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Foreward
Dear Conference Participants and Consortium Members:
I am pleased to present you with a copy of the “Proceedings” of the 2001 conference of
the Global Consortium of Higher Education and Research for Agriculture (GCHERA),
which met in San Francisco July 12-14, 2001. Those of you who attended know what an
extraordinary event it was and will enjoy reading this document to recapture parts of that
meeting. Others with an interest in global agriculture, higher education, and research will
find essential elements of this event collected in the pages that follow. I commend this to
you as an important book documenting this major international conference.
The 2001 conference, which followed the founding global conference in Amsterdam in
1999, attracted over 200 educators and research scientists from 50 countries around the
world. Representatives from agricultural institutions on every populated continent on
Earth were present, reflecting the health and vitality of GCHERA, an organization that
has now grown to nearly 400 members from more than 130 countries. If you are not
already a member of GCHERA, I encourage you to join us in our most important work.
The conference participants heard from prominent leaders on a variety of subjects
addressing the conference theme: “Higher Education and Research for Agriculture and
Food Systems in the 21st Century.” The presenters were grouped under four major subthemes: New Science in a New Century; The Changing Nature of Food Systems and the
University Response; Agricultural Curricula for the 21st Century; Organizing the
University of the Future. The papers included in this book record the presentations of
these speakers grouped under each sub-theme. In addition, the papers include my opening
comments and summary remarks as well as the vision for the future of GCHERA
presented by our new President, Rector Dmytro Melnychuk of the National Agricultural
University of Ukraine. In addition, the conference was enriched by a poster session and a
series of workshops, which are detailed in the “Proceedings.”
As the motto on the conference registration packet stated, the purpose of this conference
was to “Bring the World Agricultural Higher Education and Research Community
Together to Meet Global Challenges.” We have made important strides forward but we
still have much to do. I invite you to join us.

Martin C. Jischke
Past President, Global Consortium of
Higher Education and Research for Agriculture
President, Purdue University
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Chapter 1 - The President’s Welcome

The Mission at Hand:
Food Security and Environmental Integrity
Martin C. Jischke
President, Global Consortium of Higher Education and Research for Agriculture
President, Purdue University
Indiana, USA

What truly exciting times in agriculture! Today’s
science and technology have never equipped humankind better for improving lives the world over. Yet, we
face enormous challenges in agriculture and in agricultural education in this new century.
We must explore ways to feed a growing world
population and simultaneously reduce the environmental impact of food production. We believe food
security and environmental integrity must go hand in
hand, and we must address them globally with all
stakeholders participating, each bringing his or her
own expertise to the discussion.
That is the mission of the Global Consortium of
Higher Education and Research for Agriculture
(GCHERA). This consortium is the result of bringing
leaders of the world’s agricultural higher education
and research communities to Amsterdam in 1999.
Since that year, we have been hard at work continuing
the progress that began there.

Food Security and
Environmental Integrity
In this world today, we simply cannot afford to
ignore the global imperative in all that we do in
agriculture. All of us face many of the same issues,
particularly those of us from institutions, universities,
and research institutes where agriculture is a recognized curricular strength and an honored academic
tradition.
Agriculture is unmistakably changing and everglobalizing. The science and technology that underlie
agriculture are undergoing a revolution, which leads
our institutions to analyze and debate environmental
issues implicit in the food production systems
employed around the world.

The two critical charges we must accept in meeting
the challenges of feeding the world’s population, while
simultaneously reducing environmental pollution, are
educating highly qualified professionals and researching to develop new understandings and solve important problems. Applying science and technology
wisely is essential to solving the world’s food
problems.

The Work of GCHERA
GCHERA’s executive committee members have
made significant strides during the past two years in
expanding the network of institutions of higher
education and research that comprise our global
consortium. One of the most important accomplishments is the International Higher Education Loan
Program, or I-HELP. This program helps young
professionals with interest in food security and
environmental sustainability gain valuable experiences. It also provides them with an opportunity to
improve and strengthen their leadership skills. I-HELP
Fellows receive a $5,000 loan for support of program
expenses. If Fellows return home and implement some
of their new knowledge and skills, GCHERA may
forgive up to 50 percent of each loan. This year the
program selected and supported 20 Fellows.
Dr. Dmytro Melnychuk will lead GCHERA’s efforts
as its new president. Dr. Melnychuk is the rector of the
National Agricultural University in Kiev, Ukraine. His
leadership and scholarly pursuits make him one of the
most qualified people in the world to lead the work of
this growing organization.
Today, some 388 members from more than 130
countries make up this consortium. In attendance at
this 2001 meeting are educators and researchers from
50 nations and more than 150 universities, along with
representatives from agricultural institutions on every
populated continent on Earth.
11
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The theme of the 2001 conference, “Higher
Education and Research for Agriculture and Food
Systems in the 21st Century,” was organized around
several subthemes:

- New science in a new century;
- The changing nature of food systems and the
university response;
- Agricultural curricula in the 21st century;
- Organizing the university of the future.
Our conference attendees are an extraordinary group
of global leaders in agricultural higher education and
research. Perhaps nowhere in the world has there been
a collection of people more capable of accomplishing
our goals of food security and environmental stewardship. It’s only by working together and sharing
problems, ideas, and information that we will reach
our critical goals.
My hope is that each of us, as a result of attending
this conference, will become a changed person—
changed because we will leave with new knowledge,
new insights, new understanding, new energy, new
cohesiveness, and new connections to meet these
challenges in agricultural higher education and
research. My measure of success for the 2001
GCHERA conference is what we each accomplish
after the conference. It is up to each one of us. We
truly can be the builders of a new world.
We are grateful to all the sponsoring organizations,
including the Farm Foundation; The Food and Agriculture Organization of the United Nations; Iowa State
University; the John Deere Foundation; Pioneer HiBred International and Dupont; Purdue University;
United States Agency for International Development;
United States Department of Agriculture, Cooperative
States Research, Education and Extension Service;
University of California, Davis; the W. K. Kellogg
Foundation; and Dow AgroSciences.
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Chapter 2 - The Host’s Welcome

California Agriculture, U.S. Higher Education,
and the Global Food System
William B. Lacy
Vice Provost, University of California,
California, USA

How appropriate that the Global Consortium of
Higher Education and Research for Agriculture is
meeting in California. This state’s agriculture is
among the world’s most productive and efficient. With
more than $27 billion in farm and timber value in
1999, California is the top agricultural state in the
United States, a position it has held for more than fifty
years.

Agriculture in California
California’s moderate, Mediterranean climate, fertile
soil, diverse land resources, and excellent research and
education system allow year-round production of more
than 250 commodities, ranging from alfalfa hay to
wine grapes. California farmers and ranchers lead the
nation in 77 commodities and produce all the nation’s
commercially grown almonds, artichokes, dates, figs,
kiwi fruit, olives, persimmons, pistachios, pomegranates, prunes, raisins, and walnuts. Remarkably, California farmers grow more than 50 percent of the
nation’s fruits, nuts, and vegetables. While the state is
known for its array of unique specialty crops, its
leading performers in terms of gross sales are dairy
products ($4.3 billion), grapes ($2.4 billion), nursery
products ($1.8 billion), cattle and calves ($1.2 billion),
and lettuce ($1.1 billion) (California Farm Bureau
Federation [CFBF] 2001).
With 75,000 farms, California has only one third the
number of farms as the leading state, Texas, but more
than double Texas’s farmgate and timber value.
Contrary to popular opinion, not all farms in California are megafarms, although it does have some of the
very largest in the world. However, the average farm
size is 374 acres, about 50 acres below the national
average. Indeed, 88 percent of all farms in California
have fewer than 500 acres, and 60 percent have fewer
than 50 acres. This relatively small number of diverse
farms is estimated to create 1.4 million jobs (CFBF
2001).

Farm Markets
Because of its proximity to important markets in the
Pacific Rim and its reputation as a supplier of highquality food, fiber, and forest products, California has
also become the nation’s number-one farm export
state. California exports about 20 percent of its total
agricultural production with almonds, cotton, wine,
oranges, and milk its top exported commodities.
Japan, Canada, South Korea, Hong Kong, and the
United Kingdom are the top export markets, totaling
more than $3 billion in 1998 (CFBF 2001).

Water Supplies
Water is critical to California’s agricultural success
and survival with more than eight million acres in
irrigated acreage. Research has enabled farmers to
stretch water supplies by using progressive water
management programs and the most advanced irrigation technology, i.e., lasers to level farmland, computerized irrigation management, soil testing, and an
array of irrigation systems and equipment. In 1995,
while increasing production by 67 percent, California
farmers used slightly less water than they did in 1967
(CFBF 2001).

Farm Crisis on the Horizon?
A dark side to this picture, unfortunately, exists as
well. Much of California’s agricultural success has
been built on capital-, energy-, and research-intensive,
irrigated monocultures that global markets increasingly influence. This year the California Farm Bureau
Federation formed a Farm Crisis Task Force to address
such areas of concern as taxes, energy, water, environmental regulations, retail concentration, international
trade, agricultural chemicals, labor, and public awareness. A University of California, Davis (UC Davis)
professor Steve Blank (1998) pointed out that, while
highly productive, California continues to slowly
shrink, with farm acreage down four percent from
13
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1992 to 1997 and 3,500 fewer farms during the same
period (U.S. Department of Agriculture [USDA]
1999).
For an increasing number of commodities in California and the United States, profits are squeezed because
costs, which are local, increase and market prices,
which are global, are relatively stable or trending
down in real terms (Blank 1998). The price trends are
due to increases in total supplies made possible in part
by research and technological developments and
international trade agreements, i.e., General Agreement on Tariffs and Trade (GATT) and the North
American Free Trade Agreement (NAFTA). Between
1990 and 2000, the USDA’s index of average prices
received by farmers in the United States decreased
seven percent (National Agricultural Statistics Service
[NASS] 2000). At the same time, local input costs are
rising across the nation and, in particular, in California. For example, California’s average value per acre
of farm real estate has increased steadily since the
mid-1980s, reaching $2,610 per acre in 1998 compared to $593 per acre in Texas (NASS 1999). Labor
costs are also rising with total wage rates paid by
farmers increasing 40 percent from 1990 to 2000
(Economic Research Service [ERS] 2000).
Efforts to improve the profit margin for various
commodities have addressed both prices and costs.
Most efforts to improve prices have not been successful so most farmers have turned to costs. Here, the
most successful strategies include reducing cost per
unit by (1) increasing the size of operations and (2)
introducing new technologies. Both have helped slow
the cost squeeze but not reverse it.
Blank (2000) noted that U.S. farmers have been
squeezed out of one commodity after another, moving
up through what he calls the four general categories of
the farming food chain. Low-revenue annual crops,
including many field crops, such as wheat and corn,
are replaced by higher revenue crops such as lowvalue perennials (i.e., alfalfa), then by high-value
annuals (fruits and vegetables), and finally by highvalue perennials (tree and vine crops). For example,
between 1992 and 1997 in California, despite the
decrease in total farming acreage, acres in vegetables
increased from 1,016,744 to 1,209,259 and acres in
tree and vine crops increased from 2,245,781 to
2,582,084 (USDA 1997). However, each of these
moves required more money per acre, and those
investments were less flexible, resulting in higher
risks. While these shifts have resulted in increased
revenues, profit margins have not increased nor are
14

they expected to as global competition increases. For
the past 30 years, agriculture’s gross profit margin has
been two to three percent (ERS 2000). The challenges
are diverse and formidable. However, research and
education from our institutions of higher education
both in this country and around the world must be at
the center of any strategies for dealing with this wide
range of issues facing our food system, environmental
sustainability, and rural community viability.

U.S. Higher Education
It is equally appropriate that Purdue University with
cooperation from UC Davis and Iowa State University
has provided leadership for a conference of this
consortium whose mission remains fostering global
cooperation for the improvement of higher education
and research for agriculture. The generation and
dissemination of knowledge are critical components
for solving the food security and environmental
problems confronting our world. These three institutions, along with other key land-grant universities, are
among the finest public educational institutions in the
country. They are also part of the best public higher
education systems in the United States—the University of California, the Big Ten Conference, and the Big
Twelve Conference. These same institutions have
strong and leading agricultural colleges, which
continue to play prominent roles toward their reputations for excellence in research and education. In the
recent rankings by U.S. News and World Report
(U.S. News Online 2000) of the top national public
universities, all three were among the top 40 campuses: UC Davis (10), Purdue University (20), and
Iowa State (38). In addition, six out of the top 15
national public universities were University of California campuses, while eight of the top 25 were Big Ten
institutions, and five of the top 50 were in the Big
Twelve Conference.
In agriculture, the dominance is even greater. In a
recent study by the publishers of the Science Citation
Index (Dateline 1998) agricultural science papers
published by UC Davis researchers were referenced in
other scientific journal articles more often than papers
from any other research institution in the nation.
Seven Big Ten institutions, Cornell University, and
Iowa State University, completed the list of the
nation’s ten most cited research institutions in agricultural sciences. Much of this leadership and excellence
has been built on strong international research collaboration and education. The future will depend even
more critically on fostering global cooperation for the
improvement of higher education and research for
agriculture.

GCHERA - 2001 Proceedings
It is also important and appropriate that this international global conference is meeting here in California,
one of the most diverse and globally oriented states in
population and cultures, and that UC Davis, one of the
most diverse campuses in the country, serves as
cohost. One in four Californians are foreign born, and
it is estimated that by 2005 that ratio will increase to
one in three. A look at the diversity of K-12 students in
California shows 40 percent are Hispanic, another 40
percent are white, 11 percent are Asian Pacific Islanders, and slightly less than 9 percent are African
Americans. At UC Davis, I am fond of saying to our
more than 1,000 international students who arrive on
campus each year that everyone should feel at home
because everyone is a minority. A little more than 40
percent of our student body is of European descent,
approximately one third is of Asian descent, and
roughly, 10 percent is of Latino descent. Diversity of
perspective, values, and experience will be increasingly important in the generation, dissemination, and
application of knowledge for our global food system.

Ultimately these goals are inextricably linked, and
successful pursuit of them will require the best our
institutions of higher education have to offer, coupled
with actions by other related institutions and appropriate government policies. Finally, this agenda must
involve aggressive and creative global collaborative
efforts at the same time that action is grounded in the
community. Communities continue to be the basic
building blocks and foundations of our society,
making critical contributions to the quality of food
systems, environment, education, health, economy,
and overall well-being.

Global Food System Goals

Blank, S. C. 1998. The end of agriculture in the
American portfolio. Westport, Conn.: Quorium
Books.

