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Masa Iwanaga: His legacy to CIMMYT, 2002-2008
Three decades of research into drought tolerant maize by CIMMYT and 
a very strong set of partnerships has made a difference in the lives of 
African farmers. In recognition of that achievement, the CGIAR conferred 
on CIMMYT the 2006 King Baudouin Award, here received by Director 
General, Masa Iwanaga. Having led CIMMYT since 2002, Iwanaga 
will leave the position in early 2008. His accomplishments include 
restoring the financial health of the Center following a severe crisis 
and maintaining its scientific excellence, relevance, and partnerships 
during difficult times, ensuring that CIMMYT continued to deliver on its 
humanitarian mission. (From left to right: left to right: Kathy Sierra, 
CGIAR Chair; Frans van Daele, Belgian Ambassador to the United States; 
Masa Iwanaga; Marianne Bänziger, Director of CIMMYT’s Global Maize 
Program and Paul Wolfowitz, 10th President of the World Bank Group.)



limate change models 
generally suggest that rising 
temperatures and seas, 

fresh-water shortages, desertification, 
and weather extremes will severely 
affect developing countries. Under 
global warming scenarios, cereal 
grain yields and quality in many 
developing countries are expected to 
decline, nitrogen leaching and soil 
erosion could intensify, and land and 
water resources for food production 
will degrade. Policies promoting 
biofuels in industrialized nations are 
leading to increases in international 
food prices, reduced food security, 
and heightened pressure on natural 
resources in developing countries. 
Governments, farmers (particularly 
smallholders), and poor consumers 
will have trouble coping.

Climate change, 
agriculture, and global 
security

CIMMYT is working with partners 
worldwide to mitigate these and 
other effects of climate change on the 
poor in developing countries. The 
efforts will help maize and wheat 
farmers to increase productivity 
using tomorrow’s limited land 
and water resources and to deal 
with environmental and market 
instabilities. 

The weather forecast? Harvests 
drizzle, prices heat up
Climate vulnerability in developing 
world regions like Africa is already 
high (see figure, p.2). Studies for major 
maize and wheat production areas 
in key parts of the developing world 
suggest that changes in temperature, 
growing season length, and rainfall 
patterns will significantly reduce crop 
yields, challenging farmers’ ability to 
make a living and affecting regional 
food security and livelihoods. 
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Maize in sub-Saharan Africa and 
Latin America. In their 2003 study,1 
CGIAR scientists Peter G. Jones and 
Philip K. Thornton took outputs from 
leading climate simulation models 
and data from various sources, 
including the Intergovernmental 
Panel on Climate Change and the 
Food and Agriculture Organization 
world soil maps, to simulate the 
growth, development, and yield of 
maize crops over sub-Saharan Africa, 
Central America, and South America. 
The results showed an aggregate 
yield decline by 2055 for smallholder 
rainfed maize production of 10%, 
representing an annual economic loss 
on the order of US $2 billion. Even 
more critical for poverty, the authors 
say this figure masks enormous 
regional and local variation in 
subsistence farming systems, 
particularly in the many settings 
where maize stover is fed to livestock 
in the dry season. Follow-up research 
for sub-Saharan Africa,2 based on 
projected temperature increases and 

changes in rainfall patterns, suggests 
that by 2050 the cropping season will 
shorten in many parts of the region. 
Under one of the study’s scenarios—
that of rapid economic growth and 
globalization driving a continued, 
significant rise in temperature—
drought becomes ever more likely 
by mid-century, causing failed 
crops and making maize farming 
untenable in key maize production 
areas of eastern and southern Africa. 

Wheat in the heat. If maize, which 
evolved under tropical conditions, 
will be challenged by rising 
temperatures, researchers are saying 
that wheat, a crop which traces its 
origins to temperate climes, will 
suffer even more serious effects. 
In fact, this is occurring even now. 
Studies in the Yaqui Valley3 of 
northern Mexico have demonstrated 
that high wheat yields in tropical 
areas are strongly associated 
with low average temperatures—
especially minimum temperatures—

and high radiation levels around the 
time the crop flowers. Rising world 
temperatures would make many 
current, important wheat areas too 
hot for the crop. 

A recent CIMMYT study4 details 
possible climate shifts in the Indo-
Gangetic Plains of South Asia, a 
region of 13 million hectares that 
extends from Pakistan across 
northern India, Nepal, and 
Bangladesh. The area is home to 
more than one-fifth of humanity 
and accounts for 15% of the world’s 
wheat production. Much of the region 
is currently classed as an irrigated, 
high-potential wheat production 
environment. According to the study, 
by 2050 more than half of its area 
may become heat-stressed for wheat, 
with a significantly shorter season for 
the crop. If farmers continue to use 
current wheat cultivars and farming 
practices, the region’s productivity 
will drop dramatically. Dwindling 
water supplies for South Asia, the 
North China Plain, and many other 
irrigated wheat zones worldwide will 
make the situation even more critical. 

Harvesting energy or food? Faced 
with the high economic, political, and 
environmental costs of petroleum 
products, China, Europe, India, 
Japan, the USA, and other states have 
committed to ambitious targets for 
using biofuels to meet future energy 
needs. Bioethanol accounts for nearly 
90% of biofuel production. Most 
comes from maize grain or sugarcane, 
but producers will increasingly use 
cellulose, such as straw, stover, and 
other crop biomass. Price hikes for 
biofuel crops, plus the displacement 

1  Jones, P.G., and P.K. Thornton. 2003. The potential impacts of climate change on maize production in Africa and Latin America in 2055. Global Environmental Change 13:51-59.
2  Thornton, P.K., P.G. Jones, T. Owiyo, R.L. Kruska, M. Herrero, P. Kristjanson, A. Notenbaert, N. Bekele, and A. Omolo, with contributions V. Orindi, B. Otiende, A. Ochieng, S. Bhadwal, K. Anantram, S. Nair, V. 

Kumar, and U. Kulkar. 2006. Mapping Climate Vulnerability and Poverty in Africa. Report to the Department for International Development, UK. Nairobi: International Livestock Research Institute (ILRI). 
3  Lobell, D.B., Ortiz-Monasterio, I., Asier, G.P., Matson, P.A., Naylor, R.L., Falcon, W.P., 2005. Analysis of wheat yield and climatic trends in Mexico. Field Crops Research 94:250-256.
4  Reference for “Wheat beats the heat.”
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Stress tolerant crop varieties. 
Improved maize varieties that 
tolerate drought, heat, and low soil 
fertility will help maize farmers in 
stress-prone areas to obtain better 
harvests under dry conditions and 
higher temperatures. The Center 
earned the 2006 King Baudouin 
Award for its work on stress 
tolerant maize with partners in 
sub-Saharan Africa. Efforts there are 
based on a method developed over 
a decade at CIMMYT in Mexico, 
with support from the United 
Nations Development Program.5 
Rather than selecting exclusively 
under well-fertilized, well-irrigated 
conditions, as was done previously 
worldwide, CIMMYT and national 
breeders prioritized the major 
stresses found in farmers’ fields—
drought, low soil fertility, insect 
pests, acid soils—and replicated 
them on breeding stations. In 
southern Africa alone, enough seed 
of new, stress tolerant varieties has 
been produced to sow two million 
hectares. The work has received 
added impetus through funding in 
2006 from the Bill & Melinda Gates 
Foundation, and is being extended 
to Asia and Latin America. 

The Center has also developed 
wheats that are better at using 
available water to produce grain. 
Experimental varieties derived 
from crosses between wheat 
and goat grass, one of wheat’s 
wild relatives, produced up to 
30% more grain than their wheat 

parents, in tests over two years 
under tough dryland conditions.6 
In more recent experiments, this 
type of wheat outyielded its pure 
wheat parents by 18% under both 
irrigated and droughted conditions, 
due in part to an increased ability to 
take up water from greater depths, 
superior water use efficiency, and, 
possibly, improved early vigor that 
increases ground cover and thereby 
conserves soil moisture.7 These 
wheat varieties can help farmers 
in irrigated areas, where water is 
growing scarce, as well as resource-
poor farmers who grow the crop 
under rainfed conditions for food, 
income, and livestock fodder. They 
are being used in breeding programs 
worldwide, and their derivatives are 
being released to farmers in China 
and highland Ecuador. Meanwhile, 
CIMMYT scientists are seeking 
and testing new sources of drought 

of food and feed crops, is driving 
up basic food grain costs. This 
creates opportunities for some cereal 
producers, but risks for consumers, 
including small-scale farmers in 
developing countries. Over the last 
year, the world prices for maize 
and wheat have soared. It takes 240 
kilograms of maize grain— roughly 
equivalent to the average yearly 
per capita consumption of the crop 
in Malawi—to produce enough 
ethanol (100 liters) to fill the tank 
of a single sports utility vehicle. In 
Mexico escalating maize tortilla prices 
spurred a fierce public outcry. Food 
price inflation affects everyone, but 
the poor suffer most, as they spend 
a large portion of their income on 
food. Whereas increasing use of 
biofuels may reduce greenhouse gas 
emissions, intense biofuel cropping 
could also threaten water tables and 
degrade soils in many areas. Who will 
win and who will lose from biofuel 
expansion requires further study. 

A basis for hope? 
The above serves to illustrate how 
the world’s food production and 
environmental trends could lead to 
widespread crises and instability. 
Researchers in many quarters are 
working to better understand climate 
change, finding and promoting ways 
to slow the rise in temperatures 
and to mitigate negative impacts. 
CIMMYT helps resource-poor maize 
and wheat farmers secure food and 
livelihoods in changing economies 
and environments, developing 
resilient, resource-conserving 
cropping systems and practices, 
maize and wheat varieties that 
withstand heat and drought, risk-
reducing livelihood strategies for 
people who grow those crops, and 
support to partners worldwide in 
related work. 

5  Bolaños, J., and G.O. Edmeades. 1993a. Eight cycles of selection for drought tolerance in lowland tropical maize. I. Responses in yield, 
biomass and radiation utilization. Field Crops Res. 31:233-252.

      Bolaños, J., and G.O. Edmeades. 1993b. Eight cycles of selection for drought tolerance in lowland tropical maize. II. Responses in 
reproductive behavior.  Field Crops Res. 31:253-268.

      Bolaños, J., G.O. Edmeades, and L. Martinez. 1993. Eight cycles of selection for drought tolerance in lowland tropical maize. III. 
Responses in drought-adaptive physiological and morphological traits. Field Crops Res. 31:269-286.

6  CIMMYT. 2001. No more parched wheat fields. In CIMMYT in 2000-2001. Global Research for Local Livelihoods, p. 31. Mexico, D.F.
7  Reynolds, M., F. Dreccer, and R. Trethowan. 2007. Drought-adaptive traits derived from wheat wild relatives and landraces. Journal of 

Experimental Botany 58(2): 177-186.



tolerance from gene bank collections 
and other wheat or grass species, 
including wheat landraces brought 
to Mexico by Spanish colonizers 
and grown for centuries under dry 
conditions. 

