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On 10 December 1970, accepting the only Nobel Peace Prize ever given
for work in agricultural research, Dr. Norman E. Borlaug referred to the
“army of hunger fighters,” which he joined 36 years earlier. He did not
talk about plant breeders. He did not talk about process. He focused on
the outcomes—not yield potential, cultivars released, or hectares
planted—but the reduction of global hunger that his research and devel-
opment had catalyzed. Wheat improvement research only meant some-
thing to Borlaug if it increased production and improved food security.

For more than half a century I have worked with the production of more
and better wheat for feeding the hungry people, but wheat is merely a cat-
alyst, a part of the picture. I am interested in the total development of
human beings. Only by attacking the whole problem can we raise the stan-
dard of living for all people in all communities, so they will be able to live
decent lives. This is something we want for all people on this planet.

The improved wheat germplasm bred by Borlaug and coworkers in
Mexico, and the knowledge generated in relation to improved crop man-
agement, were shared freely worldwide through research and training
networks of the Rockefeller–Mexican program and its follow-up orga-
nization, the Centro Internacional de Mejoramiento de Maíz y Trigo
(CIMMYT). International germplasm testing networks and applied train-
ing programs have involved more than 100 countries. Although we take
germplasm exchange for granted today, in the 1950s and 1960s, the free
exchange of germplasm between breeders and nations was revolution-
ary, especially for unnamed, early-generation, segregating materials.
International testing programs broke down psychological barriers that
had tended to isolate the work of individual breeders and resulted in the
introduction of vast new quantities of useful genetic variability. This
new genetic resource, backstopped by excellent, hands-on training pro-
grams in the breeding plots in Mexico, ushered in a golden age of plant
breeding, one in which new cultivars were developed and released at an
accelerated pace. An international fraternity of wheat scientists was in
the making, one in which individual trust dominated. It became
accepted practice that any member of the international yield testing
nurseries could use individual entries for local crossing programs, pro-
vided that the source and breeder responsible for the line or cultivar was
duly recognized.

These international germplasm exchange and training networks—
along with the shuttle breeding methodology developed in Mexico and
later expanded to multiple testing sites—were the forerunners to the
Green Revolution in wheat (and rice) production, which would have
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huge impacts on the lives of people, especially those in the areas of the
world where intensive farming on irrigated land with access to inputs
was possible. This was an impact superhighway.

BIOGRAPHICAL SKETCH

Norman Ernst was born on 25 March 1914 to Henry and Clara Borlaug
on a farm in the small Norwegian American community of Saude, near
Cresco, Iowa. He grew up on his father’s small grain and livestock farm,
and attended a one-teacher, one-room schoolhouse for eight grades in
Howard County, Iowa. Borlaug attributes leaving the family farm to his
grandfather, Nels Borlaug, who strongly encouraged that he pursue edu-
cation. Norman loved sports, and he played baseball and wrestled in
high school. In 1932, Norm took third place in the 145-pound weight
class of state wrestling. His high school principal and wrestling coach,
Dave Bartelma, was a lasting influence, always encouraging him to “give
105%.”

After completing high school in Cresco, and with the strong encour-
agement of his friend George Champlim, Borlaug enrolled in the Uni-
versity of Minnesota at the time of the Great Depression. He periodically
dropped out of school to earn money to pay for his tuition and living
expenses. One of those jobs was as a leader in the Civilian Conservation
Corps, working with unemployed men on federal projects. He saw that
many people were malnourished. At the University of Minnesota, Bor-
laug studied forestry and, after receiving his bachelor of science degree
in 1937, he worked for the U.S. Forestry Service at stations in Massa-
chusetts and Idaho. Borlaug returned to the University of Minnesota to
earn a master’s degree in forest pathology, which he received in 1939,
and in 1942 he was awarded a PhD in plant pathology and genetics. One
of the well-known figures in plant pathology of the time, Professor Elvin
C. Stakman, was the inspiration for Borlaug to enter graduate school.
Stakman exerted considerable influence over Borlaug, first as a gradu-
ate student and later as an advisor to the Rockefeller agricultural pro-
gram, and a valued advisor to the Mexican government and agricultural
research and teaching institutions. In a memorable lecture in 1938, Stak-
man characterized wheat rust as “a shifty, changing, constantly evolv-
ing enemy”—a view of wheat rust that stayed with Borlaug throughout
his entire professional life.

Borlaug served during World War II as a microbiologist on the staff of
the Dupont de Nemours Company, working at its fungicide testing labo-
ratory in Wilmington, Delaware. From 1942 to 1944, Borlaug was in
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America. As the Green Revolution in Asia unfolded in the late 1960s,
great enthusiasm was generated that agricultural science and technol-
ogy—appropriately developed and applied—could help erase the
scourge of hunger. Worldwide interest grew in developing an interna-
tional system of agricultural research organizations modeled on the
Mexican-RF wheat program and the International Rice Research Insti-
tute (IRRI), which was established in 1960, itself modeled in part on the
Mexican wheat program. The success of the Mexican-RF crop research,
production, and training programs prompted the Rockefeller and Ford
foundations, in cooperation with the government of Mexico, to establish
CIMMYT, with headquarters at El Batán, near Mexico City, in 1966, as a
fully independent international agricultural research and training center.

In 1986, at 74 years of age, when many others enjoy their grandchil-
dren, Borlaug launched the Sasakawa–Global 2000 agricultural pro-
gram, in collaboration with The Carter Center’s Global 2000 program.
Ryoichi Sasakawa, chairman of the Japan Shipbuilding Industry Foun-
dation (JSIF), was instrumental in mobilizing Borlaug and ex-President
Carter to launch the Sasakawa–Global 2000 program. Its aim was to
spread high-yield farming technology for two or three of the major food
crops throughout the continent.

In Borlaug’s view, by producing more food from less land, high-yield
farming will preserve Africa’s wild habitats, which are depleted by
slash-and-burn subsistence agriculture. In addition, although some envi-
ronmentalist activists argue about his approach, Borlaug reminds them
of the moral imperative of food for the world’s malnourished, because
whether they “should” have been born or not, they must eat. He once
told a journalist:

Some of the environmental lobbyists of the Western nations are the salt of
the earth, but many of them are elitists. They’ve never experienced the
physical sensation of hunger. They do their lobbying from comfortable
office suites in Washington. If they lived just one month amid the misery
of the developing world, as I have for fifty years, they’d be crying out for
tractors and fertilizer and irrigation canals, and be outraged that fashion-
able elitists back home were trying to deny them these things.

After getting his Nobel Peace Prize, Borlaug lobbied the Nobel Foun-
dation to create a new prize that would honor those who have made sig-
nificant and measurable contributions to improving the world’s food
supply. Beyond recognizing individual achievements, Borlaug saw such
a world acknowledgment as a means of establishing role models who
would inspire others. His vision was realized when The World Food
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Prize was created in 1986, and since then The World Food Prize has hon-
ored outstanding individuals who have made vital contributions to
improving the quality, quantity, or availability of food throughout the
world. 

In 2004, the U.S. Department of Agriculture announced a new inter-
national science and technology fellowship program, partly in response
to Borlaug’s lobbing of U.S. government agricultural institutions to bring
junior and mid-ranking scientists and policymakers from Africa, Asia,
and Latin America to the United States to learn from their U.S. coun-
terparts. This fellowship addresses the declining numbers of researchers
and policymakers in agricultural science and technology in the devel-
oping world.

Borlaug is considered worldwide to be among the leading U.S. citizens
of our age. His fellow Nobel Prize Winner (2002) ex-President Jimmy
Carter, succinctly summarized his achievements as follows:

Dr. Norman Borlaug has been helping to provide more food to the most
needed areas of the world, but perhaps of greater importance, this distin-
guished scientist philosopher has been demonstrating ways to give people
in the entire world a higher quality of life.

Now in his early 90s, Borlaug spends less than two months at home
in Dallas, Texas. For the remainder of the year he divides his time
between CIMMYT, where he still mentors young scientists seeking still-
more-productive maize and wheat cultivars for the developing world;
Texas A&M University, where he holds a distinguished professorship
since 1984; as president of the Sasakawa Africa Association he deals
with the Sasakawa–Global 2000 projects, and he gives more than 25
speeches and lectures around the world.

