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Introduction
The International Maize and Wheat Improvement Center (CIMMYT) 

came about at a time of both trouble and triumph for developing 

country agriculture. In the early 1960s, stagnating food production, 

made worse by bad weather, aroused fears of mass starvation 

across South Asia. The region’s plight fueled concerns of a global 

food crisis. But within just a few years, the spread of high-yielding 

wheat varieties forced the specter of famine into retreat. The victory 

inspired new faith in the power of science to banish hunger for good.

This is the story of what CIMMYT and its partners have achieved in 

the 50 years since then, and of how they’ve translated research into 

tangible benefits for farmers and consumers. The story includes as 

well a forward look to new troubles and triumphs that await us in the 

years to come.



The Birth of CIMMYT
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The Green Revolution and 
beyond (1966-1991)

The miracle seeds for Asia had been 
developed in Mexico by wheat breeder 
Norman Borlaug. Later they were sent, 
literally by the boatload, to India and 
Pakistan for widespread testing with 
farmers. This new wheat formed the 
centerpiece of national Campaigns against 
Hunger, which gave rise to the Green 
Revolution. 

The radical changes that swept Asia´s 
agriculture grew from the pioneering work 
of national and international programs 
nurtured by the Government of Mexico 
and the Rockefeller Foundation over two 
decades. Borlaug and his team met their 
original aim of boosting Mexico´s food 
production and bolstering its research 
capacity. As an unexpected bonus, they 
learned to breed widely adapted, disease-
resistant wheat that can thrive across 
many diverse locations. The new wheat 
saved millions of Asian consumers from 
chronic hunger.

These results provided the proof of 
concept for CIMMYT´s founding in 1966 
as an international center, with support 
from Mexico together with the Rockefeller 
and Ford Foundations. The idea behind 
its creation was to consolidate and extend 
the gains already accruing in Asia. The 
idea proved so compelling that in 1971 
donors agreed, at the urging of the World 
Bank, to establish the Consultative Group 
on International Agricultural Research 

(CGIAR). Its purpose was to secure 
financial support for CIMMYT and other 
international centers over the long term.

Green Revolution 
inheritance
CIMMYT inherited from its predecessor 
organizations an abiding commitment:

End the scourge of hunger by 
working with developing countries 
to boost wheat and maize 
production, while building local 
capacity to confront future threats 
to these crops.

CIMMYT also 
inherited the ideas 
and attitudes that 
Borlaug, the 1970 
Nobel Peace 
Prize laureate, 
believed were 
critical for making 
good on this 
commitment:

• A conviction that hunger and 
poverty are not inevitable, that 
applied science can ultimately 
defeat them.

• A sense of urgency about 
solving farmers’ problems 
through hard work done in 
collaboration with national 
partners.

From the outset, CIMMYT has cultivated 
this way of thinking in every single 
member of its staff. And with each passing 
year and decade, it has stood firm in its 
commitment to combat hunger through 
collaborative research. The Center 
has embraced new commitments as 
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well – convinced that more productive 
and sustainable maize and wheat 
systems, especially if they empower                   
both women and men, can contribute 
to overcoming poverty and preserving 
Nature´s Endowment.

Scientific 
masterstrokes
The Green Revolution bought time for 
CIMMYT to mount a global effort for wider 
gains in the fight against hunger. The 
Center´s early work followed from a series 
of scientific masterstrokes that had made 
this revolution possible.

One was Borlaug´s use of dwarfing genes 
from a Japanese line called Norin 10 to 
alter the structure of his new wheats. The 
resulting semi-dwarfs were much shorter 
than farmers´ traditional varieties and had 
stronger stems. When farmers applied 
fertilizer to semi-dwarf wheat, the added 
nitrogen went mostly to grain production, 
more than doubling yield. Traditional 
varieties, in contrast, just grew taller and 
tended to fall over, resulting in lost grain.

Another masterstroke was the use 
of “shuttle” breeding to speed the 
development of wheat disease resistance. 
Named after shuttle diplomacy in the 
Middle East, it began as a logistical 
innovation. By growing and selecting 
wheat at two contrasting locations in 
Mexico each year, scientists were able 
to double the pace of wheat breeding. 
But then they realized that, by exposing 
wheat to different climates and disease 
pressures, shuttle breeding produced a 
surprising side-effect. It greatly broadened 
the crop´s adaptation. A technique that 
was intended to save time thus made 
it possible for farmers in many diverse 
settings and locations to grow the 
new wheats.

CIMMYT built the world´s first long-
term global wheat program around 
these breakthroughs. To exploit the 
full potential of broadly adapted semi-
dwarfs, Center scientists established a 
system of international wheat “nurseries,” 
consisting of seed of the best lines. They 

distributed these massively across the 
developing world – eventually delivering 
2,500 sets of 30 distinct nurseries each 
year to essentially all wheat breeding 
programs worldwide. The nurseries gave 
national partners a way to test a wide 
array of wheat crosses and select the best 
performers under local conditions for use 
as parents in further crosses or eventual 
release as varieties. The data these 
scientists delivered in return provided 
feedback from major wheat growing areas 
worldwide, which contributed vitally to 
the development of new generations of 
wheats for wide distribution.

Cream of the crop
In the meantime, CIMMYT maize scientists 
found different ways to reach similar ends. 
Lacking an effective dwarfing gene, they 
reduced the crop´s plant height through 
long-term selection. For this purpose, they 
formed a maize population called Tuxpeño 
Crema I, containing the best samples, 
or “cream,” from one of Mexico´s most 
productive races. As in wheat, the result, 
after 15 cycles of selection (two per year), 
was a dramatic increase in yields.

Because maize is grown under highly 
diverse conditions – from sea level to 
elevations of more than 3,000 meters 
and from the equator to temperate 
zones – developing a few widely 
adapted varieties for all types of growing 
conditions was not an option. Instead, 
CIMMYT scientists formed several dozen 
broad-based populations (like Tuxpeño), 
which contained a selection of the 
most valuable maize genetic resources, 
especially from Latin America. Like their 
counterparts working on wheat, maize 
scientists also established an international 
testing scheme. It made the improved 
populations (and hundreds of experimental 
varieties derived from them) widely 
available to national partners and gleaned 
vital data for further maize improvement. 

Long before CIMMYT´s inception, maize 
experts in the USA and elsewhere had 
already shown that hybrid vigor gives a 
powerful boost to maize yields. Productive 
hybrids result from controlled mating 
of two distinct and carefully selected 

inbred parents, as distinct from the maize 
plant´s natural sexual habit of “open 
pollination.” Center scientists judged in 
the 1970s that the conditions of most 
developing countries were not yet ripe for 
hybrid development. This requires strong 
seed industries, able to produce and 
disseminate large quantities of hybrid seed 
year after year. Also, growing conditions 
must be good enough – with adequate 
rainfall, soil fertility, and pest control – to 
justify farmers´ purchase of hybrid seed. In 
most places, this simply was not the case.

Instead, the CIMMYT Maize Program put 
its effort into the development of open-
pollinated varieties or OPVs. Yielding 
better than traditional varieties, these 
offered smallholder farmers the critical 
advantage of using their own seed to plant 
the next maize crop. In many tropical and 
subtropical maize growing regions, the 
improved populations from which new 
OPVs were derived also provided breeding 
stocks for an eventual maize hybrid 
revolution in the developing world.

Curbing multiple 
disease threats
As CIMMYT scientists studied trial 
data and gained more on-the-ground 
experience, they began to realize that 
broad adaptation in maize and wheat 
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improvement has its limits. To better 
satisfy local needs, they began tailoring 
improved germplasm to fit conditions in 
specific categories of environments. 
To this end, they decentralized crop 
research through new types of 
partnerships – for example, on maize 
breeding in Zimbabwe and winter wheat 
improvement in Turkey.

Shaping improved maize and wheat to 
different environments involved major 
efforts to confront multiple crop diseases, 
mainly through genetic resistance. Some 
of these diseases, like stem, leaf, and 
stripe rust of wheat, cause damage 
globally, while others, such as maize 
streak and corn stunt, are limited to 
specific regions.
 
Borlaug´s first order of business in Mexico 
during the 1940s was to curb wheat stem 
rust, a global threat dating back to ancient 
times. His efforts were so successful 
that, for several decades, no further 
outbreaks of stem rust occurred anywhere 
in the world. Yet, CIMMYT wheat scientists 
could never lower their guard. The rust 

fungi can mutate into new races that 
overcome current genetic resistance, 
multiplying and spreading at an 
explosive rate.

To prepare for such a surprise attack, 
the scientists constantly tested improved 
wheat for its reaction to artificially induced 
stem rust and searched for new sources 
of resistance. They also focused more on 
leaf and stem rust – accumulating several 
partial resistance genes, which resulted in 
a highly durable, slow-rusting response in 
wheat. At the same time, they tackled new 
threats from the barley yellow dwarf and 
Karnal bunt diseases. 

The CIMMYT Maize Program confronted 
multiple pathogens as well and with 
remarkable success. These were mainly 
regional problems, like downy mildew 
in Southeast Asia, maize streak virus in 
Africa, and corn stunt in Central America. 
To deal decisively with maize streak, 
the Program joined forces in 1980 with 
the International Institute of Tropical 
Agriculture (IITA) in Nigeria.

Breaking the yield 
ceiling
The big push for genetic resistance to 
major diseases helped stabilize maize and 
wheat yields. And this reinforced farmers´ 
confidence in the new varieties and crop 
management practices. Nonetheless, 
during the 1970s, CIMMYT wheat 
scientists became worried that improved 
varieties had reached a plateau in yield 
potential, following the big jump brought 
about by the semi-dwarfs in the 1960s. 

