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CIMMYT 1990 Annual Report 
Sustaining Agricultural Resources in Developing Countries: 
Contributions of CIMMYT Research 

In this century, 

agricultural productivity in 

many developing countries 

increased dramatically, 

spurring economic growth 

and improving the well-bein~ 

of hundreds of million of 

the world's poor. As the next 

millennium approaches, one 

of humankind's greatest 

challenges is to maintain and 

improve upon those gains so 

as to meet growing needs 

while sustaining Nature's 

endowment. 

Thomas Luba 
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Thomas Luba 

C IMMYT concentrates on increasing the productivity 

of the resources committed to agriculture, with the 

aim of opening new options for the poor, and on 

sustaining natural resources, especially those used in 

agriculture. Innovative research is required to meet both the 

needs of the poor and those of the environment. Our 1990 

Annual Report reviews the progress being made in some of our 

work, emphasizing that part of our portfolio most related 

to su.;;taining natural resources. 
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While CIMMYT has always been 
concerned with good husbandry, our 
emphasis on long-term environmental 
issues is more recent. Like others, we 
are conscious of humankind's burgeon
ing numbers and we are ever more 
aware of their impact on the environ
ment. Population growth in poor 
countries is clearly the global 
community's most daunting challenge. 
With the number of people there likely 
to double in 35 years or less, with old 
and new residents competing for 
already inadequate resources, with 
would-be survivors driven to wrest ever 
more from their surroundings, any 
extrapolation to the future must raise 
anxiety, and if not about tomorrow then 
about tomorrow's tomorrow. 

Population growth is not the only source 
of increased demand for the products of 
agriculture. Rising incomes will also 
have their effect. We now estimate that 
developing country utilization of maize 
will double in less than 20 years while 
that of wheat will double in less than 25 
years. The needed increases in produc
tion will require an ever more intensive 
use of agricultural resources, at a time 
when agriculture is seen by some as a 
major source of problems that affect the 
environment. Eroding genetic diversity, 
soil erosion, reduced fertility, increased 
salinization, depleted aquifers, and 
deforestation all relate to agriculture, 
and each demands attention. Our 
conviction that CIMMYT has a role in 
the search for solutions led us to put 
greater emphasis on the environment. 

Some say that current concern for the 
environment is excessive. We can now 
measure environmental factors with 
greater accuracy and sensitivity than 
ever, yet we know little about how 
current levels of many factors compare 
with earlier levels. Furthermore, the 
consequences of changing levels of 
some factors are not yet well under
stood. Perhaps we are perceiving threats 
where none exist. Yet while there may 
be less cause for concern in some 
arenas, in agriculture the threat seems 
much clearer and more immediate. 

However perceived, interest in 
sustaining natural resources is clearly 
increasing. We at CIMMYT see it as a 
lasting concern resting on significant 
considerations: the evident need to 
conserve resources for future production 
(what some call the problem of 
"intergenerational equity") and the 
impact that degradation of resources in 
one arena can have in another (the 
problem of spillovers). Also, some are 
concerned that the emerging environ
ment will be less satisfying to the 
senses than the existing one (an 

We welcome the chance to present the 
views of two such informed and 
committed observers. 

There are various frameworks for 
dealing with "sustaining natural 
resources." The concept itself, at its 
broadest, reflects the need to ensure that 
the future characteristics of natural 
resources are taken into account in 
current agricultural research. We follow 
the framework of the Consultative 
Group for International Agricultural 

In assessing future productivity, we believe that it is probably 

the better environments-those destined to provide an ever 

growing portion of the future's foodstuffs-that will warrant the 

greatest concern about sustaining natural resources. 

aesthetic effect). These considerations 
have a place in the discussion about 
agriculture and must be measured 
against other concerns, one of which 
must certainly be near-term productivity 
and income. 

It is clear that issues related to 
sustaining the productivity of natural 
resources used in agriculture are 
complex, and the relative importance 
given to problems varies considerably. 
For this reason, CIMMYT sought two 
"points of view" for this Annual Report. 
Dr. M.S. Swaminathan, Director of the 
Centre for Research on Sustainable 
Agricultural and Rural Development in 
Madras, India, has a lifelong experience 
in developing countries. Ambassador 
Robert Blake is Chairman of the 
Washington D.C.-based Committee on 
Agricultural Sustainability for 
Developing Countries, a coalition of 
environmental and assistance organiza
tio~s concerned about agricultural 
development. Both examine the 
interactions among population growth, 
poverty, and environmental degradation. 
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Research (CGIAR) as expressed by its 
Technical Advisory Committee (TAC). 
It argues for "the successful 
management of resources for agriculture 
to satisfy changing human needs while 
maintaining or enhancing the quality of 
the environment and conserving natural 
resources." As our Report makes 
evident, much of what we do fits 
comfortably within this framework; 
some quite obviously, such as the 
conservation of genetic diversity, and 
some less obviously, but probably with 
greater impact. 

TAC stresses "maintaining" the 
environment and "conserving" natural 
resources. It is axiomatic that 
conservation requires investment, and 
that such investment has an associated 
opportunity cost, at times, for example, 
in the form of reduced near-term 
productivity. Tradeoffs, then, must be 
made. The magnitude of the tradeoffs 
could be assessed more realistically, we 
believe, were there explicit recognition 



of two other potential means for saving 
natural resources. One is in new, natural 
resource-saving technologies, such as 
plant varieties that process natural 
resources more efficiently (see page 
30). The second is in the substitution of 
one resource for another, such as capital 
or labor for natural resources. These 
natural resource-saving options could be 
especially important in assessing the 
effects on intergenerational equity of 
investments in conserving natural 
resources. 

Beyond definitions and concepts we are 
seeking more clarity about the important 
themes treated under the rubric of 
sustaining natural resources, in 
particular that pertaining to marginal 
lands (defined on page 28). While larger 

investments in marginal lands can be 
made in the service of sustaining natural 
resources (such lands do appear to be 
more susceptible to degradation, and 
hence require more protection), such 
investments are sometimes argued in 
terms of equity (as these areas have 
benefited less than others from 
improved technologies, a balance must 
be righted) and in terms of productivity 
(having received less attention in the 
past, there are opportunities for large 
gains). Discussions about such 
investments are sometimes vague as to 
expected gains. 