Borlaug married the former Margaret Gibson in 1937. They have two
children, Jeanie Borlaug Laube and William Borlaug, five grandchil-
dren, and three great-grandchildren. Although Borlaug’s work has kept
him away from home for the better part of most years, his wife Margaret
comments that he always made time for his children. When the family
was living in Mexico, Borlaug organized a baseball team for his son. In
the process, he helped to introduce Little League baseball to Mexico. Per-
haps this love for baseball dates back to his childhood, when his
thoughts were to be a second baseman for the Chicago Cubs. He coached
Billy through Little League, Pony League, and Colt League. He also
attended many of Jeanie’s Girl Scout meetings. “He’d drive many times
a night getting back [from his field work] for his kids,” Mrs. Borlaug com-
mented once in a press interview.
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Borlaug’s greatest rewards and satisfaction have been in the develop-
ment and diffusion of improved wheat technology, which has helped
reduce hunger and improve nutritional well-being and farmer incomes,
and in the training of literally thousands of young agricultural
researchers from more than 50 countries. He has also received other hon-
ors. In 1970 he was awarded the Nobel Peace Prize for his role in the
Green Revolution, which helped Pakistan, India, and a number of other
developing countries improve their wheat production. Since then, Bor-
laug has continued working tirelessly to spread the benefits of improved
technology to the millions of smallholder farmers who have yet to ben-
efit from the fruits of science-based Green Revolution in agricultural
technology. In particular, in collaboration with former U.S. president
Jimmy Carter, and with financing from the Nippon Foundation of Japan,
Borlaug has been trying to improve agricultural productivity and
improve livelihoods in sub-Saharan Africa for the past 20 years.

Borlaug is a member of the U.S. National Academy of Sciences (1968),
the former V. Vavilov Russian (formerly Soviet Union’s Lenin) Academy
of Agricultural Sciences (1971), and 10 other academies worldwide. In
1978, he received the Iowa Award, the state’s highest honor, and has
served on two U.S. presidential commissions on world hunger. Norm
was named to the U.S. National Agricultural Hall of Fame in 1983 and
the U.S. National Wrestling Hall of Fame. He has been also honored with
the U.S. Presidential Medal of Freedom, the National Service Medal of
the National Academy of Science, more than 55 honorary doctorate
degrees from more than a dozen countries, and many farmer and com-
munity awards. Various buildings have been named in his honor, includ-
ing Borlaug Hall at the University of Minnesota, the Norman E. Borlaug
Center for Southern Crop Improvement at Texas A&M University, and
the Norman E. Borlaug Institute of Biotechnology at Leicester University
in the United Kingdom. A primary school in Acapozalco, Mexico City,
is also named in his honor.

RESEARCH

Office of Special Studies: Mexico and the Battle 
against Wheat Rusts

The history of Borlaug’s involvement in wheat improvement begins in
the 1940s, more than 20 years before CIMMYT was founded. Its roots
reach back to the Office of Special Studies (OSS), a research project
sponsored by the Mexican government and the RF that was dedicated
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to improving maize, beans, and wheat, and later potatoes. The OSS
began as a research and training program focused on Mexico, but soon
began collaborating with other countries, especially in South America.
The OSS developed the key organizational principles that would even-
tually become central to IRRI and CIMMYT, indeed the entire network
of Consultative Group on International Agricultural Research (CGIAR)
centers. In the wheat program, the OSS not only did breeding work, but
also on-farm research and extension demonstrations aimed at introduc-
ing new technology to producers.

The OSS opened in 1943, the outgrowth of a request made by the Mex-
ican government (outgoing president Lázaro Cardenas and minister of
agriculture Marte R. Gomez) to U.S. vice-president Henry Wallace to help
Mexico develop its agricultural research and production infrastructure.
After agrarian reform, per capita food production in Mexico was declin-
ing, and Mexico was increasingly food insecure. Wallace attended the
inauguration of incoming president Avila Camacho in 1941. After the in-
auguration, Wallace accompanied Cardenas and Gomez on a tour to
some of the agricultural areas in Mexico, which was followed by a for-
mal request by Mexico for U.S. assistance in agricultural research and
training to increase yields and production impact. With World War II on
the horizon, Wallace doubted that the United States could do much to
help Mexico in the short run. Aware of the RF work in public health in
China, Wallace asked Raymond Fodsdick, RF president, if the founda-
tion could provide assistance to the Mexican ministry of agriculture. The
RF agreed to send a team of three eminent scientists to Mexico in the
summer of 1941 to assess agricultural research and production poten-
tial. The researchers were Drs. Richard Bradfield (Cornell University),
Paul C. Mangelsdorf (Harvard University), and E.C. Stakman, Borlaug’s
advisor during his university years at Minnesota (Fig. 1.2). The first
director of the OSS, Dr. J. George Harrar—who later became president
of the RF—was appointed in 1943, and hired Edwin J. Wellhausen (later,
first CIMMYT director general) to lead the maize program, Borlaug to
lead the wheat program, and William Colwell to lead the agronomy pro-
gram between 1943 and 1944. Borlaug recalls how the RF staff in Mex-
ico were given “the freedom to make our own decisions and to exercise
our fullest capacities without interference.” He adds further that they
“were to help Mexico solve its own food problems. In other words,
alongside our own work we were to train local scientists and ease them
into our jobs. Moreover, we were to be neither consultants nor advisors,
but working scientists getting our hands and boots dirty, and demon-
strating by our own field results what could be done.”
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the Bajío region (between Querétaro and Guadalajara) during the irri-
gated winter season, traditionally considered the “breadbasket” of Mex-
ico. Although an important wheat-producing area, Bajío farmers did
not produce all the wheat Mexico needed. Borlaug and his research
team were also involved during the rainfed summer season in the wheat
research and production program in the high plateau (Chapingo,
Tehuacán valley of Puebla State, valley of Mexico), where the best avail-
able cultivars were too late maturing to avoid the frequent frost. The
expansion of the wheat research and production program to the north-
west of Mexico started in the fall of 1945. The aim was to create the
future breadbasket of the country in the major, new irrigated areas, such
as the Yaqui Valley in Sonora State in northwest Mexico. After consec-
utive stem rust epidemics caused by Puccinia graminis f.sp. tritici in
1939, 1940, and 1941, the farmers had little faith in agricultural science
and scientists. Changing their views was a major challenge. The OSS
wheat scientists lived at an abandoned agricultural experimental station
near Ciudad Obregon in the Yaqui Valley. During the first four years of
their work there, they slept on cots, cooked over a fire, had almost no
equipment or vehicles, and depended on assistance from a few farmers.
Mr. Aureliano Campoy, Mr. Rafael Fieros, and Mrs. C. Jones were among
their first supporters, which increased steadily, and by 1949, the OSS
wheat team began to attract stronger support among most of the Yaqui
Valley farmers. The initial wheat breeding objectives were rust resis-
tance, yield potential, and early maturity. The first improved cultivars,
which were bred in other countries and selected for release in Mexico,
included Gabo, Supremo 211, Frontiera 209, and Kenya 324.

Shuttle Breeding and the Start of International 
Crop Improvement

Under Borlaug’s leadership, the OSS team began applying two research
methods that, years later, culminated in the development of modern
semidwarf wheat cultivars: shuttle breeding between contrasting loca-
tions and the introgression of dwarfing genes from Japan.

Shuttle Breeding. Borlaug and coworkers used back-to-back two distinct
sites in Mexico to breed new wheat lines: Ciudad Obregón, a dry site in
the state of Sonora situated at sea level in northwest Mexico, and Toluca,
a cool highland environment near Mexico City in the state of Mexico.
The overriding reason that prompted Borlaug and his colleagues to ini-
tiate shuttle breeding was to speed up the rate of progress on stem rust.
For this purpose they found two climatically different locations in Mex-
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ico where they could grow two successive generations of wheat each
year. The two sites not only had contrasting climates, they also differed
in altitude (by about 2,200 m) and latitude (by 10 deg); (Fig. 1.3). The
upshot of these differences, as stated, was that the wheat cropping sea-
sons at the two sites followed one after the other: from May to October
in the high altitude site at Toluca, and from November to April in Ciu-
dad Obregón. By “shuttling” selected materials from one site to the
other as quickly as possible after each crop cycle, the researchers man-
aged to grow two generations of wheat per year and effectively cut in half
the time necessary to develop a wheat cultivar (from 10 to 12 years to
five to six years).

Two additional advantages of shuttle breeding were soon apparent.
The contrasting conditions at the two test sites exposed breeding mate-
rials to different disease spectra and diverse environmental problems,
allowing selection for a broad range of diseases and other types of
stresses. Also, the contrasting conditions allowed scientists to eliminate
plants that were sensitive to day length (photoperiod). A wheat cultivar
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El Batán* 2249m

Cd. Obregón 39m

Toluca 2640m

Fig. 1.3. Two original locations for wheat shuttle breeding (Ciudad Obregón and Toluca)
and CIMMYT headquarters (El Batán) in Mexico.
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that is insensitive to photoperiod can grow in seasons or areas that have
a day length different from the one in its original environment, which
means it adapts well to a wide range of conditions. In sum, the effect of
shuttle breeding was to endow those early, improved tall wheat lines
with wide adaptability and resistance to stem rust and other diseases.
Some of the wheat cultivars bred during this early period in Mexico
include Yaqui 48, Mayo 48, Nazas 48, and Chapingo 48 (all four from
the same cross), and Kentana 48.