CIMMYT breeders have worked 
for nearly two decades to develop 
heat tolerant wheat. They have 
identified key physiological traits 
associated with higher yields in heat-
stressed environments, including 
low canopy temperatures and high 
leaf chlorophyll content during 
grain filling.8 Partly as a result of the 
development and release of improved, 
stress tolerant varieties by CIMMYT 
and partners, wheat yields improved 
2-3% per year in dry and heat stressed 
environments in developing countries 
during 1979-1995.9 

Saving soil, water, money. 
Fundamental changes in farming 
practices will be central to getting 
maximum benefits from improved 
maize and wheat and to addressing 
and mitigating climate change. 
CIMMYT has studied and fostered 
testing and adoption by farmers 
of various resource-conserving 
practices—including conservation 
tillage and keeping a crop residue 
cover on the soil—to save food 
production costs and resources, and 
maintain or improve soil quality. 
A long-term field experiment 
begun in 1991 in Mexico’s central 
highlands involves maize and wheat 
rotations and varied tillage and 
residue management methods, all 
under entirely rainfed conditions. 
Results suggest considerable benefits 
from zero-tillage, if residues from 
preceding crops are kept on the soil.10 

The Rice-Wheat Consortium (RWC) 
for the Indo-Gangetic Plains, 
an award-winning partnership 
organized by CIMMYT, has fostered 
the adoption of conservation tillage 
to sow wheat after rice by farmers 
on nearly 2 million hectares in 
South Asia. The practice results in 
a net savings of 50 liters or more of 
diesel per hectare, greatly reduced 
water use, and lower CO2 emissions. 
These and other practices being 
tested by farmers (for example, 
sowing on permanent, raised beds) 
provide a better soil cover, moderate 
soil temperatures, and reduce the 
evaporation of irrigation water. 

Fertilizer is another resource whose 
efficient use can improve crop 
productivity and reduce greenhouse 
gas emissions and other damage to 
the environment. With the Center’s 
help, wheat farmers in irrigated 
zones of Latin America and South 
Asia are testing use of infrared 
sensors to fine-tune fertilizer 
amounts, timing, and application 
methods. This saves money for 
farmers and cuts emissions of nitrous 
oxide, a gas with some 300 times 
the greenhouse effects of carbon 
dioxide. Research to date also 
supports the hope of using wheat’s 
grassy relatives as a source of genes 
to inhibit soil nitrification and the 
associated release of nitrous oxide. 

For maize, CIMMYT is promoting 
conservation tillage and residue 
retention with smallholder maize 
farmers in Mexico and sub-Saharan 
Africa to improve soil health and 
to capture and preserve precious 
rainfall. In Africa, work focuses on 
Malawi, Tanzania, Zambia, and 
Zimbabwe; countries where small-
scale, maize-based farming systems 
provide food and livelihoods for 
millions but degrade soils. Farmers 
have tested the improved practices 
for several years and generally like 
the cost savings and improved soil 
moisture. There are still multiple 
challenges to adoption—for example, 
livestock are often a key part of 
livelihood strategies in Africa, and 
crop residues fetch a better price as 
cattle fodder than as a soil cover. 
Experts also predict that a move 
to biofuels based on cellulose will 
eventually raise the price of maize 

8  Reynolds, M.P., Singh, R.P., Ibrahim, A., Ageeb, O.A.A., Larque-Saavedra, A., Quick, J.S. 1998. Evaluating the physiological traits to complement 
empirical selection for wheat in warm environments. Euphytica 100:85-94.

9  CIMMYT. 2001. Wheat yield potential increasing in marginal areas. In CIMMYT in 2000-2001. Global Research for Local Livelihoods, p. 33. Mexico, D.F.
10  Govaerts, B., K.D. Sayre, and J. Deckers. 2005. Stable high yields with zero tillage and permanent bed planting? Field Crops Research 94:33-42.
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and wheat stalks and straw, giving 
farmers greater reason to remove 
and sell those crop residues. Studies 
are needed to determine the precise 
amounts of residues required to 
maintain soil quality and, conversely, 
how much can safely be removed in 
either irrigated or rainfed settings. 

Socioeconomic research, 
knowledge-sharing. Resource-
efficient crop varieties and 
knowledge-intensive, conservation 
agriculture farming practices must 
be properly tested by scientists 
and with farmers. Participatory 
and socioeconomic research by 
CIMMYT supports such efforts, 
as in the case of the RWC or work 
on stress tolerant maize for sub-
Saharan Africa. It also elucidates 
economic and policy issues relating 

to climate change and developing 
world agriculture. For example, a 
recently-completed series of studies 
on maize production in marginal 
areas of seven Asian nations is 
serving as a baseline against which 
to gauge changes and devise 
interventions.11 Addressing new 
climate conditions will require 
complex policies and adjustments at 
many levels in developing country 
agriculture. Many players in maize 
and wheat market chains could 
benefit from reliable information on 
the economic opportunities and risks 
associated with biofuel expansion. 
Socioeconomics knowledge will help 
guide the use of Center resources 
best to catalyze relevant change 
among a wide range of stakeholders 
and partners. 

CIMMYT can develop and share 
information dissemination products/
systems about climate change for 
farmers, policy makers, and others in 
agricultural market chains. This will 
be crucial, given that farmers will 
need to apply knowledge-intensive 
practices such as increased cropping 
diversification, use of rotations to 
manage pests and pathogens, and 
generally more robust systems that 
provide insurance against risks and 
shocks from climate extremes. 

Information technology and 
monitoring systems. Building on 
linkages within the center’s global 
maize and wheat nursery systems 
and geographic information system 
capacity and partnerships, it will be 
possible to form networks that allow 
researchers to follow and anticipate 
the movement of pathogens, pests, 

11  Available through the CIMMYT web page (www.cimmyt.org) in “Publications/Catalog/Maize production systems.” 
12 World in Transition: Climate Change as a Security Risk. German Advisory Council on Climate Change. Summary report for policy makers 

available at www.wbgu.de. as of 29 May 2007. The full report will be published by Earthscan Publications Ltd. London in spring 2008.
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and invasive species and share 
the information with relevant 
stakeholders. For example, CIMMYT 
characterizations of heat-stressed 
wheat environments are being 
refined using spatial analysis and 
climatic factors identified through 
multi-location trials in those 
environments.

No security without food security
It is already clear that the security 
and quality of life of affluent nations 
are closely tied to conditions and 
events in the developing world. A 
2007 report by the German Advisory 
Council on Climate Change,12 
states that “…without resolute 
counteraction, climate change…
could result in destabilization and 
violence, jeopardizing national 
and international security to a new 
degree.” Falling agricultural yields 
would block development and 
heighten poverty, thereby increasing 
the risk of conflicts. Decades prior to 
that report, CIMMYT wheat breeder 
and 1970 Nobel Peace Laureate, 
Norman Borlaug, said roughly the 
same thing in these terms: “If you 
desire peace, cultivate justice, but at 
the same time cultivate the fields to 
produce more bread; otherwise there 
will be no peace.”

Now and in the future, CIMMYT 
contributes to global security and 
peace by improving the food security 
and livelihoods of those who depend 
on maize and wheat farming in 
developing countries.



Science to 
benefit the 
disadvantaged: 
Flagship 
products
 

CIMMYT puts cutting-edge          
 science at the service of   
 developing country farmers, 

offering them better food security 
and livelihoods through nine 
flagship products encompassing 
maize, wheat, research tools, 
cropping systems, and capacity-
building. The pages that follow (see 
page numbers in parentheses below) 
highlight recent Center efforts and 
achievements for each product, 
describing how we seed innovation 
through science and nourish hope 
through its application to benefit 
disadvantaged farmers. 
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Stress tolerant maize (p. 8). Maize in 
developing countries is commonly 
grown under highly-variable, stress-
prone conditions by impoverished 
farm households. To enhance their 
food security and livelihoods and 
help protect the environment, 
CIMMYT develops maize that 
naturally withstands drought, poor 
soils, pests, and diseases.

Specialty maize for sale (p. 10). 
CIMMYT is working with partners 
to offer maize farmers in developing 
countries new income-generating 
options through specialty traits, 
value addition, or multi-purpose 
uses of maize. Bio-fortified maize 
and wheat. In work with HarvestPlus 
and partners worldwide, CIMMYT 
is developing improved, high-
yielding maize whose grain contains 
enhanced levels of essential amino 
acids, provitamins A, iron, and zinc, 
and improved, high-yielding wheat 
whose grain contains enhanced levels 
of bioavailable iron and zinc.

Bio-fortified maize and wheat 
(p. 12). In work with HarvestPlus 
and partners worldwide, CIMMYT 
is developing improved, high-
yielding maize whose grain contains 
enhanced levels of essential amino 
acids, provitamins A, iron, and zinc, 
and improved, high-yielding wheat 
whose grain contains enhanced levels 
of bio-available iron and zinc.

Water-use efficient wheat with 
good grain quality (p. 14). Water-
productive wheat varieties now 
under development will address the 
needs of farmers in irrigated areas, 
where water is growing scarce, and 
of resource-poor farmers who grow 
the crop under rainfed conditions to 
obtain large portions of their daily 
calories, basic income, and fodder for 
livestock. They will feature improved, 
consumer-oriented grain quality.

Rust resistant wheat (p. 16). 
CIMMYT is developing a new 
generation of stable, resilient, and 
profitable varieties that possess 
durable resistance to the rust 
diseases, one of the most significant 
and ever-present threats to wheat 
production worldwide.

New traits through gene discovery 
(p.18). The center is applying 
cutting-edge bioscience to identify 
useful genes in its seed collections 
and other maize and wheat genetic 
resources. The work will also produce 
structured, well-characterized sets 
of experimental varieties; internet-
based information management and 
decision-support systems; useful 
genetic stocks, lines, gene pools, 
genetic mapping populations, and 
mutant stocks—all freely available for 
breeding programs of CIMMYT and 
partners worldwide. 

Improved methodologies and tools 
for genetic improvement (p. 20). 
CIMMYT is developing and testing 
new methodologies and tools to 
enhance its breeding efforts and 
those of partners: molecular genetic 
fingerprinting, marker-assisted 
selection, double haploids, genetic 
transformation, advanced biometrics, 
simulation models, and integrated 
knowledge-sharing systems.

Resource-conserving practices for 
maize and wheat cropping systems 
(p. 22). In line with the principles of 
conservation agriculture, the center 
is studying and promoting practices 
that foster more efficient and 
sustainable use of farm inputs, lower 
production costs, better management 
of crop pests and diseases, and 
enhanced cropping system diversity 
and resilience.

Capacity building (p. 24). CIMMYT 
is well-known for its practical 
courses in maize and wheat science 
and for imparting a pragmatic, 
egalitarian ethos in research and 
extension. It also provides technical 
and policy analyses promoting 
food and income security, and is 
helping emerging seed production 
entrepreneurs and fostering effective 
linkages among key players in maize 
and wheat commodity chains.