With respect to productivity, work by 
our Economics Program shows that 
rates of gain in marginal areas compare 
quite unfavorably with those in better 

Nathan Russell 
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environments. In the rainfed wheat 
areas of central India, for example, 
yields have increased over the past two 
decades by only about 1.4% per year. 
On the other hand, in the well-watered 
and irrigated areas of northern India, 
wheat yields have increased during the 
same period by about 2.8% per year. 
Comparable Indian research and 
management skills have simply done 
much better in the one area than in the 
other. I add that there is similar 
evidence from other regions around the 
world. 

Even so, there is cause for concern that 
rising populations will inexorably push 
onto marginal lands, strengthening the 
argument for larger investments there. 
We can avoid surprises by being 
explicit about how much conservation, 
equity, and productivity we expect to 
derive from such investments. The 
important point, however, is that both 
marginal land and better lands must be 
sustained while productivity in each is 
enhanced. 

We believe that one of the most 
effective means to protect marginal 
environments is to further enhance 
productivity in better environments. 
Advances in more favored areas can 
reduce pressure on marginal lands in 
two ways. Increased output from better 
land lowers prices, thereby dissuading 
those who might otherwise have been 
disposed to cultivate the marginal areas. 
(If, of course, the improved technolo
gies will also lower production costs in 
marginal areas, as sometimes occurs, 
then the effect is reduced.) More 
important in the longer run and through 
agriculture ' s role as an engine of 
growth, advances in better environ
ments will contribute to an increased 
demand for labor, which itself will 
create more attractive options than that 

More appropriate methods of fertilizer 
application should help farmers like these 
in Mindanao, the Philippines, make more 
efficient use of this input. 
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of cultivating marginal lands. Both 
points are exemplified in India, where 
real prices for wheat have declined 
notably over the past two decades (see 
Figure 3, page 24), where much labor 
has been absorbed in nonagricultural 
pursuits, and where one must wonder 
what consequences for marginal lands 
were averted by the large production 
increases in better areas (see M.S. 
Swaminathan, page 12). Increased 
cropping intensity may exact some 
environmental costs in favored areas. 
However, these are clearly offset by the 
relief of pressure on the more 
vulnerable marginal areas that would 
otherwise be cultivated by those too 
poor to have any viable alternatives. 

Moreover, it is important to recognize 
that it is not only in marginal 
environments that resources must be 
sustained. Indeed, in assessing future 
productivity, we believe that it is 
probably the better environments-those 
destined to provide an ever growing 

Thomas Luba 

portion of the future's foodstuffs-that 
will warrant the greatest concern about 
sustaining natural resources. 

Let me now tum to some of the themes 
treated in the pages that follow. There 
are five major areas in which we believe 
that CIMMYT can best contribute to 
sustaining the resources used in 
agriculture. 

Much of our energy is focused on 
developing more efficient germplasm, 
materials that perform better than their 
antecedents at all levels of management 
(see Review of CIMMYT Programs, 
pages 26-32). While these measures can 
lead to more intensive cultivation in 
some environments, and consequently 
require more concern for the natural 
resources there, they will result in 
reduced pressure on the more fragile 
environments, as discussed earlier. 

Another important contribution of the 
Center is adding pest resistance to 
improved maize and wheat materials. 
Host plant resistance, usually at the 
heart of integrated pest management 
strategies, has the great advantage of 
permitting acceptable levels of 
production with less need to resort to 
pesticides. That means that costs of 
production are reduced, that farmers 
without adequate access to agricultural 
chemicals are not disadvantaged, and, 
most important to the point at hand, 
chemical threats to the environment are 
reduced (see pages 28-29). 

A third contribution is in the 
acquisition, conservation, regeneration, 
evaluation, and documentation of the 
genetic materials in our germplasm 
banks. Preserving the genetic diversity 
of maize and wheat ensures future 
access to the genetic combinations of 
the past, with their potential advantages 
in meeting new demands on plants (see 
pages 25-26). 

Thomas Luba 

The development of maize germplasm with multiple resistance to insect pests is a good example of CIMMYT's efforts to provide sustainable 
solutions to developing country farmers ' problems. Borer leaf damage on resistant germplasm developed at CIMMYT (left) is minimal compared to 
the susceptible variety on the right. 
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A growing portion ofCIMMYT's 
- resources are being devoted to strategic 

crop management research, a fourth 
dimension, where we are exploring our 
potential contribution to the 
development of sustainable maize- and 
wheat-based cropping systems. Two 
examples of this work are featured in 
this Annual Report. In one, CIMMYT 
and the International Rice Research 
Institute (IRRI) are working with several 
national agricultural research systems in 
South Asia to investigate the extent and 
causes of the apparent declining 
productivity of the region's immensely 
important rice-wheat rotation (see box, 
page 31, and Wheat Research, pages 42-
43). In another, CIMMYT has been 
engaged for the past several years in 
strategic agronomic research on maize
based cropping systems in Central 
America, especially those encountered 
on volcanic soils. This work 
concentrates on erosion control and on 
maintaining soil fertility (see box, page 
33). Both projects rest on collegial 
cooperation with national systems and 
both require the skills of several 
disciplines. Beyond improved 
technologies, we will learn more about 
CIMMYT's potential contribution to 
managing natural resources. 

In particular, these programs and other 
such efforts give us special insights into 
the influence of biological, economic, 
and policy considerations on sustaining 
resources. What shapes much of our 
thinking is the knowledge that 
individual farmers make most of the 
crucial decisions about managing 
resources and the conviction that their 
actions can be made more congruent 
with conservation through imaginative 
public policies. As we see it, such 
policies should seek to more directly 
connect those who favor additional 
conservation with the farmers who 
finally decide on resource use. With our 
considerable experience in on-farm 
research we should have much to 
contribute in this area. 

Finally, our training programs, which 
cater to hundreds of developing country 
researchers each year, aim at sensitizing 
participants to the importance of taking 

the long view when shaping more 
productive technologies. In time, 
through our own accumulating 
experience and that of others, we can 
add to such training layers of substance 
about maintaining natural resources. 

These are five dimensions through 
which CIMMYT responds to the claims 
of the environment. We will be alert to 
new opportunities that might open up in 
the future. 