In conclusion, the agenda for higher education and
research for food and agriculture must be broad based
and diverse, and we must address multiple goals that
may appear contradictory, but which we must approach as complementary. Specifically, I refer to the
complementary goals of food security, environmental
sustainability, empowered and just communities,
poverty alleviation, and democratized science. Achieving all simultaneously cannot be taken for granted,
particularly in the short term. For example, as hundreds of millions of people try to eke out an adequate
food supply from already depleted soils, degraded
hillsides, tropical rain forests, and dry areas threatened
by desertification, their efforts further harm the
environment, thereby worsening their poverty. While
opportunities for progress on these goals depend
considerably on specific social, economic, and agroecological circumstances, much more remains for us
to learn about how these critical and interrelated goals
are linked and the factors that condition these relationships (Lacy, Lacy, and Hansen, in press). Indeed,
Richard Manning (2000) documented, through
accounts in Ethiopia, Zimbabwe, Uganda, India,
China, Chile, Brazil, Mexico, and Peru, that improvements in the food, environment, and poverty triangle
seem most likely to come from the developing world,
when alternative methods and philosophies, based on
indigenous knowledge and native crops, as well as
cutting-edge technology, are all considered.

It has been said that the future belongs to those who
believe in the beauty of their dreams. However, the
leaders assembled at the 2001 GCHERA conference
and our colleagues must do more than dream. We must
provide the leadership and commitment to pursue
solutions to these complex issues. We must be the
change we wish to see.
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Chapter 3 - Opening Keynote Address

Globalization and the Contemporary University
M. Peter McPherson
President, Michigan State University
Michigan, USA

Globalization—a world more closely tied together, a
world where events occurring in one place are more
likely to have an impact (and a faster impact) in another
part of the globe. Globalization is driven by the
increased speed and lower costs of moving money,
information, goods and people. It is also driven by new
information technology, more open trade, the spread of
democracy, the end of the cold war, and strong market
forces. Dramatic advances in science and technology
have been underlying drivers. Science both enables
globalization and is fed by it.
Globalization can be reversed by catastrophic events
coupled, perhaps, with huge policy changes. In the
decades before World War I, globalization was on the
rise. In fact, as a percentage of world GDP, international trade in 1910 was about the same percentage as it
is today.
World War I slowed the progress. One of the great
catastrophic events in world history, it brought about
communism in Russia, which led to the Soviet Union,
and eventually to the cold war. Many argue that The
Great Depression was in part an aftermath of World
War I, as was the rise of Hitler. Consequently, trade
barriers went up, and international trade was restricted.
It was only after World War II that globalization and
the integration of the world began to gain momentum
again, with the United Nations’ General Agreement on
Tariffs and Trade (GATT), the founding of a number of
new international institutions, and significant policy
changes.
Globalization has shown us an array of advantages.
It has brought significant economic growth in some
parts of the world; it has helped advance individual
freedom and democracy. In time, I believe, it will help
us solve many long-entrenched problems.
One such problem is child labor. In developed
countries, we now hear more about child labor problems as a result of the global economy, mass communication, and the Internet. With increasing pressure, we

are likely to see significant child labor reform in a
decade or so.
But globalization has also brought challenges. For
example, world markets, financial markets, and
economies are much more sensitive to one another.
The first day the market fell in 1987, I was Acting
Secretary of the U.S. Treasury, and it wasn’t a good
day to be in that position. For the first time, the public
saw clearly how interdependent the world financial
markets had become. We continue to see this in
financial markets today.
There are also problems associated with people and
geographic areas that lose ground, hopefully only
temporarily, because of economic shifts that come
with globalization. Certainly, people sometimes fall
further behind as a result of international economic
shifts. Creating opportunity for people with few skills
is a major issue.
Furthermore, although the world press is an advantage in improving communication worldwide, it is also
perfectly capable of spreading global misinformation.
Whatever our view of the advantages and disadvantages, however, I don’t think that we really have much
choice but to work for globalization. It makes sense,
then, to have a conference focusing on the key area of
agriculture in an international context.
I hope a hundred years from now historians will
look at this period and say that the faster trade,
communication, and technology of this era greatly
integrated the world and that science enabled greater
globalization. I also hope they will be able to say that
this era was the beginning of a renaissance of wellbeing for people throughout the world.
Our primary question today is—What is the role that
universities with agricultural colleges should play to
bring about that renaissance?
Many of the world’s universities have very common
issues they must address and similar problems they
17
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must solve. But for organizational purposes, I first
address universities in industrialized nations, and then
those in developing nations.

Universities in Developed
Countries
Agriculture colleges in developed countries are
becoming colleges of biology and life sciences, rather
than agriculture colleges as traditionally defined. We
should encourage this pattern to continue and encourage stronger relationships with the social sciences
as well.
We need to have a more broadly defined mission for
agricultural colleges in order to address today’s issues
and to sustain public support. There are major implications for such a broader definition of our agricultural
mission.

Agricultural Curriculum
In curriculum, for example, the impact is substantial.
Today we know that our graduates who return home to
farm, in most cases, return to very different farms than
we knew when we were students. I grew up on a farm
in western Michigan where my father milked 50 cows.
Now, most such small farms are gone. Today, a few
miles from my father’s farm there are two farms, each
with 2,000 cows. Today, most students in our agriculture colleges don’t go back to single-family farms.
Those who go into farming usually go to large farms
while others enter careers in agribusiness or
agroindustry.
Today’s agriculture-related careers require that we
train students differently than in years past. Our
students need more management and business skills
and a broader technical and science foundation, as
well as specific job knowledge.
Globalization means international experience should
also be an important component in the education of
today’s students, including agriculture students.
Michigan State University (MSU) probably has the
largest study abroad program of any U.S. university,
and we expect to grow in the years ahead.
Instruction must change as well. We should be
delivering more Web courses. At MSU we had about
4000 enrollments in Web-based courses in the last
twelve months. We have also begun pairing our
professors with professors in other countries to teamteach distance learning courses.

In short, the curriculum for our College of Agriculture at Michigan State University and around the
world is changing and will continue to change to meet
new needs.

Research in Agriculture
Dramatic changes are also occurring in agricultural
research on our campuses in developed countries, and
even more change needs to occur. We now focus on
issues that were not high on our agenda a generation
or two ago. One key set of issues, of course, involves
the environment and sustainable agriculture. What do
you do with the waste of that farm with 2,000 cows?
What about the ground water? And it goes beyond
that. Some MSU professors think—and a number of
people are working at this—that proper tillage and fall
coverage may be a significant contributor to reducing
global warming. We haven’t quantified the impact
yet, but such research has real potential.
MSU, and other universities and institutions are also
working with Dow Chemical to see how biotechnology research can identify ways to use plants as
substitutes for petroleum to make certain materials.
Of course, issues such as how to grow plants
requiring less fertilizer and pesticides remain important research problems. In addition, there are issues
such as how to use microbes to clean up soil and
water.
Animal diseases and animal to human diseases are
prominent research areas as well. Mad Cow disease
has everyone’s attention. Michigan currently has a
problem of tuberculosis (TB) in their deer herds that
has spread to cattle in some limited areas. There isn’t
much likelihood, we think, that bovine TB will be
transmitted to humans; however, the state of Michigan
just last year provided $57 million for MSU to build a
new animal disease diagnostic center. Colleges of
agriculture, veterinary medicine, and human medicine
are finding many areas where they need to work
together.
The new colleges of agriculture may well be central
to finding solutions to food safety; and at MSU and
other universities, this is a major area of focus.
In brief, there is a whole set of issues that a generation ago might not have been at the core of agricultural
research. Today these matters are central to the
research agendas at many agriculture colleges. We
need to drive our research further in these and other
new directions.
Under Peter McGrath’s leadership of NASULGC, a
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group of university leaders is working with our
funding agencies—U.S. Department of Agriculture,
National Science Foundation and others—to develop
programs in which universities and funding agencies
work together on the related problems of food, health,
agriculture, and environment.
Of course, such research and its applications are
forms of outreach. That engagement is in the tradition
of U.S. land-grant universities, and it must continue.
I think that in a decade or so we’re going to look
back and see that our large universities made major
contributions to this broadly defined set of old and
new issues.

Land Use
In developed countries we have still another set of
problems. In many places, our agricultural land is
disappearing. For example, in southeast Michigan—
greater Detroit—the largest urban center in Michigan,
over a twenty-year period population only went up
some, but the developed land increased by much more.
In many areas of the United States, land development
is outpacing population growth.
This is an issue where urbanites, suburbanites, and
rural people should be able to come together. In
general, the urbanites and suburbanites don’t want to
see the farms disappear because many wish to have
rural areas available. They view retaining rural areas
as a quality of life issue. Many of us in the United
States can certainly empathize with Europeans who
would not want a France or an England without
countryside. Clearly, the tourism industry does not
want farms and rural areas to disappear either. In
Michigan and many other states, farming continues
to be a major economic factor, and we want it to
remain so.
The heart of this issue is how to maintain a balance
between competing needs. What land use rules or
requirements do we need? Universities certainly have
a role in addressing this difficult issue. Can we find an
agriculture that produces more value from the land?
This is necessary because, in time, land will be sold
for non-agricultural use if value for that use is much
greater than for agriculture. Solving our land use
problems is a policy issue our colleges of agriculture
must address and work with governments, business,
and communities to resolve.
And another point concerning these public policy
issues: It is obvious that science and technology are
major drivers as we work on the many problems faced

by society. But many science and technology issues
are very controversial, and universities need to maintain their unbiased role in the arbitration of facts. That
is not going to be easy in the years ahead. How do
we colleges of agriculture maintain the broad public
trust that we’ve enjoyed over the generations? In
Michigan, and I’m happy to say it’s still true, when
Michigan State makes a statement, the public generally reacts by saying, “Yes, that’s probably right.”
There is a heavy presumption in our favor. But as
universities such as MSU receive more and more
funding from the private sector, can we continue to
maintain the disinterested scientific stance that sustains the public trust?
We are just starting to deal with this set of issues in
U.S. universities. We may well need independent
panels of observers within our universities or some
other approach to safeguard scientific independence. I
am not sure just how to do that, but I think over the
next few years we will come up with a range of
models because we cannot afford to lose public
credibility. The public needs to have a disinterested
scientific perspective in a world where science is more
and more important in our daily lives.

Universities in Developing
Countries—Africa
Let me turn now to developing countries and their
agricultural colleges. While we should not overlook
the major issues in parts of Latin America and Asia, I
would like to focus on Africa because it represents the
biggest single concentrated set of development
problems that we have in the world.
Two-thirds of the population of Africa remains rural.
Per capita food production, however, is no greater
today than it was in 1970. Evidence is now clear that
where an area has such concentration of farmers and
rural people, there is almost no historical example
where there has been a significant increase in people’s
income without increasing food production. Representatives here from China would agree that China would
not be where it is today if there hadn’t been a huge
increase in China’s food production over the last 20
years.
Studies by IFPRI and others confirm that increasing
food production has a major multiplier impact. What
happens is that when a farmer in Kenya produces
more, the farmer and his or her family will eat some of
it, and some of it will be sold. The money earned will
be used to buy other things, increasing nonfarm rural
income as well. This multiplier impact has been well
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documented. With regular increases of production
over ten to twenty years, you can significantly increase total income for rural areas. We are not talking
only about more income just for the farmer; we are
talking about increased farm and rural income for a
whole country.

The International Donor
Community

relationships, which the United States encouraged
extensively from the 60’s through the 80’s, paid off in
many cases. The relationships don’t need to cost a
great deal, but they need to be long-term. With a longterm relationship there develops a mutual capacity, an
interest, and knowledge about a particular country and
universities and institutions in that country. Such
relationships have proven to be very productive in
policy change, education, and research.

Despite this evidence, over the last few years the
international donor community has very substantially
decreased support for agriculture and food production.
In the last 12 or 13 years, AID’s support for agriculture has dropped by about two-thirds. For the total
bilateral donor community, including the United
States, the support for agriculture has dropped about
50 percent. The World Bank support for agriculture
has decreased by 75 percent, and the Bank’s internal
projections show that, in fact, such support will go
down even further. These trends are alarming.

Such relationships offer enormous educational
opportunities. In the past we were more likely to think
about bringing students back to the United States or to
Europe, and certainly some of developed country
training needs to be done here; however, with Webbased technology we can often do more and do so at
less cost. Some of this will be educating the educators. Professors in developing country universities
could help teach more developed country students
using the Web. More than ever, relationships can be
two-way streets.

Why has this occurred? In my view, one reason is
that there is an urban bias among donors. Urbanites
are the people that you tend to talk to when you talk to
a country. It is in urban areas that there is capacity to
demonstrate, to turn over governments; that’s where
the college students are. Another reason is that in
Africa we’ve focused more on disasters in the last 10
to 15 years than on increasing growth and income. We
will need to continue to deal with disasters, of course,
but we cannot expect long-term improvements without
growth and income.

Close, long-term research relationships with universities in developing countries are important too.
Because of the technology, it is becoming much easier
to exchange information. I remember at AID when we
wanted to increase the production of sorghum in the
Sudan for example, we worried about where to place
the people for this major project. Should we place
them back at a major university in the United States,
or should we have them in Sudan? Today that may be
an easier decision or at least a different decision.
There is greater possibility that the African-based
professor can be in close touch with the United States
based knowledge and people. Obviously what we
need and should get is people from both developed
and developing country institutions to have access to
new knowledge in real time and, of course, access to
each other. That is how you have the capacity to
really work together on problems.

We need to get back on track regarding support for
food production. I sense at least some movement by
Africans, and others, in reversing the pattern. The
President of Mali, the President of Ghana, and others
were at a conference in Washington recently that a
number of us put together where we strongly
advocated for the importance of support for food
production in Africa. In fact, I know that the President
of Mali made a point on this matter when he and other
African leadership met with President Bush. The U.S.
Administration was receptive. I think we are seeing
some movement.

International Partnerships
We also need to consider what we could do with
additional resources for agriculture and rural income.
I think universities in developed countries can and
should be at the very heart of this matter. Developed
country universities need to have long-term partnerships with African universities and countries. Such
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It is tempting to say that Africa needs a green
revolution. No doubt that will be required, but it will
be a different revolution than the last one. Africa has
such a range of soils, climates, and crops. We need to
increase production of some subsistence crops like
yams, millets, and sorghum, but we also need greater
production of crops which can be exported and/or sold
beyond the farmer’s own community.
Biotechnology is absolutely central to achieving
results in the time required. The Nigerian ambassador
to the United States had an op-ed article in The
Washington Post a few months ago, which had significant impact in Washington. He said, in effect, “It’s
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fine for you in the United States and Europe to be
critical about biotechnology, but your people aren’t
starving.” We’ve got to have the tools of biotechnology to move forward. Speed is critical and
biotechnology can really help. We are learning how to
adequately regulate biotechnology research and
products. When you look at the fact that agriculture
production per capita in Africa is no more than it was
30 years ago, we certainly have some problems.
Biotechnology is a central tool in remedying this
situation.
Let’s look at information technology problems faced
by the universities in developing countries. I was at a
conference not long ago where the Aga Kahn suggested that we need a global digital library. I can see
donors, particularly The World Bank and some others,
working to achieve that library. I think that an individual scientist in Kenya, Uganda, or Mali should
have the capacity to link into the global intellectual
community. We don’t have enough of that capacity
today, although more and more computer linkages are
becoming accessible. But even if you have the
linkages, professional journals are not generally
available.

access to the latest information. Something needs to
be done.
I think that we are at an important moment in
history. It’s not an irreversible moment, as it was
during World War I. However, I think it is expected
that globalization will continue to speed up under the
impetus of science and other forces.
Agricultural colleges, as we are beginning to
redefine ourselves, have a significant role in both
industrialized and developing countries. If we work
together, we can contribute greatly to a renaissance of
well being for people around the world.