Stress tolerant maize
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  ccording to Paul Okong’o,                 
retired school teacher and 
leader of Technology

Adoption through Research 
Organizations (TATRO), Ochur 
Village, Western Kenya, farmers first 
disliked the maize whose seed he 
and group members are producing. 
“It has small grains, and they 
thought this would reduce its market 
value,” he explains. “But when you 
sowed the seed, which looked small, 
what came out of it was not small!” 

Small-scale maize farmers of the 
Regional Agricultural Association 
Group (RAAG), another community-
based organization in Western 

The variety whose seed TATRO 
grows is called Kakamega Synthetic-
I. It is an open-pollinated variety—a 
type often preferred over hybrids by 
cash-strapped smallholders, because 
they can save grain from the harvest 
and sow it as seed the following year, 
without losing its high yield or other 
desirable traits. The variety is also 
drought tolerant, matures earlier 
than other local varieties, and is 
better for making Kenyan’s favorite 
starchy staple, ugali. “Women say 
it ‘pulls’ the water, which means 
you don’t need much maize flour to 
make a good, heavy ugali,” Okong’o 
explains. “These things seem small, 
but when taken together they weigh 
a lot for farmers who eat ugali as a 
daily staple.”

Kenya, have quintupled their yields 
in only one year—now obtaining 
more than 2 tons of maize grain per 
hectare—using seed, fertilizer, and 
training from TATRO, according to 
RAAG coordinator, David Mukungu. 
“This has meant that, besides having 
enough to eat, farmers were able to 
sell something to cover children’s 
school fees or other expenses,” says 
Mukungu. “We started with six 
farmers the first year, but after other 
farmers saw the harvest, the number 
using the improved seed and 
practices increased to thirty, and we 
expect it will continue increasing.” 

Small seed with 
a big footprint: 
Western Kenya, 
Zimbabwe, and 
Nepal

A



Stress tolerant maize

The Drought Tolerant Maize for Africa initiative

The Drought Tolerant Maize for Africa (DTMA) initiative 
aims over the next 10 years to generate maize varieties 
with 100% better drought tolerance than those currently 
available, thereby increasing the harvests of as many as 60-75 
million smallholder farmers’ by as much as a third. The work 
builds on partnerships among CIMMYT, the International 
Institute of Tropical Agriculture (IITA), national agricultural 
research institutes in sub-Saharan Africa, advanced research 
institutions, private sector seed companies, and non-
government and community-based organizations—all told, 
about 50 partner organizations, including generous and 
committed donors.

Drought tolerant maize: A reality?
“Maize is by nature a highly diverse crop and its tolerance 
to drought and other stresses can be significantly enhanced 
through appropriate breeding,” says CIMMYT socioeconomist 
and DTMA leader, Wilfred Mwangi. “Many more farmers could 
benefit from existing drought tolerant maize varieties, if 
they knew about the varieties and quality seed were made 
available.” CIMMYT and IITA have been working for over 10 
years with national agricultural research institutes to adapt 
stress breeding techniques for maize in sub-Saharan Africa and 
to develop and spread tolerant varieties, according to Mwangi. 
“More than 30 new maize hybrids and open-pollinated maize 
varieties have been provided to seed companies and non-
government organizations for dissemination, and several have 
reached farmers’ fields,” he says. “These drought tolerant maize 
varieties produce about 20-50% more grain than other maize 
varieties, under mid-season drought”

The DTMA is focusing varietal development efforts on 13 
countries where maize is the most important crop and 
droughts routinely occur. New varieties from the project will 
be freely available throughout the region.

Organizations who fund the work of public sector DTMA 
partners include: the Swiss Agency for Development and 
Cooperation (SDC), the Rockefeller Foundation, the Federal 
Ministry for Economic Cooperation and Development (BMZ) in 
Germany, the International Fund for Agricultural Development 
(IFAD), and the Bill & Melinda Gates Foundation.
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A maize that crosses                             
many borders
Kakamega Synthetic-I was released by the 
KARI research station in Kakamega, Kenya. 
Its pedigree traces back to the work of 
CIMMYT and many partners in southern 
and eastern Africa—national maize research 
programs, private companies, and non-
government organizations—to develop stress 
tolerant maize for the region’s smallholders. 
“Kakamega Synthetic I was selected from 
ZM621, a long-season, drought tolerant, open-
pollinated variety now released in several 
African countries,” says Marianne Bänziger, 
CIMMYT maize physiologist who created 
ZM621 and now serves as director of the 
center’s Global Maize Program. “The variety 
has also been released in Nepal, after small-
scale farmers from the mid-hills chose it as 
one of their favorites in participatory variety 
trials.” Bänziger says. This highlights the role 
of a global organization like CIMMYT, which 
can draw upon and distribute public goods 
and expertise transcending national borders.

Finding and filling          
entrepreneurial niches
By reducing risk for small-scale farmers, 
varieties like Kakamega Synthetic-I encourage 
investment in other amendments, like 
fertilizer, that can start smallholders on an 
upward spiral out of low-input, subsistence 
agriculture. Good varieties also entice 
enterprising farmers and community-based 
organizations like TATRO into potentially 
profitable businesses like seed production, 
for niches inadequately served by existing 
companies. “Improved varieties raised yields 
in the past and could do so again,” says 
Stephen Mugo, CIMMYT maize breeder in 
eastern Africa, “but only about thirty percent 
of eastern African farmers grow improved 
maize varieties.” 

For more information: 
Marianne Bänziger, 
Director, Global Maize Program 
(m.banziger@cgiar.org)



with milk or even cookies for dessert. 
For the last three years, the main 
course more often than not features 
Aychasara, a quality protein maize 
(QPM) variety developed using 
CIMMYT maize sources. 

Leónidas and the visitors have 
arrived in the maize fields and are 
soon met by local farmer, Germán 
Ordóñez, who has been growing 
Aychasara for the last three years. 
“We use maize for everything 
here,” says Ordóñez, peeling back 
the husks on one plant to expose 
a large, well-filled ear, “for soups, 
ears to eat, and for sale. We sow 
only a little, and it’s just enough 
for our needs.” As do many of their 

counterparts in Asia and Africa, 
maize farmers throughout the 
Andes often harvest ears while 
husks are green and market the 
corn on the cob to be steamed or 
roasted for sale on street corners. A 
kilogram of Saraguro’s local variety 
sold this way goes for about US $ 
4 per kilogram. Given Aychasara’s 
superior quality, a kilogram of 
its ears fetches more than US $ 6, 
according to Ordóñez. 

Global connections for good
The story of Aychasara’s 
development highlights the 
role an international center like 
CIMMYT can play in harnessing 
global goods and expertise for 
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Specialty maize for sale

From mountainside crop 
to street-corner snack

dwin Leónidas should be   
in class, but has been asked to 
guide visitors. He strides 

with swift, nimble steps over the 
uneven terrain of Conchabón Village, 
in the Saraguro Valley of southern 
Ecuador. The thin air and rugged 
topography of this Andean locale 
slow the visitors. The slim, dark-
haired 10-year-old stops, turns, and 
smiles back at them. He is born to 
this place and, along with the 16 or so 
classmates of Conchabón’s one-room 
primary school, Escuela Fiscal Mixta 
“Panupali,” his health and nutrition 
benefit daily from a national school 
lunch program. The fare comprises 
a hefty plate that may include rice, 
tuna fish, beans, and peas served 

E

Germán Ordóñez and other 
farmers in Conchabón 
Village, Ecuador, sow maize 
at low densities and weed 
and fertilize only once. After 
ears are picked, village cows 
graze on left-over stalks, 
leaves, and weeds.
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low yields,” says 
Jorge Coronel. “Each 
Aychasara ear averages 
300 grams. Farmers here 
call Aychasara ‘diente de 
caballo’—horse’s tooth—
because of its large kernels.” 

The project is helping Saraguro 
farmers obtain Aychasara seed 
and inputs like fertilizer. “There’s 
lots of demand for seed,” says 
Coronel. “We need to form seed 
producer groups among farmers.” 
Meanwhile, INIAP is putting the 
variety through the tests required 
for formal release in Ecuador, and 
CIMMYT scientists in Mexico have 
conducted a backcross project 
to improve Aychasara’s disease 
resistance, while conserving its 
large ears and grains.

For more information: 
Kevin Pixley, Assistant Director, 
Global Maize Program 
(k.pixley@cgiar.org)

the benefit of farmers in faraway 
sites, oft forgotten by commercial 
seed and service providers. The 
name Aychasara embodies the Inca 
terms for “maize” and “meat,” 
in reference to QPM’s enhanced 
protein quality. The variety was 
developed by breeder Gonzalo 
Ávila and his group in Pairumani, 
Cochabamba, Bolivia, using a QPM 
version of Tuxpeño. The latter 
is a native Mexican maize that 
CIMMYT has employed extensively 
and which figures in the pedigrees 
of more than 150 improved 
varieties sown on some 4 million 
hectares in developing countries. 
Ávila and his team combined it 
with maizes of the large and floury 
kernel types preferred by Andean 
farmers and consumers. 

In addition to its release to farmers 
in Bolivia and Peru, Aychasara 
seed was requested by CIMMYT 
maize breeder, Hugo Cordova. 
Cordova passed it on to colleague 
Hugo Vivar, former barley breeder 
from the International Center for 
Agricultural Research in the Dry 
Areas posted at CIMMYT and who, 
with Ecuador’s National Institute 
of Agricultural and Livestock 
Research (INIAP), launched and is 
now CIMMYT consultant on the 
Saraguro project. 

Convinced of its potential for 
Saraguro, Vivar gave Aychasara 
to Jorge Coronel, INIAP cereals 
specialist and leader of the 
Saraguro Development Project. 
Coronel promptly began testing 
the variety on-station and in 
the Saraguro Valley, whence it 
reached and has enthusiastically 
been received by farmers. “The 
local variety has a small plant 
type and small ears, and gives 

Baby corn, sweet corn, and green maize are 
among the most important vegetables in many 
locations worldwide. Moreover, green maize 
(fresh on the cob) is eaten parched, baked, 
roasted, or boiled and plays an important role 
in filling the hunger gap after the dry season in 
Africa. CIMMYT is exploring options for special-
trait maize, especially as a means by which maize 
may be value-added. Maize genetic enhancement 
for vegetable uses, children’s food, and other 
products—silage or bio-ethanol—that add 
value to the commodity depends partly on allelic 
diversity from farmers’ fields.
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Bio-fortified maize and wheat

Breeding knowledge meets 
cutting-edge lab work

approaches can contribute to 
alleviate micronutrient deficiencies, 
more cheaply and sustainably than 
food supplements.” The effect is 
potentially far-reaching: maize is the 
preferred staple food of more than 
1.2 billion people in Sub-Saharan 
Africa and Latin America. However, 
maize-based diets, particularly those 
of the very poor, often lack essential 
vitamins and minerals. Over 50 
million people in these regions are 
vitamin A deficient, which can lead 
to visual impairments, blindness and 
increased child mortality.