Changes in Senior 
Management 

Three related changes occurred in 
CIMMYT's senior management team 
during 1990. In August, Dr. Ron 
Cantrell, Director of the Maize 
Program, resigned to become Head of 
the Department of Agronomy at Iowa 
State University. During his tenure from 
January 1984, Dr. Cantrell presided 
over such initiatives as the development 
of special-trait populations, the decen
tralization of selected research to 
regional programs, and the establish
ment of work related to hybrid maize. 
He is succeeded by Dr. Ripusudan 
Paliwal, who had served as Associate 
Director of the Program. Drs. Cantrell 
and Paliwal comprised a genuine 
management team, and jointly charted 
the course of maize research in 
CIMMYT. Dr. Paliwal chose Dr. 
Richard Wedderburn as his Associate 
Director. Dr. Wedderburn joined the 
Center as a postdoctoral fellow in 1973, 
and a year later was posted to a bilateral 
project in Zaire. That posting began a 
sequence of regional positions, 
culminating in his assignment in 1988 
as team leader in the Southern Africa 
Regional Program. Dr. Wedderburn 
thus brings to his new position a wealth 
of experience with developing country 
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maize researchers and a keen under
standing of Maize Program operations. 
In his new position he will emphasize 
these dimensions of Program activities. 

Financial Circumstances 

CIMMYT's 1990 total funding reached 
US$ 33.2 million, with $25.6 million 
coming from core sources and $7 .6 
million from special projects. Of special 
concern in 1990 was the continuing gap 
between Mexico's inflation and the 
devaluation of its currency, resulting in 
a dollar-denominated cost increase in 
Mexico of some 18% during the year. 
Conscious of the likelihood of this 
development, we curtailed 1990 
spending. Because of this financial 
stringency, and its likely continuation, a 
program to reduce staff numbers was 
initiated in late 1990. At year end, 
accounts receivable from donors were 
again quite high, but our cash position 
had improved over the end of 1989 (see 
Financial Highlights, pages 56-57). 

To Conclude 

As we move into the last decade of the 
20th century, CIMMYT is healthy and 
leaner. With the changes in Maize 
Program leadership noted above, our 
senior management team has been 
entirely transformed during the past six 
years, bringing fresh insights as we 
convert challenge to opportunity. All of 
us-trustees, staff, and management
are increasingly sensitive to the longer 
term environmental concerns described 
in this Report, and we all remain com
mitted to opening new options to the 
poor through productivity-increasing 
technologies. We think good progress is 
being made on both fronts, with much 
compatibility between the two ends. 
I trust that the reader will see it that 
way, too. 

Donald L. Winkelmann 
Director General 
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Edward Wolf of the 

Worldwatch Institute wrote 

in 1986 that, "After 20 

years, the Green Revolution 

stands as a touchstone in 

international agricultural 

development. This agricultural 

strategy ... transformed the 

lives and prospects 

of hundreds of millions of 

people .... " Now, however, 

there are disturbing signs 

that the revolution 

may be flagging. 



A clear challenge confronting 
agricultural researchers worldwide is to 
maintain, indeed to augment, the 
momentum of the Green Revolution. 
But that already formidable task is now 
complicated by growing concern about 
the environmental impacts of human
kind's many activities, including, of 
course, agriculture. Forward thinking 
people are not asking simply how we 
will feed, clothe, and house the world's 
five billion-plus inhabitants, with 
special attention to the needs of the 
poor; they are asking how we will do 
that and respect the rights of future 
generations. The challenge, then, is to 
meet growing demands for food and 
fiber while sustaining the natural 
resources upon which agriculture 
depends. 

CIMMYT played a critical role in 
fomenting the Green Revolution of the 
1960s and '70s. The products from our 
work during the 1980s are now 
generating payoffs for hundreds of 
millions of poor farmers and consumers 
worldwide. There is much we can do to 
augment the productive potential of 
Third World agriculture in the future. 
The Center's mission is to help the poor 
of developing countries by increasing 
the productivity of resources committed 
to maize and wheat. We seek to do so in 
ways consistent with conserving the 
natural resource base of agriculture. 

CIMMYT was one of the four original 
centers in the Consultative Group for 
International Agricultural Research 
(CGIAR or CG), an association formed 
in 1971 of countries, international and 
regional organizations, and private 
foundations dedicated to supporting an 
international system of agricultural 
research centers and programs. The 
purpose of the CG' s research effort is to 
improve the quantity and quality of food 
production in developing countries. The 
World Bank, the Food and Agriculture 
Organization, and the United Nations 
Development Programme are 

Locations of the international agricultural 
research centers supported in 1990 by the 

Consultative Group for International 
Agricultural Research. 

cosponsors of this effort. In 1990, the 
CG had 40 members, 35 of whom 
provided funds in support of the system. 
The CGIAR is guided by a Technical 
Advisory Committee (TAC), a group of 
some 18 prominent agricultural 
scientists from around the world. 

In May 1986, TAC recommended that 
the CGIAR incorporate the concept of 
"sustainability" into the goals of the 
system. The CG immediately saw 
wisdom in doing so, and made "increas
ing sustainable food production" an 
explicit goal. That action initiated a 
series of important events. Prominent 
among them was the establishment in 
1988 of a Sustainability Committee, 
appointed by then Chairman of the 
CGIAR, David Hopper, to assess 
present and potential future efforts 
aimed at sustainable agriculture. 

In its final report (May 1990), the 
Committee saw four major challenges 
for the CGIAR that cut across a range 
of sustainability-related issues: 
1) protecting the genetic base of 
agriculture, 2) preserving the natural 
resource base upon which agricultural 
productivity depends, 3) conducting 
effective research for less favorable 
environments, and 4) identifying 
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opportunities for implementating 
integrated farming systems that require 
fewer "external inputs" (those not 
produced on the farm, such as pesticides 
and petroleum-based fertilizers). The 
report notes the critical importance of 
taking a long-term approach to research, 
identifying accurate sustainability 
indicators, increasing the priority 
accorded sustainability-related research 
by developing country national 
programs, and improving the ability of 
CG centers to anticipate and respond to 
emerging threats to sustainable 
agriculture. 

