work here that would
be useful overseas, and can participate in international research net­
works to extend and adapt this generic research overseas through local
research on farming systems or on irrigation and water management.

Potential Effects of Research

Three-fourths of the farmland in the developing countries is limited in
productivity because crops do not receive enough moisture. Additional
soil is lost through erosion and waterlogging. Improvements in water
management could double yields over substantial areas. Small expendi­
tures on research and development could produce large benefits, par­
ticularly for small-scale supplemental irrigation.

With this research, large investments in water resource development
would be more likely to yield projected benefits, and could prevent
losses of soil and water quality that are largely irreversible.

This area of research requires applied work that could produce
results in the near future on a wide range of water problems that restrain
crop production in the developing countries. Research could help over­
come the management constraints placed on the farm irrigator by the
social framework in which he or she operates, or by the lack of effective
local organization. Larger improvements can be made over the longer
run as the more fundamental research produces results. These would be
valuable for the developing countries.

FERTILIZER SOURCES

The use of chemical fertilizers is usually the most rapid means of
increasing farm production. In the tropics, nutrient deficiencies are
particularly great (see also "Resistance to Environmental Stresses").

Results from research on biological nitrogen fixation may require as
much as 15 years, and will not cover all crops and situations. Thus
requirements for inorganic nitrogen fertilizers are likely to expand.

Two areas of research are recommended for developing new sources
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of fertilizers: (1) identifying less expensive methods of producing nitro­
gen fertilizer that do not use the increasingly scarce natural gas and
petroleum that are the principal raw materials for current production,
and (2) designing fertilizers that are most efficient for use in the tropics.

Fortunately, the United States has, at the Tennessee Valley Authority
(TVA), the strongest fertilizer research capacity in the world. TVA also
has had extensive experience in the developing countries. This experience
provided the initial base for establishment of the autonomous Inter­
national Fertilizer Development Center (IFDC), which is dedicated to
work on the fertilizer needs of the developing countries. IFDC is located
alongside TVA'S fertilizer research facilities, permitting close technical
cooperation between the two organizations. These two institutions could
lead the research recommended below.

Types of Research

Several high priority lines of research are recommended for providing
more economical sources of nitrogen fertilizer.

Research is needed on new methods of producing ammonia, the base
of fertilizer nitrogen. The most promising approach for replacing the
current production process is to develop an improved process for pro­
ducing ammonia from coal. Study Team 4 thinks that U.S. research in
this area has a high probability of success and would provide a 25 per­
cent reduction in energy use for ammonia production.

Another technically promising route is to improve processes for con­
verting waste hydrocarbons to ammonia. However, there are doubts
about the cost efficiency of this procedure, particularly for large-scale
production. This may become a useful approach for small-scale produc­
tion in developing countries lacking coal, petroleum, or natural gas.
U.S. interests are likely to expand because of growing waste disposal
problems. IFDC, AID, the Environmental Protection Agency (EPA), the
Energy Research and Development Administration (ERDA), and FAO

or other organizations providing assistance to the developing countries
could collaborate in this area.

New means of producing hydrogen, a primary input in the production
of fertilizer nitrogen, could eliminate dependence on conventional hydro­
carbon sources. Processes involving hydrolysis of water may have some
appeal in locations where enough low-cost energy and water are available
to permit economical use. Other processes, although possible, have
shown only limited promise.
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In the long run, it may be possible to develop an industrial process to
draw nitrogen from the air and produce ammonia under natural pressures
and temperatures. This would emulate biological nitrogen fixation and
would be a major scientific and technological breakthrough. Because of
the tremendous effect this line of research could have, the exploratory
phases of fundamental research to determine its feasibility should receive
stronger U.S. support.

The second major area of research is the formulation of new types of
fertilizer needed for the tropics. Aside from nitrogen, the most important
current need is lower-cost sources of phosphorus. This mineral is par­
ticularly needed for productive farming on the acid soils predominant in
the developing countries. Rock phosphate can sometimes be substituted
for the highly processed phosphate fertilizers generally used. Current
industry standards for phosphorus, based on experience in the temperate
regions, may need to be modified for the use of phosphorus in the tropics.
The current methods of production are effective on 15 to 20 percent of
the world's known phosphate ore reserves and frequently use only 40
percent or less of the phosphorus in this ore. Better processing methods
must be developed to permit use of a larger percentage of the known
reserves and to increase the recovery percentage. IFDC, in cooperation
with scientists in Brazil and other places, is giving this work top priority.

Large areas of the tropics often lack sulphur and a variety of micro­
nutrients, which need to be incorporated into mixed fertilizers. Require­
ments for individual nutrients in the developing countries differ from
country to country. Fertilizers should be designed to release nutrients
slowly, thereby providing plants with nutrients throughout more of the
growing cycle and preventing the loss of nutrients caused by leaching.
Fertilizer could then be applied less frequently and in smaller total
amounts. One important goal is to reduce the amount of nitrogen lost
to plants from evaporation or from leaching. One-half to three-fourths
of the nitrogen in fertilizers is dissipated in this way. It has been esti­
mated that evaporation depletes the nitrogen in world soils by 120 mil­
lion tons annually, almost three times the amount of nitrogen applied in
the form of chemical fertilizers.

Research on the better provision of plant nutrients must combine
proper use of fertilizer sources with alternative strategies, several of
which have already been mentioned. Another important strategy is the
recycling of organic wastes. Only by effectively combining all strategies
can we provide a long-term, stable source of plant nutrients with a rea­
sonable dependence on exhaustible mineral and energy resources.
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Potential Effects of Research

Research to improve methods of producing nitrogen will be particu­
larly valuable for the coal-rich countries that currently, or that will, im­
port large amounts of petroleum or natural gas, e.g., the United States
and developing countries such as India, Pakistan, and Bangladesh. Suc­
cess is probable within 10 years, given the current technology base.

The advantage of converting wastes to ammonia is the substantial and
rapidly growing supply of this raw material for the production of fertilizer
nitrogen.

Developing an improved industrial process, which uses less energy, to
draw nitrogen from the air may be the ultimate solution. If exploratory
results confirm the feasibility of this process, research in this area should
become a major U.S. priority, involving both government and industry,
with possible collaboration by other countries. Large commercial appli­
cations are a long-term prospect.

Success in developing better fertilizers for the tropics would lower the
costs and increase the effectiveness of fertilizers used in the developing
countries and also has U.S. applications. Such research will probably
produce a series of modest successes that, cumulatively, will influence
food production substantially in the developing countries.

RUMINANT LIVESTOCK

Animal products are a major part of the world's diet. In the United
States, livestock produce two-thirds of the protein, one-half of the fat,
one-third of the energy, four-fifths of the calcium, and two-thirds of the
phosphorus for human consumption. In the developing countries, animal
products are a much smaller though still important part of the diet-they
provide 10 percent of the calories and 20 percent of the protein.

Animals increase the supply of food for humans by consuming re­
sources that otherwise would contribute little to feeding people. These
include forages from grasslands and other ranges, plant by-products,
cellulosic wastes, crop residues, and browse. These resources are best
suited as feeds for ruminants such as dairy and beef cattle, water buffalo,
sheep, goats, llamas, alpacas, and wildlife. Other resources are best suited
for swine and poultry. These include roots, nuts, insects, vegetables, fruit
crops, garbage, animal wastes, animal by-products, plant by-products,
and plants with only moderate fiber content. Edible coarse grains may be
used by all livestock and poultry when the supply of these grains exceeds
that needed by humans. In some countries, small animals such as guinea
pigs, rabbits, and game animals eat certain feed resources not used by
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humans. Crop production will continue to yield inedible plant materials
acceptable for animals. On most croplands almost half of the total di­
gestible energy of the plants is left after harvest. Two-thirds of the
world's agricultural land is in the form of permanent pasture, range, and
meadow, of which about 60 percent is not suitable for cultivation.
Food processing and industrial wastes also can be used by animals.

Animal production has increased rapidly and can be increased even
more. Animal production can playa more important role in the develop­
ing countries, but great care is needed in devising range management
systems that avoid overgrazing or other ecological problems.

Most of the world's potentially arable land that is not farmed is in the
tropics. However, it will be a long time before most of this land can be
cultivated productively. Other huge land areas, suitable only for grazing,
are best used by ruminants, especially by beef and dairy cattle which
now produce almost half of the world's meat products and most of its
milk products. Cattle are the dominant ruminants in the United States.
Therefore, research on these ruminants should benefit both the United
States and the developing countries.

This research also can result in some U.S. input into worldwide re­
search on other ruminants, such as sheep, goats, and water buffalo. These
and small farm animals such as swine, poultry, rabbits, and guinea pigs
need to be considered in research on farm systems in the developing
countries.

Types of Research

Research should simultaneously pursue improvements in three areas:
( 1) forage production for ruminant livestock, and other related means
to upgrade wasted or underutilized materials; (2) animal health; and
(3) animal genetics and reproduction.

The improvement of forage and ruminant livestock requires a well­
planned, interdisciplinary approach. Improvements in animal health and
genetics can result in better utilization of feed. Conversely, better feeds
improve disease resistance, health, and reproductive rates. Beyond their
value as feed, improved forages are an important means of increasing
soil fertility..

In the developing countries, research is needed on the selection and
improvement of forage plants, especially tropical legumes that can spread
rapidly on tropical ranges and pastures and provide more digestible
energy and protein. Greater use of trees and shrubs should be considered.
Forages provide all but a small part of the feed for livestock in the devel-
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oping countries and over half of the feed for ruminants in the United
States. Forage research should be coupled with experimentation on ec0­

system management, on both small and large ranges. The natural and
socioeconomic factors found in the principal grazing areas also should be
considered. Forages may provide the ground cover needed to reduce
soil erosion. Rangeland carrying capacity can be greatly increased by
improved legumes and grasses and the use of better management
practices.

As noted in the sections, "Resistance to Environmental Stresses" and
"Management of Tropical Soils," many tropical soils are acidic. Thus
basic and applied research on the genetic tolerance of forage plants to
these soils will be of value for animal production, as will some aspects of
research on pest control. For example, insects reduce livestock efficiency
and cause disease, and weeds reduce feed efficiency.

Research on contagious animal diseases is critically important for
livestock programs in the developing countries. Epidemic disease control
should be supported by research on the socioeconomic effects of the vari­
ous diseases and on disease control procedures, including infection of
humans. Some animal owners may resist using measures to eliminate
animal diseases, and there are other difficulties in implementing control
procedures in the developing countries. But this area has demonstrated
benefits. Some of the endemic disease research being undertaken in the
United States will have worldwide effects, especially in the longer run.

Genetic research on livestock should concentrate on developing su­
perior animals that can consume low quality diets and that are more
resistant to disease. This work should expand ongoing research on
genetics, nutrition, and reproduction physiology, and should seek the
higher net product return gained by increasing the number of offspring
per head of breeding stock. Research also should be undertaken on im­
proved feeding and management at critical times in the life cycle.

All types of research, from fundamental to applied experimentation,
are required for animal production. Not as much fundamental research
on animal problems has been conducted in recent years, but it should
receive increased funding.

Multidisciplinary teamwork and coordination between plant and ani­
mal research are necessary for solving most of these problems. Inter­
national research collaboration should integrate knowledge provided by
U.S. research facilities, the international agricultural research centers,
and the national programs in the developing countries. Personnel in the
developing countries must be trained. USDA should seek to coordinate
U.S. support for this research, support which should be increased, in­
cluding support of the AID-sponsored consortium of U.S. universities.
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Potential Effects of Research

Research on ruminant livestock and forage will permit us to capture one
of the world's largest wastes of potential food supply. This expansion
need not compete with land needed for grain production. Increasing the
availability and digestibility of lignin and cellulose for ruminant livestock
could increase ruminant output in some developing countries by 25 to 50
percent. Complementary to this would be improvement in the nutritive
value of indigenous feedstuffs. For many nations this could result in a 20
percent improvement in animal performance. The United States has a
substantial stake in this research. Improved forages can help release
grain for human use and expand acreage available for food production.

Research on animal diseases could ultimately result in opening up
large new areas of production. Approximately 700 million hectares in
Africa, capable of supporting 125 million cattle under good manage­
ment, now support only about 8 million cattle because of the prevalence
of trypanosomiasis. FAO estimates that the developing countries lost
30 million tons of milk and 15 million tons of meat and eggs from animal
diseases in 1970---and this is a conservative estimate. The United
Kingdom spent $425 million eliminating an outbreak of foot-and-mouth
disease in 1968. A similar outbreak in the United States, if it remained
uncontrolled, would cost $10 billion in a year, according to USDA

estimates. The elimination of some animal diseases also could eliminate
some of the same diseases that affect humans.

A recent case illustrates the potential of research on animal diseases.
A successful U.S. vaccine against Marek's disease in poultry was used
worldwide following its development in 1969. In the United States, it
reduced condemnation losses in broilers from 1.57 percent in 1970 to
less than 0.25 percent in 1974. Over the same period the mortality rate of
layers was reduced by 14.8 percent. The return on the research invest­
ment for this vaccine has been estimated at 220 percent per year.

Improving animal health in the developing countries could reduce the
danger of importing animal diseases to the United States. Diseases have
prevented imports of animals and animal products and have inhibited the
international exchange of animal germ plasm and the introduction of new
breeds of superior livestock.

Research on genetic improvement in livestock would make it possible
to implement new programs and to upgrade existing ones substantially.
The development of highly productive milk animals in the lowland
tropics should result in annual increases of 500 to 1,000 kilograms of
milk production per cow within 10 years. The United States has doubled
the level of milk output per cow within the last 25 years. Crossbreeding
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Zebu with Criollo (native) cattle in Latin America has already increased
pregnancy rates and carcass weights by at least 15 percent, and this
figure can be increased substantially. Estimates are that nearly 50 percent
of the potential numbers of animals of the major livestock species in the
United States and other high-income countries are lost because of low
reproductive performance, prenatal and postnatal mortality, and poor
management. Losses in the developing nations exceed those in the
United States.

Animal production often can be developed faster than new land can
be developed for crops. This helps open up new settle~ent areas which
gradually include more cropping. Forage production may also improve
the fertility of these areas. Cattle also can provide agricultural power and
fertilizer in mixed farming systems and can convert agricultural residues
to food.

Animals are an important stockpile of food and capital for the
developing countries. The total caloric worth of worldwide animal stocks
in 1974 was 50 percent more than that of grain stocks, and the former
were more evenly distributed.

In addition to providing nutrients directly and supporting of rural and
industrial development, this research could increase personal incomes
and foreign exchange earnings for several low-income countries.

AQUATIC FOOD SOURCES

Fish are an important component of total human and animal food in­
take. They are equivalent nutritionally to meat in protein, low in satu­
rated fats, and high in essential minerals. Fish are culturally acceptable in
areas suffering from malnutrition where there are cultural inhibitions to
the use of other animal foods. At least 750 million people in the Pacific
basin, Southeast Asia, the Indian subcontinent, and coastal Africa and
South America derive 50 to 85 percent of their animal protein from fish
harvested from coastal zones, estuaries, and fishponds.

In 1974, the world commercial production of food products from
fresh and saltwater was about 70 million tons, excluding whales and
seals. About 86 percent of this came from oceans, and the remainder
from freshwater. About 5 percent of the total consisted of shellfish.
Five million tons were obtained from aquaculture or fish farming, mostly
in freshwater.

Until 1969, the annual rate of growth of the world catch from marine
fisheries was nearly 8 percent. Between 1969 and 1975, the annual
growth rate fell to slightly more than 2 percent, largely because of a
decline in the Peruvian anchovy catch. Although some of the contributing
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factors may be temporary, there is also overfishing of some stocks and
increasingly damaging pollution in certain coastal areas. The catch of
many major commercial ocean species is at or near its sustainable
maximum.

However, the world catch could be increased by the development of
capture techniques and markets for some underutilized stocks such as
herring-like species, squid, and unused stocks like krill and deeper swim­
ming fish. This would require costly technology. It is estimated such
technology could result eventually in a fourfold increase in catch. How­
ever, there is the possibility that oceanic food chains would be affected
adversely. The high-income countries in the temperate regions would
benefit primarily from this effort rather than the food-short nations of the
developing world.

In several regions of tropical seas, the upgrading of traditional fishing
and processing methods could lead to an additional harvest of 20 to 30
million tons which could be used directly in countries now suffering from
hunger and malnutrition. This would require little production research
but realization of the gain would depend on technical and social research
on the processing and distribution of the new harvest and traditional
catches.

Optimally, developing aquatic food sources faces unique and difficult
management problems. The seas are a common property resource that
increasingly will come under national management. However, many
stocks of fish cross national boundaries; thus effective management re­
quires regional as well as national institutions. The United States has a
great deal of expertise in the management of international fisheries,
derived from its pioneering work with commissions and treaties. There­
fore, the United States should be able to assist the developing nations in
interdisciplinary work on policy problems concerning the development
of aquatic resources and management.

Types of Research

Fisheries and aquaculture differ. A fishery is essentially a gathering of
wild animals, whereas aquaculture employs varying degrees of direct
animal management. Applying research to increase aquatic animal pro­
duction is promising in both of these areas.

The first major priority is to reduce waste and to upgrade the final
product through processing. Twenty-nine million tons of the 1974 com­
mercial catch of 70 million tons of aquatic products were converted to
fishmeal and oil. At least 20 million tons of the world catch are wasted
in processing fish for human consumption. That leaves about 20 million
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tons or less for direct human food. In addition, close to 10 million tons
of secondary or by-catch fish are discarded by the fishing boats. It is
estimated that shrimp fisheries alone will produce 10 to 20 million tons
of such by-eatch by 1985.

To make fuller use of the world fish catch, we must: (l) improve
methods of pick-up and transfer of fish at sea, (2) preprocess by-catch
species on shipboard, (3) process fish currently used for conventional
fishmeal to extract proteins for high-grade animal or human food,
(4) upgrade portions of fish now underutilized in order to formulate
prepared food items for direct human consumption, and (5) develop
intermediate processing technologies that are particularly applicable in
the developing countries. Technologies to reduce spoilage of the highly
perishable fish products are needed at all stages. This work is aimed pri­
marily at marine fisheries, but parts of it would reinforce the develop­
ment of aquaculture in fresh and brackish waters.

The second major priority involves two lines of research on aqua­
culture:

- A long-term research effort to improve the breed and supplies of seed
stock of aquatic animals should be undertaken, concentrating on
tropical or semitropical locations. However, basic science support
could be provided elsewhere. The principles of genetic selection have
been applied to a few species found in the temperate zone and re­
cently to tropical species through the controlled spawning of grey
mullet and rabbitfish. Research in other countries has resulted in the
controlled spawning of marine shrimp. Reproduction in these species
can now be sufficiently controlled to permit studies of selective breed­
ing. In the near term, however, the foremost task is improving the
survival rates of offspring. The ultimate aim is to produce breeds of
marine animals that are superior in growth, resistant to disease, adapt­
able to local conditions, and that show hybrid vigor. Beyond straight­
forward selective breeding, other more sophisticated genetic manipu­
lations also appear to be technically feasible.

- Research also should be undertaken to improve the uses of managed
waters in the tropics, mainly for polyculture (the growing of several
compatible species of fish in a single body of water or enclosure).
It is expected that polyculture will eventually become the primary
mode for the cultivation of aquatic animals in the fresh and brackish
waters of the tropics.