Harvest-plus: More than    
“just grain”
CIMMYT is working under the 
umbrella of HarvestPlus, an 
international, interdisciplinary 
program to alleviate nutritional 
deficiency through breeding 
micronutrient-enriched staple 
foods. This project aims to develop 
varieties of maize that combine 
high provitamins A, iron and zinc 
contents with superior agronomic 
qualities, and disseminate them 
in partner countries in Africa, 
Asia and Latin America. While 
considerable progress has been 
made, the goals to be met are by no 
means easy to achieve.

t is truly one of the great ideas 
in agricultural research for 
development… improving the

nutritional value of the staple foods 
that people in developing countries 
already eat. While everyone agrees 
that a properly balanced diet with 
a variety of different foods is most 
desirable, in many part of the world 
it is just not possible.

“The link between agriculture and 
nutrition is surprisingly under-
explored,” says Kevin Pixley, who 
manages the Biofortified Maize 
for Improved Human Nutrition 
project at CIMMYT. “Agricultural 

I



partners for use in producing 
their own enriched hybrids or 
OPVs. Providing source materials 
to other programs is a key part 
of the project, particularly to key 
partners Brazil, Ethiopia, Ghana, 
Guatemala and Zambia, where 
their performance is tested in local 
agro-environments. This work to 
generate enhanced maize lines 
relies on accurate measurements 
of the micronutrient contents of 
breeding materials at every stage. 
Therefore, a major aspect of the 
project has been experimenting 
with techniques for analyzing 
carotenoids (which include 
provitamins A), iron, and zinc.

Carotenoids are a particular 
challenge to work with, as they 
are very sensitive to both light 
and oxygen, making samples 
vulnerable and difficult to 
store. Palacios and her team 
have adapted and implemented 
protocols for analyzing carotenoid 
content using high performance 
liquid chromatography (HPLC), 
in collaboration with others in the 
HarvestPlus network. HPLC is very 
precise, but it is also expensive and 
time-consuming.

The next step for the team is a 
big push to build on this work. 
“For us it is a great challenge, 
and an opportunity to support 
and enhance the breeding work 
by providing more and faster 
information at a lower cost,” 
says Palacios. The team believes 
that Near Infrared Reflectance 
(NIR), an approach being pursued 
in partnership with CIP, will 
multiply their screening potential 
dramatically: last year they worked 

at full capacity to analyze 2,000 
samples, but with NIR they hope to 
analyze 10,000 or more per year. The 
team will also explore the potential 
of NIR to measure iron and zinc. 
Unfortunately, natural variability for 
iron content in maize is very limited 
and may be insufficient to breed 
iron-rich lines, and to a lesser extent 
the same is true for zinc. However, 
iron deficiency is an extremely 
important global problem: it is 
estimated that nearly three billion 
people are iron deficient. The team 
is therefore exploring the feasibility 
of breeding maize with increased 
bioavailability of iron—i.e. selecting 
maize with greater amount of iron 
that can be absorbed by human 
consumers, rather than with greater 
absolute amount of iron.

The ultimate goal is to reduce 
micronutrient malnutrition among 
maize consumers by providing 
micronutrient-rich maize varieties 
that farmers will want to grow and 
consumers will want to eat. We’re 
breaking new ground working on 
the micronutrient biofortification of 
maize,” says Pixley. “This is exciting 
science.” Pixley points out that 
CIMMYT has also worked for several 
decades developing maize with 
more bio-available protein, known as 
quality protein maize.

For more information: 
Natalia Palacios: 
grain nutrition specialist 
(n.palacios@cgiar.org)
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Leading work in the lab at 
CIMMYT in Mexico, researcher 
Natalia Palacios has been using 
sophisticated techniques to measure 
the provitamins A content of many, 
many different kinds of maize. 
Provitamins A are the precursor 
substances that should allow the 
human body to synthesize Vitamin 
A. The white maize eaten in much 
of sub-Saharan Africa contains no 
provitamins A, while standard 
yellow maize varieties contain 
about 2 micrograms per gram 
(µg/g)—still insufficient in a diet 
dominated by maize. The good news 
is that there is substantial genetic 
variation in maize for concentrations 
of provitamins A. The project 
has been screening hundreds of 
maize samples, looking for and 
then using those with the best 
provitamins A content. The team 
has now reached the HarvestPlus 
program’s intermediate target for 
maize of 8 µg/g with its current best 
experimental materials; scientists 
anticipate producing materials with 
the ultimate target of 15 µg/g within 
the next few years by using cutting 
edge lab tools to help select the best 
materials for breeding.

Nutrients: Key to            
healthy diets
The breeding work at CIMMYT 
is focusing on increasing the 
concentration of provitamins A in 
maize. Open-pollinated varieties 
(OPVs) are being developed using 
popular varieties grown in partner 
countries and source materials 
high in provitamins A. In addition, 
the project team is developing 
inbred lines and hybrids with high 
provitamins A content, based on elite 
African and Mexican germplasm, 
which will be freely available to 



More wheat on less water 
to keep farmers afloat

Water-use efficient wheat 
with good grain quality
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The alarm is being sounded 
around the developing 
world: while wheat grain 

prices and demand rise sharply, 
water supplies for wheat crops are 
drying up. Worse yet, climate models 
predict increasingly erratic and 
scarcer rainfall for many developing 
world areas—bad news for wheat 
farmers on some 60 million hectares 
worldwide whose harvests depend 
solely on rain or residual moisture. 

The solution lies partly in the more 
effective use of water resources, 
which includes practices, such as 
conservation agriculture, to capture 
and conserve moisture. But CIMMYT 
has also made good progress in 
another valuable resource for 
dryland wheat farmers: experimental 
varieties that produce more under 
both water-limited conditions and 
with adequate moisture. 

Physiological model: Water-
productivity in the seed
CIMMYT researchers have found 
that lower temperatures in the upper 
canopy of a wheat stand signal 

to access water deep in the soil could 
increase yields of modern wheats by 
30% or more,” says Reynolds.

Experimental wheats at CIMMYT are 
grown on a desert research station 
in northern Mexico under carefully 
managed moisture stress, using drip 
and gravity irrigation, to find those 
that yield well under dry conditions. 
The same wheats are also tested 
under well-watered conditions and 
foliar diseases. “Only those that 
yield well in all cases are selected,” 
says CIMMYT wheat breeder, Yann 
Manes. “Over the last year or two, 
we’ve been monitoring and fine-
tuning the drip irrigation system to 
put plants under as much stress as 
possible without killing them.” 

New sources of adaptation     
to dryness
“One advantage of CIMMYT is the 
collaboration among crop genetic 
resource experts, physiologists, and 
breeders,” says Reynolds. “We also 
have access to some 160,000 unique 
seed collections of wheat-related 
species in our germplasm bank. 

the plants’ ability to access water 
through the roots. “We are using 
this to identify the best populations 
in early generations, before running 
costly yield trials,” says CIMMYT 
wheat physiologist, Matthew 
Reynolds. 

For traits believed to have a more 
direct role in drought adaptation 
in wheat, Center physiologists and 
breeders have developed a model 
that groups complementary traits 
(see figure). “We’re still at the 
beginning stages of applying this,” 
says Reynolds. “We’re just beginning 
to learn how traits affect each other 
and—just as significantly—how they 
are affected by diverse cropping 
environments.” But the work has 
shown that physiological tools can 
be used to characterize parental lines 
for the presence of complementary 
physiological traits, thereby allowing 
plant breeders to combine the traits 
in crosses. “Analysis in wheats 
of diverse genetic backgrounds 
suggests that combining water-use 
efficiency, enhanced levels of soluble 
stem carbohydrates, and the ability 
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Wild grasses impart hardiness to 
modern wheats
For Arturo Salvador Ortega Ortega, 
a smallholder farmer in Saraguro, 
southern Ecuador, and countless of his 
peers worldwide, better wheat varieties 
from CIMMYT research are opening 
new avenues of hope. “Here we have 
no profession or livelihood other than 
farming,” says Ortega. “Many people have 
left the area for the difficulties of making 
a living. We’re returning to work our fields 
with improved seed and fertilizer, and 
we’ll be able to get by.” 

Several years ago, Jorge Coronel, cereals specialist for 
Ecuador’s National Institute of Agricultural and Livestock 
Research (INIAP), introduced a new wheat variety 
derived from “re-synthesized wheats,” created at CIMMYT 
by crossing durum wheat with wild grasses. The new 
wheats embody the broad diversity and hardiness of 
the grasses, and were selected intensively at CIMMYT 
for drought tolerance and the ability to emerge from 
variable depths—a great advantage where farmers sow 
simply by tossing seed onto plowed fields. The wheat line 
Coronel brought, known locally as “trigo blanco” (white 
wheat), has proven popular with Saraguro farmers. “One 
of its chief virtues is that it yields well in years of good 
precipitation,” says Coronel, who has worked closely 
with Saraguro farmers for over a decade. “Drought 
tolerant wheats in the past fell over or suffered from 
disease attacks in rainy seasons.” According to Coronel, 
the grain quality of trigo blanco is unmatched in the 
region, enabling farmers easily to market surpluses, and it 
matures about 20 days before other varieties. “This wheat 
gives good yields, withstands dry spells, and grows well in 
rough fields or warm or cold plots,” says Ortega. 

We can evaluate experimental 
plants and elite cultivars in 
realistic field tests, and we work 
with many partners worldwide 
who can also test promising 
seed under local conditions.” 

As one example, Center 
researchers discovered several 
valuable traits in Mexican 
wheat landraces—cultivars 
brought by Spanish colonists 
and grown and selected for 
centuries in Mexico’s drylands. 
Extensive testing showed 
that certain of the plants can 
extract water from deep in the 
soil; others have high levels 
of soluble stem carbohydrates 
that help fill the grain under 
late-season droughts; still 
others show vigorous early 
growth, quickly covering the 
soil and safeguarding precious 
moisture from evaporation. 
“Selected landraces are already 
being used in our drought 
crossing program and advanced 
lines involving landraces and 
their pedigrees have shown 
promise,” says Manes.

Wheat yields differ under  
conservation tillage 
Manes has also tested the 
performance of varieties 
under drought conditions 
and the direct seeding of a 
crop into unplowed soil and 
residues left on the surface 
from the previous crop. He 
found that this “zero-tillage” 
is more productive under 
drought than conventional 
tillage. “We want to study 
more the need to breed under 
zero-tillage to develop wheat 
adapted to that system,” he 
says. The combination of 
drought tolerant wheats and 
moisture-conserving practices 
could prove invaluable for 
developing country farmers, 
as climates change and water 
supplies grow short. 