In the hope of getting past this plateau, 
they began to explore large-scale crossing 
between spring and winter wheats. The 
idea was to combine useful genetic 
diversity from both types to enhance 
their performance. This required a major 
logistical and scientific effort to overcome 
the natural barriers to crossing between 
these distinct wheat gene pools. Work 
was led by wheat breeder Sanjaya 
Rajaram, whose achievements earned 
him the 2014 World Food Prize. The 
persistence of Rajaram and his team 
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paid off. By the late 1970s, spring x 
winter wheat crosses, like the Veery ‘S’ 
group, ranked among the best entries in 
CIMMYT´s spring wheat nurseries. They 
consistently showed a 10 percent yield 
advantage over previous generations       
of varieties.

These achievements in maize and wheat 
improvement gave the developing 
world some of the most remarkable 
demonstrations of the power of science it 
had ever witnessed. Particularly satisfying 
was the major role that national scientists 
had played in making it all possible.

A global virtual 
college
From the start, CIMMYT viewed and 
conducted its research as a collaborative 
endeavor. Partnerships linking international 
and national organizations served as the 
main vehicle of scientific discovery and 
technical change, leading to development 
impact. Center partnerships are reinforced 
by bonds of collegiality and friendship 
between scientists, resulting from long 

days of shared labor at experiment 
stations and in farmers´ fields.

A key corollary of CIMMYT´s orientation to 
collaborative science is its commitment to 
strengthening national research capacity. 
The Center has pursued this through a 
variety of means, including support for 
postgraduate students’ thesis research; 
intensive training on crop breeding 
and management, initially at CIMMYT 
headquarters and later at its regional 
facilities; shorter courses on diverse 
topics (e.g., biotechnology, GIS, and 
other tools), held across the developing 
world; publishing of scientific and technical 
information; and the constant mentoring 
and professional exchanges that naturally 
result from doing research together.

According to a review of CIMMYT training 
conducted in the early 1990s, the activity 
had a “profound effect” on participants. 
Having often worked for years in relative 
isolation, national colleagues gained new 
confidence and came to see themselves 
as part of a “global invisible college.” 
This is the enormous added value from 
capacity building at CIMMYT. The effort 

has strengthened the skills and knowledge 
of thousands of individual scientists. But 
more important, it has helped create a 
worldwide research community that is able 
collectively to tackle the challenges that 
agriculture faces.

Stewards of diversity
The collaborative achievements of 
CIMMYT´s early years demonstrated 
the huge payoff from global efforts to 
strengthen maize and wheat research 
capacity. They also underlined the value 
of plant genetic resources for crop 
improvement.

Wheat scientists at CIMMYT and 
elsewhere had obtained the well-collected 
and conserved resources of this crop 
from North America and other locations 
with relative ease. Maize scientists, in 
contrast, had to build a stock of genetic 
resources basically from scratch. This 
required systematic collection of traditional 
landraces and crop wild relatives in all the 
major maize-producing areas of Mexico 
and other Latin American countries.

In the rush of the 1970s to develop 
improved varieties, CIMMYT scientists 
gave little time or priority to close study 
of maize and wheat genetic resources. 
By the mid-1980s, however, their thinking 
had changed. This was partly because 
of concern about the erosion of genetic 
resources in farmers´ fields. Hundreds of 
potentially valuable “landraces” were giving 
way to the spread of modern varieties 
or being eliminated by urbanization and 
other forces. New interest in conserving, 
studying, and using maize and wheat 
genetic resources was also spurred by 
emerging challenges in crop improvement. 
To intensify the search for genetic 
solutions, CIMMYT took up responsibility 
in 1985 for more active stewardship of 
globally important collections of maize 
and wheat genetic resources. Eventually, 
the Center´s germplasm collections 
were to become the largest of their kind, 
safeguarding more than 150,000 wheat 
lines and over 27,000 maize samples.

One early payoff from the germplasm 
collections was the discovery of maize 
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that is resistant to the crop´s number-
one pest – stem borers. Interestingly, this 
resulted from a request sent by CIMMYT 
scientists to colleagues around the 
world for germplasm showing resistance 
to various borer species. Some of the 
materials they received in response had 
originally been obtained from the Center´s 
own maize germplasm bank.

In the mid-1980s, Center scientists 
combined this and other germplasm to 
form the Multiple Borer Resistant (MBR) 
Population. Within a few years, data 
from international testing of MBR began 
trickling in. It confirmed that breeders had 
made excellent progress in accumulating 
genes for resistance. It also demonstrated 
the effectiveness of this resistance against 
various borer species. Surprisingly, MBR 
even stood up under attack by African 
borer species.

Undaunted by 
drought
By the mid-1980s, CIMMYT scientists had 
done much to boost maize and wheat 
yields and stabilize them through disease 
resistance. The time had come to bring 
work on even tougher problems to fruition. 
At the top of the list was drought. It affects 
both crops but especially maize, which 
is grown mostly by smallholder farmers 
dependent on rainfall.

In an early search for solutions, Center 
maize scientists had already assembled 
a population called Tuxpeño Sequía 
(Drought) in 1975 and begun selecting 
for traits believed to be associated with 
better performance under stress. In the 
1980s, physiology research confirmed that 
the most important trait for making maize 
tolerant to drought is the interval between 
anthesis (in the tassel or male flower) and 
silking (of the ear or female flower). Maize 
is especially vulnerable to drought at 
flowering. Its natural reaction is to prioritize 
male flowering and delay female flowering. 
While increasing the chances of survival, 
this “macho” behavior means bad news 
for grain production. By mid-decade, 
Tuxpeño Sequía had undergone years of 
selection (eight cycles, to be precise) for 

reduced anthesis-silking interval (or ASI) 
and fewer barren plants. This gave it a 30 
percent yield advantage over non-tolerant 
maize under drought.

Other studies using a wide range of 
maize germplasm – from landraces to 
modern hybrids – showed the same thing. 
Reducing ASI proved highly effective for 
improving drought tolerance, with the 
bonus of better yield under favorable 
conditions as well. Using cycle 8 of 
Tuxpeño Sequía and other drought-
tolerant materials, researchers formed 
several new populations, which served as 
a valuable source of drought tolerance for 
maize improvement.

Meanwhile, CIMMYT scientists had 
reached a surprising conclusion about 
drought tolerance in wheat. Ironically, 
some of the modern semi-dwarfs, 
though developed under irrigation, also 
did well under drought. Those derived 
from crosses between spring and winter 
wheat did even better. To improve on this 
outcome, Center researchers embarked 
on a collaborative program with the 
International Center for Agriculture in 
the Dry Areas (ICARDA). Focusing on 
durum wheat (used to make pasta and 
unleavened bread), researchers made 
good progress by crossing drought-
tolerant landraces with modern wheat and 
selecting at a wide range of dry locations.

Acid test
Another problem that prompted a 
concerted collaborative effort in the 
1970s was acid soil. Characterized by 
low phosphorous and toxic levels of 
aluminum and manganese, acid soil is 
especially common in South America 
but occurs in other regions as well. Until 
a genetic solution was found that would 
complement expensive liming of acid soil, 
a Green Revolution would remain beyond 
the reach of several major maize and 
wheat producing countries, notably Brazil.

A new shuttle breeding program did the 
trick. This is how CIMMYT scientists 
worked with Brazilian partners to combine 
desirable traits from Mexican semi-dwarfs 
with the aluminum toxicity tolerance of 

less productive Brazilian wheats. By the 
1980s, new varieties were available to 
Brazilian farmers that yielded 25 percent 
more than their predecessors. They were 
also being distributed worldwide through 
an acid soil wheat nursery.

Starting a decade later, the Maize 
Program also confronted the acid soil 
problem through collaborative research 
in South America. By the mid-1980s 
several tolerant populations had been 
developed as a result of work based at the 
International Center for Tropical Agriculture 
(CIAT) in Colombia. It was complemented 
by efforts in Thailand to combine                           
acid soil tolerance with resistance to 
downy mildew.

Long shots
In the spirit of bold experimentation that 
had given rise to the Green Revolution, 
CIMMYT scientists embarked in the 
1970s and 1980s on several exploratory 
missions aimed at creating entirely new 
options for farmers and consumers.

One was prompted by a US scientist´s 
discovery in the 1960s of the Opaque-2 
gene in maize. The mutant gene doubles 
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the content of two protein components – 
the amino acids lysine and tryptophan – 
that are essential for the diets of humans 
and monogastric animals. The problem 
is that Opaque-2, as its name suggests, 
also results in undesirable lusterless 
grains together with lower yields. But then 
CIMMYT found that the negative effects 
could be reversed through the action of 
modifier genes. Encouraged by these 
results, Center scientists took up a long-
term breeding effort. Within a decade, 
they developed quality protein maize, or 
QPM, showing yields and grain quality 
equivalent to that of normal improved 
maize. In recognition of this achievement, 
the 2000 World Food Prize was awarded 
to CIMMYT scientists Surinder Vasal and 
Evangelina Villegas.

Another of the Center´s scientific long 
shots was intended to turn a 19th century 
botanical oddity into a commercially viable 
alternative cereal. This is triticale, which 
resulted from crossing wheat with rye and 
whose name derives from the scientific 
nomenclature for these crops (Triticum and 
Secale). While initially showing poor yield 
and grain quality, the novel crop offered 
distinct advantages in acid and alkaline 
soils, highlands and dry areas. By the mid-
1980s, its limitations had been overcome, 
resulting in high-yielding triticale varieties 
that complement wheat in marginal 
environments. In parallel with efforts to 
develop winter triticale in Europe, CIMMYT 
focused on a spring-sown version for the 
developing world. 