The Committee concluded that CG 
centers can best contribute to 
sustainable agriculture, not by making 
wholesale changes in their research 
agendas, but rather by sensibly adapting 
those things they do best (such as 
germplasm improvement, component 
management research, socioeconomic 
investigations, and training) so as to 
ensure incorporation of sustainability 
concerns. The system, then, continues 
its commitment to research directed 
toward improving the circumstances of 
the poor in developing countries, be 

they producers or consumers, with an 
added emphasis on conserving the 
resources used in agriculture. 
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Kathrin Elsesser 

The complexity of the theme treated in this Annual Report 

led us to seek the perspectives of two distinguished 

individuals concerned with sustaining agricultural 

productivity in developing countries. Dr. M.S. Swaminathan, 

Director of the Centre for Research on Sustainable Agricultural 

and Rural Development (Madras, India), argues forcefully for 

the "onward march" of the Green Revolution. Ambassador 

Robert 0. Blake, Chairman of the Committee on Agricultural 

Sustainability for Developing Countries (Washington, D.C., 

USA) challenges governments, development agencies, 

and international agricultural research centers to 

translate rhetoric about sustaining agricultural 

productivity in developing countries into concrete action. 

The opinions expressed by Point of View authors are not necessarily those of CIMMYT. 
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The Green Revolution and Small-Farm Agriculture 

Dr. M.S. Swaminathan 
Director, Centre for Research on Sustainable Agricultural and Rural Development, Madras, India 

The onward march of the Green Revolution in wheat, rice, 

and maize is an ecological and economic imperative in population-rich but land-

hungry countries like Bangladesh, China, and India. If the Revolution is allowed to falter, 

the poverty of small-farm families will persist, since they will have very little marketable 

surplus and thus will not be able to profit from the remunerative output-pricing policies of 

governments. Nor will it be possible to prevent further expansion of cultivated 

area at the expense of forests and soils vulnerable to erosion or 

Consider the following differences 
between developed and developing 
country circumstances: In 1945 the 
USA had about 5.9 million farms . By 
1985 this number had declined to about 
2.2 million. In contrast, at the time India 
became independent in 194 7, the 
country had about 50 million farms. By 
the early 1980s, this number had risen 
to about 90 million (Figure 1 ). Projec
tions indicate there are now some 100 
million farms in the country (the 
decadal agricultural census is just 
starting). Today, every fourth farmer in 
the world is Indian, and nearly half of 
the country ' s land is being utilized for 
crop production. Meanwhile, in the 
USA only about 20% of the land is used 
for crop production. Affluent countries 
have gross national products (GNPs) 
that vary from 12 times the value of 
agricultural production (as in New 
Zealand) to 50 times that value (as in 
Belgium, Germany, the United 
Kingdom, and the USA). In these 
countries employment in the tertiary 
(services) sector exceeds that in the 
primary and secondary sectors 
combined (the first of which encom
passes farming and other enterprises 
based on natural resources and the 

other forms of destruction. 

second manufacturing). In India, by 
contrast, over 30% of the GNP comes 
from agriculture. Even more significant, 
about 70% of the country ' s current 
population (nearly 850 million people) 
depends upon the primary sector for a 
livelihood. 

In general , opportunities for traditional 
rural societies to enhance their standard 
of living are closely linked to declines 
in the farm population. As can be seen 
in Figure 2, however, the trend in 
developing countries is headed in the 
wrong direction. About half the 
population of the world today is 
working or seeking work in agriculture. 
Only about 10% of the population in 
developed countries is now employed in 
the farm sector, having shrunk from 
about 38% over the last 40 years. 
Compare that with the developing 
world. Forty years ago about 81 % of the 
population was working in agriculture; 
today some 63% of all developing 
country residents are still employed in 
agriculture (Hendry 1988). 

The famine of food at the household 
level largely arises from a famine of 
jobs and purchasing power. The pace of 
progress in the movement of men and 
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women from agriculture to other sectors 
has been slow. Self-employment 
opportunities in nontraditional and off
farm occupations are limited, especially 
in slowly growing economies. On the 
other hand, population growth has 
resulted in the diminution and fragment
ation of farm holdings. Diversification 
of employment opportunities and 
income sources, of course, can insulate 
people from violent fluctuations in their 
economic fortunes. In India, however, 
where there is relatively little diversi
fication of incomes compared to 
developed countries, drought has caused 
serious disruption in the economy of the 
people, making it essential for the 
government to initiate large-scale "food 
for work" programs. Improved employ
ment opportunities arising from rapid 
economic development are essential for 
food security as well as for resource 
conservation. 

These trends in employment, income, 
and land use provide the context in 
which the future of the Green Revolu
tion in developing countries must be 
viewed. In 1965 farmers in India 
produced 48 million tons of wheat and 
rice on 54 million hectares of land. In 



1990 they produced 127 million tons of 
wheat and rice on about 68 million 
hectares. Obviously, land-saving 
technologies have raised yields and 
thereby reduced pressures to expand 
cultivated area to forested and other 
protected areas. This is true in other 
developing countries as well. Even so, 
both the United Nations Environmental 
Programme and the Food and 
Agricultural Organization estimate that 
over 75% of the annual global 
deforestation of 17 million hectares 
occurs for expanding food production. 
Thus, there is no option but to adopt 
land-saving agricultural practices in 
countries where land is limited and 
population pressure is increasing. This 
is why defending the yield and 
economic gains achieved through the 
Green Revolution during the last 20 
years and extending them to more 
regions and farming systems are both 
ecological and economic imperatives. 

Making the Green 
Revolution "Greener" 

In January 1968, when there was 
evidence that India was on the threshold 
of making impressive progress in wheat 
production using the semidwarf wheats 
introduced from CIMMYT, I made the 
following observations: 

Millions 
80 ---------j 

60 -------- -j 

40 

20 __ __, 

USA India 
1940s 

USA India 
1980s 

Figure 1. Number of farms in India and 
the US, 1940s and 1980s. 

intensive cultivation of land without 
conservation of soil fertility and soil 
structure would lead ultimately to the 
springing up of deserts. irrigation 
without arrangements for drainage 
would result in soils getting alkaline 
or saline. Indiscriminate use of 
pesticides, fungicides and herbicides 
could cause adverse changes in 
biological balance as well as lead to 
an increase in the incidence of cancer 
and other diseases, through the toxic 
residues present in the grains or other 
edible parts. Unscientific tapping of 
underground water would leau to the 
rapid exhaustion of this wonderfu l 
capital resource left to us through 
ages of natural farming. The rapid 
replacement of numerous locally 
adapted varieties with one or two 
high-yielding strains in large 
contiguous areas would result in the 
spread of serious diseases capable of 
wiping out entire crops .... Therefore, 
the initiation of exploitive agriculture 
without a proper understanding of the 
various consequences of every one of 
the changes introduced into a 
traditional agriculture and without 
first building up a proper scientific 
and training base to sustain it may 
only lead us into an era of agricultural 
disaster in the long run, rather than to 
an era of agricultural prosperity 
(Swaminathan 1968). 