Here’s what happens in the United States, and it
impacts Africa. The Federal Government funds
Purdue, Michigan State, or Cal-Davis, and these
universities put in some resources, and their scientists
do the research. To publish their findings, researchers
have to sign away their copyright to a publishing
company, which then sells the journal through subscription back to the universities at rate increases
much greater than inflation. The publishing companies also sell the journal to the rest of the world at
these rates. The problem is that there really isn’t a
capacity in much of sub-Saharan Africa to buy journals at such prices. Some progress is being made, and
NIH has worked at this. Recently some medical
journals agreed to reduce their rates. But I keep
thinking some group of federal government agencies
is going to say, “If you get our grant, professor and
university, you can’t give away the copyright to
developing countries, and the journal in which you
publish will also be expected to have the article
available on the Web for developing countries.
I often feel a little sad when I shake the hands of
new doctoral graduates from many parts of Africa who
are going back to Africa or another developing area.
Too often, within a very few years, they are no longer
on the cutting edge of their field because they lack
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Bringing Change and New Science to the Developing World
Paul Ming-Hsien Sun
Vice Chair of Board, Asian Vegetable Research and Development Center
Taiwan

A

bout three decades ago, the world faced a global
food shortage that experts predicted would lead to
catastrophic famines. The Green Revolution, however,
held famine at bay. Scientists found ways to increase
yields of some of the world’s most important cereal
crops, such as rice and wheat, and farmers in the
developing world implemented the innovations with
success. In contrast, the challenge confronting today’s
world is that simply increasing cereal productivity
may not have the impact it did thirty years ago.

New Global Challenges
World human population currently is growing by
about 100 million people each year, a global rate of
increase of about 1.7 percent from our current population of over six billion. This means, at the very least,
the world’s farmers must increase food production 50
percent to feed some two billion more people by 2020,
and maybe as much as 100 percent if current trends in
meat consumption increase. These stark numbers have
led some food policy analysts to call for a new and
greener revolution that will again increase productivity
and boost production.
But feeding the world in the 21st century will
require not only food availability but food security;
i.e., access to the food a person requires to lead a
healthy and productive life. For specific populations, it
means a person’s ability to grow and purchase food, as
needed. Food security focuses attention on areas such
as income, which must be sufficient to purchase food;
markets, which must be competitive to keep prices
low; and natural resources, which we must conserve to
ensure sustainable, long-term productivity.
Regrettably, the statistics on food security are grim.
The Food and Agriculture Organization estimated as
many as 840 million people currently do not have
enough food to eat. About 20 percent of the people
living in the developing world do not get enough
calories, enough protein, or both. The companion
problem of micronutrient deficiencies affects even
more people in the developing world, particularly

children and pregnant women. An estimated two
billion lack sufficient iron in their diets, with about 1.2
billion weakened by iron-deficiency anemia. Vitamin
A deficiency affects about 125 million children and
has produced irreversible eye damage in an estimated
14 million. Hunger of this dimension traditionally has
been among the rural poor who could not grow
enough food to meet their needs. Now it has spread to
growing numbers of the urban poor who cannot afford
the food they need. Often food is available but not
accessible. Throughout the developing world, hunger
is linked to poverty.
Poverty in the developing world has many roots,
including political and social discrimination. But
many are poor because they have no tangible assets,
no land, no livestock, no formal education, and few, if
any, technical skills. Many either settled where the
land is only marginally productive at best or where
governments have failed to provide the basic infrastructure essential to economic development. Others
migrated to urban areas.
Yet, the issue of food and agriculture does not end
here. Increases in the productivity of food crops are
peaking, even on lands where the Green Revolution
was most successful. Irrigation and fertilization have
reached their effective limits; the ability of cereal
breeders to develop higher-yielding varieties has
reached a plateau. With this situation, the environment
has assumed a new importance.
Many of the most promising lands are already under
cultivation, erosion is taking a growing toll, water
shortages loom in many areas, and the majority of the
world’s natural resources, such as forests, grazing
lands, fisheries, and wildlife, are overexploited. The
loss of forests means more than the loss of trees.
Agroforests protect watersheds, prevent erosion,
minimize the impact of floods and drought, and
stabilize local climates. Perhaps, most importantly,
disappearing agroforests threaten the world’s
biodiversity, which is essential to the future food
supply. For several major environmental problems,
agriculture seems to be both culprit and victim.
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Meeting these new challenges has become even
more difficult because so few leaders acknowledge
that the world faces urgent food and other agricultural
problems. Sharp declines in public spending for
agricultural education and research over the past two
decades demonstrate their lack of concern. As pressures increase to expand agricultural production and,
at the same time, conserve natural resources through
wise use and management, leaders cannot ignore the
crucial role of public policy nor the need for education, which must support the process that leads to
effective policy making.
Now in the new millennium, the world community
must overcome new challenges, including poverty,
food insecurity, environmental degradation, and
genetic resource preservation. Only if educators,
researchers, extension agents, producers, and decision
makers have the will to combine their knowledge,
skills, and experiences can the world undertake such
diverse and serious issues.

Effecting Change to Meet the
Challenges
In retrospect, agriculture has been the cornerstone of
development in many emerging industrialized countries in Asia. Developing countries could emulate this
model. Currently, more than 70 percent of people in
poor countries depend on the land for their livelihood.
Yet, they cannot achieve agricultural growth today
without employing methods that preserve the productivity of natural resources.
The science of agriculture is in the throes of massive
change. Research is one key means by which the
world increases and improves its knowledge of
agriculture. Below are the important factors I recommend for making changes in agricultural research.

Biotechnology
For thousands of years, farmers have selectively
bred crops and animals to improve output. In modern
agriculture, the same strategy is in use. Scientists use
this strategy at national agricultural research systems,
universities, and international agricultural research
centers (IARCs). Business and industry use this
strategy in the private sector. Most selective breeding
is aimed at enhancing production and increasing the
ability of plants to resist disease and other environmental stresses.
Biotechnology has added new dimensions to agricultural research. For instance, tissue culture helps
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produce disease-free plants, which increases the
developing world’s productivity. As a case in point,
the banana tissue culture work, developed in Taiwan
for commercial production of healthy seedlings, has
made it possible to boost the banana industry in
Vietnam. Using molecular marker techniques has
shortened the time and reduced the costs in developing
new crop varieties, both in the laboratory and in the
field. Another success in biotechnology is the identification of new DNA-based tools to diagnose plant
diseases.
Biotechnology can change the makeup of plants in
ways conventional breeders only dream about, such as
allowing plants to grow in saline soils, remain untouched by weed-killing pesticides, or boost their
nutritional content. The insertion of a gene that
produces beta-carotene in a rice plant is another
success story. Since rice is a staple in Asia as well as
other regions, this genetically altered plant approaches
Vitamin A deficiencies with a potential solution to
irreversible eye damage, a major health problem.
Researchers are also working to add genes to rice and
vegetables to boost the iron content and help prevent
iron-deficiency anemia.
Researchers see other gains with genes that confer
resistance to insects or diseases, or that counter lessthan-ideal growing conditions. Some developing
world farmers are already sharing in the benefits of
biotechnology. In China, for example, farmers with
limited acreage are saving money and labor by growing transgenic cotton for bollworm resistance.
Scientists modify most genetically improved crop
varieties only for a single trait, such as disease resistance or specific quality. The rapid progress they make
in cutting-edge genomics may enhance plant breeding
as they identify genes that are more functional. This
may enable them to conduct more successful breeding
for such complex traits as high temperature, flooding,
drought, and salinity. Breeding for such traits has had
limited success with conventional breeding, so these
genomic advances would greatly benefit people in
poverty who farm marginal lands.
Biotechnology cannot, however, make depleted
lands more fertile or ensure water to irrigate crops.
Meeting those two needs impels commodity-specific
biotechnology research to embrace a broader vision.
Such a vision includes sound management of natural
resources, as well as productivity and profitability of
smaller farming; promoting synergies among livestock, agroforestry, food and cash crop, aquaculture;
integrated management of soil, water, and nutrients;
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integrated pest management; attention to postharvest
losses; and recognition of the socioeconomic realities
of farmers.
On the other hand, because many breakthroughs in
biotechnology are the products of proprietary science,
development organizations have been concerned that
significant advances will not be available to the poor
in resolving their problems. Although scientific
research is a long-term process with no guarantees of
success, investors would not risk such sizeable sums
unless they knew they could protect the intellectual
property rights to any new discoveries. These rights
are the only way they recoup their investments and
make a profit. That protection is necessary to the
success of this kind of research, but it raises the very
real question of whether proprietary science will ever
serve the public good.

Natural Resource Management
Most natural resources are renewable, but some are
not. Scientists can study each resource independently—soils, water, rivers, coastal zones, forests,
biodiversity—to understand its flows and cycles.
But together, natural resources form a system that
researchers must consider as a whole.
We in the agricultural sciences must change our
thinking—from classical agronomy to ecological
science and system dynamics; from factor-oriented
management to integrated natural resource management. The agricultural researcher, therefore, must
assess and study the combined stresses and replenishment capabilities of different ecosystems to achieve
maximum productivity. This approach has helped
IARCs in providing new varieties suited to conditions
in a given ecosystem.
The challenges of natural resource management are
systemwide, though the precise problems vary from
region to region and from ecosystem to ecosystem.
Water provides a good example. Unless fresh-water
resources are properly managed everywhere, water
shortages are likely to become the most severe constraint on world food production. Scientists have
found that irrigation that is more efficient can meet
about half the anticipated increase in water demand.
Efficient irrigation can also ease problems caused by
too much water, such as waterlogging and salinity.
Scientists are also working to identify techniques for
improving water management in regions already
confronting shortages and for helping other areas to
conserve and use water resources more effectively,
averting future shortages.

Farmers/producers can adapt effective tools of
resource management to meet local needs, with
growing emphasis on precision farming and such
strategies as integrated pest management and integrated nutrient supply systems, which protect the
environment and help preserve the resource base.
IARC research is showing how natural resource
management can provide the foundation needed to
achieve the goals of agricultural sustainability in the
developing world. Today’s advanced tools—e.g.,
geographic information systems, remote sensing, and
global positioning systems—and methodologies for
ecological analysis and computer-based modeling
could facilitate approaches that are even more
comprehensive.
Resource management research will also play an
important role in helping poor farmers adapt to the
consequences of ongoing climatic change and mitigate
its deleterious effects. We must conduct research to
develop technologies that not only help to promote the
sustainable use of natural resources but also mitigate
the impact of agriculture on climate. Although such
development is critical to the agriculture sectors of
developing countries, they may not have the scientific
or institutional capacities to undertake the required
research.

Information Technology
Information is an extraordinarily valuable resource
for all aspects of agricultural research and development. It ranges from simple statements of fact or
instructions for the practitioner, through a comparison
of options for the policy maker, to a comprehensive set
of detailed facts, figures, and contact points for the
researcher. The recent convergence of computing
technology and telecommunications is having an
impact on all areas of agricultural research and
development. We can transform the phenomenal
growth of electronic networks in the past few years
into a more interactive global agricultural research
system. Unlike radio or television, the Internet facilitates two-way communication, making it possible to
tap into and share the innovative talents and experiences of scientists and their partners in all parts of the
world. Scientists can send vast amounts of knowledge
anywhere quickly and cheaply, making available to the
developing world the large databases, libraries, remote
sensing, gene banks, and other sources that were once
far too expensive or remote.
But modern information technology’s impact is not
just for information storage and databases, but for
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focusing, organizing, and streamlining agricultural
research. With appropriate information from stored
databases, we can develop computer-based modeling.
And among other things, the modeling will assist in
agronomic decision making—to integrate crop and
animal production and to predict the suitability of any
specific crop, cropping sequence, or natural resource
management in a given environment. Industrialized
countries have already employed many of these
models. Continuing work should focus on developing
countries where researchers, scientists, and practitioners desire increased productivity and appropriate
natural resource management and where they continue
to wait for the necessary information.
Furthermore, the computer-based expert system has
the most potential in delivering information and
knowledge beyond the agricultural research community in industrialized countries and into the realm of
partners in developing countries. Increasing numbers
of initiatives use this kind of technology for the
diagnosis and treatment of crop protection problems.
Based on the encapsulated knowledge of experts in
particular fields, this system provides powerful aids to
the diagnosis of disease symptoms. It transfers knowledge directly to whoever needs it most. But communication between expert and partner can be a two-way
process. Digitized image management allows the
original to be faithfully reproduced at high resolution.
In this case, for example, a partner can transmit an
image of an unknown disease symptom to an expert
for identification.
Advanced information technology provides also an
unequaled potential as a training or educational aid to
students and extension agents. Trainers can incorporate teaching or extension materials into a Web page,
readily accessed by the user. They may also create
interactive, multimedia learning centers and hot links
to remote areas.
While the potential of using advanced information
technology is undeniable and undoubtedly opens up
new vistas for the transfer of scientific information,
the costs for developing countries may still be high,
but they are steadily reducing. The real significance of
the microcomputer revolution is that computers
directly deliver information and information processing systems to users, to a large extent bypassing the
need for sophisticated information infrastructure,
which does not exist in many developing countries,
and is difficult to sustain where it does. Some scientific organizations have offered to the developing
world special access to electronic scientific journals, a
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practice likely to spread because of its low cost. As
these organizations release the world’s scientific and
technical literature, this new knowledge flows to
developing and industrialized nations alike.

Integrating Universities
Many universities in developed countries predominate in public sector agricultural research and development. These universities provide a pool of well-trained
scientists with substantial capacity for executing not
only agricultural research and extension but also basic
research of new sciences. Universities also train the
next generation of high-caliber scientists.
On the other hand, one of the remarkable accomplishments of the Green Revolution was the establishment of a system of agricultural colleges and universities in tropical South Asia and Southeast Asia. Beginning in the late 1950s, universities from India to the
Philippines were patterned in varying degrees after the
U.S. land-grant model of teaching, research, and
extension. Unfortunately, since the mid-1970s, attention to agricultural higher education and institution
building in developing countries in Asia has diminished. Agricultural colleges and universities in developing countries are placed on the periphery of agricultural research and development; usually they have
weak linkages with National Agricultural Research
Institutes (NARI). They also face many problems that
hinder their effectiveness as research and teaching
institutions.
The basic strength of universities in industrialized
countries is that their research and training functions
are complementary to each other because research is
an integral part of postgraduate education. Universities
frequently have an institutional culture and a relatively
autonomous status conducive to research. The greater
flexibility in operating procedures and regulations in
universities in developed countries may make it easier
for university scientists to obtain funding and engage
in collaborative research with other research institutes
and funding entities. Indeed, in some countries, it may
be most appropriate to place universities in the lead in
executing research and to give them the status, responsibility, and funding usually associated with NARI.
The move toward looking at research systems as a
whole will inevitably elevate the role of universities in
research. To better integrate universities into national
agricultural research systems (NARS) in developing
countries in tropical Asia, I recommend the following
measures:
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1. Shift more funding to competitive grants to tap
university skills in research. To ensure NARS
development, concentrate effort in establishing and
supporting research in the university sector.
Upgrading universities will be critical to improving the human resource capacity for scientific
research in NARS;
2. Develop collaborative research programs, e.g.,
through a special fund, between NARI and universities;
3. Provide opportunities for staff exchanges, such as
graduate students undertaking thesis research in
the NARI and NARI scientists taking sabbatical
leaves in universities; and
4. Channel more donor support for foreign postgraduate training to develop local university capacity in
both undergraduate and postgraduate training. This
change may begin with master’s degree programs,
followed by doctoral degree programs. Given the
high cost of foreign postgraduate training, a
sustainable NARS must have capacity to produce
most of its replacement scientists.
To this end, NARS must institute policy and structural reforms to expand university roles in research,
and universities themselves must adopt policies and
develop capabilities to conduct research.
Universities with substantial agricultural research
and development may need strategic plans, monitoring
systems, and systems for setting priorities. Many must
give attention to research management and policies
and must address operational issues similar to those in
NARI. These issues include:

• providing incentives for research;
• maintaining and upgrading research facilities;
• encouraging contract and grant research, funded by
diverse sources;

• obtaining intellectual property rights and commercializing some research products and services; and

• improving the utility of universities’ most valuable
assets—relatively low-cost postgraduate students.