A third venture launched in the 1980s 
responded to the rapidly-expanding 
consumption of wheat products among 
consumers in the lowland tropics. The 
climate there is generally too warm and 
humid for wheat production. Unable to 
grow their own wheat, tropical countries 
were importing grain in large quantities 
and at great expense. In an effort to 
relieve this economic burden, CIMMYT 
wheat breeders began working on heat 
tolerance and tropical diseases. Without 
realizing it then, these scientists were 
laying the groundwork for eventual efforts 
to adapt the crop to the impacts of climate 
change in major wheat-growing regions, 
particularly South Asia´s vast Indo-
Gangetic Plains.

Synergistic science
A quick account of the Green Revolution 
and later advances may give the mistaken 
impression that it was all about plant 
genetics. In fact, what this work really 
demonstrated is the powerful scientific 
synergy that can result when different 
disciplines work together toward 
shared ends.

Getting disease resistance into new 
maize and wheat varieties, for example, 
would have been impossible without the 
meticulous field and laboratory work of 
plant pathologists. Physiologists shed 
light on how certain traits contribute to 
improved plant performance. By creating 
specialized labs to mass rear insect pests, 
entomologists fulfilled a critical requirement 
for breeding resistance. QPM resulted 
from a close working alliance between 
maize breeders and cereal chemists. 
Without seed health experts, international 
testing of improved germplasm would 
quickly have run into trouble. And 
systematic testing for industrial quality 
ensured that wheat improvement always 
took into account consumer preferences.

Some of the tools and expertise that 
CIMMYT incorporated into maize and 
wheat improvement proved vital for 
making better use of plant genetic 

resources. Tissue culture and embryo 
rescue techniques, for example, helped 
overcome the natural reproductive barriers 
between the domesticated crops and wild 
species related to them. By thus facilitating 
“wide crosses,” these early biotechnology 
techniques enabled scientists to tap 
into new sources of genes for traits like 
disease resistance and salt tolerance.

Collectively, CIMMYT´s specialized labs 
and other facilities demonstrated the 
strategic value of advanced tools for high-
quality science. And this anticipated later 
efforts to give cutting-edge techniques 
from molecular biology and related fields a 
central role in opening up new possibilities 
for crop improvement.

Gaining a macro 
perspective
Some agricultural disciplines helped 
CIMMYT bring into sharper focus the 
microscopic aspects of maize and wheat 
improvement. Two other fields – agronomy 
and social science – reinforced the macro 
perspective of Center research.

Agronomists went into action from the 
outset of the 1960s Campaigns against 
Hunger. Their first priority was to develop 
a standardized package of practices 
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that would enable farmers in India and 
Pakistan to maximize yields from the 
new semi-dwarf wheats. Once CIMMYT 
was operating and improved maize and 
wheat varieties had begun spreading 
to other countries, Center agronomists 
fanned out across the developing                       
world. Working closely with national 
programs, they addressed the crop 
management challenges of many different 
environments. Without the resulting 
changes in farmers´ traditional practices, 
the Green Revolution would not have 
taken off. It embodied the combination of 
new varieties and improved agronomy, a 
fact often overlooked. 

Later, social scientists were called to 
address criticism about undesirable side 
effects of the Green Revolution. One was 
a perception that the new wheats mainly 
benefited large-scale farmers, who were 
better able to afford fertilizer. Findings on 
this issue showed that the semi-dwarf 
varieties were actually scale neutral. While 
big farmers generally did adopt them first, 
smallholders quickly followed suit.

During the late 1970s and early 1980s, 
agronomists and social scientists joined 
forces to address another major concern 
about new maize and wheat technology. 
In many places, sizeable yield gaps had 
emerged, meaning that the technology´s 
actual performance in farmers´ fields was 
falling well short of the potential yields 
demonstrated in experimental plots. To 
help close the gaps, CIMMYT developed 
on-farm research methods (it was among 
the first organizations to do so) and 
worked hard to make them standard 
practice in national programs.

While offering farmers a close-up look at 
new practices, the methods also gave 
researchers a better understanding of 
farmers´ circumstances and preferences. 
This in turn helped guide the design of 
technologies such as improved flint-
grained maize varieties for southern 
Africa, which women farmers prefer for 
their greater suitability for pounding into 
flour. In several countries (Ghana and 
Zambia, for example), where research and 
extension formed strong partnerships, 
on-farm research improved effectiveness 

in diagnosing and solving problems. But 
in the 1980s, when donor investment in 
agronomy and extension systems began 
to decline, this approach lost momentum – 
only to be rediscovered decades later 
during a new food crisis.

Hard evidence of 
impact
By the early 1990s, CIMMYT and its 
partners had amply fulfilled an essential 
precondition for achieving development 
impact. They had made huge progress in 
developing and disseminating improved 
germplasm, farming practices, and 
associated information. While sensing 
they were on the right track, they couldn´t 
be absolutely certain, until the Center 
conducted its first major systematic 
impact study, extending assessments 
carried out in the 1970s and 1980s. 

Of the 1,300 wheat varieties that national 
programs had released since 1965, the 
percentage resulting in some way from 
CIMMYT research rose steadily, leveling off 
at about 75 percent during the 1980s. The 
corresponding figure for improved maize 
varieties and hybrids released during the 
same period was about 50 percent.

By 1969, just a few years after CIMMYT´s 
founding, semi-dwarf varieties were 
already planted on 8.4 million hectares 
in developing countries. Afterwards, the 
semi-dwarfs continued to spread at a rate 
of about 2 million hectares per year. In the 
1980s, they were planted on an additional 
20 million hectares. By 1990, the total area 
had reached nearly 50 million hectares.

In the early stages of the Green 
Revolution, adoption of semi-dwarfs under 
irrigation boosted yields of spring wheat 
by an average of 35 to 40 percent. For 
about two decades afterwards, their yield 
potential continued to increase by an 
average of 1 percent annually. Farmers in 
irrigated areas captured a large share of 
the gains because of their generally good 
crop management and slow but steady 
replacement of older improved varieties 
with new ones.

For maize, the results were less dramatic 
but still quite important. In 1990, varieties 
containing CIMMYT germplasm were 
planted on nearly 8 million hectares, or 
13 percent of developing countries´ total 
maize area. Improved varieties commonly 
showed a yield advantage of 5 to 15 
percent, roughly the same as for improved 
wheat in production areas dependent 
on rainfall.

Unfinished business
Perhaps the single most important 
finding of CIMMYT impact studies in the 
early 1990s was that wide adoption of 
improved varieties had delivered enormous 
economic benefits to consumers. 
Dramatic productivity increases led to 
steadily declining grain prices – at an 
annual rate of more than 2 percent from 
the 1970s onwards. This put more money 
in consumers´ pockets, better enabling the 
poor to meet other basic needs – more 
diverse diets, education, and health care.

If ever a research organization had 
earned the right to rest on its laurels, then 
arguably it was CIMMYT at 25, together 
with the Center´s many partners. Yet, 
this is not what they did. Any sense of 
triumph the scientists felt was dampened 
by concern about the Green Revolution´s 
unfinished business. Whole countries and 
regions had been bypassed. There was 
still a lot more work to do.

But many international agencies and 
national governments interpreted the 
situation rather differently. Breathing a 
collective sigh of relief, they concluded 
from steadily declining food prices that 
global food security was under control. 
For them, the thrill of the Green Revolution 
was gone, and so, for the most part, were 
the worries that had made it necessary 
in the first place. Other developments 
unfolding on the world stage further 
undermined support for agriculture. After 
the disintegration of the Soviet Union in 
1989, for example, donors were obligated 
to prioritize aid for eastern Europe and the 
former Soviet republics of Central Asia and 
the Caucasus.
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Sustainable development and 
Green Evolution (1992-2006)

A new priority to which donors gave 
increased attention in the 1990s was 
the environment. The late 1970s 
had witnessed the emergence of 
environmental movements and associated 
green political parties. In 1987, the 
Brundtland Commission formulated 
environmental concerns, coining the term 
“sustainable development” in its award-
winning report, Our Common Future. 
Within a remarkably short time, the new 
sustainability paradigm gained wide 
acceptance. This was the clear message 
of the first United Nations Conference 
on Environment and Development – the 
Earth Summit – held at Rio de Janeiro, 
Brazil, in 1992. Two key results were 
the Rio Declaration on Environment and 
Development and the Convention on 
Biological Diversity.

The sustainability paradigm resonated 
strongly with CIMMYT scientists. By 
the mid-1980s, they had realized that 
to sustain agricultural intensification in 
South Asia would require a new approach 
centering on practices that conserve 
soil and water. This was also essential 
for dealing with stagnant agricultural 
productivity in Africa. Center scientists 
were particularly heartened by growing 
international support for the conservation 
and sustainable use of biodiversity. 
They also realized that fulfilling the 

sustainability vision requires not only better 
management of natural resources but 
improved livelihoods for the rural people 
who depend on these resources.

Waning support for agriculture as a whole, 
however, posed a challenge. Funding 
for research became tight and shifted 
increasingly to a project basis. CIMMYT 
responded to these circumstances with 
creativity, flexibility and perseverance. 
Incorporating sustainability concerns 
into all aspects of its work, the Center 
embarked on a new generation of 
projects. These reflected CIMMYT´s 
abiding commitment to the fight against 
hunger but also its revised vision of 
agriculture as the central global arena for 
combatting environmental degradation 
and rural poverty.