Much of the research for the expansion 9f fish production through
aquaculture must take place in the production areas themselves, and
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to this end a number of national and regional research centers have been,
or are being, established, in many cases with help from international
sources. The United States has a great deal of competence in basic and
applied animal nutrition, including fish (for example, Auburn University
has had wide experience in the developing countries with research, tech­
nical assistance, and training in aquaculture. Some of the U.S. experience
in animal genetics and breeding could be applied to research on fish.
With support from AID and perhaps from the Departments of the Interior
and Commerce, these U.S. capabilities could contribute significantly to
international collaboration on research and development.

Facilities for research on aquatic food sources should be established
at one or more of the existing centers that have access to local deliveries
of fresh fish, extension and training facilities, and the capabilities for
fishery or aquaculture research.

U.S. centers with such capabilities should be linked with the appro­
priate centers in the developing countries. A number of institutions could
participate in this research: the National Marine Fisheries Service and
the Sea Grant Program in the National Oceanic and Atmospheric Ad­
ministration, the Department of Interior, AID, FAO, the International
Development Research Centre of Canada, and the International Center
for Living Aquatic Resources Management (ICLARM), a Rockefeller­
initiated, nonprofit research organization located in the Philippines.

U.S. research and technology capabilities also could be applied, albeit
at an exploratory level of effort, in several areas of aquatic food produc­
tion, such as: (l) aquaculture associated with the production of electric
power from the temperature differential of surface and deeper layers of
water in tropical seas, a prospect now under scrutiny in the United States
(deeper waters are rich in nitrates and phosphates, which are conducive
to aquatic animal husbandry); (2) the selection for ranching, through
the appropriate hatchery operations, of species that could be sent to
pasture in large artificial lakes as well as in the ocean inside and outside
the 200-mile extended economic zones; (3) the application of satellite
technology for locating schools of fish; and (4) the development of
bioengineering devices for herding and/or capture of fishes by means of
light, sound, or scent. Research in these areas can take advantage of
technology development that will proceed for other reasons.

Potential Effects of Research

Research that would enable a fish catch to be used more fully could
produce results within a fairly short period of time. These results would
be useful both to the United States and to the developing countries. The
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newly established 200-mile offshore jurisdictions, which extend the area
in which countries have exclusive fishing rights, make investments to in­
crease production in these areas more worthwhile.

Research could greatly reduce the extent of the global waste of fish
catch. It is estimated that the amount of fish protein directly consumed
by humans could be doubled without increasing the present world catch.
Technically these developments could take place within the next decade.

Research on aquaculture will raise yields over time. Study Team 3
estimates that the annual yield of pond fish in Southeast Asia could be
raised five times its present average of 600 kilograms per hectare through
polyculture coupled with improved nutrition. This potential combined
with the growing interest of the developing countries in aquaculture, both
at the village level and in large commercial operations, promises substan­
tial gains.

Genetic improvement will permit larger-scale gains needed in the
longer run. The breeding potential of tropical aquatic species has
scarcely been tapped; therefore, some early gains can be expected. Fish
geneticists estimate that selective breeding alone could soon increase
production 2 to 5 percent per year. Advances made in breeding miIk­
fish, mullet, and tillapia, for instance, could eventually result in the
production of several million additional tons of these and similar fish.
Such increased production would greatly benefit the poor who live in
Indo-Pacific coastal areas. Indeed, the world has not begun to realize
the potential inherent in the genetic improvement of aquatic animals.

F ARM PRODUCTION SYSTEMS

A major problem constraining the use of new technology by farmers in
developing countries is that technology usually comes to them, if at all,
in disconnected pieces. Thus they have difficulty fitting it effectively
into their farming and social systems. Research on how those systems
are constructed is of high priority. Since farming systems involve many
factors, the research must be multidisciplinary. The perceptions of those
people in the system who affect farming practices, such as farmers,
village leaders, and managers of governmental and private services, are
important factors to consider.

Often traditional farmers have, through centuries of experience,
developed great skill in agriculture and animal husbandry within the
bounds of the technologies available to them. The approach to increas­
ing their production must begin with understanding what traditional
farmers do, why they do it, and the results that they produce. Much
can be learned from their experience and skills. Modem research
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should be used to explore ways to improve their production and income.
It is important to recognize the wealth of resources often found in

the tropics. In Nigeria, for example, one may find single communities
that cultivate more than 50 plant species that comprise their food
supplies. As new farming systems are introduced, the value of these
riches in terms of dietary variety, seasonal distribution, resource
utilization, and ecological equilibrium must be maintained and en­
hanced.

Two common constraints are important in shaping farming systems.
First, small farmers in developing countries often cannot finance large
amounts of purchased inputs and their ability to do so will increase only
gradually as their farms grow more productive and market conditions
become more favorable.

Second, labor problems are complex. In some rural areas, even
though there is large-scale underemployment, labor shortages may
occur, particularly in planting and harvest periods. Traditional tech­
nology has contributed to poor living standards and to large-scale
suffering in many rural areas. The backbreaking work, accompanied by
nutritional inadequacies and an unsanitary environment, has made
rural life undesirable to many, and they seek escape in the cities.

Improved farming systems in most developing countries should be
relatively labor-intensive due to the shortage of capital and under­
employment of labor, particularly where labor/land ratios are high.
Innovations are needed to reduce the onerous aspects of farm work,
to spread work more evenly throughout the year, and to use the year­
round production potentials of the tropics to their maximum advantage.
Such improved systems, however, should not become heavily dependent
on purchased inputs.

Research on farm production systems has excellent prospects for
greatly increasing production, income, and social well-being. It should
include:

- selecting crop combinations with regard to effects on total income
and nutrition;

- introducing improved varieties of crops and animals that permit
higher yields, increased annual production per farm, and more
stable incomes through adjustments in the length, timing, and mix­
ture of growing seasons;

- preserving the diversity of species and protecting soil resources for
long-term production;

- experimenting with crop combinations, sequences, and improved cul­
tivation techniques that will keep the need for purchased inputs low;

- designing equipment to meet the needs of small farmers for tillage
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and other cultivation, irrigation, farm storage, and crop handling;
- improving the organization and administration of local services;
- improving the management skills of farmers and housewives needed

for the production, preservation, and consumption of food.

Natural and social scientists should collaborate to tailor these pos­
sibilities to the realities of the farmer's socioeconomic environment.

Research on farming systems at the International Institute of Tropical
Agriculture (UTA) in Nigeria and at the International Rice Research
Institute in the Philippines suggests that such work can bring large pro­
duction and associated nutritional, income, and ecological benefits. For
example, UTA is experimenting with systems that use a pennanent green
ground cover and no tillage. Two crops (one cereal and one legume)
are planted through the ground cover three times per year. Complement­
ing these biological technologies are specially designed types of light
equipment that are inexpensive, use little energy, and are easy to manu­
facture, operate, and maintain. Results include tripling of annual yields,
improved soil fertility and moisture retention, reduction in soil erosion,
improved weed and other pest suppression, lower inputs, elimination of
the heaviest labor, and spreading of labor requirements much more
evenly over the year.

Other farming systems are being designed at the International Crops
Research Institute for the Semi-Arid Tropics (ICRISAT) at Hyderabad,
India, to meet the environmental stresses encountered in the semiarid
tropics where there may be alternately too much or too little water. The
emphasis is on "water harvesting," monitoring the water balance, and
evolving systems that maximize the productive use of labor, fertilizers,
improved crop varieties, and the many other improved technologies
available.

U.S. domestic circumstances are beginning to stimulate new interest
in research on a number of the same problems that are common in the
developing countries, especially with small farms. Examples include:
reduced tillage coupled with herbicides for weed control to conserve
energy and soil and to reduce the need for pesticides; reduced use of
other high-cost and high-energy inputs; new types of multiple cropping,
and the engineering of crop varieties to fit new multiple cropping
systems; and the recycling of organic matter.

Types of Research

One line of research is the improvement of methodologies used to
identify farming systems that are well adapted to the local ecosystem and
socioeconomic environment (see the report of Study Team 4). Com-
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parative analyses of existing traditional, modem, and mixed systems are
needed to establish what works, what does not, and why. Systems
research is providing new analytical tools that can be applied to complex
problems in this field.

Research also is needed on multiple cropping systems including
improvements in the plant and animal components, in cultivation prac­
tices, and in pest control and other stress resistances. The purpose
is to achieve farming systems that satisfy such goals as expansion of
output and income, food security, and nutritional improvement. Farm­
ing systems also should provide for conservation.

Research is needed on: interactions among crops growing together
and sequentially; interactions among plants, soil, water, and animals
(sometimes including fish); recycling of organic matter through the
system; effects of all this on tillage and other cultivation practices;
interaction of the whole on pest control; and other critical factors.
Studies should not be restricted to the traditional crop species, but
should include a wide variety of plants, including trees, in carefully
balanced and well-integrated production systems, including those on
small farms. Diversification of crops and animals contributes to food
security for the family, locality, and nation.

Research on farming systems may identify desirable characteristics
of crops and livestock that have been neglected in prior research.
Characteristics can be identified that have production, nutritional, and
marketing advantages for local systems and for work on improved
varieties.

Soil and water management is another important research area for
particular farming systems. Systems built around zero or minimum
tillage are especially important in the humid areas of the tropics. The
objective is to maintain or enhance soil tilth and fertility and to use the
available water resources more effectively, reducing the fluctuations in
crop production from season to season.

Work also is needed to develop equipment to make multiple cropping
systems feasible and to improve labor use. A need exists for inexpensive,
easy-to-operate equipment appropriate for use in the tropics. Such
equipment can be designed, as the work of IITA and IRRI illustrates.

Changes in the farming systems of developing countries can improve
the status of women and children. Frequently women and children
contribute much of the labor on the farm but receive relatively small
shares of the gains. Farming systems and institutional arrangements
that reduce drudgery, give women better access to services such as
credit for their own farming enterprises, or release children for more
education would bring great social gain.
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The types of research needed are location-specific, but the United
States can contribute in several ways. This country is experienced in
methodological research and farm management economics. The devel­
oping countries are short of skilled people for farm-level empirical
analysis. The United States can provide methodological training and
specialists who are needed for farming systems work in the developing
countries.

U.S. agricultural and social scientists also could be assigned to work
in the developing countries as a part of local teams. USDA scientists could
participate in this undertaking in the context of the international mandate
proposed in Chapter 3.

The United States should support international research collaboration
on farm management systems. A small but promising start has been
made by several international centers and by some U.S. institutions.
This work should be expanded.

Potential Effects of Research

Food production on currently farmed land in the humid tropics can be
increased, perhaps by as much as fourfold in the long run. The intro­
duction of new farming systems, requiring minimal resource inputs,
should play a vital role in this regard. Substantial but more modest
increases in yield per hectare seem likely from improving farming
systems in the semiarid tropics.

Farming systems in the developing countries also would benefit from
a continuous flow of results from the fundamental and applied research
suggested earlier in this chapter.

Food Marketing

The importance of research on food production and nutrition is widely
accepted. Less accepted or appreciated has been research on the
problems associated with food marketing. Yet, research on the market­
ing, processing, preservation, and distribution of food could result in
reduced food costs and could stimulate both production and consump­
tion, particularly in the developing countries. The kinds of research
necessary vary widely among countries and are related to such factors
as state of technology, extent of urbanization, level and distribution of
income, size of country, nature of the production and consumption
systems, and distribution of population. The research must be flexible
and often oriented toward adaptive work.
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The quantity and quality of food available to consumers depend in
large part on the efficiency of a chain of services linking production
with consumption. The chain can be short, involving only the farmer
and household members; intermediate, as in the farm-market system in
which farmers bring their produce to local marketplaces; and long, as
in the complex marketing systems of the high-income countries.

Most farmers in the developing countries produce some part of their
output for sale, and do not produce all the food they consume. Thus the
efficiency of food marketing plays a major role in even the least
developed countries and rural areas.

To improve the quantity and quality of foods consumed in the
developing countries and the real incomes of producers and consumers,
a number of improvements are needed in the marketing chain:

- reduction of waste;
- reduction of costs;
- better maintenance of food quality, or enhancement by fortification

or other processing;
- wider and more even distribution of supplies over time and space;
- better communication of consumer demands to producers.

The lines of communication between producers and consumers are
particularly poor in the developing countries. Farmers would produce
more and different kinds of food if they were better informed about
consumer demand, and consumers would buy more and different kinds
of food if they were available.

Another characteristic of marketing in some developing countries is
the predominant role of women in the processing and trading of food.
Research must take this characteristic into consideration. Often the
role of women extends beyond selling in the local market to operating
large-scale, sophisticated marketing services, e.g., the wide-ranging
marketing trucks of West Africa. In many areas, female entrepreneurs
may need only modest encouragement and opportunity to expand and
improve distribution and processing.

The U.S. food marketing and distribution system is complicated and
advanced. Marketing services absorb about two-thirds of the average
consumer dollar spent on food. This system requires continuous
research on advanced technology, basic food science, and the policy,
regulatory, and economic problems of marketing. Some information
from U.S. research, when properly adapted, can be used by the
developing countries.

U.S. marketing technology is largely in the hands of private enter-
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prise whose entry the developing countries are often reluctant to accept.
Thus there are special problems in making U.S. research skills in
marketing available to the developing countries. The policies and in­
clinations of the developing countries in this area must be considered,
together with the regulatory policies that most governments have
affecting the incentives of farmers, the structure of markets, and the
role of private enterprise in improving marketing technology.

U.S. research could benefit from participating in work on some of
the food marketing problems in the developing countries. We recom­
mend two research areas: reducing postharvest losses and expanding
markets.

POSTHARVEST LOSSES

Decomposition can set in as soon as food is harvested. It is estimated
that in some parts of the world as much as 50 percent of the food supply
from plants and animals is lost between harvest and consumption. In
humid tropical climates, the problem is acute since food deteriorates
rapidly and refrigeration is inefficient, costly, and scarce. We need to
know more about the magnitude and nature of these losses. Technology
must be relatively low-cost, simple, and easily applicable in rural areas
if it is to be effective among the poorest populations of the world.

Types of Research

The most important immediate research task is to establish more accu­
rately what the losses are by commodities, by country, and at different
levels in the marketing chain. Research then must determine whether
these losses are attributable to poor management, inappropriate pricing
and policy, or lack of needed technology. Lines of research and devel­
opment that promise the most improvement at the least cost then could
be chosen, both for the high-income and the developing countries.

AID and other development assistance agencies have already under­
taken some of this exploratory work on postharvest losses. Three lines
of research seem especially promising.

First, efforts on preharvest pest control should be extended to the
postharvest phase. Similar technology can be applied, but new elements
such as inexpensive and pest-resistant containers become more im­
portant as the food moves closer to markets. The development of new
packaging materials is important.

Second, technologies for food preservation in the humid and arid
tropics should be improved, particularly for use at the farm and village
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levels but also for urban use. One approach is to modify traditional or
new technologies now being used to make them work better. Because
women are most often responsible for the preservation of food, research
workers should learn from them the methods they use. Women should
also collaborate in the development of any improvements that can be
made.

Local methods can be supplemented by new technologies created by
food and materials science. Technologies that should prove useful in­
clude partial dehydration, fermentation, use of solar or other energy
sources for preservation, and even in some cases more energy-eostly
microwave methods combined with airtight packaging and storage. Plant
species that are genetically resistant to particular types of deterioration
also should be investigated.

Extending the life of perishable products by three or four days, with­
out the use of refrigeration, would improve the family diet and greatly
expand the market radius for farmers in the developing countries. Fur­
thermore, food products must be preserved for longer transportation
routes and longer time periods.

Third, food storage must be improved. Bacteria usually cause spoil­
age, but huge losses are also attributable to pests and rodents, spillage,
pilferage, and water damage. Research in this area also should consider
partial processing.

This research can be carried out both in the developing countries and
in U.S. laboratories (including the Defense Department's Natick Lab­
oratory). AID could contract for ongoing U.S. research that could be
adapted to the needs of the developing countries and could help to
create research relationships between U.S. researchers and food science
laboratories in those countries. NSF, USDA, and others should support
fundamental research on the biochemical and physiological processes
involved in the deterioration of animal and vegetable products.

International collaboration on research in food preservation is be­
coming important. Research in the high-income nations is being pooled
by a recently formed group of international donors who will explore
postharvest technologies, including those for reducing losses, in the
developing countries. The new United Nations University is planning
research, in cooperation with other universities and institutions, on
better conservation and use of food already produced.

Potential Effects 0/ Research

The size of the savings in postharvest losses can be appraised more
accurately after an initial inventory of the losses is made. An inventory
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may seem a modest start, but it will identify the needs and direct efforts
more efficiently. A study currently being undertaken by the National
Academy of Sciences, "Postharvest Food Conservation," will provide
some of the needed information.

Problems of food preservation in the developing countries have
diverted production away from the more perishable products and toward
those that keep well under tropical conditions. Such practices poorly
serve the needs for better nutrition, higher incomes, and more productive
mixed farming systems. Thus effects would go beyond the obvious food
savings. Spinoffs useful in the United States also can be expected.

MARKET EXPANSION

When farmers in the developing countries increase their production, the
market must be sufficiently large to absorb the increased output. More­
over, farmers often must be assured of markets before they will adopt
more expensive production inputs that will increase their yield. The
expansion of markets can stimulate production as well as handle in­
creased production once it occurs.

There are two approaches to expanding markets: (1) increasing the
purchasing power of the consumer, especially of the poor consumer
who needs food; and (2) increasing the number of outlets for products
by developing new uses or forms of products, new market areas, and
new institutional arrangements.

Expanding markets can provide consumers with a wider variety of
foods at lower cost, and can reduce the losses of food that result when
supplies that accumulate cannot reach markets. Research is needed to
reduce the physical impediments to the movement of food supplies
and/or the lack of information that cause market imbalances.

Types of Research

One major area of research for the developing countries is how to
enhance the purchasing power of the consumer, especially that of the
poor consumer. Some practices used to make food more available to
the poor include: (1) food-for-work programs, with at least part of the
wages paid in food; (2) price-controlled stores or depots for foods in
low-income neighborhoods; and (3) government-subsidized foods. Thus
far there has been little research to assess the efficiency of such pro­
grams, and more research is needed. Research on U.S. food distribution
systems may be useful to programs that try to solve some of the same
problems in the developing countries.
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Studies of demand elasticity also are important. Most such studies
in the developing countries have been carried out in urban areas and
limited in commodities covered. Studies of household consumption
should be carried out in both urban and rural areas. They should
encompass all socioeconomic groups and cover major commodities.
Most studies have been concerned with markets that are little used by
the poor. Thus how the very poor respond to changes in prices and
incomes is another area that needs to be studied. Research also should
be undertaken in the developing countries on how to shift consumption
patterns to more nutritious foods.

Research to develop new products must be encouraged for the long
run in the developing countries. Traditionally, those countries have
marketed products that have had little processing. Extraction processing
has become popular in some developing countries. This technology has
been applied to rice, oilseeds, and sugar, and new markets for products
have been found.

Food processing can provide needed employment and improve the
product line for export to the high-income countries. Research is needed
on the relationship of processing improvements to other factors affecting
market expansion, such as improved handling systems, market facilities,
and methods of transporting farm products.

Markets that serve small holders are frequently no larger than the
distance the farm family can walk to and from a local village. Extending
the radius of the local market often is the best means of increasing the
incomes of farmers and others in the food system. Linking local markets
with regional, national, and international markets further extends the
marketing radius.

A number of factors limit the size of the market. The limitations of
transportation are probably the single most important constraint, fol­
lowed by food preservation and storage.