Thus it was clear from the beginning 
that the indiscriminate use of chemicals 
and nonadoption of ecologically sound 
crop management practices might have 
a number of unfavorable effects. Public 
health problems could arise, and the 
sustainability of high yields over the 
long term could be threatened. 

Fortunately it appears possible to reduce 
input levels with no effect on yields by 
improving technical efficiency. Byerlee 
( 1987) points out that technical 
inefficiency-the difference between 
actual production by farmers and their 
potential production given current levels 
of input use-generally ranges from 
20% to 50%. He concludes that a new 
and more complex second generation of 
inputs and management practices can 
play an important role in productivity 
growth , while keeping input use at 
reasonable levels. Investments in better 
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information and the skills of farmers to 
improve their technical efficiency are 
needed to maintain momentum in 
traditional Green Revolution areas. 

At the same time, the Green Revolution 
needs to be expanded to cover more 
crops, areas, and farming systems, and 
our emphasis should be on improving 
the technical efficiency of small-farm 
agriculture. This expansion, however, 
must be made in ways that consider the 
ecological implications of productivity
enhancing technologies-a further 
"greening" of the Green Revolution. 

Pa th ways to Improved 
Agricultural Productivity in 

Developed Countries 

Growing concern over the level of input 
use is hardly limited to developing 
countries. Indeed, moves to reduce the 
use of agricultural chemicals are 
receiving considerable attention in 
Europe and the USA. These moves 
appear to have been at lea t partially 
inspired by notable prescriptions to 
achieve ecological farming , as 
described by Fukuoka ( 1978), and by 
the low-input, sustainable agriculture 
(LISA) movement in the USA. Both 
approaches place strong emphasis on 

D Developing countries 
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Figure 2. Agricultural work force in 
developing countries. 
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the use of organic matter (as opposed to 
synthetic inputs) in maintaining soil 
fertility and resource quality. 

Scandinavian countries have enacted 
legislation to reduce pesticide use, with 
Denmark calling for a reduction of 50% 
by 1997 and Sweden serting a target in 
1988 of a 50% cutback within only five 
years. Their lead has already been 
followed by other countries in Europe 
(Ministry of Agriculture, Nature 
Management, and Fisheries 1990, 
Warrell 1990). A report on alternative 
agriculture (National Research Council 
1989) defined such alternative systems 
as those incorporating natural processes, 
reducing the use of inputs from off-farm 

sources, making greater use of the 
biological and genetic potential of plant 
and animal species, ensuring the long
term sustainability of current 
production levels (italics mine), and 
improving farm management and the 
conservation of soil, water, energy, and 
biological resources. Significant 
government support for the develop
ment of such systems exists; the US 
Food, Agriculture, Conservation, and 
Trade Act, 1990 (farm bill), for 
example, authorizes US$ 40 million 
annually for LISA research (Madden 
and O'Connell 1990). 

The efforts of industrialized nations to 
promote the long-term sustainability of 
current yield levels are indicative of the 
technology options under consideration. 
I wish to stress, however, that, while 
defending the status quo in yield may be 
the priority task in industrialized 
nations, raising average yields is the 
urgent need in developing countries. To 
what extent, then, is the experience of 
industrialized countries applicable to the 
generally small-scale farming circum
stances of developing countries? 

Pathways for 
Developing Countries 

Sustainable pathways toward 
"greening" the Green Revolution in 
developing countries like India and 
China may differ dramatically from 
those applicable to developed countries; 

that is, technological options must be 
appropriate both to the needs and 
opportunities of such population-rich 
but land-hungry countries. There are at 
least two difficulties in applying the 
Fukuoka and LISA models to the 
circumstances of developing countries. 

First, in tropical and subtropical 
environments, the oxidation of humus is 
high, and soils generally tend to be 
lower in organic matter content. They 
will benefit from the incorporation of 
crop residues, but such residues are 
invariably needed for other uses, such 
as animal feed. Many soils are eroded, 
and their nutrient status tends to be low 
due to continuous cultivation for 

centuries. Even so, farmers who are 
producing barely enough to meet the 
needs of their families find it extremely 
difficult to invest in resource-enhancing 
technologies (such as systematic cereal
legume crop rotations). If unchecked, 
weeds, insects, and pathogens multiply 
and spread, causing considerable losses. 
Plowing or puddling is needed to 
control weeds, and resource-poor 
farmers must have improved varieties 
with genetic resistance to insects and 
diseases. 

Thomas Luba 

Millions of tons of valuable topsoil are lost 
each year to erosion caused by overgrazing 
and other negligent land management 
practices. 
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The second difficulty is that, while 
these models offer good longer term 
benefits, they entail few near-term 
advantages. It is hard for very poor 
farmers, whose main preoccupation is 
survival, to base their actions on the 
requirements of a distant and uncertain 
future. Yet sustainable agriculture 
requires that attention be paid concur
rently to intra- and intergenerational 
equity. 

Intragenerational equity, which aims at 
giving a fair deal to the economically 
and ecologically disadvantaged, 
demands resource neutrality in tech
nology development and dissemination. 
This new dimension complements the 
scale-neutral research already in 
process. In working toward intragenera
tional equity, agricultural researchers 
can help all farmers, regardless of farm 
size and capacity, to mobilize inputs 
and absorb risk. Obviously, research 
strategies and public policies will have 
to be suitably integrated to achieve this 
goal. 

Achieving intergenerational equity 
involves conserving the ecological 
foundations of sustainable advances in 
biological productivity. This will 
require greater efforts in conserving 
resources used in agriculture and in 
eliminating' agriculture ' s contribution to 
the accumulation of greenhouse gases in 
the troposphere. I believe the appro
priate measure of productivity is the 
value of output divided by the value of 
the inputs required to produce it, plus 
some factor that indicates changes in 
environmental capital stocks. If such a 
formula is to be useful, however, we 
need internationally accepted 
measurement and monitoring tools. 