GCHERA’s Call to the
Challenges
Though the challenge of feeding a growing population in the 21st century appears vastly complex, three
striking advances could make the task feasible:
integrated gene management, natural resource management, and information technology. Together, these
offer the potential to radically reshape the world’s
agricultural and food systems. The Global Consortium

of Higher Education and Research for Agriculture
(GCHERA) is uniquely positioned to use these
powerful new scientific breakthroughs. As it always
has been in the past, higher education has been a
leader in the application of molecular biology and the
techniques of natural resource management as well as
a pioneer in using information technology to meet the
challenge of fighting poverty and feeding the world.
Molecular biology encompasses the new understanding of how genes work, as well as the techniques
and tools of biotechnology that make it possible to
manipulate genetic material as never before. The
information and communications revolution presents a
tremendous new opportunity for GCHERA to bring
scientific knowledge and indigenous and local knowledge together to bear on global challenges, and to
make this information available to its constituents.
GCHERA must be at the forefront of harnessing these
frontier sciences and technologies to pursue its
mission.
Used appropriately, these breakthroughs could lead
to improved productivity and the more diversified
crops required for future needs. It is possible, however, that these advances will not be equally available
to developed and developing nations. One of the main
priorities of GCHERA, then, is to work closely with
IARCs to ensure that the new science and information
technology enhances the food security of the poor
rather than impairing it.
These advances in the new science and information
technology will complement and enhance existing
approaches, not replace them. GCHERA may wish to
consider the network concept, extensively applied by
IARCs that specialize in crop improvement. For
example, IRRI in the Philippines, ICRISAT in India,
and AVRDC in Taiwan have established regional and
subregional networks for variety testing, collaborative
research, personnel training, and information
exchange. GCHERA may establish similar regional
or subregional networks for collaboration among
agricultural colleges and universities in new sciences
research, distance education, graduate training, and
scientific information exchange.
That approach could also apply to the role the
Consortium must play in ensuring that the developing
world reaps the benefits of the gene revolution.
GCHERA is well positioned to apply these tools
swiftly to the problems of the developing world. In
doing so, GCHERA may fulfill its mandate to ensure
sustainable food security for the generations to come.
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Interdisciplinary Research in Agriculture
for Better Food and Nutrition
Roger N. Beachy
President, Danforth Plant Science Center
Missouri, USA

T

he study and practice of agriculture have changed
substantially in the past ten years and may be quite
different from what many of us studied as graduate
students. My training was in classical plant pathology
at Michigan State University, and my interests later
led me to the emerging field of molecular biology. At
The Scripps Research Institute, I recognized more
fully the discrepancy between the technical approaches being applied to modern biomedical sciences
versus modern agriculture. One of the research goals
at the Danforth Center is to bridge that gap through
interdisciplinary research.

The Center’s Mission and
Development
The Donald Danforth Plant Science Center aims to
integrate and incorporate cutting edge research of
selected aspects of the life sciences into plant science
and agriculture. Established in 1998 as an independent, nonprofit 501(c)3 entity, the Center’s mission is
to:

• Increase knowledge of plant biology.
• Apply any new knowledge to improve health and
•
•

nutrition and sustainable production in agriculture.
Facilitate the rapid development and commercialization of promising technologies and products.
Contribute to the education and training of graduate
and postdoctoral students, scientists, and
technicians from around the world.

Research at the Danforth Center is supported by
grants and contracts, primarily from the federal
government, from the Center’s relatively modest
endowment, and, in the future, fees that are derived
from licensing of technology. The Center holds and
owns its own intellectual property much as universities do.
The Danforth Foundation and the Monsanto Fund
provided the initial funding for the Danforth Center

with no “strings” attached to the funds. Additional
support came from the state of Missouri. With these
resources, we developed a 150,000-square foot, stateof-the-art research facility that opens in October, 2001.
When fully staffed, the Center will have 17 to 20
principal investigators and sufficient space for 250
scientists, plus support and administrative staff. The
facility was constructed to maximize opportunities for
scientific collaboration. Its design provides researchers
with opportunities to interact daily, hourly, or minuteby-minute, sharing information and equipment that
will drive discovery in the plant and life sciences into
a new era.
Modern agricultural research must expand its
technical capacity to meet three critical challenges:
producing greater supplies of food to nourish a
growing population; sustaining the environment
throughout the production process; and extending
research to embrace food safety and nutrition as well
as production.
The Center’s broad goals are to:

• Conduct research at the cutting edge of science.
• Contribute to nutrition and health in developing
•
•
•

countries.
Improve the quality of nutrition and health in
developed countries.
Recognize the rights and needs of developing
countries in intellectual property policies.
Gain national and international recognition based
upon outstanding science.

The facility will have state-of-the-art instrumentation in cell biology, computational and structural
biology, biochemistry, and chemistry, as well as
molecular physiology and pathology, and genetics. Of
necessity, it will include nearly all of the scientific
equipment required for basic research in plant biology,
including functional genomics and proteomics.
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The Center’s Partnerships and
Leadership
Because we have limited numbers of staff and other
resources and a focused research mission, the Center
has developed partnerships with three major landgrant institutions: University of Illinois, Urbana–
Champaign; Purdue University; and University of
Missouri, Columbia. Other essential partners are
Washington University in St. Louis, the Monsanto
Company, and the Missouri Botanical Garden, with
one of the largest collections of plant and biodiversity.
Through collaborative research efforts, the partner
institutions develop programs and initiatives in a much
broader range of disciplines than those represented
solely at the Danforth Center. We are not an institute
of agriculture, yet the science we do will likely
interface with research conducted in many departments in colleges of agriculture, including departments of nutrition.
The Center’s distinguished Board of Directors
includes members from the public and private sectors
and the scientific and business communities, as well as
chancellors and presidents of the partner institutions.
Board Chairman William Danforth is a former chancellor of Washington University. A Scientific Advisory Board reports to the Board on the quality of
science and the progress the Center has made toward
meeting its scientific goals. The Science Liaison
Committee, consisting of scientific leaders from each
partner institution, formulates interactions and encourages research partnerships between institutions and
individual scientists.

The Unique Research
Environment
To accomplish the Center’s goals, it is imperative
that we establish a world-class research environment
built upon synergy between scientists. The research
environment at the Danforth Center will be somewhat
different from those at research universities. First, the
physical setting encourages collaboration among
investigators and strives to minimize “empire-building.” Second, state-of-the-art equipment is available
for all Center researchers and affiliated partners.
Third, much of the research at the Danforth Center
will be interdisciplinary and collaborating scientists
will solve their scientific problems using physical,
biochemical, and biological approaches. Fourth,
scientists and support staff are not tenured and sign
multiyear contracts; contracts are renewable based
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upon performance standards. Evaluation for contract
renewal for principal investigators will include review
of interactions and collaborations. Fifth, with no
tenure system, the Danforth Center expects its scientists to secure a portion of their salaries from grants
and contracts. Lastly, most principal investigators are
adjunct faculty members at one or more of the academic partner institutions and perform a limited
amount of service at the affiliated institution. Graduate
students at partner institutions may choose to conduct
their research projects at the Danforth Center and will
receive degrees from the academic institution.

The Center’s Initiatives
During the next 5 to 10 years, research at the
Danforth Center will focus on five primary initiatives,
each of which draw heavily on expertise in computational and structural biology, biochemistry, cell
biology, and genetics.

The International Laboratory for
Tropical Agricultural Biotechnology
Established in 1991, this organization conducts
research and provides training for students and other
scientists from developing countries. During the past
ten years, this laboratory trained more than 130
scientists from 20 countries, 70 percent of whom were
repatriated to their home countries.
The International Laboratory for Tropical Agricultural Biotechnology (ILTAB) is currently focusing on
cassava, an important food crop in Africa and Latin
America. The goal is to increase the nutritional value
and productivity of cassava, while lowering its high
susceptibility to many diseases.
Three other research initiatives at the Danforth
Center have potential applications in future ILTAB
research programs.

Improving Plants for Human
Health and Nutrition
The initiative to improve plants for human health
and nutrition includes research programs that seek to
improve levels of bioavailable micro- and macronutrients, (e.g., vitamins, iron, zinc, copper, etc.) and
changing the levels of certain phytochemicals to
improve the health benefits of foods.
The world population will require greater amounts
of food of high quality and nutritional value. The
World Health Organization and other sources report
that more than two billion people suffer to some
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degree from iron anemia. Iodine deficiency causes
disorders in 740 million people. Twenty-three percent
of births each year show growth retardation due to
malnutrition. Many children under the age of five
suffer chronic malnutrition. This research initiative
seeks to address some of these issues.
The other initiatives at the Danforth Center include:

• Plant nutrition and studies to improve plant response
to water stress;

• Studies of novel mechanisms of pest and disease
resistance; and

• Studies to enhance production of novel materials
and biobased products in plants.

Partnerships
Since our founding, we have been reasonably
successful in securing funding from public, private,
and government sources. To date, we have received
grants and contracts from five different companies
from three countries, and from the NSF, NIH, DOE,
and NASA. The private sector contracts are relatively
modest in scope and support the work of individual
researchers. The U.S. Department of Agriculture
(USDA) Agriculture Research Service will sponsor
two researchers for studies to improve soybean quality.
While housed at the Danforth Center, these scientists
will retain strong linkages to the University of Missouri, Columbia, and other soybean researchers in the
region. Agreements for other research collaborations
are being developed with national and international
programs around the world.

The Process
Given that there are many more good ideas for
research than there are funds to conduct research,
especially in the exciting fields of plant and animal
genomics and proteomics, it may be essential to
prioritize research goals in agriculture to meet the
longer-term challenges. The critical question in this
process is: Who chooses the targets for research?
In the academic environment, we ask our scientists
to decide what they want to work on and expect them
to search for grants and contracts to provide resources.
In a corporate setting, the director of research or a
group leader often makes the decisions. The USDA has
several levels of key personnel that establish direction.
At the National Science Foundation, it’s the leader and
a broad consensus that establishes funding initiatives.
Perhaps as administrators, we should take the
initiative to examine our institutional research
decision-making process. With good input, many of

us can identify which areas are most important to our
institutional mission. I am suggesting that we set
research priorities with a broader range of stakeholders than was done in the past: include farmer/producers, technologists/scientists, private interests, consumers, regulatory agencies, economists, social scientists,
and possibly politicians.
After setting research priorities, a team may establish the role of basic and cross-disciplinary research,
coupled with a goal-oriented direction to achieve the
desired end. This approach characterizes many of the
Danforth Center research programs which involve
interactions with partner institutions. Our research
faculty will bring to the Danforth Center a broad range
of technical skills, including computational and
structural biology, cell biology, chemistry and biochemistry, molecular physiology and pathology, and
genetics.
Research collaborations within the Center and with
scientists at partner institutions will add additional
scientific skills and bring higher value to the research
programs. Such synergy will enable scientists at the
Center to address complex research questions. These
cooperative relationships will provide the means for
scientists to move beyond genomics and gene sequences into the more exciting arena of protein function,
and to develop new plant varieties that achieve the
long-term goals in food, nutrition, and agriculture.

The Initial Phase of
Agri-biotechnology
In the initial phase of agricultural biotechnology,
private sector-public sector collaborations successfully
developed technology and traits, some of which were
commercialized. This led to new products that reduced
the use of certain agrochemicals, bringing direct
benefits to the farmer/producer and the environment
and indirect benefits to the consumer. The collaboration lessened in part because only the private sector
could finance the costs required for product approval
and commercialization of new products. Because
regulatory approval of new products is costly, public
sector research institutions are virtually excluded from
participating in product development and commercialization, a phenomenon that may dramatically impact
the development of new products in the future.

The Second Phase
During the past ten years much was learned about
“molecular” plant breeding, quantitative traits, protein
design, and gene construction. Yet, we are poorly
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prepared to use the massive amount of new information in applications that will benefit humankind in this,
the second phase of agricultural biotechnology. During
this phase, scientists will conduct research to more
directly benefit the consumer, the environment, and
the farmer producer. We will continue to adapt markerassisted breeding and genetic transformation techniques to produce crops with higher yields, greater
tolerance to drought and other abiotic stresses, and
reduced reliance on certain agrochemicals. However,
there will be greater emphasis on developing foods
with increased nutritional value, including higher
levels of vitamins, microelements, and beneficial
phytochemicals. Our research will correlate the
relationships between food composition and health
and will verify the long-term benefits (if any) of foods
and food constituents on certain health conditions,
including cancers, diabetes, obesity, senility, and
others. This will bring greater opportunities for
collaborations between plant biologists, agricultural
scientists, human and animal nutritionists, and health
researchers than ever before.
During this phase, there are many opportunities for
broad interdisciplinary research between many
scientific fields and for creating even more research
partnerships. And, while public sector-private sector
partnerships will conduct some of the research related
to food and health, we expect more governmentsponsored research in this arena. Consequently, we
anticipate that consumers may develop greater confidence in the new food products that are developed as a
result of this research.
Many factors make for a successful partnership.
Some of us have experienced failed research partnerships and look back to find that they were poorly
conceived, did not involve appropriate partners or
stakeholders, did not attract sustainable funding, or
suffered from lack of infrastructure. Even in the best
situations, we often plan poorly and fail to use available resources wisely. Consequently, research grants
are not renewed and partnerships are disrupted. In
many cases, we need better preparation and better
stakeholder involvement as well as better management
and cost accountability to increase the likelihood that
partnerships will succeed.