For more information: 
Matthew Reynolds, 
wheat physiologist 
(m.reynolds@cgiar.org)
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A treasure trove of stress tolerance traits has been found 
in new wheats derived from crosses of durum wheat with 
wild grasses. This figure shows the superior yields of one 
such derivative line over the best local wheat cultivars at 30 
semiarid locations worldwide, under both droughted and 
adequately watered conditions. The new wheats are being 
used in breeding programs worldwide.
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Blowing in the wind: 
CIMMYT strives to stop a 
new wheat pathogen

of Iran and South Asia (see map), 
menacing the food security and 
livelihoods of more than a billion 
people. To find a crisis of possibly 
similar proportions, one must hark 
clear back to 1954, when the last 
great stem rust outbreak destroyed 
as much as 40% of North America’s 
spring wheat crop. 

Time is not on wheat’s side
Finding resistance involves field-
testing large numbers of genetically 
diverse wheat plants under heavy, 
deliberate infections with the new 
strain. Because the pathogen cannot 
be brought to uninfected areas, 
scientists are screening experimental 
wheats at two key research stations 
in regions in Ethiopia and Kenya, 
where the fungus has already made 
its deadly appearance. Key partners 
include the Kenya Agricultural 
Research Institute (KARI) and the 
Ethiopian Institute of Agriculture 
Research (EIAR).
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Rust resistant wheat 

he battle to prevent a 
global catastrophe in wheat
production took two ominous 

turns during the past year with the 
virulent stem (or “black”) rust race, 
known as Ug99, becoming an even 
more potent threat than experts 
previously feared. The CIMMYT-
ICARDA-FAO Global Rust Initiative 
(GRI) started a massive screening 
program in Kenya and Ethiopia, 
where Ug99 is endemic, to seek new 
sources of resistance. Of the 11,000 
wheat accessions tested, including 
cultivars from the world’s major 
wheat-producing regions, well 
over 9,000 succumbed to the new 
race. To make matters worse, GRI 
partners discovered the disease 
on wheat across the Red Sea in 
Yemen—precisely as predicted two 
years ago by CIMMYT specialists. If 
spores of the new rust, discovered 
in eastern Africa in 1999, continue 
along the expected path, they could 
soon reach the breadbasket areas 

Peter Njau has a look of concern on 
his face and urgency in his voice. “Be 
very gentle,” he says. “You don’t have 
to separate each seedling from the 
others.” Njau, KARI-Njoro’s wheat 
breeder, is teaching technicians at the 
KARI’s Njoro Agriculture Research 
Center to transplant thousands of 
delicate winter wheat seedlings. This 
must occur just before sunset, when 
cool soil and night temperatures are apt 
for plantlets to set roots. 

In one plot, the Njoro team sows 
susceptible wheats three times a year, 
providing a constant source of infection 
to challenge wheat genotypes brought 
in for testing. An adjacent nursery has 
over 3,000 samples of spring wheat and 
will confirm the rust resistance they 
showed in previous seasons. This is 
necessary because the new fungal strain 
seems to be evolving and has recently 
overcome at least one major gene for 
resistance in wheat. The nurseries also 
include CIMMYT and KARI breeding 
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populations—hopefully a source of 
high-yielding, resistant varieties for 
Kenya and the world.

Similar efforts are under way at 
several sites in Ethiopia, where the 
spores also lurk. “We are committed 
to work with international partners 
to fight the looming threat of stem 
rust,” says Dr. Bedada Girma, leader 
of EIAR’s Stem Rust Task Force. 

Slowing down rust
Breeders at CIMMYT seek and use 
“minor” or “slow rusting” genes, 
which combine to retard disease 
development on the plant but do 
not totally impede it. Farmers reap 
a full harvest, and individual rust 
organisms that attack the plant 
with greater virulence gain no 
comparative advantage in pathogen 
populations. “The good news 
is that some breeding lines and 
varieties seem to resist all variants 
of the fungus,” says CIMMYT wheat 
scientist, Ravi Singh. “Fourteen lines 
underwent multi-location trials in 
India, Pakistan, Afghanistan, Iran, 
Egypt, Sudan and Nepal during 
the past year and in each of these 
countries researchers identified 2-3 
wheat lines that have both resistance 
and significantly higher yields over 
currently grown cultivars.” 

The seriousness of the situation has 
been recognized by the Food and 
Agriculture Organization of the 
United Nations (FAO). “Global wheat 
yields could be at risk, if the stem rust 
spreads to major wheat-producing 
countries,” says FAO Director 
General, Jacques Diouf. 

For further information: 
Ravi Singh, wheat geneticist/
pathologist 
(r.singh@cgiar.org)
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Farmers get back their yield and more
Karim Ammar, a durum wheat breeder at CIMMYT, is proud 
of his new wheat lines growing green and disease-free 
this season in the Yaqui Valley, Sonora State, northern 
Mexico. Even with the efficiency of shuttling breeding 
stocks between the desert Valley and the highland research 
station at Toluca, Mexico—which allows researchers to 
sow and select twice a year—it still takes six years to get 
to where Karim is now. “Between preliminary and elite 
yield trials, we’ve got about 2,500 lines,” he says. “All are 
resistant to leaf rust.”  This is good news for farmers who 
grow durum wheat, the kind used for pasta, couscous, and 
semolina. Today, 85% of the spring durum wheat grown 
in developing countries traces its origins to CIMMYT in 
Mexico and ICARDA, a sister center based in Syria.

In addition to improving disease resistance and grain 
quality, Ammar and his team worked to enhance their 
plants’ performance under drought and several important 
diseases. “Now we’re back to the point where we can 
address progress in yield potential, drought tolerance, and 
quality very effectively because we know we have enough 
variability for rust resistance,” says Ammar.

Just one of the many wheat diseases CIMMYT scientists 
breed against, leaf rust, caused by the fungus Puccinia 
triticina, is currently the most widespread rust in the world 
and of enormous economic importance to farmers. 
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New traits through 
gene discovery

enetic resources lie at the 
heart of CIMMYT’s maize 
and wheat improvement

programs. The Center holds some 
160,000 unique, catalogued samples 
of wheat seed, and 26,500 of maize. 
They represent enormous genetic 
diversity and provide a key source 
for breeders’ work to incorporate 
new genes for useful agronomic 
traits into improved materials. 
CIMMYT scientists are developing 
more effective ways to harness 
information about genes, their 
interactions, and their responses to 
different environments. 

Wheat conservation network 
strengthens global linkages
In collaboration with the Global Crop 
Diversity Trust and as part of a new, 
global strategy to better conserve 
and use wheat genetic resources, 
early in 2006 CIMMYT sent an in-
depth survey to 50 curators of wheat 
collections of worldwide importance 
and nearly 60 wheat breeders. In 
addition to providing information on 
the number and types of collections 
and their accessibility, respondents 
gave feedback on the usefulness of 
current collections and gaps in the 
collections.  

New traits through 
gene discovery

“The curators valued landraces, which 
are varieties that farmers have adapted 
over time to suit local needs,” says 
Thomas Payne, Head of the CIMMYT 
Wheat Collection. “Breeders, on the 
other hand, valued special mapping 
populations for use with DNA markers 
and specialized genetic stocks.” 
Among other things, survey results 
were discussed in a meeting of wheat 
genetic resource experts at CIMMYT 
in 2007. One outcome was the global 
strategy, through which researchers 
will make wheat collections worldwide 
more accessible through use of public 
websites, seek to fill gaps in current 
collections, and back up unique 
collections. 

G
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formulate a strategy for conserving 
Tripsacum in the wild and in 
germplasm banks. “Maize breeding 
could be constrained in the future, if 
we do not conserve these species,” 
Taba says. Regarding teosinte—now 
known to be the direct ancestor of 
modern maize—Taba and Mexican 
specialists recently discovered in 
southeastern Mexico a new, riverain 
population that could provide genes 
to help maize survive flood-prone 
settings, like the rice-maize cropping 
rotations of Asia. 

Sharing and sifting through 
the wealth of diversity
Supplying samples of its thousands 
of wheat and maize accessions to 
researchers and breeders around the 
world remains an essential function 
of CIMMYT’s germplasm bank and 
network of international nurseries. 
CIMMYT’s Seed Inspection and 
Distribution Unit manages this 
complex process, linking with 
CIMMYT researchers and more than 
600 partners in over 100 countries 
to facilitate the exchange of seed 
and data. In 2006, the Unit sent 368 
shipments of small grain cereals 
(wheat, triticale, barley) to more then 
100 countries and 298 shipments of 
maize to more than 150 countries. 
The Unit’s seed health laboratory 
obtained accreditation with the 
International Standards Organization 
(ISO) in 2007, making it unique in the 
CGIAR system.

Access to large and diverse sets of 
seed is crucial to identify useful 
traits such as drought tolerance or 
disease resistance, along with the 

genetic markers for those traits. The 
Drought Tolerant Maize for Africa 
initiative is screening hundreds 
of maize varieties to locate DNA 
markers for drought tolerance (see 
p. 9). CIMMYT has also tested 
more than 2,000 Mexican wheat 
landraces for yield under drought 
conditions. The best-performing 
ones have been selected for 
physiological characterization and 
DNA fingerprinting. (see “More 
wheat on less water to keep farmers 
afloat,” p. 14)

Because it is impossible to 
test all germplasm bank seed, 
CIMMYT has created subsets that 
represent the maximum possible 
portion of specific parts of the 
collection, leading the way in 
statistical methods to accomplish 
this. Working with the CGIAR’s 
Generation Challenge Program, 
Center researchers have used 
genetic markers to find the most 
unique 300 out of 3,000 maize and 
wheat seed collections. These will 
be characterized for physiological 
traits and with DNA markers, 
in search of valuable new genes. 
“We’ve already used the maize 
core subset to find new genes for 
pro-Vitamin A levels in maize,” 
says Marilyn Warburton, Head of 
CIMMYT’s Applied Biotechnology 
Center. “This will help in breeding 
nutritionally-rich maize for the poor 
whose diets center on the crop.”

For more information: 
Jonathan Crouch, 
Director, Genetic Resources 
Enhancement Unit 
(j.crouch@cgiar.org)

Saving maize diversity          
for humanity
The traditional maize landraces 
of Latin America are slowly 
disappearing, as smallholder farmers 
leave rural areas and improved 
varieties gain popularity. The seed 
collections in CIMMYT’s maize 
germplasm bank largely comprise 
such landraces, many of which are 
no longer grown in farmers’ fields. 
To fill gaps in those collections 
and as a potential source of new 
diversity, Center staff and partners 
gathered more than 1,700 new 
seed samples from farmers’ fields, 
markets, and other sources during 
2006-07. They focused special efforts 
on obtaining additional seed of 
Tuxpeño, a tropical maize grouping 
that crosses well with many other 
maize types and figures in more 
than 150 improved varieties sown 
on more than 4 million hectares 
worldwide. 