Dwarfing the Tall Wheats. Mexican farmers were at first happy with their
improved tall wheat cultivars with higher levels of disease resistance, but
soon became frustrated by their tendency to lodge (fall over) when high
doses of fertilizers were applied. As a possible solution to the lodging
problem, Borlaug and colleagues started searching for stiffer straw tall
wheat lines that could be fertilized at higher rates without lodging.

During 1952 and 1953, they made a concerted but unsuccessful effort
to find suitable sources of shorter and stronger stem cultivars, search-
ing the entire world wheat collection of the U.S. Department of Agri-
culture. In late 1952, Borlaug learned of Dr. Orville Vogel’s preliminary
successes at Washington State University in incorporating the dwarfing
genes of the Japanese cultivar Norin 10 into his best winter wheat cul-
tivars. Borlaug wrote to Vogel and requested some of his seed samples,
which he kindly sent. Mr. Gonjiro Inazuka was largely responsible for
developing the dwarf wheat cultivar, including one line that became
Norin 10, while he was chief of the wheat breeding program at Iwate Pre-
fectural Agricultural experimental station at Marioka from 1930 to 1935.

The dwarfing genes (later known as Rht alleles) from the cross Norin
10 × Brevor, with the main effects of reducing plant height, increased the
number of grains produced, and promoted more efficient use of water
and fertilizer. Norin 10 was one of several dwarf Japanese wheat culti-
vars brought to the United States by S.C. Salmon, the U.S. Department
of Agriculture agricultural advisor assigned to Japan during the post-
World War II U.S. occupation of that country. Salmon sent some seeds
of the dwarf wheat cultivars to the U.S. Department of Agriculture quar-
antine office. Subsequently, Vogel crossed Norin 10 with his best tall
winter wheats, then shared his seed with Borlaug’s OSS wheat program.
Vogel sent four crosses, but among them, the cross Norin 10 × Brevor
showed the most promise, despite many adaptation problems (for exam-
ple, rust almost killed all the first crosses; only a handful of seed was
recovered).

A physiologically determinable effect of these Rht alleles is an
increase in harvest index (HI). Nonetheless, increased HI should be con-
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sidered a side effect of the Rht alleles rather than their main effect. Not
all combinations of Rht alleles will produce high yields and not all cul-
tivars with a high HI are high yielding. This indicates that other factors
are necessary to achieve high yield. The direct application of increased
HI as a selection criterion has been recommended as the most appro-
priate way to select for high yield. It is, however, much easier to breed
directly for Rht-carrying plant types based on reduced height. A large
number of Rht alleles have been identified, genetically cataloged, and
otherwise studied, but not all of them have effects on yield. Only Rht1,
Rht2, and Rht8 significantly raise yield.

The first crosses with spring wheat were made in 1954, but eight
years passed before problems such as sterility, very shrivel seed, and
poor grain (milling and baking) quality were resolved, and high-yielding
semidwarf spring wheat lines became a reality. These problems were
systematically overcome, one by one, and by the late 1950s, the OSS
wheat-breeding team led by Borlaug realized that they had stumbled on
to a major scientific breakthrough. The yield potential of their new high-
yielding semidwarf-bred lines was twice that of the best “tall” wheat cul-
tivars available until then in Mexico. These long-term efforts finally
produced the desired result, culminating in the release in Mexico of the
first semidwarf cultivars in 1962. These cultivars fulfilled the promise
Borlaug and his colleagues had seen in them: They stood up well under
fertilization and yielded nearly twice as much as the old tall cultivars.
The first “decent” semidwarf cultivars grown commercially were Pitic
62 and Penjamo 62, to which were added Lerma Rojo 64 and Sonora 64.
The diffusion of semidwarf wheat cultivar in Mexico’s northwest spread
like a wildfire since the first field day (spring of 1961) when semidwarf
wheat lines were shown to the Sonoran farmers, who, after seeing the
new wheat-bred lines, descended upon the field and pulled the heads
off the wheat plants at a frantic pace. By 1966, most of the Yaqui Val-
ley—some 200,000 ha—was planted with semidwarf wheat cultivars
only four years after the official release of the first cultivars.

Grain Quality. Wheat cultivars of the early 1950s (such as Yaqui 50) had
a superior bread-making quality that was later transferred to the first
semidwarf wheats. These wheats brought on the Green Revolution in the
developing world. Cultivars such as Nadadores 63, Sonora 64, Inia 66,
and Ciano 67 had strong gluten coupled with good extensibility and a
superior bread-making quality, to the point that some of them were used
as sources of quality by breeding programs in Canada, the United States,
and other countries. Cultivars that were widely released in many coun-
tries during the 1970s, such as Yecora 70, Tanori 71, Anahuac 75, and
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Pavon 76, also had outstanding quality. At that time, wheat yield poten-
tial was around 6 to 6.5 t/ha, and it was, therefore, not difficult to pro-
duce grain with a high (13 to 14%) protein content and excellent
bread-making quality.

Stem Rust. The stem rust epidemics of 1952 to 1953, resulting from race
15B in North America, decimated the bread wheat harvest in the United
States and Canada. As much as two thirds of the bread wheat crop was
lost. Another related virulent race of stem rust decimated the bread
wheat harvest in South America during the following cropping season
(1953 to 1954). All the existing commercial bread wheat cultivars were
highly susceptible to these new races of stem rust. A crisis of this nature
required new strategies and actions. In 1952, several U.S. wheat scien-
tists proposed the establishment of the U.S. Department of Agriculture
International Spring Wheat Stem Rust Nursery, comprising the very
best materials from the United States, Canada, and several Latin Amer-
ican countries. The OSS wheat program was a major contributor of bred
lines to this nursery, in which U.S. Department of Agriculture scientists
such as Drs. H.A. Rhodenheiser, E.C. Stakman, T. Johnson, and B. Bayles
played a prominent role. Much of the resistance to stem and other rust
pathogens present in today’s best cultivars can be traced back to the
resistant germplasm contained in that first International Spring Wheat
Stem Rust Nursery.

Borlaug and coworkers began breeding for stem rusts in 1944, and
their work climaxed in 1955 when complete control of this disease was
achieved in Mexico. A race-nonspecific approach was used for breed-
ing stem rust resistance in wheat by Borlaug (1968b, 1972b). Counseled
by Stakman, Borlaug led the efforts to deploy on a wide scale the durable
resistance to stem rust conferred by a combination of genes known as the
Sr2 complex. This complex was derived from Yaroslav emmer, bred by
E.S. McFadden in 1930, and available through the cultivars Hope and
H-44. The nonspecific resistance conferred by the complex was further
diversified—and strengthened—by accumulating several minor genes
and combining them with different specific genes. The Sr2 complex
actually consists of the Sr2 gene plus eight to ten other genes pyramided
in three- to four-gene combinations.

The Sr2 complex provided the durable resistance foundation in spring
wheats, such as cultivar Yaqui 50, developed by Borlaug at the OSS. Cul-
tivar Yaqui 50 was released in Mexico during the 1950s, and other Sr2-
carrying wheats released since then have stabilized the stem rust
situation in Mexico. Released in 1960 in the Indian subcontinent and
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subsequently grown on millions of hectares, the cultivar Sonalika has
also remained resistant. When present alone, the Sr2 gene confers slow
rusting that may not be adequate under heavy disease pressure, but it
does provide adequate resistance in combination with other major or
minor genes. Unfortunately, not much is known about the other genes
and their interactions in the Sr2 complex.

Durable resistance provides farmers with a certain degree of confi-
dence that they will reap reasonable harvests despite the shift in
pathogen populations. However, it cannot be assumed that resistance
will always remain effective, especially against the rust pathogens,
which have the principal defense mechanism of evolving into more
resistant pathotypes. Nevertheless, stem rust epidemics have not
occurred in North America and Mexico in more than 45 years, mainly
as a result of the use of cultivars that have a wide spectrum of stem rust-
resistant genes, many still built around the Sr2 complex, which contin-
ues to afford effective protection against the disease.