U.S. research could help the developing countries improve transpor­
tation systems, including better location of services for different stages
of marketing. Research also is needed for the design and engineering of
better modes of transportation, including vehicles that can extend the
local farm-ta-market radius. For example, research could develop
sturdy, low-eost, all-purpose automotive vehicles for local manufacture;
balloon or ropeway transport for local and regional movement over
difficult terrain; and improved use of air freight for international
markets.

Research could provide better options for strengthening local and
regional marketing institutions, not only as centers for food exchange



High Priority Research 113

but also as service centers that provide for transportation, storage, and
preservation of food. Systems should be designed to synchronize food
production and its inputs with handling, processing, and transportation
facilities. Organizations involved in food marketing in the developing
countries should be studied. These include government, private firms,
and cooperatives that can provide small farmers with market informa­
tion and technical services and local processors with information on
intermediate or possibly final processing. Case studies and comparative
evaluations of marketing organizations could be used to identify experi­
ences that can be transferred throughout the world.

Research on intermediate marketing institutions should include con­
sideration of the role of women in food distribution and consumption.
Women require technical and scientific training to enable them to work
with local women in the developing countries in order to tap and up­
grade their skills.

Success in improving intermediate marketing organizations greatly
depends on the commitment of local resources and time. Marketing must
be closely coordinated with research on production. Most marketing
research must be done in the developing countries, but U.S. researchers
can help design and evaluate research methodology.

Another research priority is applying modem analytical techniques to
the planning, organization, and management of commodity flows in
the developing countries. This work should identify bottlenecks in
producer-to-consumer flows, and improve communication in the system.
Systems analysis of commodity flows could be applied to these problems.
AID has initiated research in this field among U.S. organizations and
management research and training institutions in some developing
countries. Such joint research efforts should be expanded.

Potential Effects of Research

Large amounts of food are lost in the developing countries after the
food leaves the farm. Improvements in marketing could prevent much
of these losses, and could help the developing countries even out the
distribution of food over areas, seasons, and years.

This research wO]Jld stimulate food production and provide better
nutrition for more people. In so doing, it would lay the foundation for
evolving larger and more productive food systems in the developing
countries. The results of this research should be evident within 5 to 10
years.
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Policies and Organizations
Science and technology alone cannot improve the world food and nutri­
tion situation. Government policies and the organizations affecting food
must provide incentives and opportunities for increased production and
better distribution of food for people in the developing countries. Un!ess
there are adequate price policies, farmers will not increase production;
without adequate incomes, the poor cannot purchase enough food to
meet their nutritional requirements. Hence research on social and
economic policy is essential.

Some low-income countries, such as Taiwan and Sri Lanka, have
developed a variety of policies and organizations that operate relatively
effectively in their societies. These policies have contributed to in­
creased food production, lower death rates, and reduced birth rates.

We are learning that in countries that suffer from a scarcity of land
and overpopulation, small farms are not less productive per unit of
land than large farms. At times they may even be more productive.
Because small farms are more labor-intensive, they provide more people
with the income necessary to buy food. Large mechanized farms, in
regions such as northern Mexico, have contributed to a growing num­
ber of underemployed, landless workers.

Illustrations of the effects of national policies and organizations are
plentiful. Technology that permits farmers to grow more food at a
lower cost per unit of output can be offset by government price, tax, or
trade policies that influence the prices of farm products and inputs.
These policies can make increased production unprofitable for pro­
ducers, thereby discouraging use of the new technology. For example,
artificially low food prices intended to help poor consumers may result
in lower production, and thus contribute to food shortages. Policies
that favor expanding output but disregard consumer income are short­
sighted. Policies affecting agricultural production may encourage the
replacement of nutritious food crops with less nutritious crops or with
nonfood crops, so that farm income and dietary adequacy move in
opposite directions.

Inadequate credit and marketing services affect the dependability of
supplies of seeds, fertilizer, and machinery, and may discourage farmers
from applying improved technologies. Credit and marketing organiza­
tions in the developing countries often discriminate against the smaller
farmers who till most of the land. Policies that limit access to land,
water, or fishing grounds further reduce productivity.

International policies and organizations are of great importance to
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the world food supply. World grain production dropped 3 to 4 percent
during the bad weather years of the early 19708. Primarily because of
inadequate trade and stabilization policies and organizations, prices in­
creased by several hundred percent and the poor could not buy
enough food.

Poor countries would have more incentive to apply better tech­
nology in food production if they had more opportunities to expand
sales into international markets, particularly sales of products for
which they have a comparative advantage. But policies and organizations
often restrain such efforts. Trade policies for food have become in­
creasingly liberal in recent decades, but many farmers are still deprived
of potential sales worth billions of dollars and many consumers are
faced with higher food prices because of poor policies and organizations.

The list of policy and organizational problems is long, and the
specific content and relative importance of each differs according to
time and place. This section identifies some of the highest priority
research areas that are needed, but first we must stress two points.

First, experience suggests that the developing countries often have
common problems regarding their policies and organizations affecting
food. Comparative analysis of the experiences of different countries
could result in widely applicable generalizations that would help each
country adjust its own policies and organizations to its own unique
situation. The United States can contribute to this effort. It can work
with researchers in the developing countries to build simultaneously
the knowledge base and research capabilities.

Second, the amount and difficulty of the research needed on policies
and organizations will require a large increase in current social science
research capabilities, both in the United States and in the developing
countries. Social science research on food and nutrition lags significantly
behind that of biological research because of shortages of skilled per­
sonnel, suitable methods of research, data, prior research findings, re­
search funds, and effective organization. The situation is the most
serious in the developing countries. Until these shortcomings are
corrected, we cannot expect significant results from research.

NATIONAL FOOD POLICIES AND ORGANIZATIONS

National policies and organizations and their efficiency vary widely.
They grow out of different cultures, political processes, resource endow­
ments, and many other factors. Research is needed on the nature of
these differences and on ways to improve policies and organizations.
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Types of Research

One important line of research would determine the important cause­
and-effect relationships among variables underlying human performance
in food systems. This includes: how risk and uncertainty affect deci­
sion making behavior; which factors cause farmers and agribusiness
firms to save, invest, and disinvest; which factors determine the choices
consumers make among foods; and which behavioral factors underlie
interactions between social environment, health, diet, and human
performance.

Important methodological questions for fundamental research in­
clude how to measure nonmonetary objectives and values, how to
develop interdisciplinary research teams, and how to monitor the
effects of various policies and programs on the underlying behavioral
variables found in the rural areas of the developing countries.

The second line of research would examine how policies that affect
income distribution also influence food production and nutrition. Some
areas that should be examined include: changes in land ownership or
tenure; alternative approaches to increasing rural and urban employ­
ment; alternative policies affecting access to and the content of educa­
tion; rules on water rights, fishing rights, or grazing privileges; changes
in the rights and roles of women and children; and changes in access
to the political process or to public services such as credit and health.

A third important line of research involves comparative analysis
of national organizations with common functions. It would be valuable
to learn why some organizations succeed and others fail and to identify
ways to improve their performance. Such studies should examine three
groups of institutions: those that provide analytical support for govern­
ment policymakers; those that build and transmit knowledge on food
and nutrition (research, education and training, extension and com­
munication); and those that provide services and inputs to farmers and
rural populations (e.g., credit, marketing, physical inputs). These service
organizations are sometimes called "intermediate organizations" because
they link the rural communities with the larger world around them.

The highest priority for increased U.S. support to organizational re­
search is for studies on:

- the effects of different degrees and types of centralization and de­
centralization, or of local authority versus central control;
the effects of different degrees and types of participation by local
people in the various organizations that affect them;
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- relationships between staff performance, types of training (including
management training), location of training, and selective recruit­
ment;

- the effects of collaboration among research institutions in the develop­
ing countries and international, U.S., and other high-income country
institutions with common interests.

Methodological research on food sector analysis is the fourth priority
area. This research would seek to improve techniques for gathering
and analyzing the large amount of information needed to predict how
alternative government policies and programs (or other events) might
affect the various goals a developing country might have. This would
require further development of systems work. For example, a country
may be seeking to improve nutrition, to expand food output and ex­
ports, to increase employment and income, to stabilize internal affairs,
and to improve its international status-all at the same time. What
actually happens depends on how hundreds of factors work together.
Governments that lack an understanding of the interdependencies
within and between the agricultural and other sectors are usually forced
to make uninformed choices among alternatives. The net effect of
their actions often differs from anticipated effects and frequently ac­
tions work at cross purposes. With improved techniques for analysis,
countries can allocate scarce resources more efficiently. Moreover, they
can temper public expectations with realistic statements about what is
possible.

Systems research, which has developed useful methodologies and
equipment to handle large amounts of information, should be extended
to strengthen analysis of food policies in the developing countries.
Illustrative policy problems to which systems research could be applied
include: choices among crops; the effects of alternative pricing and
trade policies; management of commodity systems (production-market­
ing-<:onsumption) at the national and international levels; decisions on
the alternative uses of land and water; the effects of changing energy
costs on production and consumption patterns; and the effects of
alternative technology innovations, which in tum bear on research
allocations.

These four research areas are ideal for collaboration between U.S.
social scientists and those of many developing countries. The United
States can contribute its methodological capabilities and intercountry
experience to augment the skills of researchers in the developing coun­
tries. AID should expand its support for such work under Title XII.
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The more fundamental research described in the first priority area would
be appropriate for NSF support.

Potential Effects of Research

The potential effect of the research recommended above is open ended.
The research often is important in giving direction to research in other
disciplines, and, such research may help to synthesize the research of
others. It directs policy and guides the formation and improvement of
organizations. Errors in policy direction and organizational design are
costly. Since researchers should be able to produce results early in
the research process, such research can prevent many of these costly
errors. This research can identify the areas in which data collection
and analysis are essential and thus aid in the design of information
systems. The greatest effects would come in releasing the energies and
capabilities of many people now held back by poor incentives and
limited opportunities. The cumulative effect over time will be large if
U.S. research efforts concentrate on helping the developing countries
build their own capabilities for work on policy and organizational
improvements.

TRADE POLICY

The developing countries depend upon international trade in food and
in the principal inputs used to produce food, such as fuel, fertilizers, and
pesticides, to provide adequate food supplies for their people. The
trade policies of both the developing and the high-income countries
affect the ability of the developing countries to meet their goals for food
supply, development, and nutrition. Conversely, policies on domestic
food production and consumption directly affect trade.

There are many unknowns about the nature and extent of the inter­
actions among the principal factors affecting trade. These unknowns
limit the ability of individual countries to make rational choices on
trade policies and impede productive dialogue on the international
issues of increasing concern to all.

Research is needed to better understand patterns of world food pro­
duction and trade that take advantage of the resources indigenous to
certain areas and that will reflect the real costs of food production in
various parts of the world. This research will improve the prospects
for meeting the world's nutritional requirements more economically
(including those of the United States). Research also is needed to
anticipate technology and development trends and how they may affect
the specialization of production and trade.
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Although the developing countries must produce most of their own
food supply, both those countries and the United States could benefit
from expanded trade. For example, we both may gain from a trade
pattern in which the United States imports a greater proportion of
products more efficiently produced in the tropics (including such agri­
cultural items as tropical horticultural products, sugar, and animal
products), while developing countries import more products (such as
grains) that are more efficiently produced in the United States. Such
trade patterns can lead to increased real incomes and lower food costs
for the countries involved.

Changes in trade or production patterns will necessitate socioeconomic
and political adjustments. Research is needed to better understand the
benefits and costs that arise as changes and adjustments occur.

Types of Research

We give high priority to three lines of research, which are elaborated in
the report of Study Team 10.

The first line of research would identify the effects that would result
if the high-income countries liberalized their trade policies for agri­
cultural products from developing countries. A great deal is known
about the different tariff and nontariff barriers to trade, but relatively
little empirical information exists about the actual effects of these
barriers: for example, the effects of trade liberalization on levels of
production, distribution, consumption, prices, investment, employment,
income, trade, and foreign exchange movements. These effects will
vary by region, country, economic sector, and commodity. Research
also is needed on the comparative advantage of areas or nations for
producing commodities that are important in international food trade,
and on how these advantages might be affected by technical assistance
or international research collaboration.

The second line of research would analyze the consequences of
different types of international management or regulation of prices and
quantities of commodities involved in international trade. A growing
number of such schemes is on the agenda for international negotia­
tions over the next few years. Yet little research has been done on such
major questions as:

- how international commodity agreements affect food availability, the
use of resources, employment, prices, incomes, and trade patterns in
producing countries;

- how the stability of commodity prices affects the stability of incomes
and export receipts;
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- how methods of commodity price indexing affect general price levels,
real incomes, income distribution, and food availability, and whether
improved methods of indexing can be developed.

The third line of research would develop analytical systems to help
the developing countries determine the costs of meeting their com­
modity needs from the various domestic and foreign sources of supply,
and what pattern of supply would minimize costs. One need is to
develop and adapt simple models for quantitative analysis that can be
used throughout the developing countries. Such models would be a
useful framework for organizing and maintaining information on food
production, consumption, and trade.

USDA should take the lead in advancing research in this area, draw­
ing on its extensive experience in building trade models and in analyzing
international commodity trade. USDA also should facilitate the participa­
tion of university researchers in this work.

Potential Effects of Research

The ability of the developing countries to cope with their food problems
depends primarily on their success in sustaining a rapid rate of increase
in food production. For most of these countries, world market conditions
in food and related commodities will continue to be an important factor
in their ability to increase their food production. We have seen that
liberal trade policies can expand incomes, lower food costs, and in­
crease access to production inputs. The present trade barriers are costly
to the United States and the developing countries (see Chapter 1). Some
recent FAO analyses suggest that free world trade in agricultural com­
modities would raise aggregate incomes in the developing countries by
as much as $38 billion or 6 percent in five years, and export receipts by
$10 billion. The staff at the World Bank estimates that if the United
States, Canada, Japan, and the high-income countries of Western Europe
removed trade barriers for nine agricultural commodities, export receipts
of the developing countries would increase by $7 billion, and presumably
would increase even more over time.

FOOD RESERVES

Food reserves can be an important means of minimizing the effects of
unstable food production on human nutrition. Reserves consist largely
of grains because they can be stored relatively inexpensively. Grains
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also can be transported more easily than other foods; thus they can be
moved more readily to areas in which food production has been
affected adversely by climate or other natural disasters.

Since World War II, the world has depended on grain reserves held
primarily by the United States and other grain exporting countries for
food security. Most countries have had access to these food reserves
in times of need. These reserves have been backed by a relatively flexible
production base that can respond to international market demands for
additional grain supplies.

During the 1950s and 1960s, the large grain reserves held by the
United States and other major exporters were not accumulated de­
liberately, but inadvertently as the result of farm income and price
support policies. At times the reserves became so large that maintenance
costs became politically unpopular. Efforts were made to reduce these
grain reserves, including programs to limit production of the major
grains. In 1972 and 1973, the major exporting countries tended to sell
their stocks as rapidly as possible, and at relatively low prices. Inter­
national grain prices increased markedly when it was realized that the
major exporters no longer had excess stocks. Such situations as this are
complex and policymakers need more information to help them manage
stocks.

The experience of recent years indicates that without a clear under­
standing of how to manage reserves, the mere existence of large stock­
piles of grain will not stabilize grain supplies and prices. The primary
objective of reserves should be to offset part of the year-to-year vari­
ability in grain production and thus contribute to the stabilization of
food supplies. Such an objective, if achieved, would have price stabiliz­
ing effects, although prices vary for reasons other than deviations in
supply.

Grain reserves are expensive. Annual storage costs are about one­
seventh of grain value at their recent levels. Thus, while food reserves
can be valuable, the optimum size of reserves must be determined
carefully. Because of the high costs of holding reserves, other means of
minimizing variability of food supplies should be evaluated. These in­
clude international trade, the modification of government policies affect­
ing domestic price stability that increase international price fluctuations,
and the reduction of fluctuations in output. For the world as a whole,
grain production varies relatively little from year to year. A large part
of the instability of grain supplies in the international market is due to
domestic and trade policies that limit access to otherwise available
supplies.
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Types of Research

Two principal lines of research have priority: (1) improving food
reserve practices in the developing countries, and (2) exploring alterna­
tive means of stabilizing food supplies and their relationship to the
operation of food reserves.

The first line of research would investigate the storage systems of
particular developing countries. Relatively little is known about the size
of their grain stocks, where stocks are held, who owns stocks, the losses
during storage in the various types of storage facilities, and the costs
and gains from storage, both within the year and from year to year.
Research should first more accurately describe and evaluate current
systems and then evaluate how these systems could be improved.

For both high-income and developing countries research should deter­
mine the effects of government ownership of reserves upon the reserves
held by private individuals and firms. It may be that a large fraction
of reserves held by the government simply replaces stocks that would
otherwise have been held by farmers, consumers, and marketing agen­
cies and that the size of government stocks may give a false sense of
security. Price policies and international trade can reduce private in­
centives to hold stocks. The magnitude of these effects should be
examined.

The second line of research would examine the alternatives to holding
grain reserves. For an individual country, international trade may be an
alternative: excess crops can be exported or imports can be reduced;
or, if supplies of crops are small, exports can be reduced or imports
can be increased. Research is required to determine under what circum­
stances international trade would be a more economical means of
stabilizing domestic supplies than would holding reserves.

Research on national and international food reserves should consider
geographical, technological, and policy factors that limit the access of
food-short areas to sources of supply, or that limit the access of areas
with surplus foods to possible markets. For example, to what extent do
large fixed supply commitments for future marketings, price rigidities,
import or export restrictions, or limited transport and storage capabili­
ti~s increase the instability of supply in some areas? Could changes in
the timing or location of production of particular crops reduce in­
stability? What would be the results of altering combinations of these
variables compared to changing the handling of food reserves?

Research should determine if food aid now provided by the major
grain exporters and other high-income countries might be reoriented
to help the developing countries stabilize their domestic supplies. It
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has been proposed that the United States, alone or in cooperation with
other high-income countries, could guarantee food assistance to the
developing countries to compensate for shortfalls in the trend level of
annual grain production in excess of a given percentage, such as 6
percent. Such a program should be analyzed to determine its effective­
ness on reducing malnutrition, its effects upon the size of reserves held
in the developing countries, and its effects upon incentives for farmers
and governments to expand food production.

Because food reserves are a worldwide concern, national and inter­
national agencies should collaborate on this problem. 'Alternative ways
to manage international cooperation among the national reserve sys­
tems should be explored. Suitable research methods include modeling to
simulate the effects of alternative policy or program changes on na­
tional and international food systems, and comparative analysis of past
and current experiments with such changes.

This research must be done largely in cooperation with personnel in
the developing countries. International agencies such as FAO, the World
Bank, and the International Food Policy Research Institute (IFPRI)

can provide leadership and financial and technical inputs. IFPRI is
particularly well suited for technical leadership in this field. Research in
the United States and in the developing countries should receive finan­
cial and technical support from AID and USDA, both of which conduct
major programs relevant to this field.

Potential Effects of Research

Food reserves that are an appropriate size and that are managed
efficiently could have widespread effects on:

- relieving hunger and malnutrition due to variability of production;
- stabilizing prices and thereby facilitating planning and investment for

increased food production;
- encouraging reliance on international trade for a portion of national

food supplies;
- expanding direct food distribution to the most deprived groups.