Revising the 
research agenda
From a thorough review of CIMMYT´s 
research agenda, it was evident that the 
Center´s work had already contributed 
importantly to environmental preservation 
and had the potential to do much more. 
Economic analysis underlined the land-
saving effect of the uptake of modern 
wheats in favorable irrigated areas of 
South Asia. With traditional technology, 

farmers would have had to bring 
40 million hectares of additional land 
under cultivation to produce the same 
amount of wheat harvested using semi-
dwarf varieties.

Clearly, a major challenge for CIMMYT and 
its partners was to sustain productivity 
growth in these favorable environments. 
That meant drastic changes in resource 
management together with continued 
increases in yield potential, disease 
resistance and other traits. The idea was 
to curb resource degradation in favorable 
areas, while also further reducing pressure 
on marginal production areas and other 
fragile rural ecologies, like tropical forests.
 
One key point of internal contention 
was the priority CIMMYT should assign 
to maize and wheat improvement 
for marginal production areas, where 
temperatures are higher, soils less fertile, 
and irrigation more limited. After all, 
new technologies were spreading and 
productivity improving more slowly in 
those areas, making it hard to show good 
returns on investment. Nonetheless, 
CIMMYT opted to give marginal lands high 
priority for two main reasons.

First, the Center judged that, even under 
optimistic scenarios, productivity increases 
in the favorable environments would be 
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insufficient for grain production to keep 
pace with global growth in consumer 
demand. And second, CIMMYT scientists 
were convinced that, despite the difficulty 
of improving productivity in marginal 
lands, this was essential for improving the 
livelihoods of the large numbers of rural 
poor inhabiting these places. 

Eminent research leader M.S. 
Swaminathan, known as the Indian father 
of the Green Revolution, became one of 
the most ardent and influential advocates 
of the new sustainability agenda. He  
called it the Evergreen Revolution. Given 
the complexity of the task, however, 
coupled with declining support for 
agriculture, the important advances that 
followed can perhaps better be described 
as “Green Evolution.”

Tackling drought 
and other mortal 
enemies of maize
CIMMYT´s Maize Program lost no time 
in its quest to develop resilient varieties 
for drought-prone Africa. Without them, 
farmers there would have little incentive 
to invest in modern crop varieties or 
improved soil fertility. More than a decade 
of physiology research had generated 
excellent sources of drought tolerance and 
demonstrated the efficacy of selecting for 
reduced ASI. According to new results, 
this method improved tolerance not only 
to drought but low soil nitrogen as well. 
CIMMYT scientists further realized that 
they could accelerate progress with this 
latter trait by selecting for it systematically 
under nitrogen deficiency – a step few 
breeding programs in the world dared 
to take.

The urgent business at hand was to put 
these valuable products and insights to 
work. CIMMYT formed a breeding network 
with national partners in southern and 
eastern Africa and through IITA in West 
and Central Africa during the mid-1990s. 
Its purpose was to apply new methods of 
stress tolerance breeding to Africa’s top 
OPVs and hybrids. By 2000, CIMMYT 
and its partners had developed the first 

experimental maize varieties capable 
of withstanding drought and low soil 
nitrogen. According to results from across 
the region, improved hybrids showed a 
yield advantage of 25-50 percent over 
popular local hybrids under drought 
stress. The breeding procedures that 
made this possible were published and 
widely disseminated in the form of 
a manual.

As breeding for stress tolerance 
continued, researchers moved quickly 
to get the new varieties into farmers´ 

hands. For this purpose, they adopted 
a well-known participatory approach 
involving “mother-baby trials.” Using the 
system initially in Zimbabwe, researchers 
mobilized hundreds of farmers to test 
stress-tolerant maize, sharing the 
results and providing feedback both to 
researchers and their communities.
Within a few years, the mother-baby trial 
system was being applied on a regional 
scale. This involved hundreds of trials 
annually and led soon to the release of 

tolerant varieties in various countries. 
CIMMYT, national programs, and NGOs 
channeled tons of seed into community-
based and emerging commercial seed 
production schemes in Angola, Malawi, 
Mozambique, South Africa, Tanzania, 
Zambia and Zimbabwe. By 2002, more 
than 500 tons of commercial quality seed 
had been produced. Within a few years, 
the figure leaped dramatically, with a total 
of 30 tolerant OPVs and hybrids released 
to farmers. CGIAR gave this work the 
recognition it justly deserved with the 2006 
King Baudouin Award.

The achievement was all the more 
remarkable, considering that CIMMYT 
researchers were at the same time 
battling other major stresses in Africa 
and elsewhere. One especially pernicious 
problem was the parasitic weed Striga, 
which devastates maize and other 
cereals in parts of Africa. Building on 
earlier work, Center scientists registered 
important gains in developing resistance 
to various insect species, including those 
that destroy grain in storage. In 1997, 
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Colombia released the first maize variety 
tolerant to acid soils.

Better wheat for 
marginal lands
CIMMYT breeders had already worked 
for years on adapting wheat to marginal 
conditions. As a result of this effort, in 
which crosses between ancestral and 
modern wheats played a key role, yield 
potential rose more rapidly in marginal 
than favorable areas – 3 percent annually 

compared to 1 percent – 
during the two decades 
prior to 2000. Veery wheats 
proved to be particularly 
well adapted. To further 
enhance performance in 
marginal lands, Center 
researchers focused sharply 
on tolerance to both heat   
and drought.

As in maize improvement, 
the effort was aided by new 
insights from physiology. By 
the mid-1990s, research 
had confirmed that better 
yields under heat stress 
are closely associated with 
lower temperatures under 
the crop canopy (referred 
to as canopy temperature 
depression, or CTD). 
Since CTD can be easily 
measured, the technique 
showed considerable 
promise for efficient 
selection of heat tolerance.

Other results from this 
research pointed to new 

ways of breaking the wheat yield ceiling 
– an important goal regardless of the 
environment. By the mid-1990s, years 
of painstaking work had resulted in the 
development of a wheat line called Buitre, 
which combined various physiological 
traits shown to be associated with higher 
yield potential. About a decade later, lines 
derived from crosses between wheat and 
one of its wild relatives, goat grass, proved 
capable of 30 percent higher yields under 
severe drought. 

Genetic foundations 
for food security
CIMMYT scientists were well aware that 
genetic resources can supply the stress 
tolerance genes needed to enhance 
crop production in marginal lands. For 
this reason, improved conservation 
and use of these resources became a                       
central pillar of the Center´s work on 
sustainable agriculture.

The Center´s maize collection already 
harbored a large share of the crop´s 
genetic diversity in Latin America. But 
other important resources were held, 
often under poor conditions, in national 
genebanks across the region. To avoid 
irretrievable losses, researchers embarked 
on a major project to rescue collections 
in 14 countries. By 1996, some 7,000 
maize samples had been renewed. The 
International Seed Treaty, approved 
in 2001, provided a much needed 
framework for such efforts, creating new 
arrangements under which international 
seed collections are held in trust for 
humanity and made available to any entity 
worldwide for research and other uses.

Center maize researchers did not limit their 
attention to ex situ maize conservation, 
however. Taking advantage of the Center´s 
location in Mexico, at the center of maize 
diversity, they also embarked in the 
mid-1990s on a major study of in situ 
conservation or farmer management of 
maize landraces. This work recognized 
that the landraces are not static but 
continue to evolve, as farmers adopt 
new varieties, cross them, and select 
for particular characteristics. The project 
studied and supported this important 
process by tracking gene flows and 
providing farmers with training in seed 
selection and storage.

The value of germplasm bank collections 
depends in large part on breeders´ 
success in finding effective ways to use 
genetic resources. One such mechanism 
for wheat involved “synthetic” lines – 
the result of crosses between durum 
wheat and goat grass. These crosses 
reenact or mimic the original cross that 

occurred in nature 10,000 years ago, 
resulting in wheat domestication and 
ancient forms of bread wheat. Synthetic 
wheats provided new sources of genes 
for higher yields, resistance to various 
diseases and tolerance to drought and 
saline soils. They also provided a ready 
means of transferring desirable qualities 
from wild species to improved wheats. 
In search of ways to make better use of 
maize diversity, researchers began using 
sophisticated models in 2001 to identify 
materials with high potential for refinement 
through pre-breeding. 

Weathering 
controversy over 
biotechnology
Expansion of CIMMYT´s work on crop 
genetic resources went hand-in-hand 
with concerted efforts to incorporate 
new tools from biotechnology into maize 
and wheat improvement. It was thus no 
coincidence that a major expansion of 
CIMMYT´s Applied Biotechnology Center 
was completed at the same time as the 
new Wellhausen-Anderson Plant Genetic 
Resources Center in 1996.

Even before then, the Maize Program 
had begun exploring the potential of 
transgenics. This work centered on 
the Bt gene from the soil bacterium 
Bacillus thuringiensis, which controls the 
production of proteins conferring insect 
resistance in transgenic plants. By the 
mid-1990s, Bt cotton and maize had 
been approved for release in the USA, 
and CIMMYT geneticists had achieved 
successful expression of the Bt gene 
for resistance in borers. Despite the 
controversy surrounding transgenics, the 
Center persisted in this work, convinced 
that the enormous benefits of insect-
resistant maize for Africa would far 
outweigh the risks.

