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Introduction
It is an honor to give the Fourth U Thant Lecture at the UN University in Tokyo. U Thant was UN Secretary
General during the peak period of the Green Revolution in Asia during the 1960s and also when I received the
Nobel Peace Prize in 1970. Well aware of the positive impact of the Green Revolution on smallholder food
production, U Thant was a strong proponent of spreading the benefits of science and technology to the small-
scale farmers around the globe.

I am now in my 58th year of continuous involvement in agricultural research and production, working primarily
in the low-income, food-deficit developing countries. I have worked with many scientific colleagues—at
CIMMYT and in national programs—farmers, and political leaders to transform low-yielding food production
systems through the introduction of productivity-enhancing technology. Many farmers in the developing world
have improved their income levels, especially in Asia and parts of Latin America. Indeed, as humankind enters
the 21st Century, it is those smallholder farmers denied access to modern technology who remain mired in
poverty and frequently malnourished.

The 20th Century ended with world market prices for wheat, maize and rice, adjusted for inflation, at the lowest
level they have ever been. All consumers have benefited from these lower food prices, although the poor have
benefited relatively more, since they spend a larger portion of their income on food. Despite the successes of
the so-called “Green Revolution” in many parts of the developing world, the battle to ensure food security for
hundreds of millions of miserably poor people is far from won. However, it is generally a lack of purchasing
power, rather than the availability of agricultural technology, that keeps them food insecure.

The World’s Food Supply
Global food production of all types in 2000 stood at 5.23 billion tonnes of gross tonnage and 2.51 billion tonnes
of edible dry matter (Table 1). Of this total, 99% was produced on the land. Only about 1 percent came from
the oceans and inland waters.

Table 1. World Food Supply, 2000

Production, million metric tons
Gross Edible Dry

Commodity Tonnage Matter1/ Protein1/
Cereals 2,064 1,718 171
  Maize 593 524 54
  Wheat 585 516 61
  Rice 601 407 34
  Barley 135 118 12
  Sorghum/millet 84 76 7
Roots & Tubers 698 186 12
  Potato 328 71 8
  Sweet potato 139 42 2
  Cassava 177 66 1
Legumes, oilseeds/nuts 165 112 39
Sugarcane &  sugar beet

2/
150 150 0

Vegetables & melons 692 81 7
Fruits 466 64 3
Animal products 992 196 87
  Milk, meat, eggs 866 164 66
  Fish 126 32 23
All Food 5,227 2,507 319

1/  At zero moisture content, excluding inedible hulls and shells.
2/  Sugar content only.

Source: FAOSTAT, July 2002



2

Plant products constituted 92 percent of the human diet, with about 30 crop species providing most of the
world's calories and protein, including eight species of cereals, which collectively accounted for 69 percent of
the world food supply. Animal and fish products, constituting 8 percent of the world's calories, and 27 percent
of total protein, also come indirectly from plants.

At least in the foreseeable future, plants—and especially the cereals—will continue to supply much of our
increased food demand, both for direct human consumption and as livestock feed to satisfy the rapidly growing
demand for meat in the newly industrializing countries.

Had the world's food supply been distributed evenly, it would have provided an adequate diet in 2000 (2,350
calories, principally from grain) for 7.2 billion people—about one billion more than the actual population.
However, had people in Third World countries attempted to obtain 70 percent of their calories from animal and
fish products—as in the industrialized countries—only about half of the current world population could be fed.

These statistics point out the two key problems of the world food supply. The first is the complex task of
producing sufficient quantities of the desired foods to satisfy needs, and to accomplish this Herculean feat in
environmentally and economically sustainable ways. The second task, equally or even more daunting, is to
distribute food equitably.

The Population-Food Imperatives
The number of people on the Earth is still rising rapidly, especially in the developing countries (Table 2). A
medium projection is for world population to reach about 8.3 billion by 2030 and 9.3 billion by 2050, before
hopefully    stabilizing at about 10-11 billion toward the end of the 21st Century.

Table 2. Population Projections to 2050

    Total Population   Percent Urban
   2001       2030    2050 2001 2030

Region                                 (millions)                                                            %        
Africa      813      1,489 2,000   38   54
South Asia   1,435      1,974 2,417   31   46
West Asia      264        457      545   65   70
SE Asia           530        825    800   37   59
East Asia   1,492      1,698 1,655   39   54
Europe           726        670    603   75   83
Latin America
 & Caribbean      527        723    806   75   83
N. America      317        396    438   77   84
Oceania             31          42      47   70   74
World     6,134      8,270 9,322   47   60

Sources: UN Population Fund 2001 State of World Population;
     FAOSTAT 2002

In general, economic development and family planning have helped to slow the tide of population growth.
While population rates are indeed slowing, I am one who tends to believe that they are not slowing as fast as
many demographers predict. My guess is that world population will be closer to 10 billion by mid century, with
almost all of the growth in low-income developing countries. Population in the more developed countries, as a
group, is projected to decline over the next 50 years and to experience a significant overall aging.