Many developing countries have already taken actions to alter their
food systems for the purposes discussed above, and parallel interna­
tional discussions are underway as a follow-up to the World Food Con­
ference. However, until governments that wish to improve their
handling of food reserves are better informed, prospects for satisfactory
results will remain poor.
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INFORMATION SYSTEMS

Decision makers need timely information to assess the likely effects of
alternative decisions. Policies, programs, and research on food and
nutrition are becoming more diverse and complex year by year. As
the marketing system becomes more complex, information needs in­
crease. In fact, a marketing system provides a great deal of information,
but prompt information may also be required from outside of the mar­
keting system. Long-range planning depends on increased information.
The use of higher yielding technologies to increase production may
inadvertently increase unemployment, balance-of-payments deficits, and
social strains. These results may reduce consumer demand and thereby
delay any improvement in nutrition. Now that countries depend more
on one another for markets and as sources of supply, information
systems must include larger geographic areas.

The high-income and the developing countries have many similar
information problems and requirements although the developing coun­
tries require fewer data and less complex systems. Some developing
countries spend sizable portions of their scarce resources on informa­
tion systems. However, the information is often unused because the
data collected are not disseminated or are irrelevant to decision needs.

The proposed research on information systems is often methodologi­
cal, and hence can be transferred among countries. Experimentation
will establish the degree to which these results can be transferred
among the United States and the developing nations.

Types of Research

We recommend four lines of research: (1) producer information needs,
(2) crop monitoring systems, (3) international data bases for land and
nutrition, and (4) total information systems design.

Producer Information Needs The gap between actual and potential
use of new technologies in the developing countries exists in part be­
cause farmers and others making decisions lack information. Research
is needed to identify the kinds of information necessary to encourage
use of these technologies. Information needs for different technologies
vary but generally include weather predictions and reports, current
product price quotations, climatic data, product storage requirements,
long-range market outlook, estimates of costs and returns for different
levels of input, early warning of disease or pest build-ups, estimates of
disease and pest risks, and guidance on the use of inputs.
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Research is required on such questions as: what specific data are
most important; how can they be acquired on a continuing basis at
least cost; how are the data best processed, stored, and recalled; and
what kind of equipment and organization will provide the most eco­
nomical service? Research will have to draw on the experiences of the
high-income countries in this area, but should concentrate on the
comparative analysis of case studies in the developing countries. It also
should include operational experiments when designing information
systems that are particularly suited to areas where new technology is
being introduced.

Crop Monitoring Systems An early warning of significant events in
worldwide production can improve the decisions made by those involved
in food systems, including farmers, consumers, and government man­
agers. The technology to improve global and regional early warning
systems is developing rapidly. Such systems may also help to monitor
ocean and coastal fisheries keyed to aquatic management. Research
should address:

- developing improved yield-estimating models using satellite measure­
ments of meteorological and weather variables such as rainfall, soil
moisture, and temperature;

- using remote sensing to measure the radiation characteristics of
vegetation in order to assess crop stress and episodic events such as
drought, hail, disease, and pestilence;

- developing and using improved sampling and survey techniques,
particularly in the developing countries.

Timely and accurate information is needed urgently on a worldwide
scale. Current information is inadequate for predicting world food
shortages early enough to allow governments to develop remedial
policies. Limited experiments show that systems could be developed to
assess agricultural resources such as soils, climate and weather, and the
production outlook. However, basic and developmental research is
required before experimental technologies can be used.

A large part of this research would be conducted within a wider
program to develop a statistically sound worldwide sampling and survey
for data on food production, food consumption and nutritional value,
farm income, income distribution, characteristics of farm firms and
rural households, and inputs used in food production. The collection
of agricultural data in many developing countries is limited to a few
one-time surveys, using an inadequate sample from an outdated list of
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census respondents. While theoretical principles for sampling are avail­
able, more adaptive research is necessary to deal with the unique char­
acteristics of developing countries, the newer computer processing
techniques, and the need for systems used in the developing countries to
become compatible with a worldwide monitoring system.

International Data Bases for Land and Nutrition Information needs
can be met more fully and economically by pooling worldwide infor­
mation on variables that playa major role in world food production and
nutrition. International data bases on land uses and on some aspects of
nutrition would be particularly useful. These data bases could enhance
the effect of the proposed research in these fields and would result in
new methods that could be used for developing other worldwide data
bases.

A data base on land uses would combine data on common soil char­
acteristics (such as chemical composition, texture, permeability) with
the potential crop performance in each soil under various common
environmental circumstances (e.g., moisture, temperature, slope) and
farming practices (e.g., fertilization, tillage, and water use practices).

A data base on nutritional impacts would pool data on such factors
as sources of nutrients, sources and effects of food contaminants, and
the relationship between specific nutrient intakes in common diets and
particular types of human performance.

Research is needed on how to design systems that can absorb and
integrate a wide variety of data from many sources, that can store it so
that it can be recalled quickly and economically, and that can be updated
and adjusted to accommodate new research findings and new applica­
tions of the data. Such systems should be able to combine and adapt
modem data acquisition and storage technologies, such as remote sens­
ing, sampling, and computers, with low-cost data processing and access
techniques. This flexibility is necessary for the widespread use of the data
base, particularly by the developing countries.

Total Information Systems Design A total information system for any
given subject, such as crop production, involves many components. A
framework is needed to specify appropriate inputs by disciplines. Ways
must be found to deal with equipment, procedure, survey, and statistical
design problems. Total systems design also must consider putting
together more than one system, possibly across subjects, or across
geographic areas. Research at anyone time can tackle only the most
feasible and urgent parts, but total systems design research looks at the
whole. Only this type of research can handle adequately feedback
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mechanisms, interactive system linkages, collaboration with related areas
of interest such as agriculture and space, and the development of infor­
mation theory.

Research is recommended to:

- Develop a conceptual framework to guide the development of com­
plementary food and nutrition information systems on a global basis.
Such a framework should be comprehensive enough not only to
accommodate "hardware" and "procedural" questions, but also to
address institutional, cultural, and political issues. The framework
should facilitate the evaluation of trade-offs between timeliness, ac­
curacy, and relevance of information in decision making.

- Develop new statistical techniques for the collection and analysis of
data.

- Identify the technology or procedures necessary to operate the system.

Potential Effects of Research

Improved information systems should result in fewer wrong decisions.
The limited information now available on the likely effects of alterna­
tive decisions affecting food supply and nutrition, particularly in the
developing countries, suggests that such improvement could produce
large savings. Not all benefits would be achieved in the short run. Most
benefits would be achieved as a result of decades of better-directed
development and ongoing social adjustments. In the short run, the main
return would arise from a more logical system of thought by which
decision makers, from planners to farmers, could approach issues of
technological change in agriculture and cultural change in nutrition.

The estimates of unused technology are high-so high, in fact, that
the need is increasingly perceived to be to get the research used, not to
generate more research. Such perceptions misconstrue the facts, but
research on producer information that expands and improves the use of
technology could have widespread effects. The effect of development and
extension programs rests heavily on the quantity and quality of informa­
tion provided to farmers and other decision makers in the food supply
system, including information from worldwide crop monitoring systems.
One important application of the latter kind of information is in the
management of food reserves at local, national, and international levels.



3 How To Get
the Work Done

The International Framework
The nature and scale of the research agenda identified in Chapter 2,
when compared with the extent and location of scientific resources cur­
rently available, have led us to three major conclusions, which influence
our recommendations for action.

First, a large part of the research needed, especially applied and
adaptive research, will have to be carried out in the developing coun­
tries, where the most serious shortages of resources for research on food
and nutrition exist. Consequently, the capacity of the developing coun­
tries for research and its application must be substantially enlarged.

Second, over the last decade a number of international research cen­
ters and programs have been established in tropical countries. While
these are limited in scope, they have demonstrated important capacities
to accomplish research, especially on food production technology in
tropical conditions; to reinforce national research organizations in the
developing countries; and to build cooperative relationships with scien­
tific groups and centers in North America and Europe. Moreover, inter­
national efforts are especially important to the large number of smaller
countries that cannot mount large research programs of their own.
Consequently, the work of international research centers and programs
concerned with food and nutrition should be extended and strengthened.

Third, a large part of the research needed, especially basic research,
but also including applied and adaptive research, will have to be done in
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North America and Europe where most of the relevant scientific re­
sources are found. We believe that present resources for research on
food and nutrition in the United States are seriously inadequate and in
important respects inefficiently used. Consequently, the United States
should enlarge and reshape its research on food and nutrition.

These three objectives need to be approached in combination, not
separately. Building working relationships among research groups in
the high-income countries, developing countries, and international
centers can bring major benefits to all parties, particularly with respect
to nutrition, on which so little research is conducted in any part of the
world. (Such collaboration has already begun; see the description of
existing international collaboration in rice research in Appendix C.)

All these objectives will require a sustained effort over a period of
years, with constant attention to the highest standards of quality. Be­
cause we are convinced that the problems of world hunger and mal­
nutrition will be of major importance for at least the next quarter
century, we think such an effort is warranted and should be made.

RESEARCH CAPACITY IN THE DEVELOPING COUNTRIES

Most of the increases in food production and improvements in food
distribution required to deal with world hunger and malnutrition will
need to take place in the developing countries (see Chapter I). Much
of the research required to support those increases and improvements
also must be done in those countries.

This is true for technical reasons: the food production and distribu­
tion technology that has been devised in North America and Western
Europe is largely inappropriate in tropical climates or in the economic
circumstances of the developing countries. To design efficient, labor­
intensive, and capital-saving techniques for doubling and tripling crop
yields in tropical countries, under a great variety of local circumstances,
will require research conducted under those conditions. A scientific
advance developed elsewhere almost always requires adaptive research
in the developing countries before it can be applied. Such research is
sometimes highly sophisticated.

As this report has repeatedly emphasized, food production and dis­
tribution are social as well as technical processes. Understanding those
processes and bringing about changes in them require a sound under­
standing of the society in question and decisions by its members,
including political decisions in many cases. Research on these matters,
leading to change, to a large extent has to be done in the countries
concerned.
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The capacity in the developing countries to conduct research and
development on food and nutrition, and to apply the results, is very
limited at present. The situation varies substantially among different
countries: some, like India or Brazil, have a large and growing scientific
community; others have only made a beginning in that direction. But
all are far short of the scientific and technical resources they need, as
their own scientific leaders are the first to point out. This deficiency is
the most serious current impediment to applying research to reduce
world hunger and malnutrition.

To meet this deficiency will require a larger and more sustained effort
than has been made thus far. The new effort must make the most of the
resources available: selecting the most economical methods and facili­
ties; concentrating on the most urgent research problems; using coopera­
tive arrangements under which established researchers in other countries
can best contribute to the required work; and using international and
regional centers as fully as possible.

Even when all these potential sources of economies are taken into
account, there will be substantial need for investment in training re­
searchers and establishing research facilities in the developing countries.
We note this realistically, not in discouragement. The prospects are that
gains from well-designed research will far exceed the costs.

Where will the resources come from to build research capacity in the
developing countries? First and most importantly, they must come from
those countries themselves. The recognition by the governments of the
developing countries of the importance of research, the commitment of
able scientists to the design and management of research organizations,
the insistence on standards of local relevance for research institutions,
the increased allocation of budgetary resources (including borrowing
capacity) to research, the sustained attention to the processes by which
research results are actually put to use by those who need them-all
these are essential decisions and commitments that can be made only
by national leaders and groups within the developing countries.

When such local decisions and commitments are being made, a great
deal can be contributed by others. In its meetings with scientific leaders
from the developing countries, the Committee asked their views on how
the United States could most usefully contribute to the development of
research capacity in their countries. Based on their answers, we con­
clude that:

The United States should do more-and do it better-to train re­
searchers for the developing countries, both through training indi-



How to Get the Work Done 131

viduals at U.S. universities and through helping build training
institutions abroad.
The United States should do more to aid developing countries in the
establishment of research facilities and institutions and in the
application of research results.
The United States should do more to encourage and support com­
munication and collaboration among researchers in the developing
countries, in international and regional institutions, and in the United
States, on problems of common interest.

The recommendations presented later in this chapter address all
these objectives.

A word should be said about the likely evolution of research relevant
to the developing countries. There is a natural division of labor at
present, with the heaviest load of applied and adaptive research falling
on researchers (whatever their nationality) working in the developing
countries, and the heaviest load of fundamental research falling on
researchers (whatever their nationality) working in the high-income
countries. Even now the division is not absolute; there are capable
scientists in the developing countries working productively on funda­
mental problems. Over time, with the growth of scientific communities
and research capacity in the developing countries, larger amounts of
fundamental research will be conducted there. The important point from
the standpoint of the United States is that if our scientific communities
concerned with food and nutrition develop and maintain effective inter­
national associations, the United States can only gain from the evolu­
tion. Already, for example, U.S. agriculture has benefited greatly from
research conducted at the International Maize and Wheat Improvement
Center (CIMMYT) in Mexico.

INTERNATIONAL RESEARCH CENTERS AND PROGRAMS

Perhaps the largest research contributions to increasing the world supply
of food in recent years have been made by the international agricultural
research centers, especially CIMMYT and the International Rice Research
Institute in the Philippines. These centers have achieved important
research results, such as developing the semidwarf varieties of wheat
and rice; they have become important training locations; and they have
contributed to the enlargement of research capacity in a number of
developing countries.

It is important not to exaggerate the potential significance of inter-
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national research centers and programs. They cannot substitute, for
example, for the careful, detailed, location-specific activities needed to
adapt high yielding varieties to local circumstances. Nor can they sub­
stitute for the diverse, extensive attempt to advance fundamental
knowledge that takes place primarily in universities.

In their limited sphere, however, international centers and programs
have a powerful potential, and they need to be continued and strength­
ened. Financing is currently provided for the principal centers by
members of the Consultative Group on International Agricultural
Research (CGIAR: a coordinating committee of donor organizations,
including agencies of national governments, foundations, and interna­
tional organizations, jointly sponsored by the World Bank, FAO, and the
U.N. Development Program). Total funding is about $80 million per
year, of which about 25 percent is provided by the U.S. government.
A recent careful review by CGIAR suggests that these costs should rise
to $120 million by 1980.

There are a number of international research centers and programs
not sponsored by CGIAR that are relevant to world hunger and malnutri­
tion. For example, a complex but effective institution is the Global
Atmospheric Research Program which welds the strength of an inter­
governmental organization, the World Meteorological Organization,
to that of an international nongovernmental scientific organization, the
International Council of Scientific Unions, in the interest of coordinating
worldwide climate research.

We conclude that:

- The United States should continue to provide 25 percent of the fund­
ing for the centers and programs sponsored by CGIAR.

- The United States also should join in supporting other high quality
international centers and programs, both those it is already involved
with and others for which it is not now a major supporter.
In addition, the United States should move vigorously and imagina­
tively to encourage collaborative relationships between international
centers and research groups in the United States.

Our recommendations, later in this chapter, address these objectives.

U.S. RESEARCH ON FOOD AND NUTRITION

The Committee believes U.S. research on food and nutrition should
serve two main purposes: (1) it should enable future U.S. food produc­
tion and distribution to meet domestic needs at reasonable prices while
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permitting the continued export of major amounts of food; and (2) it
should help to increase food production and improve food distribution
in the developing countries. Considered against these purposes, and in
light of the research agenda presented in Chapter 2, we are convinced
that the current U.S. research capacity needs substantial enlargement
and reshaping. Specifically, we conclude that:

- Major increases are needed in fundamental research, both in the
natural and in the social sciences, related to the enhancement of food
production and nutrition; this will require stepped-up training of the
necessary researchers, some new facilities, and mobilization of scien­
tific resources not previously involved.

- A new and broader approach is needed for research on nutrition.
More epidemiologic studies are needed on the interrelations of nutri­
tion and human development, nutrition and disease, nutrition and
productivity. Nutrition research should be more closely related to the
rest of the food system and its institutional components, from produc­
tion through marketing to consumption.

- The U.S. research community should give much greater attention
to international objectives. Much of the research done in the United
States, particularly toward the fundamental end of the research
spectrum, can serve users both in the United States and in the develop­
ing countries, if priorities are set and results communicated with
overseas users in mind. Some U.S. research will need to be directed
specifically to the problems of the developing countries; such research
will require special arrangements for international training and sup­
port for U.S. researchers. In our view, these changes will not only
permit the United States to contribute to the reduction of world
hunger and malnutrition, but also will permit the United States to
obtain greater benefits from international scientific collaboration.

- Support for social science research relevant to food and nutrition
problems should be increased sharply. We were impressed in the
course of our study by the inadequacy of the policy analysis being
used in the United States as well as in other countries to address
questions about food and nutrition, and the correspondingly urgent
need for the underlying social science research needed to support
better analysis. In addition, social science research is needed to help
determine priorities for production research, to measure the effects
of technological change, to improve the functioning of markets and
other institutional arrangements serving rural development, and for
many other purposes.
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Recommendations for u.s. Action

THE FEDERAL-STATE SYSTEM OF AGRICULTURAL RESEARCH

Our first set of recommendations concerns the federal-state agricultural
research system, and the role of the Department of Agriculture. We
make several recommendations calling for a substantial increase in the
scale of and a substantial reorientation in the content and objectives of
U.S. agricultural research.

We consider these recommendations to be the most important we are
making on organization and financing. They are intended to enable the
Department of Agriculture, in cooperation with the state experiment
stations and other universities and private research groups, to make a
much larger contribution to reducing world hunger and malnutrition
than it has thus far.

If our recommendations are to become effective, the Department of
Agriculture, the state experiment stations, and others involved in agri­
cultural research will need to put much more emphasis on fundamental
research (without reducing their concern for applied research). They
will need to mobilize scientific resources from universities and parts of
universities that have not previously been involved with agricultural
research. They will need to design new and broader approaches to
nutrition, and give greater emphasis to the social sciences. They will
need to add to their traditional focus on the United States a direct and
explicit concern with hunger and malnutrition overseas, especially in
the developing countries. And they will need to carry forward these
efforts on a sustained basis over at least the next two decades.

We believe the time is ripe for these changes, and that those con­
cerned with agricultural research and the uses of its results will agree
that these alterations are overdue.

• We recommend the appointment of an Assistant Secretary of Agri­
culture with responsibility only for research and education.

Whether this is accomplished by realignment of existing responsibili­
ties or by establishing a new post is immaterial. The important points
are:

- To accomplish changes of the extent and nature that are required, a
single senior officer, reporting directly to the Secretary, should be
made responsible for the major research and educational programs
of the department.
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- The Assistant Secretary should be a senior scientist or scientific
administrator of sufficient stature to make plain the seriousness with
which the President and the Secretary are approaching food and
nutrition research and to attract the highest quality scientific advisers
and participants outside as well as inside the traditional agricultural
research establishment.

- The Assistant Secretary should be given supervision over the Agri­
cultural Research Service, the Cooperative State Research Service
(CSRS), the Economic Research Service (ERS) , the Statistical Report­
ing Service, the Extension Service, the National Agricultural Library,
and the new agency we are recommending to administer a competitive
grants program.

- The Assistant Secretary should be given specific mandates to establish
a major program of support for research on nutrition in the depart­
ment, and to develop strong international dimensions within the
several research programs under his or her direction.

A special word should be said about the Economic Research Service,
which now performs important policy advisory and assessment functions
for the Secretary in addition to its research role. We believe the Secre­
tary needs,· directly available to him, a strong policy advisory and
assessment unit. We also believe that the role of the social sciences in
agricultural research needs to be substantially enhanced, and that one
major step in that direction would be to transfer ERS, less its policy
advisory and assessment functions, to join the cluster of research agen­
cies under the Assistant Secretary. Furthermore, ERS should be given a
significantly stronger staff, with competence not ohly in economics but
in the other social sciences as well. Relating social science research and
agricultural production research more closely could make each of them
more effective.