When controversy about transgenic 
maize arose in Mexico, CIMMYT 
scientists screened the landraces in 
its maize collection to ensure that no 
transgenics were present and made 
the results publicly available. Showing 
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complete transparency and respect 
for the right of governments and the 
public to make informed decisions about 
new technologies, CIMMYT proactively 
communicated about its transgenic 
projects. Several countries in the region 
sought access to transgenic technologies, 
and safety assessments showed no 
negative effects of Bt maize on human or 
animal health. 

The watershed moment for this work – 
and for biotechnology in Africa generally – 
came during 2004, with the launch of a 
new biosafety greenhouse in Kenya. In 
2005, Kenyan researchers planted the 
first insect-resistant transgenic maize on 
Kenyan soil in confined field trials. This 
was the first genetically modified maize to 
be grown in sub-Saharan Africa outside of 
South Africa.

In early 2004, CIMMYT´s Wheat Program 
also took the historic step of planting a 
small trial of genetically engineered wheat 
in a screenhouse at Center headquarters, 
following strict biosafety procedures. 
Encouraging preliminary results gave rise 
to a follow-up trial, focused on combining 
drought tolerance derived through 
transgenics with conventional sources of 
this trait. A year later, the first-ever field 
trial of transgenic wheat was sown in 

Mexico. Transgenic plants stayed green 
longer under drought, while showing 
cooler canopy temperatures and better 
developed roots.1

Biotechnology at 
work for the poor
For non-specialists, biotechnology is 
often synonymous with transgenics. But 
it encompasses other, noncontroversial 
techniques as well, notably the use of 
molecular markers. Starting in the mid-
1990s, CIMMYT geneticists put these 
tools to work for multiple purposes.

Molecular marker-assisted selection 
for disease resistance in wheat, for 
example, proved capable of cutting by 
nearly half the time involved in developing 
resistant varieties through conventional 
selection. Large-scale molecular genetic 
fingerprinting of maize and wheat also 
became a reality at CIMMYT. This enabled 
curators of the Center´s germplasm bank 
to assess the uniqueness of genetic 
resources more efficiently. In addition, DNA 
fingerprinting helped identify desirable 
genes and incorporate them more quickly 
into improved varieties.

New biotechnology applications proved 
cumbersome in wheat because of 
the crop´s complex genetic makeup. 
Nonetheless, by 1999, wheat geneticists 
were using molecular markers to select 
for resistance to barley yellow dwarf. Soon 

afterwards, they carried out gene mapping 
for resistance to various wheat diseases. 
By 2004 they had identified molecular 
markers linked to several genes for 
resistance to leaf rust, helping broaden the 
crop´s defenses against the disease. 

Against this background, CIMMYT rapidly 
embraced the new field of plant genomics, 
when it emerged at the turn of the century. 
The Center created a bioinformatics unit 
to help analyze the huge amounts of data 
generated by genome sequencing. It also 
moved quickly to lay the groundwork 
for genomics applications, focusing 
particularly on drought and other stresses. 
This work received a strong boost 
from the CGIAR Generation Challenge 
Program, which CIMMYT hosted from 
the program´s start in 2003. In addition, 
the Center joined a cereal genomics 
initiative linking various CGIAR centers 
with US universities. It also entered into 
partnerships with multinational firms, 
aimed at accelerating the use of genomics 
tools for crop improvement. These steps 
put CIMMYT at the forefront among 
public breeding programs in applying 
biotechnology.

In keeping with its strong commitment 
to building national capacity, CIMMYT 
shared its evolving biotechnology 
expertise with partners. During the late 
1990s, for example, the Center helped 
create the Asian Maize Biotechnology 
Network (Ambionet). Focusing initially on 
the development of aluminum toxicity 
tolerance and later on drought tolerance, 
the network served as a platform for 
training and other support in the use of 
molecular markers.

CIMMYT at 50: Keeping Our Commitments

A CIMMYT laboratory technician cuts 
the endosperm from maize seed for 
DNA extraction.

1 To date, no CIMMYT-derived transgenic varieties of maize 
or wheat have been released for seed production or use 
by farmers.



15

Models of 
ecoregional 
collaboration
Given scarce resources for agronomy 
research, CIMMYT partnered with national 
research programs and universities to 
counteract worrisome trends in crop 
productivity, notably in South Asia´s Indo-
Gangetic Plains. The rice-wheat rotation 
practiced across this regional food basket 
covers a total of 12 million hectares and 
provides staple grain for more than 300 
million people. Extensive surveys of the 
system conducted in the early 1990s 
documented a steady decline in the 
productivity of both crops.

To help address this and similar problems 
elsewhere, CIMMYT established a group for 
research on natural resource management 
in 1993. A year later, it helped set up the 
Rice-Wheat Consortium for the Indo-
Gangetic Plains (RWC), which built on 
prior collaboration by bringing together 
two CGIAR centers with national partners 
in five countries. Responsibility for overall 
coordination alternated between CIMMYT 
and the International Rice Research 
Institute (IRRI).

From the start, RWC stood out as a model 
of ecoregional partnership. It provided a 
framework for diverse actors– researchers, 
farmers, input suppliers, farm implement 
manufacturers, and extension experts – to 
share ideas and products. The consortium 
also served as a focus for training, 
workshops, and other knowledge-sharing 
activities, such as traveling seminars. 
Without the innovation network that 
resulted, it is hard to imagine how resource-
conserving technologies could ever have 
been disseminated over such a large area.

Initially, RWC focused on promoting zero 
tillage, which conserves moisture and 
reverses soil degradation. By 1999, the 
practice was being applied on about 70 
percent of the wheat area in Bangladesh. 
By 2002, it had spread to more than 
200,000 hectares in South Asia. Within 
another year or so, this figure had risen to 
about 1.3 million hectares, and by 2006, it 
was at 2.0 million.

In southern Africa, SoilFertNet was  
created in response to the seemingly 
intractable problem of soil fertility decline 
in Malawi, Mozambique, Zambia and 
Zimbabwe. Partners worked together 
to identify and promote best-bet 
technologies for organic and inorganic 
fertilizer use, such as planting grain 
legumes or green manures in association 
with maize. For the development 
and spread of knowledge-intensive 
technologies like these, far-flung and 
inclusive partnerships, involving the use 
of farmer participatory methods, seemed 
especially important.

Innovative 
farmers have 
the last laugh
Zero tillage opened the 
way for introducing other 
resource-conserving 
practices in wheat. One key 
innovation involved sowing 
rows of seed into long, flat 
soil beds. A narrow furrow 
between each bed carries 
irrigation water and allows 
tractor entry for operations 
such as weeding. Devised 
originally by US wheat 
farmers, the practice was 
then introduced in Mexico 
and later South Asia. It soon 
caught on in Northwest 
India and Pakistan, and later 
spread to China and other 
countries.

Research from South Asia showed that 
bed planting, in addition to improving 
crop yields, lowers production costs by 
30 percent through lower use of irrigation 
water, fewer tractor passes and more 
efficient fertilizer use. It also requires far 
less seed than traditional tillage and can 
accommodate several crops grown in 
complex relays and rotations. Particularly 
when permanent beds are used and crop 
residues are left on the soil, the practice 
improves soil fertility and structure, while 
reducing erosion. Another key advantage 
of resource-conserving practices is that by 
reducing the time between harvest of one 

crop and planting of the next, they enable 
farmers to grow an additional crop.

A recurring feature of reports on this work 
are anecdotes from farmers who have 
tried the new practices. At first, neighbors 
laughed at them for “ruining” their land. 
But invariably, the innovators had the last 
laugh, when their neighbors came back 
a few years later, eager to learn how they 
too could grow much more food with far 
less water, fertilizer and fuel.

Smallholders figured prominently among 
the pioneers, including thousands in 
India´s Uttar Pradesh State, who had 

missed out on the Green Revolution. 
Because introducing resource-conserving 
technologies is relatively complex 
compared with the adoption of improved 
seed, wide adoption took years of training 
and persistent engagement with farmers 
and other actors. In 2009, CIMMYT 
soil scientist Ken Sayre became the 
first-ever recipient of the Louis Malassis 
International Scientific Prize, awarded by 
France´s Agropolis Foundation, for two 
decades of work dedicated to promoting 
resource-conserving technologies. This 
was research for sustainability in action – 
the very essence of Green Evolution.



Resource-
conserving practices 
take root in Latin 
America
Latin America is also a productive 
laboratory of innovation in natural resource 
management, as illustrated by farmers´ 
use of bed planting in Northwest Mexico. 
Since the mid-1990s, CIMMYT has made 
a sustained effort to ensure that such 
practices take root across the region. 

In 1994, the Center helped establish a 
network on reduced or conservation tillage 
in Mexico. It also began research on the 
use of this practice in El Salvador and 
neighboring countries to sustain maize 
productivity on sloping soils. CIMMYT 
scientists contributed as well to the 
spread of zero tillage on about 300,000 
hectares in Bolivia´s eastern lowlands. By 
1999, research on this practice for maize 
and wheat had thoroughly demonstrated 
its multiple biophysical benefits in many  
parts of Mexico. 

Adoption of resource-conserving practices 
gained considerable momentum, opening 
the way for new rounds of innovation. 
One path led to conservation agriculture, 
which combines the principles of zero 
tillage, leaving crop residues on the soil 
and efficient crop rotations. Another 
pointed to new practices for fine-tuning 
the application of nitrogen fertilizer, starting 
with wheat in Northwest Mexico. This 
approach promised to lower production 
costs and reduce environmental damage 
caused by leaching of nitrate into the 
water table and nitrous oxide emissions.