The final report of the CGIAR 
Committee on Sustainable Agriculture 
noted in some detail the difficulties 
inherent in monitoring sustainability 
(Swindale 1990). Certainly, no single 
indicator is likely to incorporate the 
many normative-and therefore 

. difficult to quantify-judgments that 
must be made in gauging progress 
toward sustainable agriculture. These 
would include judgments about the 



reversibility of degradation, the critical 
threshold of decline, and the level of 
diversity necessary to protect the future 
genetic base of agriculture. The 
Committee also points out, however, 
that several quantifiable indicators can, 
if measured over the long term, provide 
data that help to determine the 
sustainability of most agricultural 
systems. These indicators include soil 
organic matter, soil acidity, crop yields 
or biomass yields per hectare, and the 
net value added to production. I join the 
Committee in its plea for a considerable 
investment in developing and testing 
quantitative models to guide future 
sustainability research and to extend the 
utility of findings to new situations. 

Where Do We Go 
from Here? 

Given the complexities inherent in 
achieving sustainable agricultural 
systems, especially in developing 
countries, as well as the pressing need 
to do so, what are the key steps toward 
success? In my view, at a minimum 
they include the following: 

• We need to develop technologies 
that can help increase the produc
tivity and profitability of small-farm 
operations, without forcing undue 
tradeoffs between current and future 
production systems. 

• We need to further develop and 
implement techniques like integrated 
nutrient supply (involving a blend of 
biofertilizer, organic and green 
manures, and mineral fertilizers), and 
integrated pest management 
(involving genetic, biological, and 
cultural control methods, as well as 
the application of chemical 
pesticides when needed), so as to 
achieve technical efficiency and 
ecological sustainability. 

• Any research agenda for sustainable 
agriculture should give priority to 
securing the livelihood of families 
that either have no assets or only 
small holdings. Chambers (1991) has 
often stressed that, in the case of the 

Green Revolution technologies in 
wheat and rice, farmers who took 
advantage of them adapted the 
growing conditions to suit the needs 
of the technology. On the other hand, 
farmers located in complex, diverse, 
and risk-prone (CDR) areas will 
need technologies tailored to their 
agroecological and socioeconomic 
circumstances. There is considerable 
evidence that this can be done. The 
experience of CIMMYT scientists 
shows that varieties with good adap
tation to diverse growing conditions 
can be developed. Recombinant 
DNA techniques are providing 
additional tools for achieving novel 
genetic combinations. Given 
appropriate breeding methods and 
selection procedures, it should be 
possible to devefop new germplasm 
for CDR areas, which, when 
integrated with efficient methods of 
soil fertility restoration and water 
saving and sharing, will help to 
elevate and stabilize yields in such 
areas. 

• In many CDR areas, policies aimed 
at changing systems of land use will 
probably be needed. Agroforestry 
involving sylvipastoral or 
sylvihorticultural practices may be 
the ideal land and water management 
system for such conditions. Yet, 
unless the people living in such areas 
are somehow assured of a steady 
supply of basic staples at reasonable 
prices, they will continue to grow 
annual crops in marginal and 
erodable soils. Land use changes in 
ecologically desirable directions can 
be triggered only through public 
policy measures designed to ensure, 
among other things, economic and 
physical access to food for the 
families cultivating the land. 

Conclusion 

For most developing countries, and 
especially for countries like India and 
China, the only viable path toward 
sustaining the natural resource base of 
agriculture is by increasing the produc
tivity of farmers, that is, through the 
onward march of the Green Revolution, 
though in ways more sensitive to 
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potential ecological impacts. Creative 
blending of new and traditional tech
nologies can help to achieve needed 
improvements in agricultural 
productivity, employment, and 
economic growth. However, no amount 
of effort to implement the appropriate 
mix of technologies will bring lasting 
benefits in the absence of enlightened 
public policies designed to facilitate and 
reinforce their adoption. 

In the end, of course, farmers judge the 
value of new technologies, and their 
concerns tend to center on household 
food security. On an individual level, 
the future means little if you cannot 
survive the present. Productivity
enhancing technologies and the policies 
intended to facilitate them must be 
developed with that reality in mind. 
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Promoting Agricultural Sustainability 

for Developing Countries: An Urgent Agenda 

Ambassador Robert 0. Blake 
Chairman, Committee on Agricultural Sustainability for Developing Countries, Washington D.C., USA 

The world may well be faced in the not-too-distant future 

with a serious crisis in feeding its growing billions. Population in many developing 

countries is doubling every 20 to 30 years. At the same time international reserves of basic 

grains are declining, per capita food production is decreasing in large 

parts of Africa and Latin America, and the economic resources and governmental 

institutions needed to cope with these problems continue to 

These facts present an especially 
difficult challenge for those developing 
countries that already have huge 
numbers of undernourished people, 
stagnating agricultural productivity, and 
rapidly degrading farmlands. Few are 
the developing countries that are not 
literally mining their soil in the name of 
higher agricultural production. 

Can they-and if so how can they
achieve sustainable farming systems so 
that not only this generation but also 
future generations can be fed? The 
answers to both questions are in real 
doubt. There are few signs that 
population growth will level off anytime 
before the middle of the next century. 
True, the burden of answering these 
questions will be on the governments 
and citizens of the developing countries. 
But the citizens of the United States and 
other industrialized nations hold many 
of the keys to helping solve these 
problems, particularly by assisting 
developing countries to apply the tools 
of science and technology more 
effectively. Hopefully we can also help 
them mobilize both the will and the 
resources to support the heavy 

weaken in many poor nations. 

expenditures and tough political 
decisions that will be required if 
sustainable agricultural systems have 
any chance of being created. 

Yet more than enough is already known 
to make a real start toward putting 
agricultural production on a sustainable 
basis, even in the case of less well
endowed lands . Why then has this not 
happened? Because governments, 
development agencies, and research 
institutions have given little real thought 
to how to achieve high enough 
production levels over a longer period, 
and how to do so without continuing to 
mine irreplaceable natural resources. 
Because not enough answers have been 
provided through research on how the 
tougher dimensions of the sustainability 
problem can be solved. Because the 
outreach systems n_eeded to stimulate 
farmers to accept new plants and 
technology simply do not exist in many 
countries. Because nowhere near 
enough resources have been dedicated 
to the achievement of agricultural 
sustainability by governments or 
development agencies. Because more 

16 

attention is still being focused on the 
short-term political and financial costs 
of pursuing sustainability than on the 
heavy long-term costs of not doing so. 