• We recommend substantial increases in federal funding for the
traditional USDA research programs (including support for state pro­
grams), and we recommend funds to establish a new program of com­
petitive grants for research on food and nutrition.

Increased funding through traditional channels will provide new
vitality for the existing system. Competitive grants will be a principal
means of increasing support for fundamental research, for drawing on
scientific resources outside the traditional agricultural research estab­
lishment, and for new and broader research efforts concerned with
nutrition. These two strands of increased funding will be comple-
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mentary: the outcome of each will permit stronger results from the
other. Both elements should develop the increased international orienta­
tion stressed above. Both will support accelerated research in the priority
areas recommended in Chapter 2.

• We recommend a first-year increase on the order of $120 million,
something under 20 percent of the total of about $700 million of USDA

and state funds now devoted to food and nutrition research. We propose
that the new funds be divided equally between the existing federal-state
channels and the new competitive grants program. Thereafter, we
recommend successive increases, after adjustments for inflation, on the
order of $60 million or approximately 10 percent per year in real terms
for the next four years, also divided evenly between the existing pro­
grams and the new competitive grants program.

These proposed increases should be reviewed annually and revised as
experience may suggest. Longer term funding plans should be based on
a thorough review of the situation and outlook toward the end of this
five-year period.

We think it appropriate that these funds come from the federal gov­
ernment, since their purposes are largely national and international in
character. At the same time, we expect that they should and will attract
substantial additional funds from the states, since they will benefit from
improvements in U.S. production.

There is no doubt that funding increases on this scale or larger are
needed, not only to undertake the large research agenda identified in
Chapter 2, but also to overcome the effects of the relative neglect of
agricultural research in recent decades when more glamorous subjects
like health and space preempted a large portion of new funds and
talent. At the same time, we have endorsed a conservative rate of
build-up with the conviction that continuity, stability, and steady growth
are vital to the planning of effective research programs.

Three points are worthy of special note. First, a substantial share of
the increased funds will be needed to expand the U.S. personnel base,
both by educating young researchers and encouraging career shifts by
established investigators. There are many researchers now employed
in other fields who are capable of significant contributions to food and
nutrition research if they can be attracted to this field, either as full-time
investigators or through part-time involvement in interdisciplinary ef­
forts. Not only do we need more scientists working on food and nutri­
tion, but more scientists with experience and understanding of conditions
in other parts of the world. A systematic effort will be needed under both
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the federal-state programs and the competitive grants program to
achieve these objectives.

Second, we urge that a major new emphasis be placed on nutritional
research by the Department of Agriculture. Such research should, of
course, not duplicate that carried out by NIH; as we note below, we
believe the NIH research should be continued and strengthened. The
Department of Agriculture should focus on the relationships between
nutrition and the food system from production through delivery, on the
possibilities and effects of nutritional programs, and on the desirability
of alternative nutritional policie~uestions that have been largely
ignored in the United States as in other countries, and with respect to
which the United States has much to gain from participating in inter­
national collaborative research.

Third, we emphasize the importance of establishing a strong com­
petitive grants program in the Department of Agriculture. The program
should draw on the best experience of other agencies that have adminis­
tered competitive grants. Eligibility should be open to all comers, from
the public and private sectors, and awards should be based on peer
review. Strong advisory committees should be established including
natural and social scientists of outstanding ability who could encourage
able colleagues to become interested in these fields. Predoctoral and
postdoctoral fellowships should be available. The main instrument for
research support should be renewable project grants, of three years'
duration, although institutional grants for minimal operating expenses
may be warranted in some cases, particularly where international
knowledge and relationships need to be built up and maintained.

The competitive grants program in food and nutrition should experi­
ment with ways to encompass international concerns: for example,
foreign scientists might be included on advisory committees and review
panels to make sure that international as well as U.S. interests are
appropriately considered; predoctoral and postdoctoral research awards
might be provided at appropriate national and international research
centers abroad as well as in the United States. Imaginative, multi­
disciplinary approaches to problems of global importance should be
encouraged.

In the administration of the program, we think the operating prin­
ciples just outlined will be more important than the organizational
framework. We recognize that the 1978 budget submitted to Congress
contains $27.6 million for a competitive grants program of the type we
are recommending, although more limited in scope, which would be
administered within CSRS. We applaud this recognition of the need for
such a program. At the same time, we would suggest that consideration
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be given to administering the program through a separate agency or
office reporting directly to the Assistant Secretary. A program of the
scale and complexity we are proposing, heavily oriented toward funda­
mental research, would pose problems of management sufficiently differ­
ent from the traditional functions of CSRS to argue for independent
administration.

• We recommend a five-year federal matching grants program for
nonfederal research facilities and equipment. These grants should be
available to other universities and private nonprofit institutions as well
as those in the land-grant group.

The rationale for this program is twofold. First, large additional re­
sources are needed for altering and replacing existing facilities, which
have had very little improvement over the past decade and are in
many cases cramped and obsolete. Second, additional facilities will be
needed to carry out the research agenda we have developed, including a
few wholly new installations such as special containment facilities for
research involving recombinant DNA; one or more centers for collecting,
evaluating, distributing, and doing applied research on nitrogen-fixing
bacteria; and one or more strong tropical research centers in the United
States.

The Committee did not have much data on which to base a judgment
about the appropriate scale for a facilities funding program. Such in­
formation as we had, however, suggests that federal funds as large as
$100 million per year might be well and prudently used. Our assumption
is that, in the normal case, the federal funds for particular facilities
would be matched equally by nonfederal funds, although in a few cases
the national or international purposes of the facility may suggest a
federal share larger than 50 percent of the cost.

In addition to the requirements for upgrading nonfederal research
facilities and equipment, we believe there is also some need within the
federal research establishment for modernization, replacement of ob­
solete equipment, and some new facilities designed for new tasks.

These recommendations-for establishing stronger research leader­
ship in the Department of Agriculture, and for enlarging substantially
the funding available for research support and facilities, including the
establishment of a major competitive grants program--constitute our
major recommendations for the Department's role in accomplishing
the research and development tasks outlined in Chapter 2. They con­
stitute a large and demanding set of tasks and changes in the Depart­
ment's traditional ways of doing things. A major effort, ably led and
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sustained over a number of years, will be required if our recommenda­
tions are to become effective.

Before leaving the role of the Department of Agriculture, it is im­
portant to reemphasize that, to carry out these recommendations, USDA

and the state experiment stations-and the legislators who vote their
authority and funds-must take a different approach toward interna­
tional problems than they have in the past. We do not suggest that
department funds be used to support the establishment or operation
of national research organizations in other countries; to the extent that
U.S. funds are properly used for such purposes, w.e consider the
Agency for International Development the appropriate administering
agency. But we do believe it necessary that Department of Agriculture
funds be used to enable the U.S. scientific community concerned with
food and nutrition to become involved in international efforts: to join
in collaborative research with colleagues abroad, to conduct research in
overseas locations, to undertake training and postdoctoral fellowships
in research centers abroad, and to invite foreign scientists to work at
U.S. research facilities for limited periods. More than funding is in­
volved; USDA and the universities will need to modify the reward system
for professional work so that international experience will hasten ad­
vancement and generate special recognition.

The United States has a major and growing stake in such interna­
tional research collaboration with other high-income countries as well
as with the developing countries. The Department of Agriculture
already sends teams abroad for specific purposes, such as studying'
animal diseases that are or could become important in the United
States. Substantial enlargement of such international research collabora­
tion is needed and should be supported by specific legislative mandates
based on the recognition that the United States has much to gain, as
well as much to give. For example, more work is being done currently
in countries other than the United States on biological nitrogen fixation
and on genetic work at the cell level in plants, and U.S. scientists could
gain results of immediate benefit to our country if they participated in
research on nutrition in the developing countries.

This conception of USDA'S role in international research is consistent
with a broad view of its concern for world food and nutrition. It has
sometimes been thought that USDA should reflect primarily the com­
mercial concerns of U.S. agricultural producers. Those interests are
important, and entitled to appropriate weight in the international policies
of the United States. But as a nation we have other important interests
as well: helping to lessen the hunger of half the world, and encouraging
economic and social progress as an essential element in world peace
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and order. In our view, the Secretary of Agriculture speaks not just
for the interest of American food producers but also for the broader
interests of all American citizens in a world moving to alleviate hunger
and malnutrition. During a period in which it appears likely that the
world will remain on the verge of major food shortages, the chance of
serious conflict between the narrower and broader interests seems small.
Nevertheless, we should be explicit about the principles involved.

AGENCY FOR INTERNATIONAL DEVELOPMENT

AID is the natural vehicle for stronger U.S. action to help establish
research and development capacity in the developing countries, to
support further development of international research centers and pro­
grams, and to support the involvement of U.S. scientific groups in re­
search concerned with food and nutrition in the developing countries.
Our recommendations propose substantial increases in the scale of and
improvements in the substance of AID'S activities to these ends. Title
XII of the Foreign Assistance Act, enacted in late 1975, provides a
new and much stronger legislative base for these activities, and for the
participation of U.S. universities in them. We shall discuss this further.

At the outset, however, we note a major concern. Over recent years,
owing to the effects of staffing reductions, the customary legislative un­
certainty, and other factors, AID has suffered a serious depletion of
its professional staff concerned with agriculture and with science more
broadly. If AID is to play the strong role we envision in taking
advantage of the opportunities opened by Title XII, and in cooperating
effectively with USDA, NSF, NIH, and other government agencies con­
cerned with research, it must rebuild its past competence and in im­
portant respects add expert knowledge it has lacked. The large resources
of the universities and other U.S. entities cannot be mobilized and
applied to the needs of the developing countries unless there is a high
quality professional cadre in AID. Their number need not be great, but
the building of such a cadre should be a top priority for AID in the
immediate future.

• We recommend a larger and more systematic effort by AID to help
the developing countries establish research and development capabilities
for food and nutrition in both the natural and social sciences.

As with other types of development assistance, outside help can
only be effective where local commitment, energy, and resources are
present. Given those conditions, AID can mobilize public and private
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resources to help in several ways: with the design of appropriate re­
search programs, facilities, and organizations; with initial advisory
consulting and staffing services; with training for research and technical
staff members; and with contributions toward research costs.

Designing and building research organizations that will influence the
actual course of food production and consumption in the varied his­
torical and cultural settings of different countries is very difficult.
Persistence and intelligence are more important than large sums of
money at the outset. The risks are great that copies of American agri­
cultural research stations and social science research centers will be
set up and, while well staffed and well equipped, will not be effectively
related to local problems, policymakers, and action organizations.

Although these elements present serious problems, the objective re­
mains essential and AID, supported by Congress, should make a strong
and enduring commitment to it. The scale of funds needed would not
be great compared to the potential benefits. AID expenditures in this
category have been rising and recently are running at about $30 million
per year. In our view, that figure should be at least tripled by the
early 1980s. In planning the future scale of U.S. assistance for this
purpose, AID should recognize the increasing interest of the World Bank
and other bilateral aid donors, and work with them in assisting the
development of research capabilities in the developing countries.

• We recommend a larger and better-designed AID effort to train
research personnel for the developing countries.

Such an effort should have two main components. The first involves
work with U.S. universities to improve the quality and relevance of
their training for foreign students. Relatively large numbers of such
students are educated in the United States, financed by a wide variety
of sources including public and private agencies in the United States,
international agencies, and public and private sources in the students'
home countries. But there has been relatively little effort to develop
specialized programs that could make their education more relevant, nor
do the universities have enough staff members with the experience and
knowledge necessary to advise students on conducting research in their
home countries. The universities themselves, working with AID, have a
major responsibility to improve this situation.

The second part of the effort involves helping to establish research
training programs in the developing countries themselves. Most research
personnel will be trained at home, partly on the job and partly in
academic settings, although smaller numbers of research leaders needing
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education at the doctoral or postdoctoral levels will have to obtain it in
the United States or other high-income countries for some years to
come. To help establish effective research training programs, including
special attention to the needs of research educators, administrators,
and managers, should be a distinct and important part of AID'S work.

In the process of improving research training in the developing
countries, in the United States, and in the international centers, new
methods to develop tyeps of international cooperation that combine
strong academic work with field research in the developing countries
should be encouraged.

• We recommend the establishment of a joint AlD-university com­
mittee on international training under Title XII of the Foreign As­
sistance Act.

Several aspects of research training require close cooperation be­
tween AID and U.S. universities. The proposed committee could give
prominence and leadership to the training aspect of building research
capabilities in the developing countries, an aspect that has too long
been underemphasized.

• We recommend continuation of AID support for international re­
search centers and programs, both those supported by the Consultative
Group on International Agricultural Research and others of worldwide
or regional scope that are likely to provide research results that are
badly needed by the developing countries.

There are special risks in establishing international or regional re­
search centers, which can be remote from reality and from desirable
pressures to make a substantial difference in the world. But there are
also special opportunities for concentration of high quality talent on
significant subjects, with unusual freedom from political and other
extraneous influences. International centers can contribute significantly
to the build-up of research capacity in the developing countries. They
can work as partners with institutions in high-income countries, linking
those who work on more applied with those that work on more funda­
mental research problems.

To achieve the potential advantages and avoid the pitfalls, it is
desirable to limit such centers and programs to those few that are
clearly of unusual promise, to organize them in such a way as to ensure
the highest quality scientific management and staffing, and to assure
their working relationships with research centers in the developing and
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high-income countries. When these conditions are met, such centers
and programs can be highly productive.

This is clearly the case thus far with respect to the centers supported
by CGIAR; U.S. contributions to those centers, which amount to about
$20 million per year at present and are scheduled to rise by about
$4 million per year over the next several years, are clearly money well
spent. U.S. contributions are based on a 25 percent formula, which has
had a stabilizing effect on the overall financial support system of the
CGIAR centers and has encouraged support from other quarters.

We have not tried to review all the other international centers and
programs to which the United States might usefully contribute. We
note, however, the value of the International Fertilizer Development
Center in Alabama which draws on the experience of the Tennessee
Valley Authority, and of the International Soybean Program in Illinois,
which draws on the special knowledge of the University of Illinois and
the USDA soybean laboratory. While both are located in the United
States, their principal purpose is to respond to problems of the develop­
iIig nations, and it is therefore appropriate that U.S. contributions to
their costs be provided through AID. We note also the special case of the
Asian Vegetable Research and Development Center in Taiwan, to
which the United States contributes substantially. Additional centers to
which the United States might consider contributing include the Inter­
national Center for Insect Physiology and Ecology in Kenya, the Inter­
national Center for Living Aquatic Resources Management in the Philip­
pines, and some of the nutrition centers that are becoming international
resources under the initial programs of the United Nations University.

International research centers and programs ~e a relatively new
phenomenon and many complex issues will arise in deciding when to
establish, enlarge, and terminate them, how to achieve and sustain
high quality performance in them, and what the United States can
and should contribute to them. One important set of questions con­
cerns the best way to strengthen research on production factors that
affect commodities generally (e.g., work on water or insects) and
relate such research to research on individual commodities (e.g., work
on rice or cassava). It might be helpful for AID to establish a small
advisory committee, including scientists from government and private
organizations, to help deal with these questions. The promise of such
international efforts is high and worth major attention.

• We recommend that AID enlarge significantly its support for estab­
lishing operating relationships between U.S. research groups and those in
the developing countries.
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With the winding down of an earlier generation of institution-building
projects, the U.S. universities' knowledge of conditions in the developing
countries, and their direct involvement in those countries, have been
declining. A number of actions are needed to reverse this trend, and
many of them can and should be supported by AID under Title XII.

We commend the concept, now being developed under Title XII, of
support for multiyear research programs-planned for at least five
years-linking U.S. and overseas researchers interested in a common
scientific field or problem, such as adapting soybean cultivation to tropi­
cal conditions, or management of tropical soils, or relationships between
diet patterns and human performance, or expanding the use of coastal
zone aquaculture. Such programs should serve simultaneously to advance
knowledge, train young scientists from the developing countries and
from the United States for work on problems of the developing countries,
and establish experience and performance standards for research in those
countries. This pattern should be expanded to significant areas of social
science research, particularly those involving comparative analysis of
experience in different places. AID and the Congress must recognize that
continuity of support for such programs is essential to their success.

Other forms of support also should be considered. For example, it
might be wise for AID to offer to share the cost of some minimum com­
mitment of staff time and support services with any university or research
center wishing to establish a serious continuing interest in research in the
developing countries. The costs of such arrangements would be small
but the potential benefits might be large.

We emphasize that AID, while concerned mainly with the poorest
countries, should not hesitate to support research connections with
middle-income countries such as Brazil or Mexico. Such countries offer
some of the best opportunities for valuable and relatively inexpensive
exchanges of research collaboration. These opportunities stem in part
from previous AID investments. AID has authority to support interna­
tional research collaboration wherever it advances program goals such
as improving the world food situation, and should use this authority
vigorously.

We also emphasize that Title XII activities should strengthen nutri­
tion work in AID and university programs, putting greater stress on
investigations of the effects of diet patterns on human functional per­
formance, and on the effects on nutrition of governmental policies con­
cerning agriculture, food distribution, and development in general.

Finally, we note the critical threshold on which AID, the universities­
both land-grant universities and others-and the Department of Agricul­
ture stand as the implementation of Title XII begins. Significant improve-
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ments are needed in AID'S staffing and in its traditional procedures in
order to provide support on a continuing basis for good university plan­
ning and management of international research. The universities need to
make a commitment to sustained international work and to recognize
that, while they will benefit by gaining experience for their own research
and teaching functions, the aim of Title XII is to help the developing
countries primarily by supporting work there. USDA needs to lend its
strength to the AID-University collaboration in many ways, and AID-USDA
collaboration needs to be greatly strengthened. There are encouraging
signs that all the parties recognize these needs, but much work lies ahead
to meet them.

NATIONAL INSTITUTES OF HEALTH

NIH is the largest source of federal support for research on human nutri­
tion, spending about $60 million per year. Most of this research is
oriented to the interrelationships between diets and diseases prevalent in
the United States.

• We recommend that NIH'S support for nutrition research be re­
oriented to place greater emphasis on studies of human subjects, par­
ticularly using epidemiologic approaches and behavioral and other social
science skills.

It is time for NIH to reach out for a broader range of scientific talent
to become involved in nutrition research, and to seek new and fresh
approaches to the subject. Because the necessary skills are scarce, sup­
port for training programs as well as research will be required.

• We recommend that more effective arrangements be established for
coordinating research on nutrition supported by the several Institutes and
by other relevant agencies in the Department of Health, Education, and
Welfare.

A dozen NIH Institutes and the Food and Drug Administration are
involved in nutrition research, while numerous other parts of the
Department of Health, Education, and Welfare operate nutrition pro­
grams. Each agency has tended to approach the subject autonomously,
although their programs have many overlapping concerns.

We believe there is a natural division of labor between research on
human nutrition supported by NIH and that which would, under our
recommendations, be supported through the Department of Agriculture.
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The NIH-supported research would begin with biological factors and the
relationships between nutrition and human behavior, and nutrition and
disease, and would reach out toward the social settings in which people
obtain and use food. The USDA-supported research would begin with the
systems of food production and distribution, and with the effect and use­
fulness of program interventions, and would reach out toward biological
and health issues. In setting research priorities, both groups should pay
great attention to nutritional conditions in the developing countries.
Much of what everyone needs to know can be learned there.

• We recommend only modest increments in the NIH budget for
nutrition research for the immediate future. Some funds from lower
priority programs should be diverted to higher priority purposes. In the
longer run, we have no doubt that larger funds will be required.