Riding the 
information 
revolution
For CIMMYT´s work on crop improvement 
and natural resource management, 
tools made possible by the emerging 
Information Revolution proved highly 
useful. In 1993, the Center created the 
International Wheat Information System to 
facilitate decisions about breeding. That 

same year, the Maize Program developed 
its Agricultural Data Management System 
and began using geographic information 
systems (GIS) to guide research on 
crop management.

New tools and uses for them proliferated. 
In the mid-1990s, for example, the 
Genetic Resources Information Package 
for Wheat was developed. Without 
such information, said one researcher, 
germplasm is “just a pile of seed.”  As the 
development of drought-tolerant maize 
geared up in Africa, GIS maps were 
developed to show which locations require 
maize varieties that escape drought 
through early maturity and which require 
drought tolerance at flowering. 

An important next step was to make such 
tools more readily available to national 
partners – a purpose served by the 
Africa Country Almanac, for example. 
Meanwhile, information technology got 
more sophisticated – as with remote 
sensing to aid the development of 
sustainable cropping practices and a 
computer modeling tool designed to 
simulate decisions about wheat breeding.

Not just more food 
but better food
While focusing sharply on its sustainability 
agenda, with emphasis on reducing 
poverty and environmental degradation, 
CIMMYT warned repeatedly that the 
world´s hold on food security was 
tenuous at best. In the wake of the Asian 
financial crisis of 1998, for example, 
Center economists asserted that in Asia 
particularly, any sense of complacency 
about wheat supplies was misplaced, 
despite high grain stocks and low prices. 
CIMMYT leaders and researchers did 
not spend a lot of time preaching this 
message in policy fora, however. Instead, 
they demonstrated the Center´ views on 
food and nutritional security concretely 
through forceful actions.

One of these grew from a renewal of 
interest in QPM. When national partners 
got the chance to evaluate QPM 
hybrids, they often liked what they saw. 

Recognition of QPM with the World 
Food Prize in 2000 further piqued their 
interest. By 2004, QPM varieties had been 
released in 25 countries of Africa, Asia and 
Latin America. Ethiopian researchers even 
tried incorporating QPM into the country’s 
unique injera bread, while farmers in 
Nicaragua used the enriched maize for 
chicken feed and in China to fatten pigs 
more quickly.

Against this background, CIMMYT 
researchers were receptive to a new 
approach for strengthening nutritional 
security referred to as “biofortification.” 
Its aim was to combat widespread and 
debilitating micronutrient deficiencies 
in human diets (the cause of “hidden 
hunger”) by breeding crops for increased 
content of iron, zinc and provitamin A. 
Such crops would usefully complement 
other approaches, such as vitamin 
supplements and dietary diversification.

To make biofortification work, CIMMYT 
set out in search of genetic variability for 
higher micronutrient content. Preliminary 
results suggested it was to be found 
mainly in landraces and wild relatives. 
Synthetic wheats came in handy once 
again, this time to transfer genes for higher 
zinc into improved bread wheat. The 
CGIAR HarvestPlus Challenge Program, 
launched in 2004, provided a strong 
framework for this work, involving nine 
crops and multiple international centers.

Seed systems in 
extremis
Another series of actions through which 
CIMMYT underlined the urgent necessity 
of shoring up fragile food supplies 
centered on countries in dire straits. In 
many of these trouble spots, security 
of every sort had been compromised, 
including food and nutritional security.

First came the Seeds of Hope initiative 
for Rwanda. The genocide of 1994 and 
ensuing conflict gave rise to fears that 
lost seed supplies would lead to a major 
famine on top of the tragedy from which 
the country was already suffering. In 
response, CIMMYT and other CGIAR 
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centers embarked on a large-scale seed 
relief effort. They resorted to a similar 
formula in the aftermath of Hurricane 
Mitch, which hit Honduras and Nicaragua 
in 1998 (prompting the Seeds of Hope 
project), and following East Timor´s  
bloody independence conflict (Seeds of 
Life in 2002).

CIMMYT undertook longer term initiatives 
in response to the agricultural crisis 
that emerged in Central Asia and the 
Caucasus after dissolution of the Soviet 
Union. The region struggled with its 
transition from state-owned farmers to the 
new market-oriented agriculture. CIMMYT 
and its partners aimed to jump-start 
economic growth by renewing research 
systems and raising wheat productivity. 
The results were especially encouraging 
in Kazakhstan, where farmers widely 
adopted modern wheat varieties and 
resource-conserving technologies.

The Center was also well positioned to help 
reinvigorate agriculture in Afghanistan, after 
the Taliban were removed from power in 
2001. In a country where maize and wheat 
cover 80 percent of the total area sown 
to annual crops, CIMMYT´s training, seed 
supplies and community-based approach 
for testing and selecting new varieties and 
practices proved extremely valuable.

Through this and other work under 
diverse conditions, CIMMYT built strong 
expertise in using participatory methods 
to improve local production and post-
harvest handling of seed. This work was 
informed by insights from major studies 
of the developing world´s maize seed 
industry, conducted in the mid-1990s and 
again about a decade later. They helped 
the Center define how it could contribute 
to making seed systems more effective in 
collaboration with the private sector and 
civil society.

In Bangladesh, for example, CIMMYT 
researchers successfully applied a whole-
family training approach, helping rural 
people benefit from dramatic increases 
in maize production. In the process, they 
used gender analysis to address inequities 
in decision making and technology 
transfer. Since Bangladesh is the world´s 
most densely populated country, this 
experience shed much light on the 
future of developing country agriculture 
generally. The researchers brought a 
strong gender perspective to work in 
Nepal as well, where they promoted 
participatory selection of wheat varieties 
and community-based production of 
maize seed.
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A wheat spike shows symptoms of Ug99 stem rust. 
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Bringing food security within 
reach (2007-2016)

To any astute observer of agriculture 
familiar with the food crisis that had 
preceded the Green Revolution of the 
1960s and 1970s, the series of shocks 
that began to hit the global food system 
about a decade ago must have seemed 
eerily familiar – only worse.

Warning signs
The first sign of trouble came in 2006, with 
the outbreak of wheat stem rust epidemics 
in Ethiopia and Kenya. Caused by a new 
rust strain – Ug99, which scientists had 
identified 7 years before in Uganda – these 
were the first epidemics of the disease 
the world had witnessed in four decades. 
Most of the modern wheat varieties that 
had kept rust at bay were useless against 
Ug99. The danger was that it would 
spread to Asia and wreak havoc with the 
region´s grain supplies.

The stem rust scare set off alarm 
bells, which began to awaken opinion 
leaders around the world from years of 
complacency over agriculture. Another 
severe blow to the global food system 
in 2007 and 2008 had an even more 
sobering effect. In the first major food 
crisis since the 1960s, grain prices in 
global markets jumped to 80 percent over 
their 2005 levels. This sparked food riots 
in 60 major cities across the developing 
world, starting in CIMMYT´s host country. 

The prescient words of Norman Borlaug´s 
1970 Nobel Peace Prize speech hit home 
once again:

If you desire peace, cultivate 
justice, but at the same time, 
cultivate the fields to produce 
more bread; otherwise, there 
will be no peace.

Within a year, good harvests had brought 
prices down, but they remained well 
above their pre-2005 levels. Agricultural 
economists insisted that the crisis was 
not a fluke but rather signaled the start of 
a new era of food price volatility. Indeed, 
by 2012, two more major grain price 
spikes had occurred. It was probably no 
coincidence that the Arab Spring took 
place at a time of rising wheat prices in 
North Africa and the Middle East.

Ongoing price volatility resulted from 
a combination of factors, including 
historically low grain stocks (reflecting 
the inability of productivity growth in 
developing countries to keep pace with 
demand), intense competition between 
food and biofuel uses of grain, frequent 
episodes of extreme weather and growing 
concern that climate change would make 
matters far worse. In 2007, studies of 
major maize and wheat production areas 
suggested that climate change impacts 
would significantly reduce crop yields, 

unless farmers could be supplied with 
more resilient varieties. Another study 
in 2014 found that rising temperatures 
are already affecting wheat production. 
It further concluded that every 1 degree 
Celsius increase in mean temperature 
translates into wheat losses of 6 percent in 
the regions affected.

A new way of 
working
In response to the emerging crisis, 
international support for agriculture 
increased and food security was restored 
to its rightful place on the development 
agenda. Leading figures in the CGIAR 
centers embarked on a campaign of 
advocacy, action and public awareness. 
Meanwhile, CGIAR´s governance bodies 
undertook far-reaching organizational 
reforms. To some observers, this may 
have seemed odd, like giving the 
ambulance a tune-up right in the middle of 
an emergency. But in fact, CGIAR needed 
to be at its best to help fix the broken 
global food system.

CGIAR reforms gave rise to a set of global 
research programs, which channeled the 
work of CIMMYT and 14 other centers 
into more concerted efforts to strengthen 
food and nutritional security, reduce 
poverty, confront climate change and 
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halt natural resource degradation. Given 
the importance of the major cereals in 
achieving these aims, one entire program 
focused on wheat (uniting the efforts 
of CIMMYT, ICARDA, and 200 partner 
organizations) and another on maize 
(bringing together CIMMYT and IITA with 
their many partners).

After nearly two decades of green 
evolution, CIMMYT was exceedingly 
well prepared to lead and contribute. 
Through the MAIZE and WHEAT Programs 
(which were officially launched in 2012) 
and in the run-up to them, the Center´s 
collaborative work registered many new 
achievements. These demonstrated 
convincingly that, with more concerted 
efforts, food security can be brought 
within reach. Center scientists contributed 
importantly to this end through other 
CGIAR research programs as well, dealing 
with climate change, policies, and nutrition 
in agriculture.