In some of the poorest parts of the world, most notably Africa, infectious diseases such as HIV/AIDS, malaria,
cholera, and tuberculosis are taking a tremendous toll. Worldwide, at least 70 million are expected to die of
AIDS by 2020, 80 percent of them in sub-Saharan Africa.  However, even with this calamity, the population of
Africa is still expected to grow at nearly 2 percent per year, doubling over 33 years. Stagnant agriculture and
rural land degradation is pushing Africans into cities, where crowded, polluted living conditions create a perfect
breeding ground for sickness.

The rural to urban migration is pronounced in all developing country regions. The 21st Century will be the first
“urban” century, with every developing region having more people living in towns and cities rather than on the
land. The growth of cities, especially in the food-deficit developing nations poses a new food supply challenges,
especially in sub-Saharan Africa. It is rare for nations to import more than 10-15 percent of their basic foods,
with the remainder produced domestically. Today in much of Africa, agricultural production is of a subsistence
nature. To feed large urban populations, subsistence food production systems must be transformed into
commercial agriculture, with farmers producing at least two to three times the quantity of food needed for
home consumption.
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To feed 10 billion—hopefully more prosperous—people is a daunting task. It is very likely that the global
demand for maize, wheat and rice will double and even triple if the demand for poultry and livestock products
continues to increase twice as fast as the cereals, which has been the case over the past two decades.

It has taken humankind 10-12 millennia to expand food production to the current level of about 5.23 billion
gross tonnes per year. During the 21st Century, global agricultural production will have to double and perhaps
even triple. This cannot be done in environmentally sustainable ways unless farmers and ranchers around the
world have access to conventional high-yielding crop production methods and new biotechnology
breakthroughs, which offer great promise for improving the yield potential, yield dependability, and nutritional
quality of our food and feed crops.

During the past 40 years, thanks to a continuing stream of high-yielding varieties that have been combined with
improved crop management practices, food production has more than kept pace with global population
growth. Globally, per capita world food supplies are 23 percent higher and real prices are 65 percent lower than
in 1961.

Despite this tremendous expansion in food production, two billion people still lack reliable access to safe,
nutritious food, and 800 million of them—including 300 million children—are chronically malnourished. Thus,
there is no room for complacency on the food production and poverty-alleviation fronts.

The Green Revolution
During the latter half of the 1960s, as the diffusion of new wheat and rice technology spread rapidly across
Asia, William Gaud, the USAID Administrator, in a talk given in March 1968 to the Society for International
Development in Washington, said:

“These and other developments in the field of agriculture contain the makings of a new revolution. It is not
a violent Red Revolution like that of the Soviets, nor is it a White Revolution like that of the Shah of Iran. I
call it the Green Revolution.”

Gaud’s term was quickly picked up by the popular press, and led to excesses in use. The worst was the
tendency to expect that a “Green Revolution” by itself could solve all rural problems. To the extent that this led
governments to neglect taking the multiple steps—in education, health, and infrastructure—needed for
effective rural development programs. this was unfortunate.

Many initial reporters chose to depict the Green Revolution as the wholesale transfer of technology from high-
yield agricultural systems to peasant farmers in the Third World. To me, however, it signified a new era in which
agricultural science was used to produce technologies appropriate to conditions of developing country farmers.
It began in Mexico with the "quiet" wheat revolution in the late 1950s. During the 1960s and 1970s in India,
Pakistan, and the Philippines received world attention for their agricultural progress. Since 1980, China has been
the greatest success story. Home to one-fifth of the world's people, China today is the world's biggest food
producer, and with each successive year, its cereal crop yields approach that of the United States.

Over the past four decades, sweeping changes have occurred in the factors of production used by farmers in
many parts of the developing world, but no where more dramatic than the developing countries of Asia (Table
3). High-yielding semi-dwarf varieties are now used on 84 and 74 percent of the wheat and rice area,
respectively; irrigation has more than doubled—to 175 million hectares; fertilizer consumption has increased
more than 30-fold, and now stands at about 70 million tonnes of total nutrients; and tractor use has increased
from 200,000 to 4.8 million units. As a result, rice and wheat production has increased from 127 million tonnes
to 762 million tonnes over this 40-year period (FAOSTAT, 2002).