Other Rusts. The South American cultivar Frontana is considered to be
one of the best sources of durable resistance to leaf rust (Puccinia recon-
dita f.sp. tritici). This cultivar was first used by the OSS wheat team in
the 1950s. Genetic analysis of Frontana and various CIMMYT wheats
with excellent partial resistance to leaf rust worldwide has indicated that
adult plant resistance is based on the additive interaction of the Lr34
gene plus two or three additional slow rusting genes. Moderate levels of
durable adult plant resistance to stripe rust (caused by Puccinia stri-
iformis f.sp. tritici) in the CIMMYT-derived U.S. wheat cultivar Anza
and winter wheats such as Bezostaja are controlled by the Yr18 gene,
which is closely linked to the Lr34 gene. Although the level of resistance
it confers when present alone is usually not adequate, combinations of
Yr18 plus two to four additional slow rusting genes provide adequate
resistance levels in most environments. Genes Lr34 and Yr18 occur
frequently in germplasm bred at CIMMYT and by numerous national
partners.

Many mistakenly think that wheat landraces offer better protection
from diseases and pests than modern wheat bread cultivars. However,
results from the work of Borlaug and coworkers, and its follow-up until
now by CIMMYT, suggest that bread wheat cultivars have resistance to
the three rust diseases and are far superior to that of the old cultivars and
landraces. In fact, genetic resistance to the three rusts may be the most
important contribution of breeding to wheat productivity and sustain-
ability during the past 40 years.
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The “Patronato” [Agricultural Research and Experimentation
Board of the State of Sonora]

When Borlaug arrived in the Yaqui Valley (northwestern Mexico) in
1945, the experimental site was in bad shape and reflected the state of
the wheat farms devastated year after year by the stem rust epidemics.
Borlaug was not deterred by this and, literally, with his two own hands,
set the first wheat trial plots. He was being watched by farmers who dis-
trusted him. Later they changed their mind when the only standing wheat
fields in the Yaqui Valley that did not succumb to stem rust were those
sown by Borlaug. A few years later, the same farmers were growing his
rust-resistant wheats and getting twice the yields. Thus, they became
firm “believers” of agricultural research. In 1955, with Borlaug’s men-
toring, the Yaqui Valley farmers got some government help and bought
land to ensure that the research started by Borlaug continued. The new
station was to be known as CIANO (the Spanish acronym for North-
western Agricultural Research Center), where the wheats of the Green
Revolution were bred. This organization later evolved into the Agricul-
tural Research and Experimentation Board of the State of Sonora
(“Patronato” for short) and today it includes all farmers, large and small,
in Sonora. The main sources of funding of Patronato are still, since its
initiation, growers’ voluntary donations according to their crop acreage.
This unprecedented investment of developing world farmers in wheat
improvement, which has lasted for more than 50 years, brought and
brings rewards not only to the farmers in the Yaqui Valley but also to
millions of people who escape starvation worldwide.

IMPACT AND LEGACY

In 1954, Mr. Jesús Merino Fernández, then undersecretary of agriculture,
tried to expel the RF’s OSS team from Mexico. He accused them of serv-
ing U.S. government and Rockefeller family interests. To his surprise, the
Mexican farmers and other agricultural leaders came to the rescue, led
by farmer Aureliano Campoy and Rodolfo Elias Calles, the son of a for-
mer President of Mexico, who thwarted this smear campaign against the
OSS. In the mid 1950s, the princess of serendipity helped wheat scien-
tists again, and more than once the support from a broad range of stake-
holders allowed Borlaug and his team to succeed. As pointed out by
Borlaug in one of his talks, especially when addressing young researchers,

No matter how excellent the research done in one scientific discipline is,
its application in isolation will have little positive effect on crop produc-
tion. What is needed are venturesome scientists who can work across dis-
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ciplines to produce appropriate technologies and who have the courage to
make their case with political leaders to bring these advances to fruition.

It was this combination of interdisciplinary research and the active pro-
motion of scientists in agricultural extension and in intervening in pol-
icy formulation that became the hallmarks of Borlaug’s work. Without
integrated efforts in research and development, Borlaug argued, few of
the benefits of improved technology, however apparent to some, would
achieve significant diffusion and adoption.

By the late 1950s, the RF staff working at the OSS had accomplished
their mission in Mexico. Several hundred Mexican researchers were
trained at the master degree and PhD levels, and in 1960, the National
Institute of Agricultural Sciences of Mexico (today’s INIFAP, its Span-
ish acronym) was established, with Ignacio Narvaez taking over the
national wheat improvement and production program. The RF helped
to build Mexico’s first agricultural research facility, to develop national
human resources in wheat research, and to build university facilities for
undergraduate and postgraduate training. The OSS followed a philoso-
phy combining both research and extension. In this regard the OSS
program strongly emphasized “hands-on” field work. Scientists were
expected to spend long hours in the field and to accept that, at the end,
the value of their work would be measured by productivity impacts on
farmers’ fields. Borlaug always acknowledged the work of his dedicated
national researchers, which included Drs. Evangelina Villegas (2000
World Food Prize cowinner for her later work on quality protein maize),
Aristeo Acosta Carreón, Arnoldo Amaya, Eugenio Martinez, and Igna-
cio Narvaez Morales among others.

Achievements of the OSS Wheat Program in Mexico

The scientific achievements in wheat improvement for stem rust resis-
tance, broad adaptation, early maturity, grain milling and baking qual-
ity, and, of course, the new semidwarf high-yielding cultivars can be
better illustrated by the growth rates on both yield and total production
of wheat in Mexico. The new high-yielding semidwarf cultivars bred in
the late 1950s covered most of the irrigated wheat areas in Mexico by
1965. When combined with higher dosages of fertilizer, these new cul-
tivars had a tremendous impact on wheat productivity in Mexico. The
yield potential of the new cultivars spurred many improvements in
wheat agronomy. Wheat production in Mexico increased from 250,000
t in 1945 to 5 million t in 1988, with a 4.5 t/ha national average yield.

Capacity Building. During its 17-year history, the OSS program provided
in-service training for about 700 young researchers, and the RF awarded

1. DEDICATION: NORMAN E. BORLAUG 17

01_4692.qxd  10/25/06  1:14 PM  Page 17



scholarships for 200 Mexicans to obtain master’s degrees and PhDs,
mostly in the United States, helped to develop and strengthen under-
graduate programs in the agricultural sciences at a handful of Mexican
universities, and was instrumental in establishing the Postgraduate
School of Agriculture at Chapingo (near Mexico City). In 1961, Mexico
established the National Institute for Agricultural Research (INIA), and
charged it with developing improved agricultural technology for the
nation’s farmers. INIA began with a well-trained cadre of research staff,
most of whom were organized into commodity-focused, production-
oriented, interdisciplinary teams.

Cost–Benefit Analysis. The RF investments for agriculture in Mexico
between 1943 and 1960, after adjusting to 1990 dollars, total about U.S.
$30 million. With this money, RF staff financed OSS research and train-
ing programs, and agricultural university and graduate school develop-
ment programs. In addition the RF provided many fellowships to
Mexicans to pursue master’s degrees or PhDs. These Mexican
researchers and agricultural institutions have been at the vanguard of
agricultural research and development in Mexico since then. The wheat
research and technology produced through this funding by the RF in
Mexico had immense national production impacts. For example, Mex-
ico first achieved self-sufficiency through the use of improved tall cul-
tivars in wheat production in 1956.

CIMMYT and the CGIAR System

With the creation of INIA in Mexico, the RF staff on assignment to OSS
had essentially “worked themselves” out of a job. Borlaug was consider-
ing taking a new job as banana breeder in Central America. Initially, the
RF planned to withdraw most of its remaining expatriate staff. However,
this plan was soon shelved. With encouragement from the Mexican gov-
ernment, RF staff members began to turn their attention to research issues
(maize, wheat, potato) that small-scale farmers were facing in other loca-
tions of the developing world. There were also satellite wheat programs
established by the RF in other developing countries, but all kept direct
linkages to the OSS wheat program. Some of the OSS staff who started
their work in Mexico were sent first to establish wheat research and
development programs in Colombia and Chile (Drs. John Gibler and Joe
Rupert respectively), and later expanded to other areas of the develop-
ing world. The research philosophy and organizational model of the OSS
program in Mexico, along with the best germplasm available in Mexico,
went with these staff members on their new assignments.
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Strengthening National Research Capacity. At the request of the United
Nations Food and Agriculture Organization (FAO), Borlaug visited
national wheat programs in North Africa and the West Asia. In his report
to the FAO, he noted that most national programs in that region were
inadequately equipped and staffed. Borlaug also noted that substantial
amounts of training and technical assistance would be necessary to
develop dynamic, production-oriented wheat research programs such as
the one he helped to create in Mexico. To facilitate the training, Borlaug
proposed that an international training center be established in Mexico
to provide a practical in-service course in wheat improvement and pro-
duction to Asian wheat researchers, for which Borlaug himself served
as training officer. The program was financed by the RF, training was
conducted in collaboration with INIA and using their research facilities,
and the candidates were picked by the FAO in consultation with
national programs. In 1961, the first 10 trainees arrived in Mexico and
brought a new “cross-cultural” experience for such undertakings. By
1964, some 40 researchers from outside Mexico had completed in-
service training programs with the RF and INIA. These trainees took
improved seeds and the old OSS program philosophy and modus
operandi back to their respective countries.