The Center also conserves and 
studies the wild relatives of maize, 
such as teosinte and Tripsacum. 
“Wild relatives can provide valuable 
genes for drought tolerance, disease 
resistance, or even increased 
biomass, a trait that’s important for 
biofuel production,” says Suketoshi 
Taba, Head of the Maize Germplasm 
Collection. A recent monitoring 
mission in Guatemala by Taba, 
experts from the Instituto de Ciencia 
y Tecnología Agrícolas (ICTA) of 
that country, and Cornell University 
revealed that many Tripsacum 
species are in danger of extinction, 
as development encroaches on their 
habitats. CIMMYT is helping to 
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Shibin Gao, visiting scientist from China, 
uses a new technique for extracting DNA 
tissue samples directly from maize seed.

ignificant CIMMYT 
biotechnology efforts focus   
on DNA marker-assisted 

selection to complement traditional, 
field-based breeding approaches. 
Markers are identifiable genome 
segments that lie near genes for traits 
of interest. Use of molecular markers 
in maize has been constrained by a 
lack of reliable markers, particularly 
for traits such as drought tolerance 
that involve many genes, and the 
relatively high cost of DNA analyses. 
CIMMYT biotechnologists have been 
addressing both limitations, and 
appear to have scored a success in 
cutting marker costs. 

Marker labs “going to seed”
Extracting DNA samples from 
leaves—the current method, which 
includes collecting and processing 
leaf tissue and tracing samples back 
to source plants—is time-consuming 

and costly. Use of leaf tissue means 
that lab analysis of markers has been 
“after the fact;” in essence, scientists 
need to wait for plants to develop 
to obtain samples. Moreover, they 
must grow large numbers of plants, 
of which only a few will contain the 
desired genes. 

To get around this, CIMMYT 
researchers began asking what 
would happen if they took and 
analyzed samples directly from seed 
tissue, prior to sowing. Tests have 
proved successful. “Maize seeds 
are large, and we take only a small 
sample that doesn’t damage the 
seed,” says maize molecular breeder 
Yunbi Xu. Once the results are in, 
breeders can then sow seeds that 
contain the desired genes. “Before, 
if you planted 1,000 plants, only 
10 might be useful. Now, we know 
what seeds to plant ahead of time,” 

says Xu. The practice can thus save 
an entire breeding cycle, meaning 
that farmers get useful products 
sooner and breeding programs make 
more effective use of field and other 
resources. 

Ending the dearth of drought 
markers for maize
Drawing on information from many 
sources, CIMMYT scientists are 
developing, refining and applying 
DNA markers for diverse agronomic 
traits in both wheat and maize. A 
joint effort involving CIMMYT, 
the CGIAR Generation Challenge 
Program, and Cornell University 
has resulted in 1,536 new markers. 
About half point to candidate genes 
for drought tolerance, and the rest 
provide general information about 
the genome. These potential markers 
are being used in the Drought 
Tolerant Maize for Africa (DTMA) 

Cutting the cost of 
DNA markers 

S



“Markers allow the breeder to 
‘see’ what he cannot see with his 
eyes,” says Yann Manes, CIMMYT 
wheat breeder, “particularly soil 
pathogen resistance traits. We 
have near ‘perfect’ markers for 
several genes associated with 
complete or strong resistance 
to nematodes. We don’t have 
all these constraints (for field 
screening) in Mexico. Even if 
we did, it would not be easy to 
screen for resistance to them in 
individual plants.” Elite breeding 
lines who resistance to soil-
borne pathogens is enhanced in 
Mexico using marker-assisted 
selection are sent to Julie Nicol, 
CIMMYT wheat nematologist 
based in Turkey, for phenotyping 
and confirmation of resistance. 
“Marker-assisted selection has 
made our work more targeted, 
efficient, and reliable,” says Nicol. 
“We are now sharing several of 
these materials with our partners 
in national breeding programs 
and other wheat pathologists.” 
CIMMYT wheat breeders also 
routinely use markers to select for 
resistance to the rusts—among 
the oldest and most damaging 
diseases of wheat. 

Creating and managing 
mounds of data
Use of DNA analyses generates 
enormous amounts of data. 
To provide the computing 
and statistical tools needed 
for managing and using that 
information, CIMMYT and the 
International Rice Research 
Institute joined forces in 2006 
to launch the Crop Research 
Informatics Laboratory (CRIL). 

Scientists at the new joint facilities 
are developing a single crop 
information system and comparative 
biology infrastructure for rice, 
wheat, and maize. 

Researchers from CIMMYT 
and the Chinese Academy of 
Agricultural Sciences (CAAS) 
have also developed a faster and 
more effective way to detect and 
map genome regions, known as 
quantitative trait loci (QTL), that 
contain a single or several genes 
associated with useful traits. 
Called inclusive composite interval 
mapping (ICIM), it has been made 
freely available in a user-friendly 
software package called QTL 
IciMapping, and is already used by 
scientists around the world. 

For more information: 
Jonathan Crouch, 
Director, Genetic Resources 
Enhancement Unit 
(j.crouch@cgiar.org)
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initiative (see p. 9). Participants 
have screened hundreds of maize 
lines from different environments 
for drought tolerance. The best 
300 will be field tested for drought 
tolerance and other physiological 
characteristics and screened using 
each of the new markers. Those 
markers found to be associated with 
actual drought tolerance in the field 
will be applied in DTMA breeding 
efforts. “This project is one of the 
first to combine on a large scale 
new tools from DNA sequencing 
with conventional plant breeding, 
which CIMMYT has been doing very 
successfully for decades,” says Marilyn 
Warburton, Head of CIMMYT’s 
Applied Biotechnology Center. 

A DNA window on the 
wheat genome
In wheat, markers are already 
available for many agronomic 
traits, and these are being used to 
characterize potential parents and to 
monitor the inheritance of valuable 
genes during breeding generations. 
There are numerous markers for 
resistance to important wheat pests 
and diseases—cereal cyst nematode, 
root lesion nematode, crown rot, 
fusarium head blight, barley yellow 
dwarf virus, and leaf and stem rust 
resistance—as well as for tolerance to 
soil boron, semidwarf plant height, 
and key grain quality traits. In 
current Center breeding programs, 
DNA markers are used to select in 
two or three generations, including 
the early ones to boost the frequency 
of favorable alleles and in advanced 
progeny to confirm the presence of 
these alleles. 
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Resource-conserving practices for 
maize and wheat cropping systems

Stemming the loss of 
African soils’ life blood

armer Hendrixious  
Zvamarima, of Shamva,          
in Mashonaland Central 

Province, Zimbabwe, became 
interested in conservation agriculture 
when he saw a neighbor who, instead 
of cultivating the soil, sowed his 
maize seed directly into unplowed 
soil and residues from last year’s 
crop. “I was wasting my time using 
the plow,” says Zvamarima, “so I 
decided to try the new methods.” 

Several of Zvamarima’s neighbors 
had been taking part for as long 
as three years in demonstrations 
organized by CIMMYT, Zimbabwe’s 
Department of Agricultural Research 
and Extension (AREX), and local 
organizations like Development Aid 
from People to People (DAPP). Not 
wanting to be left out, Zvamarima 

set up his own “trials” comparing 
the effects of direct seeding, use of 
a rip tine to sow and, as a control, 
conventional plowing. Copying the 
approach of a university student 
who visits the area, he took detailed 
information on all the treatments 
and, above all, how much labor each 
entailed. When members of the three 
organizations mentioned above 
recently came to Shamva to check 
progress on the trials, Zvamarima 
proudly presented his experiment 
and the fine crop he obtained with 
direct seeding and keeping crop 
residues on the surface. 

More time, less drudgery
The work is part of efforts by 
CIMMYT to test and spread a suite 
of resource-conserving practices—in 
this case, eliminating plowing and 

keeping residues on the soil surface. 
Activities in sub-Saharan Africa 
are focusing initially on Malawi, 
Tanzania, Zambia, and Zimbabwe; 
countries where small-scale, maize-
based farming systems provide food 
and livelihoods for millions but, year 
by year, expose soils to severe erosion, 
degrade soil structure and extract 
more nutrients than they put back. 

“The big selling point straightaway 
for most southern African farmers 
is the dramatic savings in labor and 
time, which they can then allocate 
to cash crops, off-farm employment, 
or other activities,“ says Mirjam 
Pulleman, a CIMMYT soil scientist 
who, among other things, studies the 
soil quality effects of conservation 
tillage in Mexico and Africa. 

F



Conservation tillage a winner for winter wheat in Turkey
Conservation tillage trials in rainfed, winter wheat-fallow systems 
are showing smallholder farmers on the Anatolian Plains a way 
to double their harvests. Muzzafer Avci is an agronomist with the 
Central Field Crops Research Institute of the Turkish Ministry of 
Agriculture. In recent years he has been working with CIMMYT wheat 
agronomist, Ken Sayre, and over time has become convinced that 
conservation tillage—the direct seeding of a crop into the residues 
of a previous crop, without plowing—can work for rainfed winter 
wheat, a key crop for small-scale farmers on the Anatolian Plateau. 

On the Anatolian Plateau, farms are typically less than 10 hectares 
in size. Wheat farmers obtain just a single harvest every second 
season from each field. Sowing takes place in autumn before the 
onset of winter. The wheat germinates quickly, lies dormant over the 
winter, and matures the following summer. After harvest the field 
is left fallow for a year before being sown to wheat again. During 
the fallow, farmers plow the weeds under two or three times. Even 
with the long fallow, which one would suppose helps conserve or 
improve soil fertility, typical wheat harvests on these farms reach 
only 2 tons per hectare, far below the crop’s genetic potential. Once 
highly productive, the winter wheat farming system has become 
more and more dependent on fertilizer as soils degrade, making it 
unsustainable.

Model farm showcases conservation tillage. A former state farm 
that was recently privatized, the Ilci Cicekdagi farm is not typical. It 
comprises 1,700 hectares and supports modern, diversified farming 
involving dairy and beef cattle, sheep, and many crops, among them 
wheat. Farm manager Nedim Tabak says he hopes the farm will be 
a model for local farmers. He is proud of his conservation tillage 
trials and shows them off to Avci and to Carla Konsten, Agricultural 
Counselor from the Royal Netherlands Embassy in Ankara. The 
Netherlands, Canada, and Australia have funded pilot conservation 
tillage work in Turkey for the past two years and representatives of 
those countries’ funding agencies are pleased with the result. “This 
technology will clearly benefit farmers on the Anatolian Plateau,” says 
Avci, who learned about conservation tillage first-hand at a CIMMYT 
course on the topic.

Of course, use of conservation tillage and retaining crop residues 
on the soil do more than simply capture and hold soil moisture. The 
practices reduce production costs and diesel fuel burning, and help 
prevent topsoil erosion from the strong winds that often sweep the 
Plateau during fallow. The elimination of repeated tillage to bury 
weeds also helps retain soil structure, aiding aeration and water 
filtration. The tillage trials have obtained demonstration yields of 
more than 4 tons per hectare—double what farmers currently get. 
Farm manager Tabak says his trials were sown late for lack of timely 
access to a conservation tillage seeder. He is planning to modify 
one of the seeders on the farm for next season. Already some 
local farmers have looked at his test plots and said they will try 
conservation tillage too next season.
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Other near-term benefits of conservation 
agriculture include erosion control and 
moisture retention: crop residues protect the 
soil surface from rain and sun; raindrops 
break down soil crumbs, which blocks 
pores, and the sun evaporates soil moisture. 