Table 3.  Changes in Factors of Production in Developing Asia

   Adoption of
  Modern Varieties Fertilizer Nutrient
  Wheat   Rice Irrigation  Consumption Tractors

                       M ha / % Area                                    Million ha                    Million       tonnes           Millions__
1961     0 / 0%  0 / 0%             87   2     0.2
1970   14 / 20% 15 / 20%     106 10     0.5
1980   39 / 49% 55 / 43%     129 29     2.0
1990   60 / 70% 85 / 65%     158              54     3.4
2000   70 / 84% 100 / 74%     175              70     4.8

Source: FAOSTAT, July 2002 and author’s estimates on modern variety adoption, based on CIMMYT and IRRI
data.

Green Revolution critics have tended to focus too much on the high-yielding wheat and rice varieties, as if they
alone can produce miraculous results. Certainly, modern varieties can shift yield curves higher due to more
efficient plant architecture and the incorporation of genetic sources of disease and insect resistance. However,
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modern varieties can only achieve their genetic yield potential if systematic changes are also made in crop
management, such as in dates and rates of planting, fertilization, water management, and weed and pest
control. Moreover, many of these crop management changes must be applied simultaneously if the genetic
yield potential of modern varieties is to be fully realized. For example, higher soil fertility and greater moisture
availability for growing food crops also improves the ecology for weed, pest, and disease development. Thus,
complementary improvements in weed, disease, and insect control are also required to achieve maximum
benefits.

Despite the successes of smallholder Asian farmers in applying Green Revolution technologies to triple cereal
production since 1961, millions of miserably poor people remain, especially in South Asia. Of the roughly 1.3
billion people in this sub-region, 550 million live on less than US$ 1 per day, 400 million adults are illiterate, 264
million lack access to health services, 230 million lack safe drinking water, and 80 million children under four are
malnourished.

A comparison of China and India—the world's two most populous countries—is illustrative of the point that
increased food production, while necessary, is not sufficient alone to achieve food security (Table 3). Over the
past 20-30 years, both countries have achieved remarkable progress in food production. Huge stocks of grain
have accumulated in India over the past several years, while tens of millions need more food but do not have
the purchasing power to buy it.

Table 4.  Social Development Indicators in China and India

                                                                                                             China                          India
1961 population, millions   669    452
2000 population, millions              1,290 1,016
Population growth, 1985-95, %/year    1.3     1.9
GDP per capita, US$’s, 1995   780    440
Percent in agriculture, 1990     74      64
Poverty, % pop below $1/day, 1999     29      53
Child malnutrition, % underweight, 1993-99       9      45
% Illiterate population (over 15), 1995         22      50

Sources: 2001 World Bank Atlas; FAOSTAT 2001

China has been more successful in achieving broad-based economic growth and poverty reduction than India.
Nobel Economics Laureate, Professor Amartya Sen, attributes the difference to the greater priority that the
Chinese government has given to investments in rural education and health care services. Nearly 80 percent of
the Chinese population is literate while only 50 percent of the Indian population can read and write. Only 9
percent of Chinese children are malnourished compared to 45 percent in India. With a healthier and better-
educated rural population, China’s economy has been able to grow about twice as fast as the Indian economy
over the past two decades and today China has a per capita income nearly twice that of India.

Africa is the Greatest Worry
More than any other region of the world, food production south of the Sahara is in crisis. High rates of
population growth and little application of improved production technology have resulted in declining per capita
food production, escalating food deficits, and deteriorating nutritional levels, especially among the rural poor.
While there are some signs during the 1990s that smallholder food production is beginning to turn around, this
recovery is still very fragile.

Sub-Saharan Africa's extreme poverty, poor soils, uncertain rainfall, increasing population pressures, lack of
secure land titles, political and social turmoil, shortages of trained agriculturalists, and weaknesses in research
and technology delivery systems all make the task of agricultural development more difficult. But we should also
realize that to a considerable extent, the present food crisis is the result of the long-time neglect of agriculture
by political leaders. Even though agriculture provides the livelihood to 60-80 percent of the people in most
countries, agricultural and rural development has been given low priority. Investments in distribution and
marketing systems and in agricultural research and education are woefully inadequate. Furthermore, many
governments pursued and continue to pursue a policy of providing cheap food for the politically volatile urban
dwellers at the expense of production incentives for farmers.