An enormous challenge lies ahead: to 
achieve a 60 percent increase in the 
production of maize and wheat as well 
as other staples, so that it keeps pace 
with the rapidly rising demand of a 

global population expected to exceed                 
9 billion by 2050, while helping reverse the 
degradation of natural resources.

Gender-responsive 
research
CIMMYT and its partners will fall short 
of their goals, unless they can change 
the pervasive lack of gender equity in 
developing country agriculture. While 
accounting for 43 percent of the global 
agricultural workforce, women have 
limited access, compared with men, to 
resources and services that are essential 
for enhancing productivity.

To begin closing this gap, research must 
find effective ways to make technical 
innovations more gender responsive. This 
means empowering both women and men 
through approaches such as appropriate 
mechanization and participatory variety 
selection. To this end, both the MAIZE and 
WHEAT research programs have framed 
gender strategies, commissioned external 
gender audits and are incorporating 
the findings into their plans for targeting 
research and achieving impact.

One key observation from the audits is 
that the programs are most successful 
in addressing gender-specific needs 
where scientists on the scene possess 
the knowledge and skills needed to 
incorporate gender into their research. In 
Nepal, for example, MAIZE scientists are 
using a gender equity and social inclusion 
approach to strengthen community-based 
production and marketing of maize seed. 
As a result, women´s associations have 
been sufficiently empowered to negotiate 
pre-planting contracts with private 
companies for seed production.

The challenge now for MAIZE and 
WHEAT is to translate such individual 
project performances into program-wide 
approaches that improve women´s access 
to agricultural inputs and other resources, 
while creating new roles for them as 
knowledge brokers through training.

A scoping study on gender and equity 
in wheat systems of the Indo-Gangetic 
Plains revealed formidable obstacles to 
these goals, starting with the general 
lack of recognition for women´s vital role 
in agriculture. But the study also drew 
attention to a “vibrant social architecture” 
that can do much to reduce gender and 
social exclusion. MAIZE and WHEAT 
researchers can help by linking their 
research more closely with the efforts of 
development agencies to strengthen the 
local partnerships, networks and alliances 
that make up this social architecture.

State-of-the-art 
facilities
In preparation for a new era of impact-
oriented research, CIMMYT secured 
support for major new initiatives and 
the renewal of vital facilities. In 2010, for 
example, a program called MasAgro (for 
Modernization of Traditional Agriculture) 
got underway in Mexico. It encompasses 
an ambitious effort to raise wheat yield 
potential, genomic analysis of genetic 
resources on an unprecedented scale (in 
search of traits such as heat tolerance), 
and massive dissemination of improved 
maize varieties and resource-conserving 
technologies for maize and wheat systems 
across the country. 
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For his contribution to this last component 
of MasAgro, CIMMYT agronomist Bram 
Govaerts received the 2014 Norman 
Borlaug Award for Field Research and 
Application. It recognizes researchers 
under the age of 40 for work that reflects 
and perpetuates Borlaug´s legacy. As 
a result of pioneering efforts led by 
Govaerts, farmers have switched to 
more productive, resource-conserving 
technologies on more than 94,000 
hectares.

In 2012, CIMMYT joined partners in 
creating the Borlaug Institute of South 
Asia (BISA), with the aim of putting greater 
impetus behind regional efforts to achieve 
food security in the face of emerging 

climate change impacts. A year later, 
construction and remodeling of facilities 
was completed at CIMMYT headquarters, 
including a new training center as well 
as state-of-the-art laboratories and 
greenhouses. The Center inaugurated 
a cutting-edge biosciences complex, 
designed to speed the development of 
improved varieties through more precise 
characterization of genetic traits.

While improving facilities for its research 
in Mexico and Africa, CIMMYT also took 
advantage of novel infrastructure created 
by Norway in the Arctic Circle. Starting 
in 2009, the Center has steadily sent 
shipments of maize and wheat seed to 
the Svalbard Global Seed Vault, whose 

purpose is to safeguard collections from 
around the world in the event of future 
catastrophes.

Getting a grip on 
deadly diseases
A top priority for wheat scientists in 
recent years has been to get a grip on 
the new stem rust threat. In 2007, they 
launched the Global Rust Initiative. By 
that time, Ug99 had spread across the 
Red Sea to Yemen. The new initiative 
monitored the pathogen´s advance, began 
developing locally adapted, resistant 
varieties, and put in place a global seed 
testing and distribution system. Norman 

21



Borlaug, in the last 2 years of his long 
and extraordinary life, gave this work 
vocal support and exerted considerable 
influence on its behalf.

Because they are Ug99 hotspots, Ethiopia 
and Kenya have shouldered much of the 
burden for resistance screening. A facility 
was set up for this purpose in Kenya and, 
within a few years, more than 20 resistant 
lines had been identified and disseminated 
worldwide. Eleven resistant wheat lines 
entered Kenya´s National Performance 
Trials and two were released in 2011. 
By 2016, more than 70 Ug99-resistant 
varieties had been released worldwide.

At the time Ug99 was identified, 90 
percent of the global wheat crop was 
susceptible to it. To bolster farmers´ best 
defence against the pathogen, scientists 
have concentrated on reinforcing national 
capacity to produce and deliver seed 
of resistant varieties.  Before long, 
six countries of Africa and Asia were 
producing enough Ug99-resistant seed 
(grown mostly by farmers) to cover at 
least 5 percent of their wheat area – the 
minimum required, in case of a stem rust 
outbreak, to multiply enough resistant 
seed during one season to supply a 
country’s entire wheat area. By 2013, the 
sophisticated RustTracker system was in 
operation, covering 38 countries.

While contending with the stem rust 
threat, scientists must also now confront 
new outbreaks of wheat blast. This 
intractable disease was first detected in 
Brazil during 1985 and by the 1990s had 
spread to millions of hectares. Fears that 
it would eventually reach Asia were fulfilled 
in 2016, when researchers confirmed 
a severe blast infection in Bangladesh. 
Through nearly three decades of research 
on this disease, CIMMYT scientists had 
already developed some tolerant cultivars. 
But all of the wheat varieties currently 
grown in Bangladesh are susceptible. 
The urgent tasks at hand are to develop 
new resistant varieties and other control 
measures, while gaining a better 
understanding of disease occurrence in 
Asia – all of which will be facilitated by the 
global Wheat Blast Consortium, which 
CIMMYT helped set up in 2011.

Maize scientists are contending with 
new disease threats as well.  One is 
maize lethal necrosis (MLN), which was 
first reported during 2011 in Kenya 
(where it claimed 10 percent of the 
maize harvest) and soon spread to six 
neighboring countries. Using a special 
facility established in Kenya with CIMMYT 
support, private seed companies and 
national research programs began 
screening their best lines and hybrids     
for resistance. A quarantine facility was  
set up in Zimbabwe during 2015 to 
prepare for possible spread of MLN into 
southern Africa.

The other threat comes from the tar spot 
complex, an emerging disease of maize in 
Mexico and Central America. It too elicited 
a rapid response from CIMMYT and its 
partners, resulting in the development 
of several resistant hybrids and the 
identification of resistant landraces for 
smallholders in remote regions.

To give farmers a 
fighting chance
Fending off multiple disease disasters in 
different regions of the developing world 
is a job that CIMMYT performs extremely 
well. This work demonstrates with 
particular clarity why having the Center 
as an international ally is so vital for maize 
and wheat producing countries in the 
developing world.

Over the years, CIMMYT has become 
quite good at a lot of other things, too. 
And this is evident from the formidable 
array of new technologies that the 
Center and its partners have been able 
to mobilize through the MAIZE, WHEAT, 
and other CGIAR programs. Especially 
prominent in the brief inventory that 
follows is the continuing flow of hardy crop 
varieties and smart practices that give 
farmers a fighting chance in the face of 
heat, drought, and other stresses.

Rising use of improved wheat – 
A global study on the impacts of 
international collaboration in wheat 
research during 1994-2014 found that 
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varieties derived from the work of CIMMYT 
and ICARDA cover more than 100 
million hectares. The yearly value of the 
additional grain produced ranges from 
US$2.2 to $3.1 billion (in 2010 dollars) per 
year. With annual funding of $30 million, 
this represents a return of investment of     
73:1 to 103:1.

A hole in the wheat yield ceiling – 
A new generation of wheat lines crossed 
and selected on the basis of their 
superior physiological traits has shown 
a 10 percent yield advantage over other 
improved wheats in international trials. The 
lines provide proof of concept for a novel 
approach that builds on revolutionary 
developments in phenomics. Involving the 
use of techniques such as remote sensing 
of plant temperature, this approach seeks 
to discover gene combinations that 
improve heat and drought tolerance.

Faster paced, more precise crop 
breeding – CIMMYT maize researchers 
will soon complete a set of big data and 
informatics tools, which they expect to 
increase the pace of genetic gain for key 
traits. The new tools greatly facilitate the 
use of data coming from high-throughput 
genome sequencing and phenomic 
analysis. In parallel efforts, the scientists 
have also deployed molecular markers for 
valuable traits, such as resistance to maize 
streak, and also used them to enhance 
the efficiency of double haploid selection, 
an approach that cuts the time required 
for variety development. WHEAT supports 
precision phenotyping in Ethiopia, India, 
Kenya, Tunisia and Uruguay and will 
establish more of these to screen for 
key traits.