Establishment of the International Nursery System. The free interna-
tional exchange of germplasm, pioneered by the OSS wheat program in
the mid 1950s, helped to introduce new genetic variability into many
national wheat breeding programs, which greatly accelerated progress
in germplasm development. In 1960, the RF established the Inter-
American Wheat Research Program, designed to be a regional associa-
tion of national wheat research organizations. This regional program was
headquartered in Mexico and had a strong breeding component. To dis-
tribute the best-available germplasm, the Inter-American Spring Wheat
Yield Nursery—a systematic germplasm distribution and testing sys-
tem—was established. This program, as the name implies, serves
national wheat programs in the Americas. Shortly thereafter, the RF-
Near East Spring Wheat Nursery was established to provide a similar ser-
vice to national wheat researchers (the most recent graduates of the
in-service training program) with a continuing flow of improved germ-
plasm and an international system to permit national cooperating insti-
tutions with simultaneous multilocational testing of their locally
developed germplasm.

It soon became clear that these high-yielding, disease-resistant, semi-
dwarf wheat cultivars were equally at home in Asia and the Middle 
East as they were in their original home, halfway around the world in
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Mexico. They had a genetic yield potential at least twice as great as the
tall cultivars grown in Asia. In addition, they had the capacity to increase
production rapidly and spark a revolution in the modernization of food
production in the developing world.

CIMMYT. International germplasm exchange networks mark the begin-
ning of the modern age of plant breeding. Such worldwide undertakings
helped to break down psychological barriers that tended to keep the
work of wheat breeders isolated from one another. These networks
became the “organizational thread” that brought together the work of
hundreds of institutions and thousands of wheat researchers. Germ-
plasm development and distribution, and practical in-service training of
national researchers became the argument for establishing a network of
international agricultural research centers focused on the major food
crops.

Mexican president Adolfo Lopez Mateos visited the Philippines in the
early 1960s and was able to tour the headquarters of the recently estab-
lished IRRI in Los Baños (near Manila). Upon his return to Mexico, he
proposed the creation of CIMMYT, which was established in 1963 as a
dependency of the Mexican Ministry of Agriculture. This organizational
setting soon proved to be too “restrictive.” In need of more autonomy
and international status, CIMMYT was reorganized in 1966 as a full-
fledged not-for-profit international organization, responsible to an inde-
pendent board of trustees, with a clear international focus and fewer
direct linkages to Mexican national agricultural research. The Rocke-
feller and Ford foundations, in tandem with the government of Mexico,
were instrumental in creating the new CIMMYT and provided the ini-
tial resources. Luckily, Borlaug stayed on to continue working on wheat
improvement at CIMMYT, providing a direct link between the OSS
wheat research project and CIMMYT’s nascent wheat program, of which
he became its first director.

The CGIAR. In 1967, two multicrop centers with similar names in Eng-
lish and Spanish but with clearly distinct regional agroecosystem
geodomains were established, largely by the Ford and Rockefeller foun-
dations: the Centro Internacional de Agricultura Tropical (CIAT) in Cali,
Colombia, and the International Institution for Tropical Agriculture
(IITA), headquartered in Ibadan, Nigeria. By 1970, the impact of inter-
national research in rice and wheat had become well-established and
Borlaug was awarded the Nobel Peace Prize in recognition of this work,
which came to be known as the Green Revolution.
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The leaders of the Rockefeller and Ford foundations, now joined by
the FAO, World Bank, UNDP, and USAID saw the need and merits for
an expanded network of international research centers, one that would
go beyond the resource capabilities of the original sponsoring founda-
tions. A new organizational concept was established in 1971 which
became known as the Consultative Group on International Agricultural
Research (or CGIAR). The first center to be established after the creation
of the CGIAR was the International Potato Center or Centro Interna-
cional de la Papa (CIP), launched in 1971 and headquartered in Lima
(Perú). The CIP also traced its origins back to the Mexican OSS potato
program of the RF led by John Neiderhauser, who won the World Food
Prize in 1990 for his work on controlling potato late blight. Borlaug
often sought his views on breeding for durable resistance to pests. From
these original five international centers—IRRI, CIMMYT, CIAT, IITA and
CIP—the CGIAR network continued to grow, reaching 18 centers in the
1990s, when a period of consolidation began. Today, the CGIAR network
includes 15 institutes worldwide, addressing a broad range of issues in
agriculture, fishery, forestry, livestock, water and other natural resources
management, plant genetic resources, research capacity building, and
food policy. Since its early years, the centers of the CGIAR system were
shaped by Borlaug’s ethics of work and style when undertaking research
at three levels: strategic, applied and adaptive, since basic (or “blue sky”)
research should not be included in their international agriculture agenda
due to the lack of problem-solving focus. Strategic or mission focus
research seeks to understand those natural and human processes that are
important for problem solving, whereas applied research uses existing
knowledge to identify approaches and to search for prototype problem-
solving technology in a widespread geodomain. Adaptive research
should be undertaken in close partnership with local researchers to
interpret the issues affecting the ultimate clients of the CGIAR (farmers
and end users, particularly the rural and urban resource poor), and
therefore target appropriate knowledge to tailor problem-solving tech-
nology to the particular agroecosystems.

Borlaug’s Legacy: Key Factors Affecting Wheat Breeding
Successes by CIMMYT

In 1966, the year CIMMYT was founded, cereal production in India had
fallen for the second year in a row, and the country faced the need to
import 11 million t of grain. On a per-capita basis, food production had
plunged to the lowest level since World War II. Pakistan, too, harvested
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a poor crop. Consequently, experts were predicting one of the worst
famines ever recorded in Asia (Hanson et al. 1982). Fortunately, by that
time high-yielding semidwarf wheat cultivars had become a reality,
thanks to the results of 20 years of work in Mexico. In 1966, 250 t, and
in 1967, 18,000 t, of semidwarf wheat seed were shipped to India. This
was not done without preparation. For several years, Indian scientists
had been evaluating the adaptability of semidwarf lines to Indian con-
ditions and determining which ones performed best. Semidwarf lines
had also been tested in Pakistan since 1962.

The new cultivars, grown under appropriate fertilization and man-
agement practices, raised yields enormously in India and Pakistan in the
more favorable weather conditions of 1967. During the next few years,
farmers eagerly adopted the cultivars local scientists had bred using the
Mexican semidwarf lines as sources of dwarfing genes and other desir-
able traits. With these cultivars and government policy changes that
facilitated the purchase of fertilizers, improved seed, and other inputs,
farmers were able to raise wheat production to unheard-of levels, thereby
dispelling the threat of widespread hunger in the region. Other countries
soon followed the example of India and Pakistan and began growing
semidwarf wheat. This was the beginning of what became known as the
Green Revolution.

CIMMYT, following Borlaug’s teachings, still remains a unique orga-
nization that champions the free exchange of germplasm. It distributes
thousands of wheat lines every year, mainly through its international
nursery system, which has been fundamental to the development and
improvement of modern wheat cultivars. The system sprang from nurs-
eries initiated by the OSS. From the beginning, Borlaug engaged in the
exchange of germplasm with researchers in other countries. Indeed,
without this exchange he would not have had access to the Norin 10 ×
Brevor source of the all-important dwarfing genes. During the existence
of the OSS, regional networks had been established for the exchange of
genetic materials and information. After the OSS closed, CIMMYT con-
tinued some major undertakings of its predecessor, and formalized and
expanded others that had been minor initiatives. International testing in
general was greatly enlarged. The International Spring Wheat Yield
Nursery, started in 1963, was continued, and similar nurseries for durum
wheat and triticale were initiated. New types of nurseries were created
at CIMMYT: Screening nurseries were set up to evaluate the perfor-
mance of advanced lines, and newly established F2 nurseries gave
national agricultural research systems (NARSs) the opportunity to make
selections in broad-based segregating populations. The globalization of
CIMMYT’s international screening nurseries occurred during the 1980s,
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when nurseries specific for important diseases were created. Improved
breeding lines from CIMMYT and other breeding programs that carried
resistance to a specific disease, or group of diseases, were distributed for
international evaluation. This methodology has helped develop globally
resistant germplasm in a short time.