Many of the lowland tropical environments—especially the forest and transition areas—are fragile ecological
systems, where deeply weathered, acidic soils lose fertility rapidly under repeated cultivation. Traditionally, slash
and burn shifting cultivation and complex cropping patterns permitted low yielding, but relatively stable, food
production systems. Expanding populations and food requirements have pushed farmers onto more marginal
lands and also have led to a shortening in the bush/fallow periods previously used to restore soil fertility. With
more continuous cropping on the rise, organic material and nitrogen are being rapidly depleted while
phosphorus and other nutrient reserves are being depleted slowly but steadily. This is having disastrous
environmental consequences, such as serious erosion and weed invasions leading to impoverished fire-climax
vegetations.
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In 1986 I became involved in food crop production technology transfer projects in sub-Saharan Africa,
sponsored by the Nippon Foundation and its Chairman, the late Ryoichi Sasakawa, and enthusiastically
supported by former U.S. President Jimmy Carter. Our joint program is known as Sasakawa-Global 2000, and
currently operates in 10 sub-Saharan African countries.

Working hand-in-hand with national extension services during the past 16 years, SG 2000 has helped small-
scale farmers to grow more than one million demonstration plots, ranging in size from 1,000 to 5,000 square
meters. These demonstration plots have been concerned with demonstrating improved technology for basic
food crops: maize, sorghum, wheat, rice, cassava, and grain legumes.

The packages of recommended production technology include: (1) the use of the best available commercial
varieties or hybrids (2) proper land preparation and seeding to achieve good stand establishment, (3) proper
application of the appropriate fertilizers and, when needed, crop protection chemicals, (4) timely weed control,
and (5) moisture conservation and/or better water utilization, if under irrigation. SG 2000 also has helped
smallholder farmers to improve on-farm grain storage, both to reduce losses due to spoilage and infestation and
to allow farmer to hold stocks longer, so that they can sell when market prices are more favorable.

Virtually without exception, demonstration plot yields are two to three times higher than the control plots
employing the farmer's traditional methods. Hundreds of field days, attended by thousands of farmers, have
been organized to demonstrate and explain the components of the production package. In areas where the
projects are operating, farmers' enthusiasm is high and political leaders are taking much interest in the program.

While the program clearly has demonstrated the availability of technology to greatly improve yields, sustained
adoption by farmers of the recommended technologies has been disappointing. High prices and undeveloped
input supply systems keep most smallholder farmers from purchasing improved seeds, fertilizers, crop protection
chemicals, and farm machinery. Similarly, poorly functioning rural finance systems and high interest rates
conspire to deprive most farmers of access to production credit.

Fertilizer use in sub-Saharan Africa is the lowest in the world (Table 5). To make matters worse, there has been
no improvement in total fertilizer consumption between 1985 and 2000. In consequence, it is estimated that
600 kg/ha of nitrogen, 200 kg/ha of phosphorus, and 450 kg/ha of potassium have been lost on each of 100
million hectares of cultivated land over the past 30 years. In marked contrast, soil nutrient levels on farms in
North American and Europe have increased over this same time period (sometimes resulting in groundwater and
stream pollution). The soil nutrient losses in sub-Saharan Africa are an environmental time bomb. Unless we
wake up soon and reverse these disastrous trends, the future viability of African food systems will indeed be
imperiled.

Table 5.  Fertilizer Nutrient Consumption per Hectare of Arable
Land in Selected Countries, 2000

   Kg of nutrients per ha of arable land    
Uganda      1 Cuba   37
Ghana      3 South Africa   51
Guinea      4 India 103
Mozambique    4 USA 105
Tanzania 6 Brazil 140
Nigeria      7 France 225
Burkina Faso    9 China 279
Mali 11 UK 288
Ethiopia    16 Japan 325
Malawi    16 Vietnam 365
Benin 18

Source: FAOSTAT, July 2002

To date, while all provide lip service about the importance of agriculture, few African governments have in fact
given priority to agriculture and rural development. Governments, by and large, have reduced their support.
The hope had been that the private sector would not only fill the void of a retreating public sector, but also
actually invest more in agricultural services. This has not happened, nor will it while political and economic
instability continues.

The lack of infrastructure—especially roads and transport, but also potable water and electricity—is also a
serious obstacle to progress. Improved transport systems would greatly accelerate agricultural production, break
down tribal animosities, and help establish rural schools and clinics in areas where teachers and health
practitioners are heretofore unwilling to venture.
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So far, the forces of globalization have brought few, if any, benefits to sub-Saharan Africa. Traditional exports,
such as cocoa, coffee, and palm oil, have been hobbled by depressed world prices and increasing competition
from Asian countries. Some progress has been made in expanding non-traditional exports, especially in fruits
and vegetables.