Sharing Technologies with
Developing Nations
Most if not all of the research in agricultural biotechnology has either a direct or indirect relevance to
food production and human nutrition in developing
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nations. Demographers predict population increases of
20 to 25 percent in many countries in Africa and Asia
during the next thirty years. GCHERA’s future mission
is perhaps most apparent in these areas.
A recent report from the United Nations Development Program (UNDP) concluded that improving the
economic situations in depressed and transitional
economies and relieving poverty around the world will
depend heavily on investments in new, as well as
older, technologies. In this report, agricultural biotechnology was specifically highlighted as being important
for the advancement of developing countries. Such
investment requires building the intellectual capacities
of entities in all countries. The UNDP also warned of
the negative impacts that antitechnology protestors can
have on the scientific advancement of underdeveloped
nations.

Building Partnerships
These and similar challenges to sharing of scientific
development should embolden GCHERA members in
their goals to develop and enrich cooperative education and research programs between institutions in the
north and south. The forms of cooperation in the
future must take new shapes, different from those of
the past. Programs must involve research of direct
value to developing countries rather than promoting
models that worked in Europe and the United States.
Here are opportunities to develop long-lasting partnerships that bring added value to all partners, including
transmitting scientific data electronically and applying
modern technologies to local crops.
There are increasing numbers of small technology
companies in India, China, Bangladesh, and other
countries that work in collaboration with external
universities and private sector companies in research
and development. These partnerships are especially
crucial as the biological sciences move forward in the
post-DNA sequencing eras, and eventually find
applications to food and agriculture. Scientists in
academic institutions can play key roles in making
cooperative research programs succeed.

Intellectual Property Barriers
While great potential exists for strong cooperative
partnerships among institutions, obvious and perhaps
critical barriers can block productivity within such
partnerships. Among these, the barriers of intellectual
property (IP) may be the greatest. Many universities
and institutes take strong IP positions that protect their
investment in research and infrastructure, including
investment in intellectual capital. Most academic
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institutions develop contractual and licensing agreements that relinquish control of key enabling technologies to a single licensee. Such licensing can have a
dampening, if not devastating, effect on the use of new
technology in cooperative research and development
agreements. In particular, scientists and institutional
officials in developing countries are reluctant to apply
technologies, including those in the agriculture and
food sectors, that might restrict the production and/or
local commercialization of products. Sometimes the
very discussion of IP issues dissuades from negotiations those who are not familiar with the nuances of
licensing, patenting, and marketing. Often the reality
of the situation is much less onerous than the
perception, yet the lack of expertise in the IP arena
completely blocks the use of certain technologies out
of “fear of the unknown.”

to agree to negotiate the use of licensed technologies
in good faith. It remains to be seen whether such a
position will (1) be accepted by licensing companies,
and (2) increase the flow and applications of new
technologies to developing countries. We hope that
other academic institutions will reevaluate their IP
policies and consider how they can best encourage the
use of their intellectual property most effectively for
the benefit of developing countries. Academic institutions may wish to consider the following as potential
IP reforms.

I suggest that the academic sector has unwittingly
participated in this problem because of policies built
on undue expectations. Academic institutions have
invested heavily in new facilities and expensive
faculty and, in return, expect faculty to conduct
cutting-edge science that attracts grants and contracts
and to make discoveries that may lead to IP that can
bring licensing fees. Few licenses in agricultural
biotechnology are likely to be sufficiently lucrative to
justify the high expectations of most academic institutions. Yet potential licensees value patented technologies much more than non-patented technologies. It is
not uncommon for a licensing agreement to be exclusive; some institutions go so far as to assign most
patents to a single entity. Returning licensing fees to
the inventor can act as a deterrent to keep the investigator from leaving the institution. Or, the practice can
encourage the inventor to begin a new company that
through license agreements can benefit the institution
as well as the company.

•

Intellectual Property Reforms
If the inventor wishes to use previously assigned
technologies for cooperative research and development in developing countries, it can be difficult or
impossible to recover the rights from a sole licensee
for this purpose. This can restrict applications of
relevant new technologies in developing countries,
regardless of the validity of the patent in the country
of interest.

• Withhold from license the uses of intellectual
•

•
•
•
•

property in developing economies for what is
broadly claimed as humanitarian purposes.
Develop licensing strategies for enabling technologies to ensure broad application in the public and
private sectors.
Find ways to invent by circumventing the restrictive
technologies that may be limited by many international corporations.
Develop strategies for cooperative research that
facilitate capacity building.
Discover research in product development that
benefits all parties.
Develop mechanisms that bundle technologies and
can serve the entrepreneurial activities for developing nation partners.
Establish processes to address queries from developing nation partners: resist driving the agenda,
but be in a position to respond positively to the
partners’ agendas.

Final Comments
Time will determine if the research and research
policies at the Donald Danforth Plant Science Center
are or are not successful. At this point, I feel that there
is room for more such institutions. They can free the
scientist to conduct innovative, highly cooperative
research in a setting that is different from that in the
industrial sector and the academic setting. Such an
organization can require collaborations and partnerships to encourage innovation and improve productivity of research scientists.

At the Danforth Center, we take the position that we
will retain the right to use all technologies developed
and patented at the Center for “humanitarian purposes.” The scope of definition of humanitarian
purposes is not fully described, but licensees are asked
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Integrating Food Systems in the New Global Economy
Elaine R. Wedral
President, Nestlé Research and Development Centers, Inc.
Connecticut, USA

My invitation to speak at the 2001 GCHERA
conference is evidence that the consortium truly looks
at our world as one society. I share a common vision
with you, one of building a global community, a
community of openness between national, economic,
and cultural entities. The objective we share is delivering a sustainable, nutritious, and bountiful food
supply; a food supply that our populations need and
want. I work for Nestlé, the largest food and beverage
company in the world. With $60 billion in sales
worldwide, it is nearly as diverse as this consortium’s
membership.
Two years ago my position with Nestlé changed
dramatically. For years I supervised the company’s
food and beverage product development for customers
in the United States. Today I head one of the
company’s eight strategic technology centers for our
global operations. My entire mission and focus are
Nestlé customers in the out-of-home environment—
ensuring that they receive high-quality food products
safely and cost-effectively.
Effectively, our food systems approach provides the
right products to the right customer at the right price
with added value services to help our operators.

Demographic Demands on
Distribution
With this new challenge to integrate our food
systems comes the clear need to understand the world
and the forces that influence its food systems. How
can a university best reconfigure itself to accomplish
that?
A cursory glance at changing demographics reveals
significant regional and social imbalances that influence modern food systems. Although predictions for
population growth over the last twenty-five years fell
short, the world’s population grew by two billion to
6.1 billion people, an impressive increase. By 2025,
7.5 billion people may well inhabit the planet.

Even more interesting, however, is the change in the
age composition. While the world population group of
65 years and older grew by 190 million over the past
twenty-five years, this age segment is expected to
more than double between the years 2000 and 2025,
particularly in industrialized countries, and will
represent about one third of the world’s population.
The growing demand for basic food in emerging
countries contrasts greatly with the more discriminating demand of the industrialized world for a diet that
is, if anything, too rich. As a result, we in the food
industry face new social and commercial challenges to
integrate the desire for foods that enhance wellness in
an aging population—offering very specialized, high
value-added products—with the more basic food
supply needs of rapidly developing nations. And, by
the way, all the while responding in cost-effective
ways.
We in the food industry also must confront new
stresses on our global food distribution systems
created by demographic imbalances from urban
population growth. As an example, 30 percent of
Asians currently live in cities, yet within fifteen years,
that percentage could easily grow to 40 or 50 percent.
Such growth will drastically alter the food preservation and distribution systems serving these populations; a city of 10 million people can easily consume
6,000 tons of food daily. Such growth demands
infrastructure building and investment and an incredible amount of education and knowledge to make wise
decisions.
Product flow, transformation, and distribution will
require major investments if we must satisfy the
changing demands of an increasingly urbanized
population and make the whole food chain supply
more efficient. The technologies at hand can answer
all of these issues. How can we integrate all that
knowledge and make it available and useful?
Local food processing industries do not exist in
some parts of the developing world, which means that
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locally grown food cannot be preserved and packaged
locally for sale. In those regions, due to spoilage, only
about 25 percent of the local crops actually reach
consumers.
If the ultimate goal is to deliver an adequate and safe
food supply to all of our populations, universities,
government, and industry must respond by emphasizing food preservation, storage, and safety. Consumers
demand fresh foods, yet, to deliver them fresh, safe,
and with a reasonable shelf life, the food industry
requires new technologies, including genetic engineering and telecommunications, and new ways of handling. The food industry looks to organizations such as
GCHERA to help it address and investigate these
critical issues.

numbers of two-income families. This heightened
affluence has driven a very rapid evolution in consumer behavior and preferences toward a dramatic
shift from purchasing food that is prepared at home to
purchasing food that is prepared and served outside
the home.
This shift has, consequently, turned purchasing
power away from obtaining basic ingredients for meal
preparation toward partially or completely assembled
meals requiring little or no preparation and, with some
products, no kitchen.

Liberalization of trade and the competitive nature of
a worldwide, interconnected marketplace have compelled large companies like Nestlé Company to
restructure their production and delivery systems for
greater efficiency and cost efficiency. Globalization
forces our hand in being more efficient, and that
makes globalization exciting. But, without a doubt,
globalization also shows us weaknesses within these
interconnected and interdependent relationships.

Perhaps I may illustrate this best with the simple
example of a birthday cake. Sixty years ago, a mother
in the United States would have made her child a cake
“from scratch,” using flour, sugar, and eggs. The first
evolution for greater convenience was the introduction
of cake mixes. After that came prepared cakes, offered
directly in grocery stores. Today some economists say
we do not have just a knowledge economy but an
experience economy. They cite parents who go out and
purchase a party package for their child’s birthday, and
the cake is included. A total experience. This increase
in affluence and consumerism is not expected to be
limited to industrialized countries, since globally we
see higher per-capita GNP figures directly linked to
increased purchases of value-added products.

For example, in early July 2001, we witnessed the
vulnerabilities of our interconnected world when signs
of an economic slowdown rattled world financial
markets. This came after two or three key technologically interconnected industries in one nation experienced a downturn from investments in 100 million
miles of cable and networks and about $125 billion to
secure communication networks for telecommunications in the future. Because of our interrelatedness,
stock markets in eastern Europe, Turkey, Brazil,
Korea, Japan, Malaysia, and just about everywhere in
the world felt this downturn.

With such consumer demands and no real increase
in food prices, companies experience tremendous
pressure to secure cost efficiency. In response, Nestlé,
like many large companies, is undertaking new
technology. We will spend a couple billion dollars on a
project called GLOBE, a program about establishing
common economic factors and business processes
throughout the world. We are joining with other food
companies to share and unify our existing databases
through business-to-business initiatives to leverage
knowledge and speed the order, delivery, quality
control, invoicing, and economies of scale.

We have also seen globalization bring benefits
where trade, investment, and the movement of people
and technologies have literally bound nations together.
Countries and industries that have promoted such
behavior have achieved amazing progress and increased their GNP tremendously. Countries that have
participated in this international trade have moved up
the economic scale more rapidly than those that have
not chosen to trade globally.

Planning and Public Relations
Missteps

Globalization’s Provocations

Personal income in these countries has also increased, driven in part by increases in productivity and
education, longer working hours, and the growing
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One of the value-added benefits consumers also
want, if we look at the whole range of products, is
improved health. Again, just as we used telecommunications to improve and reduce costs and speed up our
supply chain, we can use today’s technology to
produce large-scale public health improvements
effectively. In the past, salt and its fortification caused
the virtual disappearance of iodine deficiency, and
fluoride treatment in water ameliorated dental health.
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Biotechnology could be an avenue to overcoming
Vitamin A deficiency, which is so widespread in Asia.
Yet, are we ready to implement golden or yellow rice?
Are we really prepared to do this?
Some experts have described the development,
production, and growth of genetically modified foods
as a critical technology for ensuring a nutritious, safe,
and sustainable food supply. Others describe this use
of biotechnology as unnatural and a dangerous science
gone awry. It is reasonable to assume that we all have
responsibility for this critical impasse—industry,
government, and academic groups.
From the start, industry failed to realize how volatile
the perceptions of the new biotechnology were, and
opted to go with a strict business plan rather than a
strategic plan. The genetically modified crops first
targeted to the market were engineered to express
traits that directly benefited agribusiness (pesticideresistance); only indirectly, through lower environmental impact (pesticide production), benefited the
consumer; and appeared to hamper farmers in developing countries (terminator technology).
All three of the first genetically modified applications proved easy targets for an antitechnology faction,
and industry made no attempt to adequately inform or
educate consumers on the scientific basis or potential
benefits of genetic engineering.
In retrospect, it might have been more productive to
develop a more strategic, long-range approach, first
calling on agribusiness, in partnership with research
universities, to conduct an effective and formal “risk
assessment” of the new technology; then, widely
communicating the results for releasing the right
information and the right technology at the right time.
After these steps, agribusiness could have introduced a crop that provided a clear nutritional benefit
unattainable through traditional plant breeding, such
as beta-carotene-enriched “yellow” rice. Had
agribusiness taken such an integrated approach, the
global consumer might have supported the technology
instead of fearing it.
These integrated global delivery systems will have
the potential to give the modern consumer unprecedented access to a highly varied and nutritious food
supply. If the benefits of biotechnology are to be fully
realized in the future, scientists and universities must
reengage in dialogue and build a base of understanding and trust with the consumer. Just as a lack of
effective information management can be detrimental,

the selection of the right management tools allows us
to navigate our sophisticated information landscape,
extracting what we need to increase overall productivity and to meet our global consumers’ changing
expectations. This ability is vital but difficult to
develop. We confront a flood of information, not a
lack of information.
Today’s world presents many challenges, changes,
and questions. How should universities respond to
these changes? Changes, such as smart machines
equipped with artificial intelligence and expert systems with greater memory banks that are becoming the
quasi-PhDs of the food industry!
Regardless, humans have an edge—an edge in
reasoning and judgment, in addition to critical skills
analysis. They make connections that machines
cannot. Because of this, we must emphasize educational training with more rigorous and challenging
multidisciplinary and interdisciplinary studies.
An article I read recently on recruiting explained to
business and industry that, to select the best employees to provide the best opportunity for the company’s
future innovation and success, we cannot continue to
hire based on the candidates’ knowledge of the
technical discipline. We must hire the candidates’
minds; i.e., their critical thinking abilities.
The article went on to discuss communication in the
workplace. It stated, “The various constituencies
within the business enterprise must learn to communicate with each other more effectively.” These constituencies, especially in international relationships,
communicate in different languages. Despite that
reality, finance executives should comprehend
Moore’s Law, or marketing specialists should grasp
the importance of software in modern gear. The
article’s author concluded that business is as much an
educational process as it is a communication process.
Even within the technical community, different
professions carry with them prejudice of sorts. The
engineer who derided the Ford physicist’s early use of
lasers laughingly accused him of planning to replace
the spark plug. He would later acknowledge that those
lasers were key tools in fostering understanding of
the combustion process and in improving engine
efficiency.
Many corporate executives behave as though they
are in a horse race. Have you felt that pressure? I
certainly have. We must train ourselves to look at an
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opportunity or challenge as a whole and not focus our
attention very narrowly on a target only a short
distance away.