The CIMMYT-led international testing program is the hub of a large
network of cooperators who evaluate hundreds of lines annually under
extremely diverse conditions. Every year, advanced lines that have sur-
vived selection in Mexico undergo testing in more than 150 locations all
over the world. Experimental materials are thus evaluated under a range
of stress conditions, where they are simultaneously subjected to many
strains of important wheat diseases, such as the rusts. CIMMYT assem-
bles the wheat nurseries and distributes them upon request to network
cooperators. Most materials included in the system have been developed
by CIMMYT breeders, although advanced lines and cultivars from many
cooperating national programs are also included. Network cooperators
sow the nurseries and collect performance data, which they return to
CIMMYT for compilation, analysis, and reporting. Cooperators who
grow and evaluate the plantings are free to use the germplasm as needed
in their programs. The network thus provides valuable feedback on the
performance of experimental materials under diverse environmental
conditions and functions as a conduit for distributing wheat materials
to national breeders as well.

During the past 20 years, most major wheat breeding programs in the
world have integrated multilocation testing in contrasting environments
into their breeding philosophy, including those in the Great Plains in the
United States, northwestern Europe, eastern and southern Africa, West
Asia and North Africa, the southern cone of South America, and the
Indian subcontinent. The widespread adoption of this methodology has
shown that breeding programs find it extremely useful for choosing
suitable parents and developing germplasm for release to farmers.

A fundamental reason for CIMMYT’s success is the trust that national
researchers from the developing world put in it, because of its long his-
tory of helping emerging nations equally, and being even-handed and
honest in its dealings with them. This trait harks back to Borlaug, start-
ing with his interaction with the governments of India and Pakistan right
before and during the Green Revolution. However, it also owes much to
the high standards of conduct he imparted to the staff at CIMMYT. This
trust in CIMMYT as an honest broker has proved essential, especially in
projects requiring multinational collaboration. Even countries in open
conflict with each other cooperate willingly if CIMMYT gets involved.
Other hallmarks left behind by Borlaug in CIMMYT still constitute the
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modus operandi of CIMMYT and reflect his work ethics. The first hall-
mark is the focus on finding the right germplasm and using it to develop
improved wheats. Although germplasm is basic to raising yield poten-
tial and improving other traits, CIMMYT advocates use of a wide range
of genetic variability. It also produces diverse germplasm that national
programs can use directly or adapt and manipulate to broaden the
choices available to farmers. The shuttle breeding methodology, funda-
mental to developing modern wheat cultivars, is also a hallmark for
breeding wheats at CIMMYT. Initially implemented by Borlaug, shuttle
breeding conducted in locations contrasting in latitude, altitude, and
rainfall was responsible for the production of photoperiod-insensitive,
widely adapted germplasm, and has proved a very efficient way to intro-
duce and select genes for other traits as well. Another hallmark that is
less tangible, but no less real, is the pragmatic philosophy with which
the problems of generating technologies to increase food production are
approached at CIMMYT. A direct legacy from Borlaug, this practical phi-
losophy is disseminated by the CIMMYT staff by example, through
training, and during discussions with agricultural leaders and
researchers all over the world. It has spread far, motivating scientists and
technicians, especially in the NARSs of the developing world, to leave
their desks and work in the field, where they are able to identify and
tackle more effectively the real problems farmers face.

The Green Revolution

India. In 1964, India imported 5.6 million t of wheat and flour, and in
1965 India imported 6.6 million t (FAOSTAT, Agricultural Trade Sta-
tistics) to help satisfy the domestic demand. The first seeds of semidwarf
lines arrived in the U.S. Department of Agriculture International Spring
Wheat Rust Nursery in 1962, including some of the early genotypes
from the OSS Mexican wheat program that had been assembled and dis-
tributed for testing at numerous sites worldwide. Although still fraught
with many problems (grain shriveling and poor bread-making quality),
when the nursery was grown out, it was not long before M.S. Swami-
nathan and his Indian Agricultural Research Institute (IARI) colleagues
noticed the strong short stems and good rust resistance of the new wheat
lines, which suggested they might be able to break the yield ceiling in
India at the time (3.5 t/ha). The opportunity to test this perception came
shortly after Borlaug, at the government’s invitation, visited India in
1963. He agreed to supply seed of four of the more recently developed
short wheat cultivars bred in Mexico, plus small samples of about 600
advanced lines. The seed was sown in trials harvested in the spring of
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1964, and two semidwarfs—Sonora 64 and Lerma Rojo 64—outyielded
all Indian check cultivars by at least 30%. In view of this outstanding
performance, in 1964 the government of India initiated a national wheat
production program based on the new semidwarfs, under the responsi-
bility of the IARI. The program included testing the new wheats at
research stations, conducting agronomy trials at numerous sites, multi-
plying the improved seed, holding farmer demonstrations in wheat-
producing states, and importing massive amounts of wheat seed from
Mexico.

Learning to Manage the Semidwarfs. It was essential that the right crop-
ping practices be used with the new wheats if they were to realize their
full potential. Significant changes were required to the crop management
used with the old tall cultivars. Borlaug and his colleague Glenn Ander-
son from Canada had to struggle to change the mentality of many wheat
agronomists in India. Therefore, comprehensive agronomy trials were
conducted with Sonora 64 and Lerma Rojo 64 to determine depth and
method of sowing, planting date and seeding rate, timing and method
of nitrogen application, date of the first irrigation, and the amount of irri-
gation needed to produce optimum yields. Recommendations to farm-
ers on how to grow the new wheats were formulated based on the results
of these trials. The recommendations were, for the most part, total depar-
tures from the way wheat had traditionally been cropped in India. For
example, semidwarf wheat seed needed to be planted no more than 5 cm
deep (compared with the traditional 10 to 15 cm), and sowing could be
delayed past the traditional planting time (late October). Some semi-
dwarf wheats could be planted as late as 15 November, and early-
maturing ones could be sown as late as 1 December. Recommendations
stressed the importance of irrigating 21 days after plant emergence
(when crown roots are forming), not the usual 30 to 35 days. Also, farm-
ers were encouraged to apply 120 to 140 kg/ha of nitrogen, instead of the
usual 40 kg/ha.

Putting the New Technologies in Farmers’ Hands. Before farmers could
start planting the new semidwarf wheats, a sufficient supply of seed had
to be delivered. However, in the mid 1960s, there was no government
agency dedicated to multiplying wheat seed in India. Seed production
efforts were initially undertaken by IARI. Later, agricultural universities,
following the lead of Punjab Agricultural University at Ludhiana and
Uttar Pradesh Agricultural University at Pantnagar, joined in multiply-
ing the seed of the new wheats. To supplement domestically produced
seed, 250 t of Sonora 64 and Lerma Rojo 64 was imported from Mexico.
Before the end of the 1960s, the National Seed Corporation had been
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created. After a sufficient supply of high-quality seed was secured, the
next step was to convince farmers to adopt the semidwarf wheats. This
meant introducing the new wheats and showing farmers how to man-
age them so they would yield their full potential. In 1965, large-scale
demonstrations of semidwarf wheats were organized for that purpose by
IARI and the two universities in Punjab and Uttar Pradesh. During the
demonstrations, plots sown with farmers’ seed and managed using their
practices were compared with plots planted with a semidwarf cultivar
using agronomic practices developed by the research service. The advan-
tages of the semidwarf lines were readily appreciable. The demonstrations
were successful, and many farmers agreed to sow the new semidwarf
wheats during the 1965 to 1966 wheat cropping cycle. The benefits of this
adoption were immediately observed: The wheat harvest in 1966 (12 mil-
lion t) was greater than in 1965 (11 million t).

A major change in fertilizer use was also required, and this issue
became a battleground with Indian planners. Since its independence,
India had pursued a policy of self-sufficiency. Members of the planning
commission were opposed to making large imports of manufactured
fertilizers and had not made provisions for major increases in domestic
production. Without fertilizer, the nutrient-depleted soils of the Indo-
Gangetic plains would deny the new semidwarf wheats their chance to
show their full yield potential. Indeed, average wheat yields in India
were less than 1 t/ha, despite irrigation. Luckily, a new privately funded
fertilizer plant producing diammonium phosphate (DAP) was about to
open in 1967. The Coromandel DAP plant became a critical element in
the Green Revolution, because it provided enough fertilizer to demon-
strate conclusively to planning commission members that India had to
rewrite its five-year plan radically, and include large amounts of
resources to build fertilizer plants to supply the needed fertilizer to per-
mit the high-yielding, fertilizer-responsive wheat and rice cultivars to
express their genetic potential.