On the other side of the coin, Sub-Saharan Africa is importing growing quantities of food commodities, many of
which it can and should be producing itself (Table 6). Wheat is the largest import, which is understandable
ecologically, since countries do not have the requisite ecological conditions for production. However, the large
imports of rice, sugar, maize, and meat are much harder to justify, since Africa should be able to produce these
commodities domestically.

Table 6.  Major Food Imports in Sub-Saharan Africa

        Imports
1998 1999 2000

Commodity                                                                       000t__________       
Wheat+Flour, Equiv. 8,366 7,311 9,271
Rice 4,145 4,198 4,029
Sugar, refined 2,148 2,068 1,913
Maize 2,433 1,598 1,398
Fruits + Vegetables 1,008 1,067 1,151

Source: FAOSTAT, July 2002

The failure of African governments and international development organizations to invest adequately in
agricultural and rural economies is hard to understand, especially since history should have taught us that no
nation has been able to reduce poverty substantially and bring about economic development without first
sharply increasing productivity in its agricultural and food systems.

Future Sources of Increased Food Supply
The potential for further expansion in the global arable land area is limited for most regions of the world. This is
certainly true for densely population Asia and Europe. Only in sub-Saharan Africa and South America do large
unexploited tracts exist, and only some of this land should eventually come into agricultural production. Much
has acid soils, such as the Cerrados of Brazil and in parts of central and southern Africa, and researchers and
farmers have developed varieties and soil management practices that can make these former “waste-lands”
productive for agriculture. In populous Asia, home to more than half of the world's people, there is very little
uncultivated land left. Indeed, some of the land, especially in South Asia, currently in production should be
taken out of cultivation, because of high susceptibility to soil erosion.

The International Food Policy Research Institute (IFPRI) estimates that more than 85 percent of future growth in
cereal production must come from increasing yields on lands already in production. Such productivity
improvements will require varieties with higher genetic yield potential and greater tolerance of drought, insects
and diseases. To achieve these genetic gains, advances in both conventional and biotechnology and research
will be needed. In crop management, we can expect productivity improvements in soil and water conservation,
tillage, fertilization, weed and pest control, and postharvest handling.

Irrigated agriculture—which accounts for 70 percent of global water withdrawals—covers some 17 percent of
cultivated land (about 275 million ha) yet accounts for nearly 40 percent of world food production.  The rapid
expansion in world irrigation and in urban and industrial water uses has led to growing shortages. Indeed, the
UN’s 1997 Comprehensive Assessment of the Freshwater Resources of the World estimates that, by the year
2025, as much as two-thirds of the world’s population could be under stress conditions.

Clearly, we need to rethink our attitudes about water, and move away from thinking of it as nearly a free good,
and a God-given right. Pricing water delivery closer to its real costs is a necessary step to improving use
efficiency. Farmers and irrigation officials (and urban consumers) will need incentives to save water. Moreover,
management of water distribution networks, except for the primary canals, should be decentralized and turned
over to farmers.

There are many technologies for improving the water use efficiency in agriculture. Wastewater can be treated
and used for irrigation, especially important for peri-urban agriculture, which is growing rapidly around many of
the world’s mega-cities. New crops requiring less water (and/or new improved varieties), together with more
efficient crop sequencing and timely planting, also can achieve significant savings in water use.

Proven technologies are also available that save water, reduce soil salinity, and increase water productivity (yield
per unit of water used). Various new precision irrigation systems—like drip and sprinkler systems—are available
that will supply water to plants only when they need it. Technologies like planting on raised beds or
conservation (zero) tillage also use water more efficiently. Improved small-scale and supplemental irrigation
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systems also are now available to increase the productivity of rainfed areas, which offer much promise for
smallholder farmers.

In order to expand food production for a growing world population within the parameters of likely water
availability, the inevitable conclusion is that humankind in the 21st Century will need to bring about a “Blue
Revolution” to complement the so-called “Green Revolution” of the 20th Century. In the new Blue Revolution,
water-use productivity must be wedded to land-use productivity. New science and technology must lead the
way.

What Can We Expect from Biotechnology?
In the last 20 years, biotechnology based upon recombinant DNA has developed invaluable new scientific
methodologies and products in food and agriculture. It is a new technique—not a new system—that has been
added to plant and animal breeding. This journey deeper into the genome—to the molecular level—is the
continuation of humankind’s progressive understanding of the workings of nature.