NATIONAL SCIENCE FOUNDATION

The central mission of the National Science Foundation is to nurture the
health of the science disciplines and their output of basic knowledge by
grants for fundamental disciplinary research and training. Support for
basic work in the plant sciences and for other science activities that
could contribute to food and nutrition concerns is relatively modest­
about $40 million or 5 percent of the fiscal year 1977 NSF program
budget. Support for basic work in the social sciences is only about $20
million. Large and sustained increases are needed in these sums in order
to enlarge as rapidly as possible the stock of fundamental knowledge on
which future applied research will depend.

• We recommend that the National Science Foundation substantially
increase its support of fundamental research in biology and other natural
science disciplines underlying work on food and nutrition.

Considering the volume of high quality research applications not now
being funded, we believe present support levels could be doubled within
three years, with further expansion thereafter depending on the quality of
applications.

• We also recommend strengthened support by NSF for disciplinary
research in the social and behavioral sciences relevant to food and
nutrition.

• We recommend that funding increases be complemented by increas­
ing the size and duration of individual project financing.
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Projects have averaged about $38,000 per year and most grants are for
two years. Such limitations have sometimes precluded important research
and have created inefficient ratios of administrative costs to direct re­
search costs. NSF should accelerate progress on major research problems,
particularly in the early stages of the work, by encouraging patterns of
individual research grants that are mutually reinforcing and by providing
for periodic workshops or other systematic consultation among the
grantees.

Any tendency to discourage basic research applications in which crops
or animals are the subjects should be eliminated. Under the recommenda­
tions we are making, mission-oriented basic research fun'ded through the
Department of Agriculture will naturally address fundamental questions
as they arise, and will include such fields as plant physiology and plant
cell biology, in which NSF should also be working. Possible overlaps of
this kind are not a matter for concern if there is good coordination. The
only danger is that significant gaps will appear in the research coverage
as has happened in the past.

The authorizing legislation for NSF for fiscal year 1977 places special
emphasis on international scientific collaboration to assist in resolving
critical world problems such as those of food and population.

• We recommend vigorous action by NSF under this new mandate to
promote international scientific collaboration.

Particularly with respect to the developing countries, such joint efforts
can enlarge research capacity while producing important research results.
One way to build science research capability in the developing countries,
for example, is to provide grants for U.S. scientists to work for limited
periods with colleagues in those countries on research or teaching
programs. It is particularly useful to enable outstanding postdoctoral
research fellows to stay overseas for, say, one to three years. The U.S.­
Brazil chemistry program developed by the National Academy of Sci­
ences is a good example of this approach. NSF, under its new mandate, is
a logical source of support for such efforts.

The fiscal year 1977 authorizing legislation also puts new stress on
training in interdisciplinary research, including research grants.

• We recommend that a program of training in interdisciplinary re­
search be undertaken because of its potential for dealing with food and
nutrition problems.

At the same time, successful experience with interdisciplinary research
is rare, and we suggest that NSF support efforts to understand the condi-
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tions for success in such research-alternative methodologies, institu­
tional frameworks, types of research training, and other factors.

OTHER GOVERNMENT AGENCIES

Other U.S. government agencies conduct or regulate research and de­
velopment relating to food and nutrition. This includes work by the
Environmental Protection Agency, the Energy Research and Develop­
ment Administration, and the Department of the Interior on the use of
resources going into agriculture; research affecting food processing and
marketing by the Departments of Transportation, Commerce, Defense,
and Health, Education, and Welfare; weather and fisheries research by
several agencies; and policy research by still other agencies on issues
affecting world trade, U.S. access to world resources, and other relevant
concerns. (See Appendix D for a fuller account.) We have not made
recommendations concerning each agency because of the detailed con­
sideration that would have been necessary. We believe, nevertheless, that
these recommendations are important and should be developed, and this
is one of the reasons we consider it essential to establish a continuous
monitoring and leadership organization in the Executive Office of the
President, as recommended later.

PRIVATELY SUPPORTED RESEARCH

Currently, roughly half of U.S. research and development concerned
with food and nutrition is financed in the private sector. While a small
fraction of this is provided by nonprofit organizations, the great bulk is
from business firms representing a wide range of industrial pursuits:
food processing and distribution; agricultural inputs such as fertilizer,
seed, feed, and farm machinery; food and nutrition-related drugs and
chemicals; and many more.

The research and development activities of these firms are chiefly
concerned with product development; even when more basic research
is involved there is usually a product-oriented objective. Business de­
cisions on the scale and priorities of research and development activities
are, naturally, primarily influenced by considerations of potential sales
and markets.

Over time a rough but effective division of labor has emerged, with
government-financed research and development tending to be the scien­
tific end of the spectrum and business-financed research tending toward
development of products. The two have been complementary in im­
portant ways.

The question relevant to this report is what action can or should be
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taken to enable privately financed research and development to con­
tribute more to alleviate world food and nutrition problems in the
years ahead. The Committee was able to study only limited aspects
of the question, and reached the following conclusions.

• We recommend that AID enlarge its use of contracts to draw on the
capacity of private companies to contribute to research and research
training objectives in the developing countries.

Such arrangements must be carefully worked out to ensure that all
parties understand and agree on the work to be done, and to ensure that
end results benefit local research personnel and institutions in the devel­
oping countries. But the potential benefits, particularly teaching the
skills of translating research knowledge into production practices and
of motivating producers to try something new, are sufficiently large to
warrant the effort. For example, in fields such as food preservation,
processing, and packaging, the resources in the U.S. private sector ought
to be capable of major contributions.

• We also recommend that the Department of Agriculture consider
the possibility of making greater use of private resources, by contract,
for needed aspects of food and nutrition research where that may bring
effective results at equal or smaller public cost.

Another possibility for exploration is shared public and private
financing of product development research in cases in which the
product market is not adequate to attract full-cost financing by private
firms.

Two factors potentially inhibiting the usefulness of normal, market­
oriented research and development by private business should be
noted. The first is the possibility that government regulations established
in the interest of health, safety, environmental protection, and other
purposes may through overlapping, imprecision, or other effects create
unnecessary or unwise limitations on research and development. The
subject is immensely complex and applies to many fields, but we con­
sider it a serious problem in connection with food and nutrition.

• We recommend that coordination and simplification of regulations
affecting research and development on food and nutrition be given early
attention.

This is best done under the leadership of the Executive Office of the
President, using arrangements recommended in the next section.
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A second set of problems involves patent rights. Issues being raised
in international forums and the actions being taken by a number of
foreign governments challenge the validity, and therefore the effective­
ness, of patents and proprietary rights. Questions about the adequacy of
U.S. patent laws, as these apply to research on plants, also may be posed
by the current and prospective broadening of techniques of genetic
manipulation. Patent protection is a very complex subject that affects
companies in many other fields as well as food and nutrition.

• We recommend an early evaluation of U.S. and international pro­
prietary rights under the leadership of the Executive Office of the
President.

EXECUTIVE OFFICE OF THE PRESIDENT

The preceding pages amply illustrate the complexity of the task the
President identified in his letter to the National Academy of Sciences:
to enable V.S. research and development capacity to playa more power­
ful part in alleviating world hunger and malnutrition. From the be­
ginning of its deliberations, the Committee repeatedly addressed the
question of how to achieve coherence among the many different actions
that need to be taken and the many governmental and private agencies
that are necessarily involved. We reached two central conclusions with
which Study Team 14 concurred:

- It is necessary to establish in the Executive Office of the President
arrangements for designing and implementing a coherent strategy
for research on food and nutrition.

- Such a research strategy can be established only within the frame­
work of a coherent general strategy for dealing with world food and
nutrition problems, which also requires Executive Office leadership.

In reaching these conclusions, we have explicitly rejected the notion
of strong central control through some sort of super-bureaucracy. What
we have in mind is quite different. We think operational authority,
funds, and programs should be retained in the various departments and
agencies. At the same time, a central capacity is needed to look well
ahead at overall problems, to organize a common basis of understanding
and analysis among the different operational programs, to assess the
overall effectiveness of V.S. policies and programs, and to raise issues
concerning coherence and effectiveness for joint consideration or, if
necessary, presidential decision.
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There are various organizational alternatives for achieving these ends:
an interdepartmental group with a small staff, a Cabinet subcommittee
with a small staff, or a special council with a small staff. The essential
characteristics are capable leadership and an independent staff. We
have not felt it necessary to express a preference among these alterna­
tives, especially at this time when a new administration is developing its
own patterns for responding to requirements of this kind.

However, we do insist that certain needs be served. Frrst, with respect
to the general strategy for dealing with world food and nutrition prob­
lems, there must be an Executive Office entity that can look simultane­
ously at: domestic and foreign needs for food; alternative policies
involving U.S. trade, production, transport, storage, and distribution of
food and commodities used to produce food; U.S. commercial and
noncommercial interests in world food and nutrition needs; environ­
mental and energy questions in relation to food; and so on. Second, with
respect to research strategy, there must be an Executive Office entity
(which might be linked both to the food and nutrition policy entity
just described and to the Office of Science and Technology Policy),
that can monitor and assess the research activities of the several federal
agencies involved and the interrelationships between the United States
and worldwide research communities.

• We recommend the establishment of these two entities in the Ex­
ecutive Office of the President: one to develop and maintain a coherent
U.S. strategy for dealing with world food and nutrition problems; the
other, subordinate to the first, to facilitate coordination of u.s. and
international research activities on food and nutrition.

We came to these recommendations only after considering and re­
jecting three other alternatives. One would be to draw all sizable federal
involvements in food and nutrition into a single agency, a broadened
USDA, thereby eliminating most of the requirements for interdepart­
mental coordination. The difficulty with this is that the functions of
the major agencies that affect U.S. involvements in world food and
nutrition problems are too integral to their basic responsibilities to be
pulled out and amalgamated in a single agency. It is not feasible, for
example, to remove major concerns for policies on food trade from the
general concern for foreign trade of the Departments of State, Com­
merce, and the Treasury; or to remove concern for diet-disease re­
lationships from NIH; or to remove concern for agricultural develop­
ments in developing countries from the general concern for international
development of AID; or to remove concern for energy uses in food pro-
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duction from the general concern with energy uses of the government's
energy agencies. There are many more illustrations but the conclusion
is clear: a substantial number of federal agencies inevitably are con­
cerned with V.S. policies and actions affecting food and nutrition, and
some sort of coordinating arrangement is necessary to achieve coherence
among them.

The second alternative would be to make the Secretary of Agriculture
responsible for the coordinating functions. He would chair and his de­
partment would provide staff for an interagency committee established
for this purpose. This pattern, giving one department the "lead agency"
role, has been tried in various forms in the past. The evidence suggests
that an !nteragency committee of this type could be useful as an advisory
service to USDA, but would not be an effective means of achieving har­
monization of the situation appraisals and strategic planning of the
many agencies concerned with V.S. and world food problems. Other
agencies are not willing to submit their most strongly felt interests to a
committee chaired and staffed by USDA. They will do so only in a situa­
tion in which they can meet as equals, under higher authority that
demands effective coordination, and are served by strong staff work
independent of the special interests that inevitably bear on the line
agencies.

The small unit in the Executive Office of the President, if strongly
led, can meet these requirements for effectiveness. Moreover, from that
location, it can work effectively with other elements of the Executive
Office such as the Office of Management and Budget, the Council of
Economic Advisers, the Office of Science and Technology Policy, and
the National Security Council. It can borrow staff specialists from these
offices to help with its analytical work, and can provide to those offices
appraisals of food and nutrition issues that reflect a governmental over­
view. We believe also that such a unit would give the USDA a better
opportunity than would the "lead agency" concept to influence the
operations of other agencies that affect USDA'S concerns.

The third alternative would be to establish only a research co­
ordinating unit in the Office of Science and Technology Policy, without
a broader unit for coordinating food and nutrition policies. The diffi­
culty with this is that sensible research policies can be established only
within a broader framework of V.S. policies concerning food and nutri­
tion. For example, for reasons related in Chapter 1, we think most of
the increased food needed in the developing countries over the rest of
the century should be produced in those countries, and our recom­
mendations for research reflect that conclusion. But it would make no
sense for V.S. government policies concerning food research to move in
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this direction if other U.S. government policies, regarding, say, the ex­
port of fertilizer or world trade in food, were moving in other directions.
Consequently, we see no acceptable alternative to the conclusion that
there ought to be in the Executive Office of the President both an ar­
rangement for achieving a coherent strategy for research on food and
nutrition and an arrangement for achieving a coherent general strategy
toward world food and nutrition problems.
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TABLE 1 Annual grain consumption (actual and projected), by main types
of uaes, 1970-1990

Actual
consumption Projected demand-

1970 1980 1985 1990

Developed countries
(miUion ton,)

Food 160.9 163.1 164.1 164.6
Feed 371.5 467.9 522.7 565.7
Other UIeS 84.9 100.6 109.5 116.4
TOTAL 617.3 731.6 796.3 846.7

(kiIOfrGm,)
Per capita 576 623 649 663

Developing
market economies

(million ton,)
Food 303.7 409.3 474.5 547.2
Feed 35.6 60.9 78.6 101.9
Other uses 46.4 64.1 75.4 88.5
TOTAL 385.7 534.3 628.5 737.6

(kilogram,)
Per capita 220 233 240 246

Developing centrally
planned economies

(million ton,)
Food 164.1 200.5 215.2 225.3
Feed 15.3 38.7 48.7 61.4
Other uses 24.6 32.6 36.0 39.1
TOTAL 204.0 271.8 299.9 325.8

(kilogram,)
Per capita 257 290 298 304

-FAO projections based on "trend" GDP growth and U.N. "medium" population pro-
jections.

SOURCE: Overseas Development Council (1977) The United States and World Develop­
ment Agenda. New York: Praeger Publishers, p. 184; adapted by the ODC from: Food
and Agriculture Organization of the U.S. (1975) Population, Food Supply and Agricul­
tural Development. Rome: FAO, p. 28.



TABLE 2 Food production indices (1961-65=100)

1950 1960 1965 1975 1976

Per Per Per Per Per
Total capita Total capita Total capita Total capita Total capita

HIGH-INCOME COUNTRIES 72 84 95 99 104 102 129 115 134 118
United States 76 94 97 101 106 103 136 120 138 121
Canada 82 113 92 97 112 108 128 106 142 116
Japan 68 79 97 100 103 101 115 100 109 94
Australia 65 87 89 95 99 95 139 113 130 104
European Community 69 77 95 98 103 101 121 112 118 109

DEVELOPING COUNTRIES 63 85 91 98 104 101 144 107 149 108
Poorest countries· 68 88 95 102 100 96 137 104 138 105

Bangladesh 74 101 95 102 106 101 127 95 129 94
Benin 73 95 102 109 100 95 119 87 121 86
Burma 37 48 91 97 98 94 117 91 120 91
Burundi 103 131 102 108 111 106 131 112 130 108

-VI
00



Poorest countries (Cont'd)
Ethiopia 78 98 93 99 104 100 lOS 79 109 80
Guinea 78 93 101 106 101 98 136 107 137 106
Haiti 92 113 100 105 99 99 104 84 107 84
India 65 80 95 101 96 92 139 108 139 106
Indonesia 59 80 100 108 102 97 156 118 157 116
Kenya 66 98 93 102 101 95 142 97 140 93
Madagascar 61 77 85 90 105 101 138 107 134 102
Malawi 63 83 86 88 116 136 175 123 170 117
Mali 85 108 98 104 97 93 88 68 94 71
Niger 61 88 82 92 108 102 87 62 98 69
Pakistan 77 108 85 92 110 104 163 115 168 115
Rwanda 59 81 101 108 101 96 148 107 148 104
Sierra Leone 76 95 93 98 101 97 134 102 137 102
Sri Lanka 56 78 87 93 87 83 108 83 99 75
Sudan 66 88 86 92 101 97 lSI 117 155 117
Tanzania 73 98 89 96 104 99 130 95 136 97
Uganda 90 130 90 98 113 107 107 74 105 70
Upper Volta 60 75 91 97 110 105 95 72 91 68
Zaire 104 143 109 118 106 101 146 110 150 110

-VI
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TABLE 2 (Continued)

1950 1960 1965 1975 1976
-- --
Per Per Per Per Per

Total capita Total capita Total capita Total capita Total capita

Middle-income countries 60 84 89 97 107 101 148 107 155 109
Angola 78 95 95 100 104 101 87 72 80 65
Argentina 74 93 84 88 97 95 126 108 135 114
Bolivia 69 93 101 109 113 106 129 93 135 95
BrazB 59 85 87 95 115 109 164 117 181 126
Cameroon 83 104 92 97 III 107 120 97 121 96
Chile 78 106 97 105 107 102 132 103 136 105
Costa Rica 80 129 98 110 108 101 186 131 190 131
Cyprus 58 68 64 64 128 126 139 127 146 132
Colombia 69 104 92 102 107 101 160 116 166 118
Ecuador 38 56 90 99 106 101 152 108 149 103
Egypt 65 89 92 99 103 98 132 99 138 101
EI Salvador 76 III 98 108 106 99 172 115 176 114
Ghana 57 79 91 98 99 94 122 89 123 87
Guatemala 65 95 89 99 105 98 191 139 207 146
Guyana 55 77 94 101 107 102 109 84 101 76
Honduras 75 112 90 99 109 102 103 68 125 80
Iran 47 66 88 96 105 99 171 121 179 122
Iraq 34 49 89 98 107 100 111 75 139 91
Ivory Coast 18 28 88 98 106 99 187 123 196 125
Jamaica 65 79 91 95 106 102 84 70 85 70

-~



Middle-income countries (Cont'd)
Jordan 30 41 42 46 122 115 72 48 103 66
Korea, Republic of 56 74 81 89 110 104 1S4 116 168 124
Lebanon 55 77 73 79 110 104 146 105 149 lOS
Liberia 80 102 96 104 107 101 138 96 145 98
Libya 20 32 77 86 127 118 216 133 212 125
Malaysia (West) 59 82 88 95 110 104 238 173 265 188
Mexico 51 77 82 91 115 108 165 110 162 104
Morocco 67 93 101 108 117 112 118 85 154 107
Nicaragua 75 109 75 81 109 103 166 119 165 115
Nigeria 72 97 93 100 105 100 121 89 125 89
Panama 72 106 83 91 119 112 148 105 155 107
Paraguay 76 104 92 100 108 102 123 89 134 94
Peru 71 96 89 94 102 97 119 84 125 85
Philippines 38 56 89 97 109 103 161 113 173 118
Senegal 59 81 89 97 114 108 137 98 135 94
Syria 66 94 55 61 100 94 133 90 129 85
Thailand 63 89 86 93 103 97 170 120 168 116
Togo 67 88 101 108 110 105 131 98 133 97
Trinidad & Tobago 77 107 102 107 104 101 76 62 96 77
Tunisia 84 106 117 123 108 104 218 168 206 155
Turkey 55 79 95 103 103 98 148 110 1S3 III
Uruguay 80 96 91 95 109 108 109 104 129 122
Venezuela 47 76 89 99 115 108 172 117 165 109
Zambia 68 96 96 105 120 113 204 143 206 140

·Other "poorest" countries for which data were not available: Botswana, C.A.R., Chad, Gambia, Lesotho, Somolia, 2 Yemens, Aflhanistan,
Bhutan, Maldive Islands, Sikkim, Nepal, Laos, and West Samoa.