The Call to Universities
Real innovativeness in an industry requires
broadmindedness—another critical skill to develop.
There must be a willingness to see alternate ways of
doing things, of not necessarily doing them the way
we do them today. Inertia is the greatest enemy of
innovation. We must seek and encourage alternate
marketplaces and alternate approaches to any given
marketplace. Corning’s success was due precisely to
identifying new potential markets that could take full
advantage of the company’s technological prowess.
Do our agricultural curriculums stimulate such innovative thinking and problem solving?
Agriculture is no longer only concerned with
producing adequate food but also ensuring that, from
the field to the plate, the food reaches our people
safely. Do our university curriculums adequately
address this integrated food chain?
Learning must become a much different and lifelong
process. Learning skills are critical because we live in
an environment where information grows 200,000
faster than our population. I read that, to be viable in
our information society, the typical adult must take at
least thirty semester hours or credits every ten years.
Are our universities organized to manage this growth
in adult and postsecondary education? Do you feel that
you should?
Today we cannot simply produce technology. Our
consumers have made that clear. We also must properly communicate technology’s value to the global
marketplace—its benefits and its risks. This is another
very difficult but critical task.
Are we prepared? How do we prepare our students
for this task?
To be successful in the long term, we must rapidly
learn from our mistakes, and we have made some. We
must be flexible enough to adjust our thinking and
gain a genuine understanding of the major forces that
influence, shape, and modify our global society.
For a start, universities may choose to work toward
integration and understanding within their many
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different departments and disciplines. Such work is
vital today because, realistically, in our global
economy, integration and interdependence have
become necessities.
In forming this consortium, GCHERA has taken the
first step to collaborate, share, and integrate technologies. GCHERA has truly a special opportunity for the
potential you have, together, throughout the world, is
limitless.

Chapter 7

A University Action Plan
for Servicing the World’s Changing Food Systems
Robert L. Thompson
Director, Rural Development Department, The World Bank
Washington, D.C., USA

In high-income nations, the percentage of the population employed on farms has dropped to low single
digits. Yet, in many of these same nations, workers in
the food sector make up 20 to 25 percent of the total
workforce. This is understandable only if we recognize that the food sector begins in research laboratories that spawn the next generations of technology,
which progresses their discoveries to input supply
industries, on to farm production, moving through the
marketing and processing sector, then to the wholesale
and retail distribution sectors, which take food products to the consumers’ final points of purchase. I
submit that traditional colleges of agriculture must
accept as their mission the servicing of future players
in the entire food system, spanning through each link
of this food sector chain.

Changing Nature of the Global
Food System
Because rapid and unpredictable change characterizes the 21st century, our graduates must be prepared
to deal with a changing environment to be successful.
Let’s take a closer look at the changing trends so we
can analyze the implications for agricultural colleges
and universities and the actions we must take.

Global Demand for Food
Too often in the past, farmers have viewed their job
as growing whatever they were good at growing or
whatever they liked to grow, and it was somebody
else’s responsibility to pay them for growing it and to
move it along to the public. Today those of us in
agriculture must acknowledge that consumers drive
the entire food system, not farmers.
Consumers propel the rapidly growing and changing
demand for food all over the world. At the World
Bank, we project a doubling of world food demand by
2050. We expect population to grow about 48 percent
from the year 2000 to 2050 from 6 billion to 8.9

billion. That estimate is accepting the United Nations’
medium projector.
Rather, population growth creates need, or more
mouths to feed, but it does not create effective demand. Purchasing power creates food demand, and
today 800 million people go to bed hungry, mainly
because they lack the purchasing power to access an
adequate diet.
Our numbers suggest that there are 1.2 billion
people in the world who live on less than one dollar
per day. Almost half the world’s population lives on
less than two dollars per day. But any reasonable
success in broad-based economic growth that empowers several hundreds of millions of these low-income
people with the income and purchasing power to
upgrade the quality of their diets will contribute at
least as much to global food demand as to population
growth. From this projection, the World Bank concluded that the world’s farmers by 2050 must be
prepared to grow twice as much food as they do today.
Urbanization, which continues at a very rapid rate,
further accentuates changes in diet. From very low to
middle levels of income, people tend to move up the
carbohydrate chain from roots and tubers to rice to
wheat. They also increase their consumption of animal
protein, fruits, vegetables, and edible oils. In the
middle- to high-income ranges, they demand more
convenience and specialized quality characteristics in
the food products they buy. They have the purchasing
power to buy their food produced in any manner they
wish, whether it’s organic, free-range, or non-genetically modified because someone is always willing to
supply them. As the opportunity costs of women’s
time rises, they also economize on this scarce asset by
buying more convenience products.
Because we expect the demand to continue to
increase—demand for services, packaging, specialized
farm products, and value-added after the farm gate—
the percent of the retail food expenditure that farmers
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receive will probably continue to decline as per-capita
incomes rise. Today U.S. farmers receive less than 25
percent of the retail price, and similar trends are likely
to surface in most other countries of the world. With
consumers as the food sector’s royalty, we must
acknowledge that they drive the changes in global
food demand. And these changes ripple all the way
back to the farm and the input industries.

Public to Private Sector
Marketing Systems
The marketing system that links farm production
with consumers is increasingly focused on what
today’s consumers want to buy and on ensuring that
the farm gate hears those demands. Ever-larger
marketing firms, created by mergers and acquisitions,
accomplish this by increasing vertical integration and
contracting between processors and farmers. Often
multinational firms source their inputs in one country,
process them in another, and sell them in a third. Some
of these multinational corporations have annual
turnover significantly larger than the GDPs of many of
the developing countries in which they operate.
As public sector agricultural marketing firms were
privatized, the role of the private sector in agricultural
marketing increased. Privately owned firms were
quick to significantly reduce employment levels.
Marketing systems in developing countries, particularly as parastatals have been privatized, have not
served small farmers particularly well. One of the
greatest tragedies in this very progressive transformation of state-owned enterprises into private firms is
that today’s marketing institutions often serve small
holders less well than they were served in the past.
Markets often work poorly due to high transport costs,
lack of telecommunications, and lack of reliable
electric power. It is next to impossible to add much
value to the land’s raw products.
At The World Bank we look to the potential role of
agricultural marketing cooperatives in filling this gap.
Yet, developing countries are strewn with failed
cooperatives. We know that co-ops played an important role in the agricultural development of northern
Europe, North America, and Japan; yet, we must ask,
why has the same form of business been less successful in serving the agricultural development needs of
many developing countries among their small holders?
The marketing systems in developing countries are
becoming increasingly linked with those in highincome countries through globalization.
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The agricultural marketing system increasingly must
ensure the identity of the products that they’re promoting, particularly those products that are shipped into
high-income markets, increasingly so in western
Europe.

Freer International
Agricultural Trade
The world’s food and agricultural business is very
much a global activity today.
Freer international agricultural trade, which is a
result of the Uruguay Round Agreement in agriculture,
drives globalization. The percent of the world’s
agricultural production that’s moving through international markets has risen in the last couple of decades,
and we expect this to continue. Our research shows
that those parts of the world where we expect food
demand to grow rapidly are often countries that have
very little land per capita.
We also see a trend to expand international trade to
value-added and higher-value agricultural products,
due, in part, because food processors and supermarkets promote global sourcing of products.
“Know-how” is extremely important to the level of
competitiveness that exporting countries achieve in the
international market. Knowing how to efficiently
produce products is key, but they must also exhibit
“know-how” in international marketing and “knowhow” in meeting product quality standards, including
sanitary and phytosanitary import requirements in the
markets of high-income countries. Again, we see a
growing role for multinational firms in carrying out
this business.

Productivity of Food
Production
The World Bank’s analysis of world food production
suggests that to double food production on this planet
in the next fifty years, we must initiate a major
increase in productivity of the land, water, and labor
used in food production.
Land Productivity. Increasing land productivity
seems an unlikely avenue for success. Only about ten
percent more land is available that is not highly
erodible, subject to desertification, or presently
forested. We can double the number of hectares under
cultivation, but only through unacceptable environmental outcomes—massive forest destruction, which
causes critical losses of wildlife habitat and
biodiversity.
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Water Productivity. Water is likely to become an
even more binding constraint. Agriculture uses 70
percent of the water used in the world today. It is the
largest water user and the largest water waster. To
most of the world’s farmers, water has no cost, and
people tend to waste any product they perceive as free.
With the rapid rate of urbanization, cities will successfully outcompete agriculture for available water, so the
world’s farmers will strive to double world food
production with less available water than they have
today.
Labor Productivity. The solution that remains for
doubling food supplies by 2050 is doubling the
average labor productivity on the fertile, nonerodible
soils now in production. As an extreme case in point, a
particular problem of increasing labor productivity
exists in sub-Saharan Africa today because of AIDS. I
visited a number of villages there where I saw children
and old people but no one of middle age. The male
and female populations of productive working age are
gone because of the AIDS epidemic. In sub-Saharan
Africa, labor saving technologies gain importance as a
factor in solving the problem of food security.
Rural Poverty. Labor productivity must also rise so
agriculture can contribute to solving the problem of
rural poverty. In every country that has experienced
economic growth, the percent of the population
employed on farms has dropped. Frequently, at low
levels of economic development, the agriculture sector
is characterized as one of significant poverty, with
significantly lower incomes than people enjoy in the
rest of the economy, in part, because of agriculture’s
lower labor productivity when compared to productivity in other economic sectors. One important aspect of
poverty reduction in agriculture has been increasing
the average size of farms, driven principally by farm
families’ desire to escape poverty.
Moreover, along with the growth of farm size there
has been a tendency toward bifurcation. With a rapidly
shrinking number of farms—farms large enough to
provide the farmers/operators with commercial
viability and market rates of return for the families’
invested labor and management—comes an increasing
number of farmers/operators of small-sized farms who
shift to farming part-time. In reality today, a lowincome family farm can increase its net family income
by only a very limited number of approaches. It can:

• increase the amount of land cultivated per person;
• grow higher value-per-hectare products on the
family’s existing land;

• increase the productivity with which the family
produces the products it grows; or

• farm part-time.
Nonfarm Employment. Rural-to-urban migration
has always been an essential part of the process of
eliminating world poverty. But with the rapid rates of
such migration in today’s developing countries, more
and more cities broach an unsustainable size. Creating
nonfarm employment in rural areas is therefore
essential.
Many Americans are surprised to learn that 75
percent of the people we count as U.S. farmers today
earn most of their family income from nonagricultural
sources. Indeed, nonfarm employment is a completely
normal part of economic development in agriculture,
as evidenced in North America, Europe, and Japan.
There, they addressed rural poverty by putting into
place infrastructure and employment opportunities
within commuting distance from farms so that most
small holders migrated out of agriculture at 8:00 a.m.
and returned at 5:00 p.m., i.e., converting most small
farms into part-time farms.

Adoption of New Technologies
While the world has plenty of food available today
and at very low cost—real commodity prices are the
lowest within the last century—we need a significantly greater amount of research to ensure a continuing flow of new technologies. The world’s farmers in
both high-income and low-income countries need new
technologies to increase the productivity of land,
water, and labor.
Public policy plays a key role in agricultural production today and in the future. We know that better
technology is available today in many developing
countries, but many farmers do not adopt it. It’s ironic
that in the high-income countries, which have such a
small percentage of the population engaged in farming, agriculture is extremely successful in extracting
economic rents or income transfers from their legislators. While in developing countries, the numerically
larger group of farmers has virtually no political clout,
and their governments tax rather than subsidize the
agriculture sector. Their governments also make rural
areas less attractive places to live and work because
they underinvest public funds in rural schools and
rural health care, which keeps the rural areas lagging
behind the same nation’s urban areas.
Farmers in developing countries on average pay
more than the world market price for their fertilizer,
yet receive less than the world market price for their
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outputs. For their situations, they simply do not view
adopting new and improved technologies as profitable.
When one adds the pronounced urban bias in public
investments, infrastructure, and human capital formation, it’s no surprise that those farmers are laggards in
adopting technology.
The high transport costs associated with the miserable state of rural roads in many developing countries
make the cost of inputs prohibitive and lowers product
value. Markets today do not work well in the absence
of telecommunications. We witness a widening
information gap between high- and low-income
countries associated with differential access to the
Internet and the World Wide Web. How can rural
farmers access the Web or the Internet if no telephone
or electric service exists? Without a solution to
sluggish infrastructure investments in rural areas,
we’ll continue to watch the gap in productivity and
competitiveness of agriculture widen between the
haves and the have-nots.

Implications and Actions for
Agricultural Universities
Agricultural universities all over the world have
found it difficult in recent years to sustain their
optimal number of students and attract the best
students. Might this be the result of excessive focus on
what happens on the farm rather than servicing the
needs of the entire food system or the entire food and
agribusiness sector, which includes the farm? We must
assess our curricula to ensure that we are serving the
entire food system.

Address Fragmentation
Frankly, too many colleges of agriculture and
universities operate in this world. Consequently, we
fail to capture the economies of scale, i.e., the excessive number of graduates relative to the demand,
especially in lesser-populated countries or small states
and provinces in heavily populated countries.
Although it often results in suboptimal capacity and
duplication of effort in our programs, politically it’s
often required to have a college of agriculture. Distance learning can help compensate, but the problem
of considerable fragmentation remains.
We must be absolutely certain that our science is
impeccable. It must be objective so criticisms of bias
in our research are not forthcoming.

Prepare Skilled Students
Key people at agricultural universities must also
develop closer relationships with their customers who
hire their graduates, so the universities may investigate
whether they give the world the educated workforce it
wants and needs. Universities must avoid excessive
rigidity in the agricultural curricula because studies
show that the majority of graduates in agriculture, ten
years after graduation, are working outside their major
subject area.
We must ensure that agricultural universities are
preparing students for lifelong learning. Obviously,
they must be trained for credibility to the first employer who hires them. But because of the extremely
rapid changes in technology, science, and the global
marketplace, our students must apply and enhance
their skills as they continue to learn.
They need excellent communication skills. The
World Bank actively engages with civil society and
nongovernmental organizations whose representatives
often criticize what is taught in the colleges of agriculture and national agriculture research systems. Our
graduates must effectively communicate in writing
and speaking if they are to debate those who denigrate
what they learned and what our universities teach in
agricultural science.

Integrate Teaching, Research, and
Extension Functions
I am very concerned about the situation in agricultural teaching, research, and extension in countries
where different ministries perform these three functions. The U.S. land-grant university model has
demonstrated the high degree of complementarity that
exists among these three functions. In many developing countries and in many other countries of the world,
the research and extension functions, for example, are
divorced from the teaching function.
The World Bank often finds a lack of credibility in
these three functions because, for example, the
extension function does not have an adequate research
foundation to its mission and the research function
employs inadequate feedback mechanisms that
prevent them from adequately communicating with
farmers. Research results then have no easy way back
to the farms. Without extension, the teachers are not at
the cutting edge of what’s going on in the fields. We
must seek ways to increase this complementarity.
Frequently, the graduates of agricultural universities,
particularly in developing countries, lack credibility
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with the farmers they serve. They simply cannot
empathize with the real-world problems of the farmers
because they have no practical agricultural experience
and do not really understand the challenges of rural
life. One of the strengths of the U.S. land-grant
university is the manner in which it pulls children
raised on farms in rural areas into the universities and
turns them into professionals who work in the agricultural sciences throughout the industry.
Colleges of agriculture make students better farmers,
but few graduates today become farmers. The entire
food system needs people who know what they’re
talking about in both the technical sense and the
practical sense. Unfortunately, in many developing
countries, the primary and secondary school systems
are inadequate to prepare many farm-raised children
with the necessary skills and knowledge so they pass
the entrance examinations required for agricultural
universities.