The new biotechnology permits the crossing (hybridization) across taxonomically distinct genera, families, orders
or kingdoms. Recombinant DNA methods have enabled breeders to select and transfer single genes as well as
access useful genes from other taxonomic groups.  So far, these gene alterations have conferred producer-
oriented benefits, such as resistance to pests, diseases, and herbicides. Other benefits likely to come through
biotechnology and plant breeding are varieties with greater tolerance of drought, waterlogging, heat and
cold—important traits given current predictions of climate change. In addition, many consumer-oriented
benefits, such as improved nutritional and other health-related characteristics, are likely to be realized over the
next 10 to 20 years.

Despite the formidable opposition in certain circles to transgenic crops, commercial adoption by farmers of the
new varieties has been one of the most rapid cases of technology diffusion in the history of agriculture.
Between 1996 and 2001, the area planted commercially to transgenic crops has increased 30-fold (Table 7). In
2001 it is estimated that 52.6 million ha were planted to transgenic crops in 13 countries and grown by 5.5
million farmers. This compares to only 1.7 million ha planted to transgenic crops in 1996 (James, 2002). During
this period, herbicide tolerance has been the dominant trait, accounting for 77 percent of the area. One quarter
of the global transgenic crop area is now found in developing countries, with the highest year-on-year
percentage growth occurring in China.

Insect-resistant cotton (Bt cotton) is grown in China, India and South Africa, where it significantly reduces
production costs and increased profits. In South Africa, for example, smallholders in the Makhathini Flats area
who have adopted Bt cotton have increased their yields by an average of 26 percent, reduced insecticide sprays
from seven to one, and increased their income by $165 per ha (Monsanto communications, 2002).

Table 7. Transgenic Crop Coverage, 2001

Area GMO
                                       Million ha                           Crops                            Million ha
USA 35.7 Soybeans     33.3
Argentina 11.8 Maize       9.8
Canada     3.2 Cotton             6.8
China   1.5 Canola                 2.7    
Others      0.4        52.6
Totals 52.6

Source: Clive James, 2002.  ISAAA Brief # 24.

Ironically, it is farmers and consumers in the low-income, food-deficit nations who have most needed these new
agricultural biotech products, which can reduce drudgery and production costs per unit of output. But instead,
the first battles over biotech products is being fought mainly in the rich nations, whose governments collectively
subsidize their very small farming populations to the tune of $350 billion per year and where many of the major
problems of human nutrition are related to obesity.

There are several breakthroughs that genetic engineering could bring to the cereals that could bring enormous
benefits, and especially to the poor producer and consumer, which I would like to mention in particular. Among
all the cereals, rice is unique in its immunity to the rusts (Puccinia spp.) All the other cereals—wheat, maize,
sorghum, barley, oats, and rye—are attacked by two to three species of rusts, often resulting in disastrous
epidemics and crop failures. Enormous scientific effort over the past 80 years has been devoted to breeding
wheat varieties for resistance to stem, leaf, and yellow rust species. After many years of intense crossing and
selecting, and multi-location international testing, a good, stable, but poorly understood, type of resistance to
stem rust was identified in 1952 that remains effective worldwide to the present. However, no such success has
been obtained with resistance to leaf or yellow rust, where genetic resistance in any particular variety has been
short-lived (3-7 years). Imagine the benefits to humankind if the genes for rust immunity in rice could be
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transferred into wheat, barley, oats, maize, millet, and sorghum. Finally, the world could be free of the scourge
of the rusts, which have led to so many famines over human history.

On another front, bread wheat has superior dough for making leavened bread and other bakery products due
to the presence of two proteins—gliadin and glutenen. No other cereals have this combination. Imagine if the
genes for these proteins could be identified and transferred to the other cereals, especially rice and maize, so
that they, too, could make good-quality “leavened” bread. This would help many countries, and especially the
developing countries in the tropics, where bread wheat flour is often the single largest food import, to save
valuable foreign exchange.

Finally, it is also important to mention the growing potential of science to improve the nutritional quality of our
food supply. The pioneering work,     using conventional plant breeding methods   , to develop high-lysine, high-
tryptophan quality protein maize (QPM) varieties and hybrids took more than two decades of painstaking
research work at CIMMYT. In the future, through biotechnology, it should be possible to achieve new
nutritional "quality" enhancements in the cereals and other foods at a much faster rate. Recently, the transfer
of genes to increase the quantity of Vitamin A, iron, and other micronutrients contained in rice can potentially
bring significant benefits for millions of people with deficiencies of Vitamin A and iron, causes of blindness and
anemia, respectively.