There is another serious impediment to 
the achievement of sustainability: too 
many governments still believe that 
they cannot afford to conserve their 
precious soil, water, and forests. Too 
often they fail to recognize that the 
costs of protecting these resources now 
are infinitely lower than the costs of 
trying to restore them later. 

Two Positive Developments 

Yet the picture is not all dark. Two 
breaks in the clouds signal the growing 
recognition of the importance of 
agricultural sustainability. The first was 
the formation three years ago in the 
United States of the Committee on 
Agricultural Sustainability for 
Developing Countries by a coalition of 
environmental groups, nongovernmental 
organizations, and development and 
policy research groups . The Committee 
has since expanded, adding new 
member organizations and a growing 



number of university and scientific 
advisers, all of them actively involved 
in agricultural development in the 
developing countries. The Committee 
has also begun to work with like
minded organizations in other countries, 
particularly in the developing world. 
The Committee aims above all to make 
policy makers, opinion leaders, and 
scientists so conscious of the urgency
and possibility--of creating sustainable 
agricultural systems that they will give 
this prospect much higher priority. 

The second hopeful development has 
been the growing interest of the:,US 
university leaders in joining actively in 
the effort to help the developing world 
achieve agricultural sustainability. The 
Committee, for its part, has sought to 
channel and magnify these efforts by 
working in close alliance with the 
university-oriented Board for 
International Food and Agricultural 
Development and Economic 
Cooperation (BIFADEC) and with one 
of the US academic community's most 
vigorous "trade associations," The 
National Association of State 
Universities and Land Grant Colleges 
(NASULGC), a recent addition to the 
Committee's membership. Together we 
have .sought to introduce new vigor and 

new thinking about sustainability into 
the agricultural programs of US Agency 
for International Development 
(USAID). Special attention has been 
directed at the US government
supported collaborative research 
support programs (CRSPs) conducted 
through the universities. The Committee 
has also agreed with its academic allies 
on the longer range goals of making 
sustainability a central focus of all 
university agricultural teaching and 
research and of getting the universities 
to take on a larger role in promoting 
sustainability through expanding their 
collaborative efforts with organizations 
in developing countries. 

Committee Priorities 

The Committee from its first days has 
concentrated a major portion of its 
efforts on analyzing and influencing the 
work of the world's development 
agencies, particularly those based in 
Washington, D.C. It has focused on the 
development agencies because they 
alone have the financial and human 
resources and the leverage with 
developing country governments 
necessary to change entrenched policies 
and to finance expensive programs. 

Gene Hettel 
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How well are these development 
organizations doing and what problems 
do they face? Do they have policies and 
procedures that ensure the 
"sustainability" of their own agricultural 
development programs? Are 
development agencies producing 
programs that contribute to sustainable 
agricultural development? The answers 
to these questions are complicated and 
differ with each institutions. 

USAID-While still working on much 
too small a scale, USAID has gone 
farther than other development agencies 
in thinking through what agricultural 
sustainability should mean in practice. 
In the process, it has given much higher 
priority to rural natural resource protec
tion. Solid sustainability principles are 
increasingly reflected in USAID's 
statements about agricultural develop
ment and are incorporated into its 
training programs. More specifically, 
USAID is in the process of launching a 
CRSP aimed directly at promoting 
sustainable agriculture. It is also 
supporting the community-based 
agricultural development programs of 
American private voluntary 
organizations in a number of countries. 

But the picture in USAID is not all 
good. Most USAID missions still have 
difficulty rigorously applying 
sustainability principles to thei~ own 
agricultural projects. Even worse, as 
federal funding for development has 
become increasingly scarce, USAID has 
tended to concentrate its funding on 
easier projects with the "biggest 
returns" in political terms rather than on 
those that make the greatest contribu
tion to sustainable agriculture or to the 
reduction of poverty in general. And, 
most regrettable of all, USAID's efforts 
are neither large enough nor focused 
enough on sustainability to make 
anywhere near the impact that the 
present situation urgently requires. 

Unfortunately, with the end of the Cold 
War, interest in development is lagging 
all over the world. A new rationale for 

Large tracts of virgin forest are being put to 
the torch to make room for agriculture in 

many areas of the developing world. 
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launching more-and more effective
collaborative efforts between industrial 
and developing countries in agriculture, 
population, health, education, and the 
environment is badly needed. But 
events will not wait for changes in 
public opinion. USAID and other 
development agencies must be stimu
lated to do much more to promote 
agricultural sustainability now. 

World Bank-The World Bank is 
rhetorically committed to agricultural 
sustainability, but its actions in this 
regard still do not match its rhetoric. Of 
all the development agencies , it has the 
greatest potential to help developing 
countries make the difficult transition to 
agricultural sustainability. But there are 
big problems. The Bank thinks of itself 
primarily as a bank and not a develop
ment agency. As such, it is not yet 
ready to accept the risks of financing 
the large volume of small-scale, farm
level agricultural production loans 
which the transition to a sustainable 
system requires. Its environmental 
department, which is the logical center 
for promoting such changes, still lacks 
the strength and the clout to persuade 
the key regional operations departments 
to dedicate the resources needed to 
ensure environmental soundness in 
agricultural (and other) projects. For 
example, irrigation projects that don ' t 
provide financing for necessary but 
expensive drainage systems, that don ' t 
provide for enough continuing 
slipervision, and that don't require 
enough participation in management by 
associations of irrigation users are still 
too often approved. Another point: 
Despite its strong verbal commitment to 
reducing poverty in the agricultural 
sector, the Bank is rapidly losing its 

A Nepali sc ienti st partic ipates in 
an informal field survey in Rupandehi 

District to hear about farmers' experiences 
with the rice-wheat rotation. This kind of 

monitoring alerts researchers to potentially 
serious problems that might never be 

perce ived in the more controlled 
condition s of experiment stations. 

capacity to plan and supervise poverty
oriented, farm-level agricultural 
programs because of its failure to 
replace retiring technical staff. 