In 1966, the outlook for adequate monsoon rains was not good, espe-
cially because rains during the 1965 to 1966 season had been below nor-
mal, making it very likely that the 1967 harvest would also be poor. As
we have already seen, this possibility prompted the government of India
to import a record-breaking quantity of wheat seed (18,000 t) from Mex-
ico to supplement domestically produced seed, as an emergency mea-
sure to protect the food supply. With enough wheat seed on hand, in
1966 IARI once again organized a national demonstration program in
cooperation with states and universities. Hundreds of half-hectare plots
were sown in farmers’ fields, following the pattern pioneered by the
research service in 1965, but was expanded to include the extension ser-
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vice. Seed was distributed directly to farmers, giving preference to small-
holders, each of whom received 100 kg. A total of 150,000 farmers par-
ticipated in the program. In 1967, yields recorded in demonstration
plots sown with farmers’ seed and following their practices averaged 1.2
t/ha, compared with 2 to 3 t/ha in the semidwarf line testing plots.
Much of the semidwarf wheat harvested in 1967 (11.3 million t) was
saved for seeding the next crop. This led to a national wheat harvest of
16.5 million t in 1968—a significant boost (46%) in production—that
provided the first evidence that a wheat revolution was underway. In
this success, Borlaug counted with the strong support from IARI direc-
tor Swaminathan, the minister of agriculture M.C. Subramamian, prime
minister Indira Gandhi, and the work of RF staff such as R. Glenn Ander-
son with the backstopping of the able country representative Ralph
Cummings Sr.

The First Indian Semidwarf Cultivars. India did not rely long on im-
ported wheat cultivars, although their reliance on CIMMYT-generated
wheat cultivars remains significant to this day. Indian scientists identi-
fied two advanced Mexican lines that performed better than Sonora 64
and Lerma Rojo 64, and by careful selection within each population,
developed new cultivars that were as disease resistant as any semidwarf
line from Mexico. The two lines were released in 1967 under the names
of Kalyansona and Sonalika. Within a few years, they became the most
widely grown spring wheat cultivars in India. Indian breeders began
crossing the best tall Indian wheat cultivars with the best Mexican semi-
dwarf lines. This work produced a series of new Indian cultivars that
became prominent in Indian commercial cropping. These cultivars
inherited Norin 10 × Brevor dwarfing genes from the Mexican side of
their parentage, and their yields were comparable with those of Mexi-
can semidwarf lines.

When Sonalika was released in India in 1967, Pakistani farmers
obtained seed from Indians living along their common border. Sonalika
was designated Blue Silver in Pakistan, where it was widely grown. It
also came to cover large areas in India, Nepal, and Bangladesh. In fact,
Sonalika was widely sown without major damage from rust for more
than a dozen years. However, it began to be susceptible to a new race of
leaf rust in the 1980s and was subsequently replaced.

Semidwarf Cultivars in Pakistan. Mexican semidwarf wheats first
reached Pakistan in late 1961, brought by a young Pakistani scientist
named M.A Bajwa, who had returned home after attending a training
course in Mexico. Bajwa was the first in a series of young researchers to
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be sent to Mexico for training with Borlaug, under an FAO-RF-Mexican
government program. The Mexican-trained scientists also brought with
them considerable knowledge of how the new wheats should be grown.
The semidwarf lines (among them cross 8156, which was called Ciete
Cerros in Mexico, Mexipak in Pakistan, and Kalyan Sona in India) per-
formed well in tests conducted in Pakistani research stations from 1962
to 1964. These results encouraged Pakistan to import 350 t of wheat seed
from Mexico in 1966 and 42,000 t in 1968. The seed became the base for
launching a wheat campaign called the All-Pakistan Wheat Research and
Production Program, supported by Ignacio Narvaez and Haldore Hanson
(then with the Ford Foundation and later the second director general of
CIMMYT). The sense of urgency to avoid hunger in the country led to
“end-running” the conservative national wheat research establishment
by taking the seed straight to the farmers and letting them be the judge.
This precursor of what some call today participatory cultivar selection,
sped up the process of adoption by at least a decade.

As a result of this program, wheat production in that country nearly
doubled, from 3.9 million t in 1966 (before the arrival of the semidwarf
cultivars) to 7.3 million t in 1971. This 90% gain was achieved partly
by expanding the area sown for wheat, but mainly by increasing yield
per unit area. The national average yield rose from 0.76 in 1966 to 1.17
t/ha in 1971, and reached 1.5 t/ha in the late 1970s. The area planted
with the new wheats in Pakistan expanded steadily until, by 1980, semi-
dwarf cultivars covered 75% or more of Pakistan’s wheat area. That
same year, national wheat production reached an unprecedented 10.8
million t.

Factors Underpinning the Wheat Revolution in India and Pakistan. The
wheat revolution in South Asia had some of the elements needed to sup-
port an intensive wheat production program. The rail and road network
extending into the irrigated areas of the Indo-Gangetic plains was good,
and a considerable irrigation infrastructure was also in place. However,
fertilizer was in short supply, and input and output prices were not con-
ducive to rapid or widespread adoption of the new high-yielding wheat
(or rice) technology. The new wheats could not be adopted and brought
under production so quickly without these facilities. The existence of a
substantial number of trained agricultural scientists was just as impor-
tant for the flourishing of the Green Revolution. Few developing coun-
tries found themselves as well endowed with agricultural scientists and
services as India and Pakistan when the rapid agricultural changes
brought on by the semidwarf cultivars began. In India, IARI and an
excellent network of agricultural universities had turned out hundreds
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of trained agriculturalists by the end of the 1960s. In Pakistan, a similar
role was played by Lyallpur Agricultural University and the new agri-
cultural colleges established at Peshawar and Tando-jam.

The Nobel Peace Prize

In 1970, Borlaug was awarded the Nobel Peace Prize for his ground-
breaking work in wheat improvement research initiated at the OSS in
the 1940s and continuing after CIMMYT was founded. His name became
synonymous with the Green Revolution—a term coined on 8 March
1968 by William S. Gaud, then administrator of the U.S. Agency for
International Development, to refer to Borlaug’s impact on the devel-
oping world, during Gaud’s address to the Society for International
Development at the Shorehan Hotel in Washington, DC. During this
talk, Gaud described the spectacular increases in cereal crop yields that
were achieved in developing countries during the 1960s.

The news about Borlaug’s award of the 1970 Nobel Peace Prize reached
first Margaret, who heard about it from a reporter in Oslo, Norway. She
drove out to a CIMMYT wheat field in Toluca to find Borlaug. “He did-
n’t believe it. He asked, ‘Are you sure?’ He was very surprised.” In his
acceptance speech, Borlaug quoted Alfred Nobel, the creator of the
Nobel prizes, as saying: “I would rather take care of the stomachs of the
living than the glory of the departed in the form of monuments.” Nev-
ertheless, Borlaug was ambivalent about being in the spotlight. It brought
more attention and funding for the cause of world hunger, but it also
pulled him away from his work. In his words, “It was a disaster as far as
I’m concerned. You get pushed into so many things. A lot of your ener-
gies are cut off from the things you know best. Some of them you have
to do, because you end up being the spokesman for science in general.”

This 1970 Nobel Peace Prize was also awarded to Borlaug because,
more than any other scientist of his age, he worked tirelessly to bring the
fruits of improved technology to the fields of hundreds of millions of
smallholder farmers. In his Nobel lecture, Borlaug warned political,
social, and religious leaders that a Green Revolution was still wanting
in many parts of the world and that it had only “bought breathing space”
in which to deal with the global “population monster” and the subse-
quent environmental and social ills that rampant population growth in
the world’s poorest countries was causing. Today, wheats developed
from the semidwarf cultivars originally developed by Borlaug and his
scientific team are grown on 80 million ha around the world. They have
contributed more than 100 million t in additional wheat production and
a 40% decline in the real price of wheat. In awarding him the prize, the

1. DEDICATION: NORMAN E. BORLAUG 29

01_4692.qxd  10/25/06  1:14 PM  Page 29



president of the Norwegian parliament, Ms. Åse Lionaes, said, “You have
been awarded the Nobel Peace Prize, not so much for your science, which
has been outstanding, but rather for your tireless efforts to bring the ben-
efits of your scientific labor to fruition in stomachs of hungry people.”

Restless Commitment to Ensure Food and Increase 
Income of the Poor in Africa

The Nobel Peace Prize was one event in Borlaug’s life, a memorable one
of course, but not the culmination of his professional life. In 1984, Mr.
Ryoichi Sasakawa called Borlaug, who related his inability to obtain
international aid funding to help high-yield agriculture initiatives in
Africa. Sasakawa was somewhat surprised that a Nobel Peace Prize win-
ner such as Borlaug was unable to get backing for his philanthropic
endeavor, and offered to fund his initiatives in Africa for five years if he
would lead a new research-for-development team in the continent. Bor-
laug remembers telling Sasakawa, “I’m 71. I’m too old to start again,” to
which Sasakawa replied, “I’m 15 years older than you, so I guess we
should have started yesterday.” Ex-President Carter joined Borlaug and
Sasakawa to travel together to Africa to select sites. Upon their return,
a new foundation, Sasakawa–Global 2000, was born with Borlaug as the
technical leader, Carter in charge of policy intervention work, and the
JSIF providing the financing.