Beyond the food, feed and fiber production benefits that can be forthcoming through biotech products, the
possibility that plants can actually be used to vaccinate people against diseases such as hepatitis B virus or
Norwalk disease, which causes diarrhea, simply by growing and eating them, offers tremendous possibilities in
poor countries (ACSH, 2000). This line of research and development should be pursued aggressively, and
probably through private-public partnerships, since traditional vaccination programs are costly and difficult to
execute.

To date, there is no reliable scientific information to date to substantiate that transgenic crops are inherently
hazardous. Recombinant DNA has been used for 25 years in pharmaceuticals, with no documented cases of
harm attributed to the genetic modification process. So far, this is also the case in genetically modified foods.
The seed industry has been doing a good job in ensuring that its transgenic crop varieties are safe to plant and
the food that they produce is safe to eat.

Of course, Third World nations must put into place reasonable regulatory frameworks to guide the
development, testing and use of GMOs, both to protect people and the environment. In addition, the
intellectual property rights of private companies also need to be safeguarded to ensure fair returns to past
investments and to encourage greater investments in the future.

I believe that new forms of public-private collaboration are needed to ensure that all farmers and consumers
worldwide have the opportunity to benefit from this new genetic revolution. In particular, publicly funded
biotechnology research should be promoted to balance—and complement—private sector research investments.
This is true both for the industrialized countries as well as the developing world.

Agriculture and the Environment   
The current backlash against agricultural science and technology evident in some industrialized countries is hard
for me to comprehend. How quickly urbanites become detached from the soil and agriculture, and how quickly
some environmentalists are to brand farmers and ranchers as natural resource plunderers rather than the
stewards that they really are!

Notwithstanding problems such as salinization, caused by poorly engineered and managed irrigation systems,
and the pollution of some ground and surface water resources, caused in part by excessive use of fertilizers and
crop protection chemicals, agricultural intensification has mainly helped to protect environmental resources.

By increasing yields on the lands best suited to agriculture, world farmers have been able to leave untouched
vast areas of land for other purposes. For example, had the 1950 average global cereal grain yield per hectare
still prevailed in 1998, instead of the 600 million hectares that were used for production, we would have needed
nearly 1.8 billion ha of land of the same quality to produce the current global harvest (Figure 1), land that
generally was not available, especially in highly populated Asia. Moreover, had more environmentally fragile
land been brought into agricultural production, the impact on soil erosion, loss of forests, grasslands, and
biodiversity, and extinction of wildlife species would have been enormous.

The attacks against chemical fertilizers are also hard to swallow. Bio-chemically, it makes no difference to the
plant whether the nitrate ion it “eats” comes from a bag of fertilizer or decomposing organic matter. Yet, to
hear many uninformed people, chemical fertilizer is seen more as a poison than the plant food that it really is.
Equally misinformed is the notion that “organically” produced food has higher nutritive value. This is not so.

Figure 1.
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It is only since WWII that chemical fertilizer use, and especially the application of low-cost nitrogen derived
from synthetic ammonia, has become an indispensable component of modern agricultural production (nearly 80
million nutrient tonnes of nitrogen are now consumed annually). Professor Vaclav Smil of the University of
Manitoba has studied nitrogen cycles for most of his professional life. He estimates that 40 percent of world’s
6.1 billion people are alive today, thanks to the Haber-Bosch process of synthesizing ammonia. Indeed, it would
be impossible for organic sources to replace this amount of nitrogen. If we tried to do it with cattle, the world
beef population would have to increase from about one billion to six or seven billion head, with all of the
resulting overgrazing, erosion and destruction of wildlife habitat this would result. It would produce quite a
heap of animal dung, and quite an aroma, too!

Agriculture and Peace
Almost certainly, the first essential component of social justice is adequate food. And yet there are upwards of
one billion people who go to bed every night hungry. Particularly disheartening are the 300 million young
children who go hungry each day, with this undernourishment leading to often-irreversible damage to their
bodies and minds.

Thirty-one years ago in my Nobel Peace Prize lecture I quoted another Laureate, Lord John Boyd Orr, the first
director general of FAO, who said, “you cannot build peace on empty stomachs.”