Will cattle eat what           
conservation needs?
Challenges to widespread adoption 
of conservation agriculture include 
competition for residues: farmers typically 
feed maize stalks and husks to cattle or 
other farm animals. Conservation tillage 
systems also require careful weed control or 
use of herbicides.

But the botton line, according to Pat 
Wall, CIMMYT agronomist in southern 
Africa, is that smallholder maize systems 
in the region are currently extractive and 
unsustainable: “This means working 
with farmers, researchers, and extension 
agents to find ways to put the basic 
principles of conservation agriculture into 
practice in the community. It also means 
using our limited resources to catalyze 
activities among diverse stakeholders and 
partners, including research and extension 
agencies, input suppliers, farm implement 
manufacturers, local officials, policy makers, 
farmer associations, and community-based 
organizations.” 

Signs of farmer interest                   
and adoption
In Malawi, CIMMYT has been working with 
partners at seven location, and results are 
encouraging, according to Pulleman, who 
recently visited the country with project 
partners: “In Nkhotakota village in central 
Malawi, for example, we saw that the 
trials looked good. One farmer said ‘If this 
technology had come 50 years ago, Malawi 
would be somewhere else!’ “
  

For more information: 
Pat Wall, CIMMYT agronomist, Zimbabwe 
(p.wall@cgiar.org)



Capacity building at CIMMYT: 
Where tried-and-true meets new

The course had not been offered 
since 2002, according to CIMMYT 
knowledge-sharing and capacity-
building coordinator, Petr Kosina. 
“We’re rebuilding the tradition 
of longer, hands-on courses,” he 
says. Their advantages include 
participants gaining an intimate 
acquaintance with the countless 
details of running a field breeding 
program, but Kosina also 
commends the life-long professional 
relationships that derive from living 
and working together. 

“The linkages between CIMMYT 
wheat researchers and these 
national program scientists are 
actually the basis of all the Center’s 
research and outputs, he explains. 
“Life-long partnership” aptly 

describes the fruitful interaction 
between CIMMYT and South African 
research institutes, according to 
Lindeque. “CIMMYT was already 
working with South Africa since the 
mid-1970s.“  Lindeque also says that 
a “…unique virtue of CIMMYT has 
been the availability of its germplasm 
to national breeding programs.” As 
part of courses, participants gain 
knowledge of the Center’s breeding 
stocks and methods, facilitating their 
access to and effective use of the 
materials to benefit the farmers they 
serve. “Among other things, they 
make their own selections and obtain 
breeding materials in the earlier 
stages of development,” says Kosina. 

was fortunate to obtain  
practical experience in   
some of the most important 

procedures in plant breeding.” 
Robert Crowther Lindeque (third 
from the right in the picture above), 
senior research technician at the 
Small Grains Institute, Agricultural 
Research Council of South Africa, 
is an experienced researcher, but 
had high praise for the knowledge 
and skills he gained in the wheat 
improvement course conducted 
at CIMMYT in Mexico during 26 
February-25 May. “The trainee group 
was involved in the whole selection 
procedure, right from plant selection 
for specific traits to comparison of 
field results.” Lindeque and the 
others also benefited from direct and 
frequent interaction with CIMMYT 
scientists in specific subject areas.
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Worldwide knowledge        
on key cereal crops
As part of a strategic alliance 
begun several years ago, IRRI 
and CIMMYT—the first and 
second centers formed in what 
became the Consultative Group on 
International Agricultural Research 
(CGIAR) 40 years ago—are leading 
an initiative to gather and make 
widely available precious global 
public goods like data, information, 
and knowledge on key food staple 
crops. “The idea of this ‘Cereal 
Knowledge Bank’ is to address the 
current fragmentation of extension 
and training materials, making 
them available in an accessible and 
interactive web-based platform,” 
says Kosina. 

According to Kosina, the Bank will 
contain information from a widely-
used Rice Knowledge Bank created 
by IRRI; interactive diagnostic and 
crop management applications, 
Maize Doctor and Wheat Doctor; 
Maize Finder, a tool to identify 
suitable varieties for specific 
settings; and information about 
diverse cropping and intercropping 
systems and constraints in 
developing countries. 

“With our help and initial support 
through the platform, country 
partners will eventually be able to 
build their own knowledge banks,” 
says Kosina. Several applications of 
the Cereal Knowledge Bank should 
be operational by the end of 2007. 

For more information: 
Petr Kosina, Coordinator, 
Knowledge Sharing and Capacity 
Building (p.kosina@cgiar.org)

Bringing training                 
closer to home 
The Center has offered over 70 
training courses and workshops 
at locations outside of Mexico 
in 2007. Such events generally 
focus on specific needs or 
capacities for a particular 
project or group, and often 
involve personnel from national 
research programs, non-
government organizations, 
and small- and medium-scale 
enterprises. Just one example 
is the workshop “Molecular 
characterization of inbred lines 
and populations in maize” 
given in New Delhi, India, 
by CIMMYT scientists and 
collaborators during April 2007. 
“In the lab where I’m working, 
we have a number of problems 
using SSR markers,” says 
Shirangi Imalka Samararatne, 
researcher in Sri Lanka’s Plant 
Genetic Resources Centre, who 
attended the workshop. “I’m 
happy (now) that my problems 
are solved.” 

The workshop, which was 
hosted by the Indian Agriculture 
Research Institute (IARI) and 
sponsored by the Generation 
Challenge Program of the 
CGIAR, drew 19 participants 
from 10 countries in Asia and 
Africa, with interest in a broad 
range of crops. Nine resource 
persons from five countries 
gave lectures, lab presentations, 
computer training, and hands-
on practice.  

Supporting and cultivating students
The Center assists scores of university students in 
agricultural science worldwide, advising them or 
working directly with them on thesis research, as 
well as helping to identify funding sources. Both 
CIMMYT and the students benefit. 

A recent is example is the case of Gul Erginbas 
and Elif Sahin, two committed and talented 
young people from Turkey who hope to make a 
difference in their own country and are already 
making a difference for CIMMYT.  “We work in 
close collaboration with the Turkish Ministry of 
Agriculture and several universities,” says Julie 
Nicol, the CIMMYT soil-borne disease pathologist, 
based in Turkey. “Both women have started work 
on doctoral degrees, supervised by key university 
experts and myself. This is a highly effective way to 
build capacity in applied research both for Turkey 
and the world.” Erginbas is screening wheat for 
resistance to crown rot disease. Sahin is focusing 
on an underground pest called the cereal cyst 
nematode. Both organisms are especially damaging 
to wheat grown under more marginal conditions 
or under conservation tillage with crop residue 
mulches, and so figure prominently in CIMMYT 
work on conservation agriculture and for small-
scale, rainfed wheat farming. Having a CIMMYT 
scientist like Nicol as a co-advisor helps, according 
to the students. “She brings us a global perspective 
and makes sure we work with care and precision, 
and she really knows the field,” says Sahin. 

“Inasmuch as nearly all CIMMYT activities involve 
extensive collaboration, they help strengthen 
CIMMYT and partners’ capacities,” says Kosina. “The 
Center’s efforts over the years have easily reached 
upwards of 9,000 persons, essentially creating an 
agricultural community of knowledge that has 
benefited maize and wheat farmers in developing 
countries. We aim to build on that community, both 
with modern tools and tried-and-true approaches.”



CIMMYT Financial Overview
2006 FINANCIAL STATEMENTS
A summary of the 2006 combined statements of activities 
and changes in net assets and combined statements of 
financial position for CIMMYT, Int., and CIMMYT, A.C., 
is set out in Table 1. Total revenues for 2006 amounted to 
US$ 35.95 million. 

Total net assets increased by US$ 0.39 to US$ 22.56 
million (2005 US$ 22.17 million). Unappropriated, 
unrestricted net assets increased to US$ 7.57 million.

Table 1. Financial Statements, 2006

As of December 31, 2006 and 2005
(Thousands of US Dollars)

ASSETS   2006  2005
Current assets
Cash and cash equivalents  23,645  13,052

Accounts receivable  
 Donors - net  4,711  8,104
 Other  1,073  1,252 

Inventory and supplies  437  374  
Prepaid expenses   55  10
  Total current assets  29,921  22,792 

Non-current assets
Property and equipment, net  14,991  14,952
  Total non-current assets  14,991  14,952

  TOTAL ASSETS  44,912  37,744

LIABILITIES AND NET ASSETS  
Current Liabilities  
Current portion of employee retirement obligation  1,390  1,190

Accounts payable:
 Donors   9,377  6,202  
 Challenge program and collaboratives  7,464  6,103
 Other  1,639  973
 Accruals and provisions   1,152  572 
  Total current liabilities  21,022  15,040

Non-current Liabilities  
Employee retirement obligation  877  535
Contingencies  450  -
  Total non-current liabilities  1,327   535

Commitments and contingencies

  Total liabilities  22,349  15,575 

Net assets
Unrestricted     
 Designated  14,991  14,952
 Undesignated  7,572  7,217
  Total unrestricted net assets  22,563  22,169 

  TOTAL LIABILITIES AND NET ASSETS $ 44,912  37,744
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2006 FUNDING OVERVIEW
Total funding for 2006 was US$ 35.95 million (2005 
US$ 39.87 million) and included other income of 
US$ 1.79 million (2005 US$ 1.85 million). Grant 
income amounted to US$ 34.16 million, comprising 
US$ 14.87 million in unrestricted grants and US$ 
19.29 million in restricted grants (Table 2).

Statements of Activities, 2006 and 2005.