Lobby for Priority Funding
We must serve as watchdogs so that our agricultural
universities do not act in ways that encourages the
public to perceive us as part of what is called the
“ivory tower,” or excessively isolated from the real
world. This drop in credibility has, indeed, occurred in
a number of countries, resulting in declining financial
support. An agricultural university, as well as an
agricultural research system, will command public
support and public appropriations if, and only if, the
public perceives it as solving the known problems of
the nation’s food and agricultural systems.
Avoiding “ivory tower” isolation applies as well to
public agricultural research institutions. Public appropriations have declined severely in some of the
countries of eastern and central Europe, as well as in
many developing countries when their agricultural
research institutions appear too oriented toward peer
research. The public wants such institutions to solve
farmers’ real world problems and engage in dialogue
with farmers, who communicate with researchers, who
report their findings to agricultural colleges.
While public investment in agricultural research
has declined significantly, we record an increase in
private sector investments in the world’s high-income
countries. In part, this trend is due to provisions of
intellectual property protection through patenting of
biological materials. Companies that developed such
technologies during the past few decades have enjoyed
more protection than companies’ mechanical inventions of the century before.

The private sector will only make investments in
agricultural research if it can gain a return and recover
the investment costs, as it provides a return to its
shareholders. Some activists in nongovernmental
organizations have criticized the private sector for this
rationale, but they simply cannot have it both ways. If
the U.S. Congress and the parliaments of many
European countries have reduced public investments
in agricultural research and turned it over to the
private sector, while they enacted patent laws that
protect intellectual property, what other outcome
should we expect?
Rather, may the activists invest as much of their
communications budget in lobbying to support higher
appropriations for agricultural research. I too believe
in the “public good” nature of agricultural research. I
believe that consumers and farmers benefit significantly from public investments in research that
generate freely available technologies. If we’re not
going to invest public resources in that research, it is
inevitable that the inputs we buy in the body of those
improved technologies must be priced higher to
recover research costs.
In developing countries, the challenge is even
greater. Investments in agricultural research there have
also been declining, but the private sector has not
stepped in to fill the gap. Simply no available market
rate of return on investment, which would be payable
in foreign exchange, exists to create an attractive
prospect for private sector firms. To have a continuing
investment in the public support for agricultural
research is even more important to developing countries than it is to high-income countries.
Investments have also declined because foreign
assistance, foreign aid, or official development
assistance in agricultural research has been cut. The
World Bank has declined significantly in granting
loans in support of rural development in agriculture.
Last year’s lending figures were the lowest in the
history of The Bank. Surprisingly, these lower figures
are not from The Bank’s desires to cut back loans, or
because we’ve decentralized and become more
demand driven. The developing countries frankly have
not demanded as much for agricultural research or
agriculture development as they have in years past.
The Bank believes that there are several reasons for
the decline in borrowing in support of agriculture
development, including agricultural research. These
reasons are, first, low commodity prices and, second,
the lack of political clout of farmers in developing
countries. And, third, agricultural development is a
43

Chapter 7
long-term investment, and our political bosses in many
developing countries are demanding shorter and
shorter payoffs or quick fixes, partly because of their
urban bias. Partly, we fight the perception that agriculture is old, boring, and passé. Legislators prefer
investments in exciting high-profile areas, such as
disease control or population control. And finally, the
ministries of finance with whom The World Bank
interfaces are simply not telling us that agriculture is a
priority.
Somehow we must regain agriculture’s position on
the global agenda. The World Bank has more resources available to lend for agricultural and rural
development than in demand. If developing countries
request funds, the monies can help strengthen instruction in colleges of agriculture, strengthen agricultural
research, or strengthen extension services. But, to
rebuild demand from The World Bank and from
official development assistance donors, significant
change in the political realities of nations—lowincome and high-income—must occur.
Lester Brown, Thomas Malthus, and the Club of
Rome have all been wrong over the last 100 or 200
years in their forecasts of doom. The reason they’ve
all been wrong is they assumed static technology. I
believe deeply in the public good of agricultural
research, education, and technology transfer, but we
must develop greater political support for these
activities or we’re not likely to achieve it.
Supply has significantly outstripped demand in
agriculture. Supply is one reason why we have the
lowest real commodity prices of the last century. We
must make investments in agricultural research to
produce tomorrow’s technologies, which colleges of
agriculture will transfer to their students and ultimately to the professionals who conduct research, and
the professionals and the universities will diffuse new
technologies to the farmers through extension.
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Revising India’s Agricultural Curriculum
S. Kannaiyan
Vice-Chancellor, Tamil Nadu Agricultural University
India

In the 21st century, agricultural production has
become a process of applying science in developing
and managing technology and informing and training
farmers in these processes. Relatively low levels of
literacy among most farmers in developing nations
present complex challenges to their higher education
institutions that offer an agricultural curriculum. With
world population estimated to reach ten to eleven
billion by 2050 and such growth expected primarily
in the developing world, farmers there must know
and apply more efficient methods to increase food
production.
The instructional methods that higher agricultural
education use generally involve soon-to-be farmers in
the decision making processes of developing technology, choosing technologies and treatments, implementing projects, and sustaining project gains. If farm
graduates do not use, apply, or manage these "state of
art" technologies properly, problems, sometimes even
irreversible ones, may arise, which may lead to
stagnation in production or even declines.
Experience shows that technological solutions are
external to the local environment, often creating
adaptation problems. The agricultural curriculum, in
the developing world's higher education institutions,
requires a strong feed-back mechanism within the
transfer of technology chain to quickly recognize and
resolve such problems. Another dimension it must
contain is the globalization process, which presents
stiff competition of world trade. Globalization imparts
larger obstacles for nations with limited capacity and
means to help their farmers respond to market forces.
Moreover, the curriculum must train students in
managing trade and agricultural commodities inventory, a specialized operation that requires assessing
different regions' demand-supply positions, as well as
creating and managing infrastructure for storage and
transportation facilities. It must teach its farmers
methods and strategies to increase production efficiently while protecting the environment.

Higher education institutions in developing countries must add continuing education to their formal,
rigid agricultural curriculum. Continuing education
must address the needs of illiterate, unskilled farmers
and farm households. Such a curriculum would give
individual farmers access to agricultural facilities at
different stages of their lives. It would also relate the
educational process more directly to local conditions,
making learning more meaningful. Serving officials in
the Private and Public Agricultural Extension Systems
and Corporate sector will also benefit agricultural
production.

India's Agricultural
Curriculum
Agricultural education has played a very important
role in India's socioeconomic development. Agriculture in India supports more than 60 percent of its
population and 80 percent of its poor. The agriculture
industry contributes close to 30 percent of the nations’
gross domestic product and generates about 20 percent
of India's export earnings.

The History of Agricultural
Education in India
Historical evidence reveals that agricultural education existed in the monastic Nalanda University and
Takshila University during India's medieval period.
However, only after six agricultural colleges were
established at Kanpur, Lyalpur, Coimbatore and
Nagpur in 1906, Pune in 1907, and Sabour (Bihar) in
1908 were students offered organized courses in
agricultural education (Paroda, 1999).
At the time of independence in 1947, India had 17
colleges that offered courses in agriculture and allied
sciences. Soon after independence, the Government of
India appointed a University Education Commission
(Dr. R. Radhakrishnan, Chair) to review higher
agricultural education to suggest ways to increase
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food-grain production. The commission recommended
that India make agricultural education a major national
priority (Paroda, 2000).

and human resource management programs, a reorganization of support systems and strategies to rejuvenate the entire agricultural education network.

In 1955 the United States offered its assistance. The
first Indo-American team studied India's agricultural
research and education and recommended strengthening higher agricultural education and adding veterinary education to the curriculum. It further recommended that the U.S. governments' substantial grantsin-aid subsidize the development of rural universities
in India. The first university of its kind opened in
Pantnagar, Uttar Pradesh state of India in 1960. By
the late 1950s, the Indian Council of Agricultural
Research (ICAR) had undertaken an assessment of the
university courses and formulated a model curriculum.

Traditional Curricular Orientation

In 1964 an agricultural education committee (Dr.
Ralph W. Cummings, Chair) (Jain, 1999) recommended establishing universities in six states of India,
based on the U.S. land-grant college system. Each had
a strong curriculum in agriculture, animal science and
allied sciences. Today India has 32 agricultural
universities in its higher education system.

The Status of India's Agricultural
Education System
India's state agricultural universities (SAUs) and
other important institutes of agricultural education
have embarked on an ambitious program of developing a suitable agricultural education system both at the
undergraduate and postgraduate levels. They have
reviewed the agricultural education system and the
lessons learned over the years have been at the heart of
these reforms.
The program began with setting goals to prepare
graduates so they would become job providers rather
than job seekers. Another priority was training the
faculty members in agricultural education to update
their mind-set about instruction and train them in
modern teaching, research, and extension approaches.
Although, India owns one of the world's largest
systems of agricultural education, until recently, the
SAUs' agricultural programs were not effectively
accredited, resulting in lack of uniformity, low standards, poor quality of education, an absence of modern
teaching techniques, a wide variation in examination
and evaluation systems, lack of staff mobility, and
poor student mobility among universities and states.
Many SAUs also lack modern management systems,
they have poor library resources and poor teaching
facilities. The system urgently needed a well-defined
regulatory mechanism, human resource development
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India's agricultural education system is entrenched
in traditional ways of crop production with very little
attention paid to value addition, e.g., storage, cold
storage, transportation, and processing. Similarly, the
system lacks emphasis on market research, demand
projections, exploring markets, export potential, and
production technologies.
The current system works within the paradigm of
transfer of technology from the scientists to the
extension officer to the farmer. It emphasizes acquiring knowledge, creating awareness, and disseminating
new technologies through extension and communication techniques, with weak efforts at upgrading skills.
The system has been slow to create a cadre of agricultural professionals who provide technical and professional services, such as diagnostic services for plant
and soil health, farm management services and who
enhance farmers' technical and entrepreneurial skills
so they may make more informed decisions about their
practices.
Almost all the states and provinces have recently
recorded dramatic reduction in the absorption rates of
agricultural graduates in government service. This
signals higher education that graduates must gain
knowledge and learn skills applicable to the private
sector, in addition to the knowledge and skills required
for self-employment. Because students enter agricultural education based on the field's employment
opportunities, India's agricultural education system
must undertake a continuous workforce study and
workforce assessment concerning market needs as it
develops and reforms its agricultural curricula.

Curricular Innovations
India's agricultural education curriculum must
become more skill oriented, interweaving quality
assurance throughout its curricular processes. In this
way, graduates are more likely to satisfy the current
market demands with their high degrees of capability
in handling modern-day management systems. Moreover, graduates' expertise, in the course of time, will
enable the agriculture sector to harness and use
resources and other inputs efficiently, thereby converting the dimension of comparative advantage into
competitive advantage through quality improvement
and cost minimization. In recent years, higher education has introduced some curricular advances to
achieve these goals.
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In 1995 the Indian Council of Agricultural Research
launched an innovative project for Agricultural Human
Resource Development with the World Bank's financial support. (World Bank, 1995). The project's
mission has been (1) to improve the quality and
relevance of higher education in agriculture, and (2) to
strengthen the capacity of participating states to
develop and manage their agricultural human resources. Significant achievements of the project's
phase one include the following:

and competitive international market (Mukhopadhyay,
1997).

• the creation of an Accreditation Board to establish

Table 1. The Changing Agricultural Scenario

•
•
•
•
•
•

•
•
•

norms and standards for higher agricultural
education;
uniform academic regulation;
examination and evaluation systems for the SAUs;
revision of the undergraduate course curriculum
(see Table 1);
improvement of faculty competence;
provision of sabbatical rules;
reduced inbreeding through the allocation of 15
percent and 25 percent seats at the undergraduate
and postgraduate levels, respectively in all SAUs
for students from other states;
selection of assistant professors through the
National Eligibility Test (NET);
awarding scholarships to those students willing to
move out of their home states; and the
creation of databases for workforce needs.

Encouraged by the project's success, ICAR is
preparing to initiate the project's Phase 2, which would
cover all the states and the SAUs.

India's Agricultural
Curriculum
To prepare for agriculture's diversification, value
addition, and globalization, higher education in India
must strengthen its agricultural programs in those
areas and disciplines to improve the quality of education and to achieve excellence in student performance
after graduation.

Multiple Needs for Reform
To expose students to such current issues as post
harvest and storage technology and problems in
marketing agricultural produce, for example, it was
necessary to revamp the undergraduate agricultural
education, making sound this all-important curricular
foundation.
Globalization urges higher education to develop a
long-term strategy to modify the educational system to
continuously be a viable player in the highly talented

Changes in the Agriculture Industry
The changes in the agricultural industry signal the
need for changes in the agricultural profession, which,
in turn, present a need for higher agricultural education to prepare graduates in new and innovative ways.
The changes in the industry and the profession (Government of Tamil Nadu, 1999) are shown in Table 1.