The 1999 FAO report, Assessment of the World Food Security Situation, strongly substantiates his
statement. Of the developing countries with the lowest undernourishment, only 8 percent were mired in
conflict. In contrast, of those countries where more than half of the population was underfed, 56 percent were
experiencing civil conflict. Since agriculture provides employment for the majority of people in low-income
developing countries, it is not surprising that when this sector is allowed to falter, armed conflict often ensues.

The Norwegian-based International Peace Research Institute in Oslo, also found that conflicts around the world
are increasingly the result of poverty, rather than ideology or politics: “The new conflicts can be traced to the
loss of livelihood and the hopelessness of surviving at the margins, which are driving many to pursue lives of
crime and banditry and are reflected in the viciousness of the new armed conflicts.”

It is indeed troubling to see the persistence of large military budgets around the world, especially in the United
States. In total something on the order of US$ 850 billion is spent annually on the military. The USA accounts
for 36 percent of this total (about US$ 400 billion), and spends 40 times more on the military than it does on
overseas development assistance. Indeed, trends in foreign assistance for agricultural and rural development
have been declining, not only in the United States, but also in many other donor countries and institutions as
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well. In 2000, the World Bank reported its lowest level of support to agriculture and rural development in its
history.

National governments and donor organizations also are not investing sufficiently in rural education, which is so
important to economic progress. One of my fondest dreams is to see the achievement of primary education for
all and the elimination of gender inequalities in secondary education. Still today, an estimated 150 million
primary age children do not go to school and 870 million adults—nearly two-thirds of them women—cannot
read and write. What a waste! If we are to reduce poverty, control population growth, and build a more
equitable global society such disparities must be narrowed.

During the past two decades, support of public sector research systems in OECD countries has slowly declined,
while support for agricultural research in developing countries—in national and international research
centers—has dropped so precipitously to border on the disastrous. If these trends continue, we risk losing the
broad continuum of agricultural research organizations—from the more basic to the more applied and
practical—needed to keep agriculture moving forward.  Strong public sector research programs also are needed
to provide dynamic research environments to train new generations of scientists. They also have a role to play, I
believe, as “honest scientific brokers” so that farmers and consumers do not become hostages to private sector
research monopolies.

Thirty-two years ago, in my acceptance speech for the Nobel Peace Prize, I said that the Green Revolution had
won a temporary success in man's war against hunger, which if fully implemented, could provide sufficient food
for humankind through the end of the 20th century. But I warned that unless the frightening power of human
reproduction was curbed, the success of the Green Revolution would only be ephemeral.

I now say that the world has the technology—either available or well advanced in the research pipeline—to
feed a population of 10 billion people. Improvements in crop productivity can be made all along the line—in
tillage, water use, fertilization, weed and pest control, and harvesting. Both conventional breeding and
biotechnology research will be needed to ensure that the genetic improvement of food crops continues at a
pace sufficient to meet growing world populations.

The more pertinent question today is whether farmers and ranchers will be permitted to use this new
technology. Extremists in the environmental movement from the rich nations seem to be doing everything they
can to stop scientific progress in its tracks.  Small, but vociferous and highly effective and well-funded, anti-
science and technology groups who are slowing the application of new technology, whether it be developed
from biotechnology or more conventional methods of agricultural science. I am particularly alarmed by those
who seek to deny small-scale farmers of the Third World—and especially those in sub-Saharan Africa—access to
the improved seeds, fertilizers, and crop protection chemicals that have allowed the affluent nations the luxury
of plentiful and inexpensive foodstuffs, which, in turn, has accelerated their economic development.

While the affluent nations can certainly afford to pay more for food produced by the so-called “organic”
methods, the one billion chronically undernourished people of the low-income, food-deficit nations cannot. As
the archeologist Richard Leakey likes to remind his environmental supporters, “you have to have at least one
square meal a day to be a conservationist.”

Hunger still stalks far too many poor people today. Expanding the reach of improved crop technologies to areas
of the globe passed over by the Green Revolution combined with foreseeable improvements in crop
productivity will make it possible to provide a better diet at lower prices to more people in the future. The
prospect for feeding a world of 10 billion people, while challenging, is bright.

In conclusion, permit me to leave you with this thought, so eloquently expressed by Andre and Jean Mayer, two
well-known American nutritionists, in an article, Agriculture—The Island Empire, published in 1974 in the
journal Daedulus.

“Few scientists think of agriculture as the chief, or the model science. Many, indeed, do not consider it a science
at all. Yet it was the first science—the mother of all sciences; it remains the science that makes human life
possible; and it may well be that, before the century is over, the success or failure of Science as a whole will be
judged by the success or failure of agriculture.”

I thank you.