Drought-tolerant maize for 
Africa – By 2015, more than 200 
tolerant hybrids and OPVs had been 
released in 13 countries and were being 
sown on an estimated 2.3 million hectares, 
benefiting nearly 6 million rural households 
with a total of 30 to 40 million people. A 
2009 ex ante impact study projected that 
these varieties would generate cumulative 
economic benefits worth nearly US$1 
billion during 2007-2016. 



Heat-tolerant maize for Asia – 
Demand for maize used mainly as 
livestock feed is expected to increase 
enormously in the coming decades. But 
regional production is unlikely to keep 
pace unless farmers have heat-tolerant 
varieties that can withstand climate 
change impacts. Twenty new maize 
populations are undergoing molecular 
marker-assisted selection in Asia for 
improved performance under heat stress.

More nutritious food for all – 
Testing and adoption of QPM has 
continued around the world. Among the 
most recent converts is Bhutan, where, in 
addition to delivering nutritional benefits, 
QPM provided the genetic solution to 
a devastating disease outbreak. Crop 
biofortification has also advanced 
and prospered. After a decade of 
development, the first high-zinc wheat 
variety was released in Pakistan during 
2015. Five African countries have released 
maize varieties rich in provitamin A, and 
seed was also supplied to West African 
nations affected by the Ebola outbreak.

More resilient wheat-based 
cropping systems – Recent years 
have seen much further progress in 
the spread of practices that can make 
South Asia´s rice-wheat rotation more 
efficient and more resilient in the face of 
climate change. This builds on decades 
of painstaking effort to promote practices 
such as zero tillage and permanent bed 
planting. The use of another resource-
conserving practice, precision laser land 
leveling, has spread to more than 1.5 
million hectares, according to a 2014 
study. This practice enables farmers to 
lower their use of irrigation water by 30 
percent, while raising the yields of wheat, 
rice, and other crops by 6 percent.

Farmer innovation hubs for 
sustainable intensification – In the 
last few years, CIMMYT´s longstanding 
research on cropping systems has 
been organized around the concept of 
sustainable intensification, put forward by 
the 2013 report of the Montpellier Panel. 
Increasingly, Center researchers work 
toward this goal through dozens of local 

“innovation hubs” involving thousands 
of farmers, with strong emphasis on 
mainstreaming gender perspectives. The 
MAIZE program has established such 
hubs in six countries of eastern and 
southern Africa to promote the adoption 
of new varieties and maize-legume 
intercropping.

Small-scale mechanization – For as 
long as CIMMYT has promoted resource-
conserving technologies in South Asia and 
elsewhere, Center scientists have provided 
technical backstopping for private-sector 
manufacturing of appropriate machinery, 
such as the zero-tillage multi-crop planter. 
In recent years, this work has evolved into 
a broader effort to facilitate technological 
change and reduce drudgery (especially 
for women) through small-scale 
mechanization. CIMMYT has introduced 
the two-wheeled tractor from Bangladesh, 
for example, to Ethiopia, Kenya and 
other African countries, where the use 
of conventional tractors and implements 
has stagnated or even declined. A key 
challenge for this work in Africa and other 
regions is not just to identify or develop 
machinery that matches farmers´ needs 
but to devise commercial models for 
making it widely available to empower 
both men and women.

Country 
commitments
All of the innovations described above 
are a result of CIMMYT´s global research 
networks, which it nurtures both from 
headquarters and through its various 
regional programs. Within this wide 
framework, the Center has shown 
remarkable success over the years in 
making the maize and wheat sectors 
of specific developing countries more 
dynamic. This is the result of concerted 
action to strengthen local scientific 
capacity and international collaboration.

According to a recent study on the 
benefits of CIMMYT´s partnership with 
China, for example, this work has 
added as much as 10.7 million tons of 
grain – worth US$3.4 billion – to national 
wheat output. Similar collaboration in 
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Ethiopia, sub-Saharan Africa´s biggest 
wheat producer, has helped the country 
more than double its production in a 
decade, mainly through the adoption 
of higher yielding, disease-resistant 
varieties together with improved cropping 
practices and more supportive policies. 

The Center has also undertaken major 
efforts to revitalize agricultural innovation 
in Pakistan. One recent result consists 
of nutritionally enriched maize hybrids, 
which reduce the need for imported 
hybrids while helping combat high levels              
of stunting in children.
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CIMMYT technician Michael Kimani 
at work on DNA molecular analysis of 
maize breeders’ samples in a laboratory 
run jointly by CIMMYT and the Kenya 
Agricultural and Livestock Research 
Organization (KALRO).
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Building momentum in maize 
and wheat science

According to conservative estimates, 
CIMMYT´s collaborative work generates 
annual benefits for farmers and consumers 
worth as much as US$4 billion, far 
exceeding the investment. This is a very 
encouraging outcome from 50 years of 
dedicated, problem-solving research. As 
the Center realized 25 years ago, however, 
even such large development impact 
provides no grounds for complacency. 
This lesson has been further reinforced 
by the recent return of price volatility to 
the global food system and the negative 
impacts of climate change on agriculture.

The course to a 
better future
In the wake of the 2008 food price crisis, 
CIMMYT scientists have registered 
many new research achievements that 
bring food security within reach, despite 
formidable challenges. Now is the time 
to build momentum in maize and wheat 
science, so that it can help developing 
countries meet those challenges 
successfully and banish hunger and 
poverty for good. With this in mind, 
CIMMYT has prepared an appealing and 
proactive strategic plan for the period 
2017-22.

Subtitled “Improving Livelihoods through 
Maize and Wheat Science,” the strategy 
paints a troubling picture of the world 
today, in which political instability and 
mass migration are made worse by fragile 
food systems and fraying environments. 
But the strategy also projects a positive 
vision of the role CIMMYT can play in 
making the world far better for farmers 
and consumers.

To this end, CIMMYT will pursue five 
strategic goals centering on research 
impact, genetic gains, stress-tolerant 
varieties, sustainable intensification, 
and nutritional and processing quality. 
The Center´s research will contribute 
importantly to CGIAR´s strategic goals – 
improving food and nutrition security, 
reducing poverty and improving natural 
resource management – and is also 
highly relevant to many of the Sustainable 
Development Goals (SDGs) approved in 
late 2015 by the General Assembly of the 
United Nations.

The strategy goes on to explain how 
CIMMYT will maximize the development 
impact of its research, with emphasis 
on scientific excellence, organizational 
efficiency, strong partnerships and 
consolidated efforts to strengthen national 

research capacity. Next, the plan sets out 
key objectives that will guide institutional 
priorities. Finally, it explains how the Center 
will go about funding and implementing 
the strategy, monitoring progress and 
periodically adjusting its course.

The fabric of change
CIMMYT´s new strategic plan draws 
together multiple threads of research 
that reach far back into the Center´s 
50-year history. Prominent among these 
are the ongoing battle against maize and 
wheat diseases, remarkable successes 
in reducing these crops´ vulnerability 
to drought and heat, pioneering efforts 
to enhance their nutritional value, the 
unceasing quest for valuable genes in 
germplasm collections, potent applications 
of new tools from biotechnology and 
informatics and the hard slog to promote 
resource-conserving practices that are 
essential for sustainable intensification.  
Together, these threads provide the 
necessary scientific support for making 
maize and wheat systems more 
productive, sustainable and resilient, 
offering better livelihoods for the billions of 
people who depend on them.
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The strategy contains relatively new 
elements as well, which derive from 
recent work and show great promise 
for strengthening the central threads of 
CIMMYT´s research. One of the newer 
aspects is a focus on maize and wheat 
agri-food systems, encompassing whole 
value chains – from the genetic makeup 
of these crops to the management of 
resources on which their production 
depends and the nutritional quality of the 
products that land on consumers´ plates. 
This perspective will better orient research 
not only for solving specific problems 
but for changing whole systems, so they 
deliver more for people while taking less 
from the land.

Other new elements in CIMMYT´s strategic 
plan consist of various cross-cutting 
threads, which can help extend the 
reach and development impact of Center 
science. One cross-cutting task involves 
the application of big data analytics to 
unlock genetic diversity, accelerate genetic 
gains, and enhance the power of decision 
support. With the aim of making this 

support readily available to farmers and 
extension workers, Center scientists will 
build on current work with new information 
and communications technologies to 
provide real-time, site-specific advice 
on crop management and other issues, 
while also opening up new channels for 
feedback. In a determined effort to remove 
gender gaps that hinder progress across 
the maize and wheat agri-food chains, 
CIMMYT will ensure that gender analysis 
is a regular feature of its field research 
and will develop tools and guidelines for 
reducing gender differences with respect 
to the control of assets, access 
to information and participation in 
decision making.

The test of time
The Green Revolution of the 1960s 
and 1970s, as stated early on in this 
document, bought time for CIMMYT to 
create some of the necessary conditions 
for a more definitive triumph over chronic 
hunger in developing countries. Any 

rigorous assessment of the Center´s work 
over the last 50 years must conclude that 
it invested this time (and donor funding) 
very wisely, yielding a wealth of results that 
represent hope for the approximately 800 
million people who are still desperately 
poor and hungry. 

Now, CIMMYT and other organizations 
engaged in research for development face 
a new test of time. In an unprecedented 
display of solidarity with the world´s 
vulnerable people and places, 150 world 
leaders recently approved a development 
agenda that puts sustainability at the 
center of global action. The SDGs call for 
a world without hunger and poverty by 
2030 and for further measures (on gender 
equality, climate change, and other issues) 
aimed at translating the sustainability 
paradigm into standard practice for 
human societies everywhere. 

CIMMYT is well prepared for this new test 
and will deliver on its commitments until 
the job is done.
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