SOURCE: U.S. Department of Agriculture, Economic Research Service (1977).
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APPENDIX

B
Methodology for
Establishing
Research Priorities

The research priorities recommended in Chapter 2 were established
in three overlapping phases covering a year, starting in February 1976.
These three phases involved study teams covering 12 subject areas, a
separate panel to rank the priorities recommended by the study teams,
and the Steering Committee, respectively.

The overall task was to identify areas of research that would prob­
ably have the greatest effect on reducing worldwide hunger and mal­
nutrition and that would probably produce earlier results if U.S. ex­
penditures on them were increased. Each research area given priority
was defined as a broad goal, such as increasing the amount of photo­
synthesis in major crops or reducing crop losses due to pests. Within
these research areas, choices were made among lines of research that
could advance such goals. At both levels, each research area considered
is well above the individual project level.

The Study Team Phase

Twelve study teams, each covering a different subject, were estab­
lished to select a group of high priority research areas within their sub­
ject matter scope. It was felt that the study teams would be the most
productive in identifying and presenting the empirical and theoretical
analysis needed to assess priorities. Assessment and ranking across sub­
ject matter research recommendations were done later by a separate
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panel (Study Team 13). All of the study teams included both natural and
social scientists, the balance depending on the subject area.

In examining possible research areas, each team addressed three
questions posed by the Steering Committee:

1. What advances in knowledge will specific areas of research pro­
duce, and what is the scientific or technological significance of these
advances?

2. If the research produces results, what effect would they likely
have on reducing global hunger and malnutrition over the next several
decades?

3. What supportive action will be required to conduct research for
the accelerated activity recommended (e.g., more resources, policy
changes, organizational changes)?

The study teams were asked to base their selection of research areas
on their answers to the first two questions. Answers to the first and
third questions provided insight on the feasibility of each research area.
This information was used later by Study Team 13. These answers also
provided raw material for Study Team 14 and the Steering Committee
when they considered steps to mobilize and organize resources to imple­
ment the proposed research.

Each study team's selection of high priority research areas involved
two steps. In the first step the study teams reviewed research recom­
mendations and possibilities for research provided by existing reports,
by the study team members themselves, and by other people who were
consulted. The Steering Committee was particularly concerned that the
study teams make full use of existing reports. From the hundreds of re­
search possibilities, each team selected a limited set that would likely
have the greatest global effect on hunger and nutrition. The second step
further narrowed this set to research areas whose potential was thought
to stand out well beyond that of the rest of the group.

On this basis, the 12 study teams selected over 100 research priori­
ties. For each priority area they provided a statement, termed a re­
search profile, of their responses to the three questions noted above.
These profiles and the reports submitted by the study teams also in­
cluded supplemental information in response to a series of subquestions
posed by the Steering Committee (bearing on the three questions listed
above), and other supporting information. The overall report and ac­
companying research profiles of each study team are published as the
Supporting Papers for this report, together with the report of Study
Team 14.
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The Priority Ranking Phase
A separate panel, Study Team 13, had the task of making choices
among the research areas selected as priorities by the study teams. Com­
posed of 19 experts, broadly experienced in most aspects of food and
nutrition, Study Team 13 assessed and ranked more than 100 research
areas provided by the subject matter study teams.

This phase involved several steps:

- Study Team 13 and the Steering Committee staff discussed the scope,
purpose, organization, and methods of the World Food and Nutrition
Study and the process proposed for the study team's work.

- A staff group, including the lead analyst of Study Team 13, high­
lighted and annotated the fulI set of research priorities provided in
profile form by the study teams. This procedure facilitated identifying
the answers to the standard questions bearing on the selection of
research priorities.

- The members of Study Team 13 then studied at length the annotated
profiles and overview comments of the 12 study teams. They also met
with each study team chairman, who highlighted his team's report
and responded to questions.

- Next, each member of Study Team 13, without consulting with the
others, ranked each research area from 0 to 10 according to four
criteria: (l) probability of success, (2) global effect on hunger and
malnutrition if the research succeeds, (3)" cost and feasibility of doing
the proposed research, and (4) overalI priority, based on judgments
about the first three criteria. Research areas were ranked according
to these four criteria for two time periods: 15 years after the research
effort is accelerated, and beyond 15 years. The key considerations
for the overalI priority rating were probability of success and effect.
Feasibility moderated the decisions on how to do recommended re­
search. Each member of Study Team 13 was requested to comment
on alI high or low ratings (8 to 10, 1 to 3). Each member also was
invited to comment on any other point that he felt useful, such as
interrelationships of priority areas, nature or appropriateness of as­
sumptions, or gaps in needed analysis.

- The lead analyst of Study Team 13 and the Steering Committee staff
summarized the rating sheets in three tables. The first table provided
the average of Study Team 13's ratings on the eight criteria for each
research area. The second table showed, for estimated effects in both
less than and more than 15 years, the distribution of low, medium, and
high overall ratings for each area, the ranking of the area's average
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overall rating, and assignment of the research area to one of five
priority categories based on the contents of the rating sheets and
supplemental information in the profiles.

Those categories were:

A. High chance of successful research; very strong worldwide effect
if research succeeds.

B. High chance of successful research; strong effect largely for spe­
cific geographic (political or ecological) zones or population groups.

C. Success of research relatively uncertain (more risky than A, B,
or 0, but chances still good); very strong worldwide effect if re­
search succeeds.

D. High chance of successful research; relatively moderate effect
if research succeeds (i.e., prospect of substantial global effect at low
risk, though total effect of successful research well below A or
C; effect could be more or less than B, but more diffused).

E. Lesser expectations than A to D.

The third table was an interpretive summary of the comments pro­
vided by the members of Study Team 13 on their rating sheets.

- Study Team 13 met to discuss the foregoing materials, especially re­
search items on which there were highly divergent views, problems in
dealing with uneven levels of scope and presentation among the re­
search profiles, and difficulties in reaching conclusions in some sub­
ject areas on the basis of the materials at hand. During this period
and also prior to the first ratings some items were combined into
more comparable units.

- Study team members then provided a second round of individual
ratings of a consolidated list of 76 research items. The ratings were
confined to the overall priority of each research area, for effects in
both the shorter and longer time periods. For this process, the study
team members used their previous rating sheets, the research pro­
files, and the materials from the first two steps.

- Study Team 13 then prepared its report for the Steering Committee.
It began by considering a list of all research items with an average
rating in the second round above 6.0 in the short run and 7.0 in the
long run. A list of items previously rated high, but not so high in the
second rating, also was considered. The study team then discussed
those items that ranked high and those areas in which there was con­
cern that major omission or error might occur. Several items were
added to the top priority list primarily to broaden and complete re-
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search areas. In addition, three areas of concern were identified that
had no items in the top category, due to the study team's difficulties
in dealing with the materials they received in the limited time avail­
able to them. The report identified 31 top priority and near top
priority research areas for either short-run or long-run effect or both.
The report also called attention to the need to develop priority re­
search needs more adequately in three broad subject areas that Study
Team 13 felt had been handled inadequately.

The Steering Committee Phase
Steering Committee staff and some Steering Committee members par­
ticipated in the study team meetings. The staff provided procedural
guidance and services for Study Team 13. The full Steering Committee
began its participation in the priority assessment process in a two-day
workshop with Study Team 13 (September 23-24, 1976). Discussion
centered around a list of issues on the handling of priority selections for
each of the subject areas covered by the first 12 study teams, including
issues posed in the report of Study Team 13. Conclusions reached on
these issues at the workshop, together with the report of Study Team 13
and the reports of the study teams, provided the basis for the first draft
of Chapter 2 of the Steering Committee's report on research priorities.
This involved some regrouping of priorities recommended by Study
Team 13 and some filling in of gaps which Study Team 13 had identified.

At the workshop it was concluded that a special meeting was needed
to develop adequate treatment of the policy and social science research
area in the Steering Committee's report. An ad hoc group of Steering
Committee and study team members met in mid-October. Working with
a staff paper, this group resolved a number of issues and provided fur­
ther guidance on this subject for the first draft of the Steering Com­
mittee report.

Another workshop was held December 15-17 to review and revise
the first draft of the Steering Committee's report and to provide guid­
ance for subsequent drafts. The Steering Committee and the chairmen
or designated members of the 14 study teams attended. Some adjust­
ments were made in the presentation of priorities in the course of a sub­
stantial recasting of the draft. Subsequent Steering Committee meetings
and reworkings of the report over the following two months provided
further adjustments in the presentation of research priorities.

The total process from September 1976 through to the final draft of
the Steering Committee's report was influenced by comments and sug­
gestions from members of the Board on Agriculture and Renewable
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Resources (BARR) and of the Food and Nutrition Board of the
Academy, and from many other persons who reviewed the study team
reports and Steering Committee drafts. In particular, extensive indi­
vidual and consolidated comments were received from BARR based on
four reviews beginning with a workshop in August 1976 and carrying
through reviews of Study Team 13 and Steering Committee drafts.
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c The International
Rice Research Network

Achieving the research advances needed to meet their food produc­
tion requirements in the decades ahead is beyond the capabilities of
most if not all countries, and especially of the poorer and smaller coun­
tries. Moreover, it would not be economically or technically efficient to
try to do so.

A practicable alternative is establishing systematic and continuing col­
laboration among national and international research organizations that
are working on common or closely related problems. Arrangements for
such collaboration are frequently called research "networks." By par­
ticipating in such arrangements, countries with limited research ca­
pabilities in food and nutrition can draw on worldwide capabilities.

One of the best developed and most important examples of such a
system of research is the international rice research network. Before
delineating its operations, we should look briefly at how international
agricultural research networks typically work.

Over the past decade there has been a sizable growth in international
research networks concerned with food production. The informal struc­
tures of collaboration take advantage of possibilities for specialization
and divisions of labor. The most important networks thus far involve
research on the principal commodities consumed in the developing
countries, such as rice, wheat, com, cattle, sorghum, and cassava. But
the same type of international cooperation is expanding for work on
functional problems that extend across many commodities, such as de­
sign and use of fertilizers, soil and water management, pest control, and
farming systems.
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International agricultural research networks typically include institu­
tions in developing countries, international research centers dealing
with global or regional problems of developing countries, and research
centers in high-income countries. Collaboration between institutions
may take the form of joint research projects, pooling and exchanges of
research materials and results (including stocks of genetic materials),
program coordination, provision of research sites, advisory or training
services, exchange visits, or use of common information services.

In these research networks, research collaboration follows the tradi­
tional pattern of voluntary cooperation among scientists or organiza­
tions sharing common interests. Initiatives and research products move
in all directions through each system. However, the collaboration tends
to be more extensive and systematic than the somewhat casual and in­
termittent international research collaboration that has long existed.
One or more of the more advanced institutions in a network typically
provide some "nerve center" functions that are needed for continuity of
collaboration. These advanced institutions provide, for example, leader­
ship in organizing programs or projects, logistical support, and informa­
tion-management services.

Advanced research facilities, today mostly found in the high-income
countries, are often relied on for the complex scientific and technological
research required to solve basic problems; solutions at this level fre­
quently have worldwide applications. The international research insti­
tutions usually provide model technology components or production
systems that are widely usable, largely with adaptation, on a global or
regional basis. Adaptation of technologies to national use and to specific
farming situations normally is left to national research institutions.
However, there are no hard and fast lines as to who does what. Each
research organization (or scientist) in a research network, wherever
located, can in principle contribute any relevant research results or
services and can draw whatever it can use from the same pool.

The divisions of labor in the international research networks permit
economies of scale by concentrating much of the more expensive and
difficult types of research at facilities that can serve international needs,
particularly the needs of developing countries. Widespread participation
by developing countries in these networks permits testing solutions
under a wide variety of ecological and socioeconomic circumstances,
thereby speeding results and making them applicable over larger areas.
This participation strengthens the abilities of researchers in developing
countries or in international institutions to work in varied ecological
settings and to bring home new insights and findings applicable to their
own work. Tying U.S. research into the work of an appropriate network
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enhances the prospects for making U.S. research results effective at the
farm level in developing countries.

Collaboration on Rice Research
Rice is the world's most important food crop. One and a third billion
people-a third of the world's population-depend on rice for more
than half of their calories and almost half of their protein. For another
400 million people rice is a major secondary staple, supplying 25 to
50 percent of their total calories. In some countries--Bangladesh,
Burma, Khmer, Laos, Sarawak, Thailand, and Vietnam-rice supplies
more than half of the protein consumed. Although most rice is produced
and consumed in Asia, it is an increasingly important crop in the humid
tropics of Latin America and Africa.

The regions heavily dependent on rice face a supply problem with
three dimensions:

- Population increases in most rice-consuming countries are among the
highest in the world. Consequently, demand for rice is expected to
increase by at least 30 percent over the next decade alone, merely
to maintain the current inadequate levels of consumption. Some
countries that have traditionally exported rice are now having trouble
producing enough food to feed their own expanding populations.

- The average annual income of those who depend primarily on rice is
only about $80 to $90 per year. Since rice remains the preferred
staple of the overwhelming majority, increases in per capita income
will be transformed into greater demand for rice.

- Most arable land is already being farmed in the rice-growing nations
so that most of the additional rice that is needed must be produced
without bringing more land under cultivation. However, average
rice yields in these nations are low, generally ranging between 1.2 and
1.8 tons per hectare in contrast to about 5 tons per hectare in the
more developed countries.

Thus the problem is to accelerate the increase of rice yields over vast
areas that are characterized by poverty and heavy population pressure
on limited resources. The research and development requirements for
adequate results, spanning dozens of different natural and socioeconomic
environments, are beyond the individual capabilities of most if not all of
the countries concerned.

To deal with this problem, a multifaceted system of research col-
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laboration has been developed. The principal "nerve center" role is
performed by the International Rice Research Institute, an autonomous
international organization, originally established by the Ford and
Rockefeller Foundations and now supported by 11 development as­
sistance organizations. IRRI began its research operations in 1962 in the
Philippines. In later years, international research institutes established
in Latin America and Africa, with primary mandates in other research
areas, undertook the responsibility for extending IRRI'S results and
capabilities in rice research and training in their regions. These insti­
tutes are the International Center for Tropical Agriculture (CIAT) in
Colombia and the International Institute of Tropical Agriculture in
Nigeria.

NETWORK ACTIVITIES LED BY IRRI

IRRI is involved in many types of collaboration with scientists and re­
search organizations from the rice-growing countries of the world, in­
cluding the high-income countries. These activities draw from and con­
tribute to the research program that it carries out at its own facilities.

IRRI provides leadership and logistical, analytical, and materials
services for five international collaborative progranls. These activities
are jointly planned, approved, and executed by researchers from the
participating organizations, but IRRI scientists serve as catalysts and
expediters and provide communication services.

First, in the International Rice Testing Program, standard sets of
rice varieties obtained from IRRI and national research programs are
tested and evaluated annually under a wide variety of agroclimatic
conditions, using uniform procedures. The tests seek to improve a
number of factors determining yield and stability of yield, and the re­
sults are shared by all participants. In 1976, these materials were tested
at 475 locations in 50 rice-growing countries. Sixty-seven Asian scien­
tists participated in international monitoring teams for this activity in
Asia. The results guide further crossings and selections, which may be
fed into subsequent worldwide testing programs.

Second, the International Rice Agroeconomic Network mobilizes
teams of economists, agronomists, and other scientists who jointly
evaluate the biological, physical, social, and economic factors influenc­
ing adoption of improved rice-growing technologies in order to guide
research and policy work and to accelerate the beneficial effects of im­
proved technology. In 1976, work proceeded according to jointly
planned research agreements at 10 locations in six Asian countries.

Third, activities in the International Cropping Systems Network test
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combinations of genetically improved plants, equipment, and other
physical innovations, and new farm production systems in cooperating
countries, generally in large-scale pilot projects on farmers' fields. lUI

scientists and research and production personnel from each country
collaborate in this effort. Different rice-based cropping patterns are
tested under a variety of agroclimatic, soil, and socioeconomic condi­
tions to develop the most appropriate combinations for each type of
environment. The Masagana 99 experiment in the Philippines roughly
doubled the annual yields of participating farmers using a new technol­
ogy that permitted substituting two crops for one. In 1976, research and
development was conducted at 21 sites in six Asian countries.

Fourth, in the Farm Machinery Development Network, IRRI is c0­

operating with national research organizations and manufacturers in
developing mechanization appropriate for small farmers. In 1976, c0­

operative work was undertaken at 10 locations in eight countries. A
number of the more successful machines are being manufactured by
local firms in developing countries. These include a 5- to 7-horsepower
tiller, small rotary weeder, small hand-propelled direct seeder, fertilizer
applicator, I-ton batch drier, and three small threshing machines.

The fifth collaborative research program is a specialized activity to
develop rice varieties and associated technology for production under
deepwater conditions. Work extends through Thailand, Bangladesh,
India, Indonesia, Mali, and other countries.

lUI also operates a comprehensive set of educational programs pro­
viding resident training for scientists and extension leaders from rice­
producing nations. This includes a variety of research and production
training, including two-week and six-month production courses, multi­
year degree training in cooperation with various universities, and post­
doctoral researchers and visiting scientists. From 1970 to 1974, an
average of 143 participants were in residence for all or part of each year
for training in research and production. Ninety percent of the trainees
were from South and Southeast Asia, where most of the world's rice is
grown. Other trainees came from Africa and Latin America, although
most trainees from these continents are handled at UTA and CIAT. From
1962 to 1975, 1,055 people underwent intensive training at lUI, and
over a thousand more took IRRI'S special two-week rice production
course. The training provided through these programs can lead to subse­
quent research collaboration among the trainees and trainers and their
research organizations.

IRRI further supports international research collaboration by promot­
ing exchange of research results, ideas, and evaluation via symposia on
technical problems, scientific publications, and its library services. Since
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its inception IRRI has organized 33 symposia, workshops, seminars, and
conferences involving 1,760 scientists, mostly from national programs.
Among IRRI'S scientific publications are a detailed annual report of re­
search results and other activities with a worldwide mailing list of 3,000;
a newsletter sent to 5,300 rice scientists and research administrators;
and an extensive bibliography of rice literature that is updated annually.
There is an active documentation service at IRRI'S headquarters in Los
Banos, with a branch in Japan. The library tries to collect all documents
on rice research and provides researchers with bibliographies on spe­
cialized subjects and information and photocopying services on request.

IRRI maintains a germ plasm bank that provides basic support for
international genetic research to improve rice. The bank stores more
than 35,000 seed varieties from every major rice-growing region of
the world, contributed by and available to scientists throughout the
world. Three to five thousand samples of seed are sent each year from
the bank to cooperating scientists in national programs.

OTHER DIMENSIONS OF THE RICE RESEARCH NETWORK

CIAT and nTA conduct a range of research and development on rice
with national and regional research organizations in Latin America and
Africa that is similar in character to the IRRI pattern but of lesser scope.
IRRI supports their rice work and has some direct involvements in these
other regions; the centers arrange for interregional exchanges of ex­
perience. These activities led by the international centers in turn spark
many arrangements for cooperation among national research programs.

Research collaboration among the various national and international
research organizations in the developing countries occasionally un­
covers situations in which lack of knowledge impedes the development
of improved technologies. These situations call for scientific research
that is beyond the capabilities of IRRI or other institutions in the rice
research network or that can be pursued more efficiently in advanced
research institutions that specialize in such problems. For example, IRRI

is collaborating with the International Fertilizer Development Center
in Alabama on improvement of fertilizers for rice production, with the
Boyce Thompson Institute and Cornell University on biological nitro­
gen fixation,' with Australian research organizations on drought toler­
ance, and with the International Center for Insect Physiology and Ecol­
ogy in Kenya on pest problems. It also receives technical support from
the International Board for Plant Genetic Resources on the handling
and storage of the materials in its germ plasm bank.