After a conference held in Geneva, Switzerland, in 1985, which was
attended by the directors general of CIMMYT and the International
Crops Research Institute for the Semi-Arid Tropics (Patancheru, India),
and visits to Sudan, Zambia, Tanzania, and Ghana in 1986, Borlaug
decided that there were enough research results and improved cultivars
to start a dynamic technology transfer program in maize and sorghum.
More research was still needed, but after seeing the terrible circum-
stances in sub-Saharan Africa, he moved quickly to bring available tech-
nology (seed, fertilizers, and other inputs) for dynamic testing in African
farmers’ fields. The trials were conducted by farmers under the guidance
of extension workers who were receiving on-farm training literally on
the run. A major component of the Sasakawa–Global 2000 program was
to provide the recommended inputs on loan to farmers for purposes of
testing the technology. Large plots, usually averaging about 1 acre (0.4
ha), were used so that farmers could measure the yield differences in
“sacks, not handfuls.” In Ghana, CIMMYT had been operating an on-
farm research program with Canadian International Development
Agency (CIDA) funding for seven years, under the Ghana Grains Devel-
opment Program. Sasakawa–Global 2000 built on this work with a field
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testing program that grew from 40 plots in 1986 to 1,600 in 1987 to
16,500 in 1988 to 80,000 in 1989. The maize production package, which
included new cultivars such as Okomasa, with resistance to maize streak
virus, was enthusiastically embraced by farmers. National maize pro-
duction jumped nearly 50% during the first three years.

In Sudan, the Sasakawa–Global 2000 staff shifted from its original plan
to work in rain-fed areas, because of security problems, and concentrated
its work on irrigated wheat production in the Gezira irrigation scheme.
Here, it was soon discovered that the research recommendation on 
fertilizer was wrong, as a result of the reliance on on-station agronomy
trials at the Wad-Medani station, which had been in operation since the
early 1900s. Although no response to phosphorus was found at the sta-
tion, Sasakawa–Global 2000 staff—three experienced Mexican wheat
researchers from the irrigated Yaqui Valley—soon found that there was
as much as a 35:1 response to fertilizer. The addition of phosphorus to
the fertilizer, in combination with the new, heat-resistant Debiera strain
from India, led to a spectacular increase in yields. Within three years,
Sudanese wheat production increased from 150,000 t to more 750,000 t.

The initial euphoria of the Sasakawa–Global 2000 program in Ghana
and Sudan led to the expansion of the program to Benin, Togo, and Tan-
zania by 1989. The active participation of Borlaug, Carter, and Sasakawa
on the ground in Africa, and a series of high-profile workshops in
Sasakawa–Global 2000 countries, led to early claims that, at long last, a
Green Revolution was coming to sub-Saharan Africa. However, it was
soon apparent that such claims were premature. The greater risks to crop
production associated with rain-fed agriculture plagued with frequent
drought, the lack of roads and transport infrastructure, and the limited
commercial demand for surplus production all began to conspire against
the intensive production systems being promoted by Sasakawa–Global
2000. Participating farmers faced high fertilizer prices, low grain price,
and agroclimatic stresses. In most cases, as the new high-yield technol-
ogy started to take hold, grain prices collapsed and farmers found it dif-
ficult to repay production loans. Moreover, donors began to move away
from investments in agriculture and rural development, and especially
investments in public sector institutions and programs, including invest-
ments in infrastructure. Structural adjustment programs imposed by the
World Bank and the International Monetary Fund led to a closing of
most public sector production-related programs. The hoped-for transi-
tion from public to private sector organizations in the provision of agri-
cultural services did not materialize. Smallholder farmers were more
isolated from markets than they had been previously. These structural
changes made crop intensification programs such as Sasakawa–Global
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2000 difficult to sustain. The two- to fourfold increases in yields
obtained by farmers participating in the Sasakawa–Global 2000/ministry
of agriculture extension demonstration programs could not be sustained
after the financial and input distribution support from Sasakawa–Global
2000 was withdrawn.

The rapid impact that had been achieved in Asia during the first
Green Revolution did not materialize in sub-Saharan Africa, much to the
distress of Borlaug. “Working in Africa,” he said on repeated occasions,
“has been the most frustrating experience of my professional career. The
yield potential is there,” he said, “but you can’t eat potential. We need
inputs, access to markets, infrastructure, and credit if African agricul-
ture is to experience a Green Revolution.” At 91, Borlaug continues to
travel throughout Africa, exhorting ministers of agriculture and heads
of state to make the difficult but essential decisions to get their agricul-
tural sectors moving. Despite the setbacks, he still is hopefully optimistic
that a few courageous African leaders will intervene to make agriculture
the engine of economic growth that it can and must become.

THE ADVOCATE FOR SCIENCE-LED 
RURAL DEVELOPMENT

By the middle 1990s, Borlaug also became a strong advocate of geneti-
cally modified foods. In more than one forum, he openly stated that
“genetic modification of crops is not some kind of witchcraft.” Rather,
it is the “progressive harnessing of the forces of nature to the benefit of
feeding the human race.” In his view, genetic engineering complements
rather than replaces traditional plant breeding. Furthermore, he con-
tended that without scientific evidence that genetically modified foods
harmed human health or the environment, there are no reasons for con-
sumers not to benefit from them, particularly in the developing world,
which could use this new biotechnology to ensure their food supply
(Borlaug 2004a). Borlaug does not concede to those who feared changes
of food plants brought by plant biotechnology, because he strongly
believes that uncontrolled population growth threatens the environ-
ment more than agricultural science.

The CGIAR was born out of the success of the Green Revolution.
Maintaining its original vitality is another one of Borlaug’s crusades. In
the 1990s, at a donors meeting in Lucerne, Switzerland, Borlaug
recounted to the audience a prediction made nearly 30 years earlier, by
F.F. “Fosty” Hill, former vice-president of the Ford Foundation and a
dean of agriculture at Cornell University. In reflecting on the newly cre-
ated international institutes as they drove across the Punjab, Frosty said
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to Borlaug, “Norm, enjoy this while you can. If you live long enough, and
I suspect you will, I fear you will see the very system you helped to cre-
ate become so inward looking and self-serving, that it may be impossi-
ble to reform. If that happens, it may be easier to move laterally and build
a new system rather than trying to reform the old one.”

In a letter to Science in 2004 (Borlaug 2004b), Borlaug urged the
CGIAR to return to its original purpose to its greatest comparative advan-
tage: delivering “improved food crop cultivars, using a combination of
conventional plant breeding techniques and new techniques of biotech-
nology, with complementary crop management practices, to address
major production issues in both the favored and the more difficult mar-
ginal lands.” In his 2004 letter to Science, Borlaug asked the World
Bank to help refocus the CGIAR mission “on raising smallholder agri-
cultural productivity in the near term, rather than trying to be all things
to all people.”

The restless Borlaug, who turned 91 in 2005, is still working tirelessly
to bring the benefits of improved agricultural technology to small-scale
farmers and poor consumers who, to date, have yet to experience the
benefits of a Green Revolution. Borlaug reminds audiences that to mod-
ernize agriculture, high yields are needed and they should ensue from
environmentally friendly and economically sustainable, productivity-
enhancing technology. “We will not meet future food, fiber, and feed
challenges without improved technology,” he reminds his audiences in
his 25 to 30 speaking engagements around the world, often to audiences
of 500 to 1,000 people. He often tells his audiences, “Although I was
trained a forester, I believe I have contributed far more to saving forests,
wetlands, and wildlife through my work to develop and introduction
high-yield technology, than had I stayed a forester.” As evidence, Bor-
laug presents data on the land required to produce today’s world cereal
harvests, if 1950 yields still prevailed. “We would need 1.1 billion ha
of the same quality, in addition to the 660 million currently in use, to
meet today’s world cereal supply, if we still relied on pre-Green Revo-
lution technology. That is the power of science and technology when it
is widely applied.”

Borlaug urges agricultural researchers to ensure a moral responsibil-
ity toward the farmers and to society, and dedicate their lives to serve
the resource poor of the world through a well-defined agenda that
focuses on the demands of farmers. Quoting the first director general of
the FAO, Lord John Boyd Orr, “Peace will not be built upon empty
stomachs,” Borlaug urges scientists to fight to get their technologies into
use and to stand up against misinformation.

His achievements in plant breeding and the impacts of his work in
livelihoods worldwide will always remain in the minds of those who
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share his passion for serving the most needy end users in rural and
urban areas where poverty and food insecurity thrive. With great pride
we dedicate this volume of Plant Breeding Reviews to Norman Ernst Bor-
laug and his work that brought significant positive impacts to the liveli-
hoods of millions of people in the second half of the 20th century.
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