For the years ended December 31, 2006 and 2005      
(Thousands of US Dollars)

  2006 2005

Revenues and Gains

Grants / revenue   34,165  38,020
Other revenues and gains  1,789  1,855
     Total revenues and gains  35,954  39,875

Expenses and losses

Program related expenses  28,502  31,022
Management and general expenses  6,019  6,498 
Other losses and expenses  1,039  354 

 Total, expenses and losses  35,560  37,874

NET SURPLUS  394  2,001

Expenses by natural classification

Personnel costs   16,596  18,022
Supplies and services  10,352  9,816
Collaborators / partnership costs  5,588  6,176
Operational travel  2,035  1,907
Depreciation  989  1,953

Total    35,560  37,874



For the years ended December 31, 2006 and 2005 
(Thousands of US Dollars)

Donors 2006 2005

Unrestricted
Australia 568 506
Canada 1,044 946
China 120 130
Denmark  481 438
France 152 143
Germany 430 162
India 113 113
Japan 1,045 1,297
Korea 50 50
Mexico - 25
Netherlands 795 842
New Zealand - 252
Norway 318 303
Philippines 8 7
Sweden 324 345
Switzerland 489 491
Thailand 10 11
United States 4,048 3,956
United Kingdom 1,672 1,541
World Bank 3,204 1,750

Subtotal - unrestricted 14,871 13,308

Restricted

ADB (Asian Development Bank) 209 318
Australia
 AusAID - 234
 Australian Centre for International Agricultural Research 488 131
 Australian Centre for Plant Functional Genomics Pty Ltd. 10 -
 CRC Molecular Plant Breeding 420 330
 Grains Research and Development Corporation 991 1,105
Belgium - 196
Brazil - 6
Canada
 Canadian International Development Agency 1,603 2,045
CGIAR
 Centro Internacional de Agricultura Tropical 18 9
 International Center for Agricultural Research in the Dry Areas 40 40
 International Crop Research Institute for the Semi-Arid Tropics - 7
 International Livestock Research Institute 41 32
 International Plant Genetic Resources Institute 5 10
 International Rice Research Institute - 20
 International Water Management Institute 7 62
 Standing Panel on Impact Assessment - 4
Challenge Program
 Biofortification 1,026 983
 Generation 1,447 1,603
 Water and Food 409 262
China
 CAAS - 300
 Lamsoo Milling Company - 4
Colombia
 FENALCE (Federación de Cultivadores de Cereales y Leguminosas) 208 165
 Ministry of Agriculture and Rural Development - 5
Denmark 247 140
European Commission 190 1,905
FAO 41 49
Germany
 BASF 42 41
 Federal Ministry of Economic Cooperation and Development 736 882
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Table 2. CIMMYT sources of income from grants by country/entity, 2006  and 2005.

Donors 2006 2005

IAEA (International Atomic Energy Agency) - 15
IFAD (International Fund For Agricultural Development) 678 558
IDB (Inter-American Development Bank) 10 -
Iran, Islamic Republic of 60 241
India-ICAR 294 -
Italy
 ENEA 6 6
 Societa Produttori S.p.A. 31 11
Japan
 Economic Cooperation Bureau, Ministry of Foreign Affairs 1,321 1,315
 Nippon Foundation 687 719
 Sasakawa Africa Association - 25
Kazakhstan, Republic of 18 15
Korea, Republic of   
 Rural Development Administration 87 120
Mexico
 CONACYT (Consejo Nacional de Ciencia y Tecnologia) 242 95
 SAGARPA (Secretaria de Agricultura, Ganaderia,
         Desarrollo Rural y Pesca) 157 7
 Fundacion Guanajuato Produce A.C. 46 35
 Fundacion Sonora 38 72
 ICAMEX 64 30
 INIFAP 37 -
 Universidad Nacional Autonoma de Mexico - 8
Miscellaneous Research Grants 376 15
Netherlands
 Environmental Assessment Agency 9 12
OPEC Fund for International Development 64 86
Other 266 178
Peru 35 46
Rockefeller Foundation 1,280 1,899
Sehgal Foundation - 50
South Africa
 National Department of Agriculture 60 60
Spain 
 Agrovegetal, S.A. 79 149
 Ministerio de Agricultura, Pesca y Alimentación 323 324
Sweden 11 27
Switzerland
 Swiss Agency for Development and Cooperation 858 1,219
Syngenta Foundation 395 885
The Global Crop Diversity Trust 92 -
Turkey, Republic of
 Ministry Of Agriculture And Rural Affairs 165 253
United Kingdom 449 669
USA
 Bill and Melinda Gates Foundation 191 -
 Cornell University 68 66
 Pioneer Hi-Bred International 63 31
 Stanford University - 33
 United States Agency for International Development 1,885 2,058
 United States Department of Agriculture 232 385
 Washington State University 139 204
World Bank 300 3,067

Subtotal - Restricted before provision 19,294 25,876

Provision for non-recoverable items - (1,164)

Subtotal - Restricted after provision 19,294 24,712 

Total Grants - Donors Unrestricted and Restricted 34,165 38,020
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CIMMYT contact information
Mexico (Headquarters) • CIMMYT, Apdo. Postal 6-641, 06600, Mexico, D.F., Mexico 
• Tel. +52 (55) 5804 2004 • Fax: +52 (55) 5804 7558 • Email: cimmyt@cgiar.org • Primary 
contact: Masa Iwanaga, Director General
Afghanistan • CIMMYT, PO Box 5291, Kabul, Afghanistan • Email: m.osmanzai@cgiar.org 
• Primary contact: Mahmood Osmanzai
Bangladesh • CIMMYT, PO Box 6057, Gulshan, Dhaka- 1212, Bangladesh 
• Fax: +880 (2) 882 3516 (send c/o CIMMYT Bangladesh) • Email: s.waddington@cgiar.org 
• Home page: www.cimmyt.org/bangladesh • Primary contact: Stephen Waddington
China • CIMMYT, c/o Chinese Academy of Agricultural Sciences, No. 30 Baishiqiao Road, 
Beijing 100081, P.R. China • Fax: +86 (10) 689 18547 • Email: z.he@cgiar.org; zhhe.@public3.
bta.net.cn • Primary contact: Zhonghu He
Colombia • CIMMYT, c/o CIAT, Apdo. Aéreo 67-13, Cali, Colombia • Fax: +57 (2) 4450 025 
• Email: l.narro@cgiar.org;  ciat-maize@cgnet.com • Primary contact: Luis Narro León
Ethiopia • CIMMYT, PO Box 5689, Addis Ababa, Ethiopia • Fax: +251 (1) 464645 
• Email: d.friesen@cgiar.org; cimmyt-ethiopia@cgiar.org • Primary contact: Dennis Friesen
Georgia • CIMMYT, 12 Kipshidze Str., Apt. 54, Tbilisi 380062, Georgia • Email: 
d.bedoshvili@cgiar.org • cimmyt@caucasus.net • Primary contact: David Bedoshvili
India • CIMMYT-India, CG Centre Block, National Agricultural Science Centre (NASC) 
Complex, DP Shastri Marg, Pusa Campus, New Delhi 110012, India • Fax: +91 (11) 2584 
2938 • Email: o.erenstein@cgiar.org • cimmyt-india@cgiar.0.5org • Primary contact: Olaf 
Erenstein
Iran • CIMMYT, c/o Seed and Plant Improvement Institute, Mahdasht Avenue, P.O. Box 
4119, Karaj 31585, Islamic Republic of Iran • Email: jalalkamali2000@yahoo.com; cimmyt-
iran@cgiar.org • Primary contact: Mohammad Reza Jalal Kamali
Kazakhstan • CIMMYT, House # 4, Microregion # 3, P.O.Box 1446, Astana, 010000, 
Kazakhstan • Fax: +7 (3172) 343713 • Email: m.karabayev@.cgiar.org; mkarabayev@nets.kz 
• Primary contact: Muratbek Karabayev
Kenya • CIMMYT, PO Box 1041, Nairobi, Kenya 00621 • Fax: +254 20 7224601 • Email: 
m.banziger@cgiar.org; cimmyt-kenya@cgiar.org • Primary contact: Marianne Bänziger
Nepal • CIMMYT, PO Box 5186, Singha Durbar Plaza Marg, Bhadrakali, Kathmandu, Nepal 
• Fax: +977 (1) 4229 804 • Email: cimmytnepal@mos.com.np; g.ortiz-ferrara@cgiar.org • 
Primary contact: Guillermo Ortiz-Ferrara
Pakistan • CIMMYT Country Office • National Agricultural Research Centre (NACAR), 
Park Road, Islamabad 44000, Pakistan • Fax: +92 (0)51 240909 • Email: reshem@comsats.
net.pk • Primary contact: Naeem Hashmi
Turkey • CIMMYT, PK 39 Emek, 06511 Ankara, Turkey • Fax: +90 (312) 287 8955 
• Email: a.morgounov@cgiar.org; cimmyt-turkey@cgiar.org • Primary contact: 
Alexei Morgounov
Zimbabwe • CIMMYT, PO Box MP 163, Mount Pleasant, Harare, Zimbabwe • Fax: +263 
(4) 301 327 • Email: j.macrobert@cgiar.org • cimmyt-zimbabwe@cgiar.org • Primary contact: 
John MacRobert
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 CD—CIMMYT in Review 2006-07:
Seeding innovation...nourishing hope
This year we are accompanying our corporate annual report with a CD ROM that contains the full text of CIMMYT’s 
medium-term plan, new studies on the impacts of the center’s work, reports from our monthly electronic newsletter, 
and other documents that provide an overview of activities and accomplishments in the past year, as well as what we 
expect to accomplish in coming years. We hope you enjoy it, and welcome your comments.
 

Contents
Seeding innovation, nourishing hope: CIMMYT Annual Report 2006-2007.
Maize and wheat science in action: A collection of reports from CIMMYT’s 

electronic newsletter, 2006-2007.
“CIMMYT 2008-2010 medium-term plan: Translating strategic vision to a vibrant 

work plan.”
Proceedings of CIMMYT fusarium head blight workshop on global fusarium 

initiative for international collaboration, 14-17 March, El Batán, Mexico.  
KARI and CIMMYT. 2007. Insect resistant maize for Africa annual report 2006. 

KARI / CIMMYT IRMA Project. IRMA Project Document No. 27. Mexico D.F.: 
KARI and CIMMYT. 

Gerpacio, R.V., and P.L. Pingali. 2007. Tropical and subtropical maize in Asia: 
Production system, constraints, and research priorities. Mexico, D.F.: CIMMYT. 

Langyintuo, A.S., and P. Setimela. 2007. Assessment of the effectiveness of maize 
seed assistance to vulnerable farm households in Zimbabwe. Mexico, 

 D.F.: CIMMYT.

Videos
Mowbray, D. 2007. Wheat matters. 

Mexico, D.F. 
Mowbray, D. 2007. Farmers get their 

yield back and more. CIMMYT  
 e-News 4:3. 
Mowbray, D. 2007. Value from building 

human capacity. CIMMYT e-News 4:6. 
Mowbray, D. 2007. Brothers on the 

land. CIMMYT e-News 4:7.
Mowbray, D. 2007. Forward base 

Kulumsa. CIMMYT e-News 4:9. 

Brochures 
Bergvinson, D., A. Ramírez, D. Flores 

Velásquez, and S. García-Lara. 2007. 
Mejoramiento de maíces criollos por 
integración de alelos. Mexico,  D.F.: 
CIMMYT. 

García-Lara, S., C. Espinosa Carrillo, 
and D.J. Bergvinson. 2007. Manual 
de Plagas en granos almacenados y 
tecnologías alternas para su manejo y 
control. Mexico, D.F.: CIMMYT. 

García-Lara, S., N. Saucedo-Camarillo, 
and D.J. Bergvinson. 2007. Silo 
metálico Manual técnico de 
fabricación y manejo. Mexico, D.F.: 
CIMMYT. 