The rice and wheat research networks are the most extensive and
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have had major international research programs established for long
enough to have wide effects on world production. Two rough estimates
of the international market value of increased wheat and rice produc­
tion in 1972-73, which resulted from the use of new high yielding varie­
ties generated in the rice and wheat networks, are $1.4 billion and
$4 billion, respectively. In the two following years the use of improved
rice varieties in 13 countries of Asia spread from 15.6 million hectares
to 21.6 million hectares, or about 26 percent of their rice-producing
area. IRRI is now leading collaborative research to deal with the needs
of the nonirrigated rice areas bypassed by the early work, and with the
disease and other stress and farming system problems that have limited
wider use of higher yielding technologies.

Other Research Networks and the U.S. Role
In recent years, international research and development collaboration
of the various types described above has been growing very rapidly in
dozens of research fields that are important for U.S. and world food
production. The arrangements for collaboration generally have much
less scope and structuring than are found in the more mature rice,
wheat, and com networks, but a number of the newer networks are ex­
panding. The international potato research program, for example, was
set up on a network basis from the beginning and involves many institu­
tions in the developing and high-income countries, including the United
States.

U.S. institutions naturally are more active in commodity and subject
areas in which we have developed particularly strong research activi­
ties for domestic reasons. Thus U.S. institutions have been much more
involved in the international research collaboration on com and wheat
than on rice. In some subjects, U.S. institutions are beginning to play
some of the "nerve center" roles described in the JRRI illustration. Title
XII of the Foreign Assistance Act of 1975 has the potential to stimulate
more of such activity. This international collaboration has brought
important benefits for U.S. agriculture as well as providing opportunities
to apply more U.S. research experience to the problems of the develop­
ing countries. The United States also has been instrumental in stimulat­
ing a new program of collaboration among the high-income countries
that are members of the Organization for Economic Cooperation and
Development on four basic food research problems of worldwide im­
portance. This collaboration will include developing countries that are
ready to participate as it gets under way.
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A good start has been made in extending international research
collaboration on world food and nutrition problems, but these activities
are much stronger in the natural sciences than they are in the social
sciences or in human nutrition. International research cooperation in
the latter two areas needs much strengthening. The International Food
Policy Research Institute, located in Washington, D.C., has the p0­

tential for playing some "nerve center" roles for portions of the needed
international collaboration on social science research. The new United
Nations University, located in Tokyo, might perform comparable func­
tions for some of the needed collaboration on nutritional research and
development since it is giving emphasis to this field in its start-up
program.
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D
Federal Agencies Affecting
the U.S. and World Food
and Nutrition Situation

Approximately two dozen federal agencies have an influence on food
supply and nutrition in the United States and the world. Half of these
agencies conduct research on food and nutrition problems. Table 1
provides an estimate of the approximate level of expenditure on food and
nutrition research by federal agencies.

The following descriptions are only indicative of the principal func­
tions of federal agencies that affect the U.S. and world food and nutrition
situation. The listing of functions is not complete.

U.S. Agencies that Conduct Research

DEPARTMENT OF AGRICULTURE

About half of the federal research on food and nutrition problems is
financed and conducted by the U.S. Department of Agriculture (see
Chapter 3). USDA has by far the most powerful influence of any agency
on the U.S. and world food situations because of its leading role in setting
policies for U.S. food production and marketing and for international
trade in food, as well as its many programs and relationships with food
producers, marketers, and consumers. About one-quarter of USDA'S re­
search funds are provided as matching grants to State Agricultural Ex­
periment Stations (SAES) , and USDA provides an organizational and
leadership role for the overall USDA-SAES research community. USDA'S
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TABLE 1 Approximate level of expenditure on food and nutrition research
by federal agencies·

Agency

Department of Agriculture
Agency for International Development
National Institutes of Health (HEW)
National Science Foundation
Energy Research and Development Administration
National Oceanic and Atmospheric Administration (Commerce)
Department of the Interior
Environmental Protection Agency
Department of Defense
National Aeronautics and Space Administration
Tennessee Valley Authority
Food and Drug Administration (HEW)
Miscellaneous

TOTAL

Expenditure
($ million)

360
69
60
40
45
35
22
15
16
15
10
3

10

700

-For the most part this information is not provided in regularly published data. Figures
are based on informal estimates from departmental sources, relying on a mix of data for
fiscal years 1975, 1976, and 1977.

role to date in nutrition research has been very modest ($13 million in
fiscal year 1977).

AGENCY FOR INTERNATIONAL DEVELOPMENT

The Agency for International Development, a separate agency within the
Department of State, has the primary responsibility within the U.S.
government for international development assistance. AID'S largest pro­
gram, involving over half of its bilateral development assistance, is to
foster food and nutrition improvements in developing countries. This
includes a sizable and growing research component, which may reach
perhaps $100 million or more by 1980, most of which involves U.S.
research institutions in a variety of roles that are very supportive of what
is done with much larger sums in the developing countries (see Chapter
3). Thus the effects of AID activities are felt both in the United States
and around the world. AID supports research in both the natural and
social sciences. As a major part of Title XII of the Foreign Assistance
Act, AID is directed to expand and strengthen collaborative research ef­
forts in food and nutrition involving U.S. universities, research institu­
tions in the developing countries, and international research centers. The
same act establishes a Development Coordinating Committee, which the
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AID Administrator chairs, to coordinate all U.S. government policies that
affect the developing countries.

DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE

The largest federal expenditures for nutrition research are at the National
Institutes of Health (see Chapter 3). The Food and Drug Administration
conducts research and makes a broad range of regulatory decisions that
have major effects on U.S. production, processing, and distribution of
food, on the nutrition and health of our population, and on directions
and scope of food research throughout the United States. Because of the
growing U.S. foreign trade in food, these decisions increasingly affect
what is done in foreign countries. NIH also supports a large amount of
basic biological research outside the nutrition area that is important in
building the scientific base for U.S. and worldwide advances in food pro­
duction and consumer welfare.

NATIONAL SCIENCE FOUNDATION

The National Science Foundation makes research grants to U.S. scien­
tists, primarily for projects in basic scientific fields. NSF'S evolving man­
date is carrying it increasingly into support of food-related and nutrition­
related research, including basic work in the biological, social, and
behavioral sciences, and applied research supported by the Research
Applied to National Needs (RANN) program. This trend will probably
continue. The authorizing legislation for NSF in fiscal year 1977 provides
for increased support of international scientific collaboration on critical
world problems such as food and nutrition. NSF also has a responsibility
to help build U.S. capabilities for interdisciplinary research.

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION

The decisions of the Energy Research and Development Administration
(ERDA) on types of energy development affect all segments of the U.S.
food system, from the seed to the kitchen. The same is true of its deci­
sions affecting the allocation of scarce energy resources among competing
uses. ERDA has been expanding its collaboration with USDA and its finan­
cial support for research on energy uses throughout the U.S. food system.

NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION

The National Oceanic and Atmospheric Administration, a separate
agency within the Department of Commerce, manages oceanic and
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weather research and operations. It also participates in international
programs and policy and regulatory negotiations on these matters, in­
cluding ocean fisheries, the global activities of the National Marine
Fisheries Service, and satellite and other technology applications.

DEPARTMENT OF THE INTERIOR

This agency makes decisions affecting land and water uses and reclama­
tion in the United States for food production. The department conducts
research on these areas, on vertebrate pests, and on other relevant areas.
It also influences power generation and irrigation patterns, and plays the
leading U.S. government role in aquaculture.

ENVIRONMENTAL PROTECTION AGENCY

The broad regulatory concerns and related research (about one-third of
its budget) of the Environmental Protection Agency (EPA) will impinge
increasingly on the means, costs, scope, and pattern of U.S. food produc­
tion (and to some extent on AID programs). EPA is now focusing on re­
ducing undesirable environmental effects of food production (mainly
chemical pollution) and undesirable effects on food production of en­
vironmental pollution from other sources. Moreover, it makes general
decisions on the production and use of toxic substances, sought for other
reasons.

DEPARTMENT OF DEFENSE

The Defense Department (DOD) supports a strong food science research
program, including work on nutrition and on dehydration, compression,
and other means of preserving and concentrating food supplies. DOD

plays an important role in the international movement of emergency food
supplies. The Corps of Engineers influences irrigation and other water­
use patterns. DOD develops and deploys sonar and other remote sensing
technologies and facilities that have important potential for improving
world food supplies. It supports social science and natural science re­
search and intelligence work, some of which is relevant to improvement
of food supplies in developing countries.

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

The National Aeronautics and Space Administration (NASA) conducts
research and development on remote sensing for detection and monitor-
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ing of the earth's resources and supportive research in the life sciences.
It collaborates in this work with USDA, AID, NOAA, and the U.S. Geological
Survey. In the future satellites will play an increasingly important role in
many aspects of the world food situation, including forecasting weather,
estimating crops, and assessing and locating land and water availability
and use potentials. Satellites will also be able to speed information ex­
change and other communications.

TENNESSEE VALLEY AUTHORITY

The Tennessee Valley Authority operates the largest research and de­
velopment program in the world on chemical fertilizers. Its National
Fertilizer Development Center is unique in this field. It is the primary
source of research support for the U.S. fertilizer industry and its research
and technical assistance services are widely used throughout the world,
including the developing countries. The Center is now working with the
new International Fertilizer Development Center, which gives TVA'S re­
search increased significance for developing countries.

Other Agencies with Important Policy Involvement
The following agencies have important program and policy responsi­
bilities that affect the U.S. and world food and nutrition situation. How­
ever, their research role in this field is minor. This group does not in­
clude those agencies that primarily gather and assess data and other
intelligence, such as the Central Intelligence Agency and the U.S. Geo­
logical Survey.

DEPARTMENT OF STATE (OTHER THAN AID)

The Department of State coordinates U.S. participation in international
organizations, conferences, and negotiations affecting world food pro­
duction and distribution. The State Department, the Department of Com­
merce, and other government agencies jointly establish policies on U.S.
trade restrictions and promotion, and participate in related international
negotiations that have an influence on world food production and trade
patterns. The State Department, the Treasury Department, and other
agencies play a similar role regarding international monetary policies
(including exchange rates) and financial and development assistance,
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and in negotiations to establish or change international systems bearing
on the rest of the world's production and consumption potentials. The
Department of State also operates a major international intelligence and
analysis network supporting these functions.

DEPARTMENT OF COMMERCE (OTHER THAN NOAA)

The Department of Commerce, along with USDA, Treasury, and other
agencies, plays an important role in the international policy development
affecting U.S. trade and investment and other international transactions
described above in connection with the Department of State. The de­
partment has many programs of its own affecting international transac­
tions that bear on the U.S. and world food production and trade patterns.
It has important influences on internal U.S. trade in food and in agricul­
tural inputs.

TREASURY DEPARTMENT

The Treasury Department shares a large part of the international role
carried out by the State Department, and usually has leadership responsi­
bility on financial matters. Its management of the U.S. revenue system
and its role in shaping domestic fiscal and financial policies, including the
role of credit and financial institutions, has important implications for
the U.S. food and nutrition situation and U.S. participation in world food
systems.

OTHER FINANCIAL POLICY INSTITUTIONS

The Export-Import Bank, the Federal Reserve Board, and other institu­
tions affecting domestic and international lending patterns influence food
systems. Recurrently, the United States establishes price stabilization and
policy agencies of various types that share policy and control responsi­
bilities with permanent agencies such as Treasury, the Office of Manage­
ment and Budget, the Federal Reserve Board, and the Council of
Economic Advisers. Strategies and decisions by these agencies can affect
U.S. and world food trade and production patterns.

DEPARTMENT OF TRANSPORTATION

This department's policies, programs, and research support affect U.S.
and international transport and storage systems for food.
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DEPARTMENT OF LABOR

The influence of U.S. government policy on wages affects the relative
costs of U.S. food supplies and their comparative international advantage.

OFFICE OF SCIENCE AND TECHNOLOGY POLICY

This new office within the Executive Office of the President is still being
established. Two of the principal functions of the Office of Science and
Technology Policy are to advise the President and Executive Branch on
policies that will make the best use of U.S. scientific and technological
capabilities, and to help coordinate U.S. research activities.

OTHER EXECUTIVE OFFICE AGENCIES

There are a number of coordinating and planning agencies within the
Executive Office of the President that make policy decisions that in­
directly affect the U.S. and world food situation. These include the Office
of Management and Budget, the Council of Economic Advisers, the
Domestic Council, and the National Security Council.
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Sources

The principal sources of information used in preparing this study are
mentioned below with indications of where and how they were used.
In addition to published reports, a large amount of information and
analysis was obtained directly from experts in the various relevant fields,
and informal memoranda and unpublished reports, including reports of
U.S. government agencies, were also obtained and used. The reports of
the study teams provided the major input for the selection of research
priorities, and also provided information that was useful in preparing
other sections of the Steering Committee's report.

CHAPTER 1
Dimensions of the World Food and Nutrition Problem

Our discussion of the extent, nature, and incidence of malnutrition in the
world draws heavily on assessments made by the Food and Agriculture
Organization and the staff of the World Bank (also known as the Inter­
national Bank for Reconstruction and Development). Analysis and data
on nutritional status are presented in a number of FAO publications.
These include the Assessment of the World Food Situation: Present and
Future, prepared for the World Food Conference held in Rome in 1974;
The State of Food and Agriculture, 1975; and the results of the Fourth
World Food Survey published during 1976 in various issues of FAO'S
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Monthly Bulletin of Agricultural Economics and Statistics. A staff paper
of the World Bank ("Malnutrition and Poverty," World Bank Staff
Occasional Paper No. 23) also contains an estimate of the numbers of
malnourished in the world.

The numbers of people suffering from malnutrition cannot be esti­
mated precisely. However, the estimates made by FAO and the World
Bank staff are certainly within a range of probable orders of magnitude
and serve not only to underscore that large numbers of people in the
developing world are affected by malnutrition, but also to provide a base­
line against which our question, "What difference will it make if particu­
lar lines of research succeed?," can be measured.

FAO estimates the number of people suffering from malnutrition by
comparing country and regional per capita requirements with estimates
of per capita food supplies available. If per capita availabilities fall below
requirements, malnutrition is assumed to exist. Additional supporting
information on the incidence of malnutrition is derived from studies of
energy intake by income or social group, vital statistics, clinical and
anthropometric data, and detailed food-intake studies. Such data provide
information on the nutritional status of children. The methodology used
by FAO to estimate the extent of malnutrition is discussed in detail in the
Assessment of the World Food Situation (pp. 53-74) and in The State of
Food and Agriculture, 1974 (pp. 103-110 and pp. 147-152).

World Bank staff estimates of the number of people who are mal­
nourished are contained in "Malnutrition and Poverty." This report esti­
mates the number of malnourished by relating nutritional status to in­
come distribution. The methodology used by the World Bank is discussed
on pages 11-25.

Data on population growth are from Demographic Trends in the
World and Its Major Regions, 1950-1970 and Selected World Demo­
graphic Indicators by Countries, 1950-2000, both prepared by the
Population Division of the United Nations, the former for the World
Population Conference held in Bucharest, August 1974. Additional in­
formation was made available by AID, the Bureau of the Census, and the
Population Council.

We assume that there will be moderate and steady progress in reducing
birth rates and rates of population increase to the year 2000 and beyond,
and we have analyzed alternative rates of change that seem plausible
based on published information. Any difference in these rates to the year
2000 would tum out to be rather inconsequential relative to the size of
the food problem, basically because a large portion of the people to be
fed are already born, as are most of the future mothers for the next 25
years, and because modification of the factors affecting net population
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change is likely to be slow. We expect a population of about 6 billion by
2000, but the recommendations in the report would not be changed by a
figure well outside this.

The analysis of long-term trends in food production, consumption,
trade and stocks, and of current supply and demand for food were based
on materials prepared by the Economic Research Service and by the
Foreign Agricultural Service of USDA. Other data sources include FAO'S

Production Yearbook and Trade Yearbook. The World Food Situation
and Prospects to 1985, prepared by the Economic Research Service;
analytical materials provided by the International Food Policy Research
Institute; A Hungry World: The Challenge to Agriculture, prepared by
the University of California; and the previously mentioned FAD Assess­
ment were useful sources of information for our analysis of the dimen­
sions and causes of the problem.

Data on per capita gross national product and country groupings by
income class are from the World Bank Atlas, 1976; from World Tables
(1976), prepared by the World Bank; and from AID.

CHAPTER 2
High Priority Research

In choosing priority areas for accelerated research, the Steering Com­
mittee was guided primarily by the subject matter reports of the study
teams and by the report of Study Team 13 on priority assessment. The
Steering Committee and the study teams used extensively a number of
reports on food and nutrition research, particularly the Interim Report of
the World Food and Nutrition Study and the accompanying report,
Enhancement of Food Production for the United States, prepared by the
Academy's Board on Agriculture and Renewable Resources, and the
recommendations of the Food and Nutrition Board of the Academy's
Assembly of Life Sciences. The study teams reviewed many other spe­
cialized studies in considering promising lines of research. A selected
bibliography is given below. More extensive bibliographies can be found
in the accompanying volumes of study team reports.

The report, Agricultural Production Efficiency, prepared by BARR in
1974, contains information that was considered in our selection of
priorities. The report of the Agricultural Research Policy Advisory
Committee (1976), Research to Meet U.S. and World Food Needs, also
helped in the identification of research priorities.

Various government agencies supplied the Steering Committee with
information on their research programs. The Steering Committee ac­
knowledges the assistance of the U.S. Department of Agriculture, the



188 WORLD FOOD AND NUTRITION STUDY

National Science Foundation, the Agency for International Develop­
ment, the Department of State, the Department of Health, Education,
and Welfare, and the National Oceanic and Atmospheric Administration.

Research priorities contained in the report of the Technical Advisory
Committee to the Consultative Group on International Agricultural Re­
search (1973), statements on international priorities from the directors
of the international agricultural research centers and from Rockefeller
Foundation staff, and reports of meetings considering particular research
areas provided additional guidance in our consideration of promising
areas of research.

Assessments of the potential benefits of research breakthroughs in­
cluded in the discussion of each research area were prepared by the
Steering Committee, using information from the study team reports, pub­
lished studies, and standard data sources.

CHAPTER 3
How to Get the Work Done

In making its recommendations for action, the Steering Committee drew
heavily on the report of Study Team 14, "Agricultural Research
Organization."

USDA and state experiment station funding and data on scientist-years
are also from Study Team 14, supplemented by USDA data and testimony
presented to the Subcommittee on Science, Research and Technology
and the Subcommittee on Domestic and International Scientific Planning
and Analysis of the Committee on Science and Technology of the U.S.
House of Representatives. Materials prepared by the Office of Tech­
nology Assessment on research expenditure for basic biological research
were used in estimating present levels of funding and staff.

Recent levels of expenditure for international and U.S. assistance
agencies are taken from annual budgets in the case of the World Bank
and CGIAR, and from Congressional budget submissions for AID. Congres­
sional committee reports on the International Development and Food
Assistance Act of 1975, in addition to AID memoranda and analyses by
U.S. university groups; give insight into the potential of Title XII, which
provides for more effective involvement of U.S. universities in agricul­
tural development assistance, including assistance in research, teaching,
and extension.

Research expenditures by other federal agencies are from several
sources, including the estimates prepared for the House Committee on
Science and Technology and direct communications from the agencies
involved.
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