Past

Present and Future

Controlled market
Liberalized market

Era of increasing production
Era of productivity and
sustainability

Striving for self
sufficiency
Individual farming

Striving for trade and
income generation
Corporate and cooperative
farming

Operating at local level

Operating at national and
international level

Majority employer is the
government

Majority employers are
private sector companies and
nongovernmental organizations

Government actively
Government facilitates
participates in agricultural agricultural progress
activities
Demand for farm
graduates

Demand for job opportunities

Emphasis of ag education
is on extension

Emphasis of ag education is
self-employment

Introduction of more
degree programs

Consolidation of courses
and degree programs

Education provides
technical knowledge on
agriculture

Education creates an all around
agricultural professional

Need for agricultural
scientists

Need for agricultural managers

Low career mobility and
options

Increased career options

Chances in Higher Education
To provide the profession with technologically
savvy, business minded, well-rounded graduates,
higher education institutions have gradually shifted
from being agents of the government who discharge
traditional educational functions as a social service to
becoming key players in the knowledge industry with
direct social responsibilities. The dimensions of higher
education that have transformed to 21st century
demands are shown in Table 2 (Government of Tamil
Nadu, 1999).
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Table 2. Paradigm Shifts in Higher Education

Table 3. Profile of Agricultural Graduates

System Dimensions

Present

Future

Knowledge

Skill

Attitude

Institutional Nature

Traditional
pattern of
education

Characteristics
of knowledge
industry

Agriculture/education
as a science

Entrepreneurial
skills

Interest in
agriculture
profession

Mode of Education

Formal

Informal;
networked

Communication
skills

Funding Source

Single

Multiple sources

Resources required for
agriculture & its
management

Willingness to
work in rural
areas

Academic Orientation

Disciplinary

Inter-disciplinary
and
trans-disciplinary

Technological aspects of
agriculture

Leadership skills

Ambition to take
up agriculture/vet
farming

Stakeholders’ Influence

Students, faculty,
staff, and
government

Employers,
community of
users

Production and protection
aspects of agriculture

Interpersonal
skills

Self-reliance and
self-confidence

Rigid procedures;
Sole responsibility
of the academic
community

Dynamic process;
Participation of
all the major
stakeholders

Integration of agriculture
with related sciences

Management
skills

Systems thinking
& analytical
approach

Technical skills

Informationseeking

Government and
other regulatory
bodies

Market/client
accountability;
Customer
orientation

Environmental aspects
and wasteland
management
Advanced technology
and advanced applied
science

Project
management
skills

Competitive
spirit

Static and
adherence to
established norms
and procedures

Change oriented;
flexibility
emphasis

Knowledge on
international as well
as local agriculture

Organizing skills
Resource
management
skills

Adaptive spirit

Individual
institutional
operations with
very limited
alliances

Several
collaborative
alliances
with a variety
of institutions in
the country and
abroad

Curriculum
Development

Accountability

Institutional Culture

Alliances

Inherent Problems
In addition to macro-level changes, agricultural
education faces a range of problems at the micro level,
which are listed below.
1. Narrow range of skills. Graduates who are
trained in a limited range of skills cannot meet market
demands.
2. Unemployment and underemployment of
graduates. Agricultural institutions must reorient the
curriculum to produce graduates who bring relevant
skills to the market.
3. Students with urban background. About 70
percent of the students in India's agricultural universities are from urban areas. Such students not only lack
prior exposure to field conditions but are often not
willing to work in rural areas.
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Proactive and
positive

4. Inadequate program flexibility and diversity.
Agricultural universities must move from being
passive participants in the national and international
markets to active trendsetters.
5. Brain drain. Increasingly, agricultural graduates
are employed in non-agricultural sectors because of
few employment opportunities in agriculture. This
diminishes the investment in these graduates' training
and represents a loss of workforce to the sector.
In addition, adequate and appropriate infrastructural
facilities are essential to attain international standards.
Developing an excellent network to facilitate interaction among the various stakeholders is crucial for the
university to understand the market needs and demand.
The curriculum review process should be rigorous
and systematic, with clear visualization of the goals
and values in mind. While formulating the syllabi,
ICAR took care to ensure that the resultant curriculum
can produce graduates with the knowledge-skillattitude profile, shown in Table 3 (Government of
Tamil Nadu, 1999).
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India's Revised Agricultural
Curriculum
The revised undergraduate curriculum, shown in the
following list, displays a thorough agricultural management thrust. It includes content in courses about
information technology and decision support systems,
irrigation methods and management, quality crop
production methods, sensible mechanization, and
wasteland utilization. Students learn about field
consultancy in technology transfer and project formulation. They study farmers' organizations and how
their membership enhances bargaining power. Other
course content includes transgenic plants, new seeds
and nursery technology, precision farming, protected
agriculture, and horticulture.

Table 4. Revised Agricultural Curriculum
Requirements for Undergraduates
Agribusiness Management
Agroindustries
Biodiversity
Bioenergy
Biofertilizers
Bioinformatics
Biopesticides
Bioresources Technology
Biotechnology
Commercial Agriculture
Contract Farming
Environmental Sciences
Experiencial Learning
Food Processing
Food Technology
High-Tech Horticulture
Hybrid Rice Production
Information Technology and Communication
Integrated Nutrient Management
Integrated Pest Management
Intellectual Property Rights
Marketing
Mechanization
Natural Resource Management
New Computer Applications
New Food Product Development
Organic Farming
Plant Genetic Resources
Post-harvest Technology
Precision Farming
Protected Horticulture
Rural Agricultural Work Experience
Sustainable Farming
Tissue Culture
Value Addition
Water Management and Water Use Efficiency

Curriculum Content Revisions
The revised course curricula accommodates in the
new content, areas of agribusiness, export, diversification of agriculture, integrated pest management,
integrated nutrient management, biodiversity, environmental science, biotechnology, geographical information systems, computer applications, biostatistics, and
intellectual property rights. It also added specialized
courses in agriexport business, quality control, value
addition and product development, market trends and
intelligence, world trade agreements, trade-related
intellectual property rights, global convention on
climate, biodiversity, and diversification.
Three areas addressed in the curriculum revision are
particularly pertinent to India's unique needs. They are
biotechnology, the environment, and sustainability.
Biotechnology. Biotechnology offers enormous
benefits to the Third World, especially in solving the
problems of poverty, hunger, disease, environmental
destruction, and natural resources development.
Biotechnology is more relevant to a country similar to
India than to the industrialized nations of the west.
India has no dearth of priorities—the tremendous
pressure of its rising population, poor sanitation and
drinking water, the premium on cultivatable land, the
vagaries of the monsoon, fuel shortage, and forest
devastation. Hence, training students and generating a
skilled scientific workforce in the biotechnology field
are imminent.
Environment. The previous agricultural curriculum
paid minor attention to global environmental problems
and negligible attention to local conditions. Addition
of environment to the curriculum has become vitally
important in building rural, rural-urban and urban
networks.
The revised curriculum promotes student understanding of local cultures and their effects on the
natural environment. Students research how nature
and culture interact and how these interactions have
created local landscapes. It is hoped that this curriculum design will develop graduates whom farmers in
developing nations will find more acceptable in
extension training venues.
Sustainability. The concept of sustainable development encompasses not only environment but also
poverty, population, health, food security, democracy,
human rights, and peace; all critical issues in developing nations.
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Sustainability is, in the final analysis, a moral and
ethical imperative, in which cultural diversity and
traditional knowledge must be respected.
All content areas, including the humanities and the
social sciences, must be involved in addressing issues
related to environment and sustainable development.
Addressing sustainability requires a holistic, interdisciplinary approach that brings together the different
disciplines and institutions while retaining their
distinct identities.
The revision process considered local, regional, and
national contexts of sustainable development. By
introducing field experience into university classroom
teaching, ICAR hopes such development will receive
greater attention in the future.

Pedagogical and Administrative
Reforms
To compete in today's market, the agricultural
human resource must be self-motivated, be solidly
professional in his or her practices, display a strong
work ethic and attitude, and demonstrate adequate,
technical business-communication, computer application, and management skills. Generating graduates
with such traits and skills is at the heart of the curriculum revision process. The hope is that the SAUs will,
in time, provide the agriculture industry with a competent breed of technology agents, who become job
creators, ultimately strengthening the industry and the
nation.
The higher education administration and faculty will
implement the revised curriculum through the following approaches:

• faculty development,
• industry-institution linkages,
• interinstitutional collaboration at national and
•
•
•
•
•

international levels,
resource mobilization and utilization,
rural work experience,
distance learning,
modular courses for skill and entrepreneurial
development, and
accreditation at national level and cross-country
accreditation for continuous improvement in quality
of education.

Rural Agricultural Work Experience. Experiential
learning in agricultural education largely helps graduates who will seek self-employment in commercial
agricultural regions. It also helps to produce, highly
competent and well-trained students who have devel50

oped technical skills and managerial capability that the
agriculture sector requires and needs (Macadam and
Packham, 1989; Bawden, 1978; Bawden and
Packham, 1991; Kannaiyan, 1999. )
The major objectives of the revised curriculum's
Rural Agricultural Work Experience (RAWE) are:
• to develop self confidence among students
(Kannaiyan, 1998);
• to develop an insight into the availability of local
resources;
• to gain practical experience in farm operations;
• to find out the existing indigenous knowledge of
practicing farmers and its significance to the
technological generation of new agricultural
graduates;
• to study the local market network for planning
agricultural production;
• to study leadership in action and its role in agriculture and rural development;
• to collect information about the potentialities and
prospects of agro-industries;
• to study village-level functions, its organizational
structure and the responsibilities of different
departments;
• to study the attitudes of farmers about adopting
newer crop production technologies;
• to collect information on various constraints to the
farmers; and
• to study the structure and functions of regional
research stations and their roles in solving regional
problems.
Scientists and project leaders of various research
projects brief RAWE students on the latest technologies and location-based scientific knowledge. This
exposure to location-specific research helps students
to observe and ask questions so they learn more from
the field experience. Students travel to a particular
village and stay with one family with a tiny farm and
one family with a small farm, and one family with a
large farm through the RAWE session.
Distance Learning. This century's new information
technology has liberalized and liberated the learning
process (Abdul Kareem, 1999). Open learning offers
flexibility in admissions, learning methods, course
content, examinations, and even evaluation (Ranga
Rao, 1999). Further, the audiovisual elements of
distance learning ensure greater uniformity in teaching
quality. Finally, distance learning circumvents the
problems of time and space for learners.
This form of learning has immediate applications in
extension education for technical officers in agricul-
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ture, horticulture, agricultural engineering, and rural
home science. It also breaks down the barriers that
exist between stages of education—primary, secondary, tertiary, and higher education.
Entrepreneurship Development. Some important
entrepreneurial characteristics that graduates who opt
for self-employment must develop are the need for
achievement, greater intrinsic motivation and reinforcement, self-reliance, and independence. The
agricultural curriculum promotes entrepreneurial
development by encouraging students' creative and
innovative response to the environment (Kannaiyan et
al, 1999). Some entrepreneurial activities geared for
graduates are:

•
•
•
•
•
•
•
•
•
•

Biofertilizers and biopesticides production and sales
Consultancy
Landscaping
Mushroom production
Nursery management
Ornamental gardening
Seed production, processing and sales
Sericulture
Waste recycling for value-added products
Waste utilization, such as composting

Accreditation. Quality assurance and institutional
and program improvement are the two main purposes
of accreditation. Institutions may seek accreditation
for the institution as a whole or for specific programs
or departments within the institution. All over the
world, various national and state agencies conduct
accreditation as a regulatory process. However,
voluntary accreditation of educational institutions, as
carried out by various accrediting bodies is a uniquely
American process.
In India the concept of assuring quality in higher
education is relatively new. Past concerns about
standards have now shifted to quality. Several national
organizations are already functioning in relation to
assessment and accreditation of institutions of higher
education. For example, the National Board of Accreditation of All India Council of Technical Education is a statutory body that deals with such professional disciplines as engineering, management, and
pharmacy studies. Another organization, established
by the University Grants Commission, is the autonomous National Assessment and Accreditation Council,
enforces the mandate to judge and assure quality in
liberal arts, sciences, and other disciplines. Similarly,
the Veterinary Council of India looks after the accreditation of Veterinary Education.

maintaining the norms and standards of agricultural
education (Padda and Maurya, 1999; Kannaiyan,
1999). The ICAR developed a self-study report
mechanism, which it suggested to agricultural universities. The participating SAUs report relevant curricula
in agriculture and allied sciences based on the needs
and requirements of the students. They also report
ways they attain excellence in education and ways
they produce highly competitive, vibrant agriculture
graduates and technocrats.

A Call for Ongoing Curriculum
Reform
For India's agricultural production to grow and meet
the consumption demands of its growing population
and to exploit any and all export possibilities, the
agriculture sector must make certain key policy
decisions and adopt innovative approaches and
strategies in the years to come.
The roles of the agricultural universities and the
national agricultural education systems must become
more pronounced and they must become more accountable for (1) producing skilled graduates, and
trained extension personnel, and (2) guiding governmental agencies in their policy making processes.

India’s Future Realities
Ongoing reform of the agricultural education
syllabus must address all of the following eventualities, which India will soon witness:
Agriculture will become knowledge based and apart
from traditional farmers, corporate entities and
agriculture professionals will take up modern, scientific farming.
Demands will increase for enabling such services as
information on weather, pests, cost-effective nutrient
and irrigation management and global demand and
price information for different commodities.
Demand will increase for facilities such as scientific
storage of all kinds of diverse agricultural commodities, safe transport of these and market infrastructure.
Trained scientists and a skilled work force will
compete globally.
If new technologies are to become acceptable to
practicing farmers in the shortest possible time,
extension approaches must involve widespread farmer
participation in technology development and adoption
strategies.

The Indian Council of Agricultural Research created
an Accreditation Board, which plays a key role in
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Services of non-governmental agencies will grow,
apart from the public extension agencies, state agricultural universities, and farmers' science and training
centers.
Globalization of agriculture will put pressure on
land use decisions and ultimately the commodity mix.

India’s Imminent Demands of the
Agriculture Industry
As a result of these future realities, this developing
nation will call upon the agriculture sector for solutions:
Implement a clear objective and a detailed strategy
to increase food-grain production, first, intensely in
favored areas, to meet the basic food demands of
India's rising population.
Diversify agricultural production in less-favored
areas, first, by developing these degraded lands and
later, by planting semi-irrigated seasonal, annual, or
perennial crops to effectively manage the available
moisture-irrigation-water potential.
Augment and strengthen efforts on resource conservation and proper utilization through the latest technologies.

Support hands-on training, which generates greater
confidence within students for accepting positions in
the corporate sector or for self-employment.
Support experiential learning as the first step in
personality development and values development in
agricultural students.
Strengthen the education system by asking stakeholders for feedback (1) on the capabilities of the
graduates the universities have produced and, (2) on
the sector's changing needs that may instruct further
curricular reform.
Devise a periodic mechanism for a strengthsweaknesses-opportunities-threats (SWOT) analysis to
enable the system to adjust for changes.
Provide in-service training for faculty to encourage
capacity building.
Routinely investigate infrastructure needs to acquire
the latest equipment and instruments for effective
teaching and learning.
Modernize the library systems with computer
networks.
Build accountability into system processes at all
levels.

Generate and adopt technologies harmonious with
the environment and manage by judicious combination
of local and traditional technologies with modern
technologies, such as chemical fertilizers and pesticides, biological fertilizers and pesticides, irrigation
water, and biotechnology.

Examine cross-country accreditation to make
graduates internationally mobile (Harish Kumar, 1977;
Kannaiyan, 1999; Chandrasekaran, 1999) .

Implement natural resource management programs,
such as watershed development, especially in erosionprone areas.

Add course modules that prepare students to write
viable project proposals for setting up any entrepreneurial ventures and for seeking funding from financial institutions.

Strengthen production, conservation and ecorestoration forest development activities.

Resultant Policy Recommendations
Higher education institutions that offer agricultural
curricula are advised to establish an ongoing evaluation of their programs to match current market demands and progress.
Continue curricular emphasis on agriculture management for quality agri-businesses.
Build the value system in students to respect practicing farmers who have low or moderate levels of
education and tend deteriorating resources, yet must
meet the challenges of dealing with such diverse
institutions as industry, finance, and co-operatives.
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Continuously modify the methodology of commercial agricultural courses to make them parallel with the
realities of the emerging modern scenario.

In summary, curriculum development is a continuous process that must consider the learning needs of
the present-day generation of students. Because
learning is a lifelong process, a training extension
curriculum must also attend to the needs of the
practitioner in the field. Agricultural education curricula must address the here and now of the agriculture
industry on the local, national, and internationals
markets in this 21st century.
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