All these tendencies must be overcome. 
Fortunately, the Bank is full of good 
people who are well aware of the 
environmental consequences of Bank 
actions and who support important 
changes in the way the Bank operates . 

IDB-The Committee is increasingly 
working with the Inter-American 
Development Bank (IDB). That 
institution, with strong environmental 
leadership from its president, is in the 
process of initiating some ground
breaking programs in agriculture 
through its newly headed agricultural 
department and its newly formed 
environmental department. These are 
hopeful signs. 

Other development agencies-The 
Committee also follows, but much less 
closely, the work of other "bilateral" 
development agencies and regional 
banks. Almost all of them have, in the 
wake of the Brundtland Commission 's 
recommendations, come to acknow
ledge the primordial importance of 
promoting sustainability . Yet few have 
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established effective programmatic 
responses. Some, like the Swedish 
International Development Agency, 
have programs that promote one aspect 
or another of agricultural sustainability. 
However, these programs still tend to be 
small, both in relation to the agencies' 
total efforts and to developing country 
needs. Little has yet been done to 
eliminate conflicts and duplications of 
effort among development agencies in 
the promotion of sustainability. 

International Agricultural Research 
Centers-The Committee is 
concentrating an increasing amount of 
its attention on the work of the interna
tional agricultural research centers 
(IARCs). It is the Committee's view 
that the IARCs have an absolutely 
central role to play in the promotion of 
sustainability. The IARCs ' output over 
the last two years in this regard is 
encouraging overall but still far from 
large enough or sophisticated enough to 
respond to developing countries' 
sustainability problems. Individually 
and collectively they have been man
dated to fully incorporate the principles 
of sustainability into their research. 
Some centers are further along this path 
than others. Most are paying increasing 
attention to breeding sturdier and more 

Thomas Luba 



productive plants and to designing 
systems for nutrient supply and pest 
management that meet the needs of the 
millions of small farmers on less well
endowed lands. But as the centers point 
out, they are also faced with the crucial 
task of maintaining the productivity of 
the world's principal food crops. 
Dividing their finite resources between 
research on cropping systems and plant 
breeding for the most productive lands 
and research aimed at the less well
endowed lands is a continuing problem, 
as is ensuring against an overly "top
down approach" to research. 

Given the urgency of increasing global 
agricultural productivity and production, 
the key role that agricultural research 
must play in this effort, and the overall 
inability of the national agricultural 
research institutions in so many 
developing countries to meet their own 
needs, the challenge to the IARCs is 
enormous and growing. They must find 
more and better ways to interact with 
small farmers, to meet farmers' 
expressed needs, and to get new 
technology out to farmers. They must 
concentrate even more on designing 
cost-effective and labor-effective 
systems that incorporate the rapidly 
emerging lessons of sustainable 
production and resource conservation. If 
they are to do all this-and in as timely 
a manner as sound research permits
the centers must be given the 
progressively greater support that our 
committee advocates. 

Time to Move Forward 

If there has been some progress in 
helping developing countries carry out 
environmentally sound agricultural 
development, the advances made so far 
have just not been good enough or 
widespread enough to touch more than a 
small number of farmers in the 
developing countries. Time is not on our 
side. We must lose no chance to move 
forward by finding ways to: 

• Utilize, on many more farms in 
every developing country, the more 
productive and more resource
conserving technology that has 
already been developed. 

• Develop the plants and the systems 
capable of doubling or even tripling 
present amounts of food without 
destroying natural resources. 

• Get governments in both the south 
and the north to face up to the 
gravity, difficulty, and urgency of 
allocating the necessary resources 
and to make the tough political 
decisions that the achievement of 
sustainability will require. 

How You Can Personally 
Contribute 

The search for progress cannot just be 
left to others. We must all play our part. 
I would suggest a short list of priorities 
and invite readers of CIMMYT's 
Annual Report to reflect on how they 
can personally contribute. We must all: 

• Seek to better understand the 
obstacles to achieving agricultural 
sustainability and recognize-and 
incorporate into our thinking and 
work-the hard truth that providing 
global food security will require 
much higher production levels. 

• Try to launch some kind of personal 
collaborative effort with someone or 
some organization in a developing 
country, if possible going beyond 
what our own organizations may 
already be doing. 

• Recognize-and incorporate as an 
organizing principle into all that we 
do--that for rural poverty to be 
reduced and greater food security to 
be achieved, there must be much 
greater and more sympathetic 
involvement of the small farmers, 
including those on the less well
endowed but still viable lands. 

• Miss no opportunity to bring home to 
political and opinion leaders the 
importance and the possibility of 
making progress toward agricultural 
sustainability. 

• Do more to promote an effective, 
farmer-based participatory approach 
to agricultural research and to all 
aspects of agricultural development. 
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• Give serious thought and attention to 
how better to get research results out 
to farmers. Study the work of at least 
one effective outreach program by a 
farm group or nongovernmental 
organization in a developing country. 

• Use our influence with the World 
Bank, USAID and other develop
ment agencies, and with the IARCs 
to convince them to give high 
priority to programs that promote 
agricultural sustainability. Work to 
help them come to terms with the 
institutional problems of adapting 
successful, site-specific village 
models more broadly. 

• Recognize that allocating resources 
and setting priorities are, above all, 
political problems and be ready to 
enter actively into this arena. Take 
our case to legislators, administra
tors, editors, reporters-anyone who 
can impact the political process. No 
one should hold himself or herself 
aloof--certainly not the scientist. 
Each of us has a special niche where 
he or she can be effective. 

• Finally, work with universities, 
private voluntary organizations, and 
aid-giving institutions to establish 
more realistic, multidisciplinary, and 
culturally sensitive training in 
sustainable agriculture for students 
from developing countries. 

These are tough challenges. We must 
pursue them with vigor, skill, and 
urgency. With the passing of the Cold 
War, much of our attention will have to 
be directed toward how to bridge the 
huge and growing gap in resource use 
and living standards that separates the 
industrial and the developing countries. 
This is not just an ethical and human
itarian problem; it is loaded with 
political dynamite as well. By 
promoting new and successful models 
in north-south cooperation in achieving 
agricultural sustainability, we can 
contribute not only to the welfare of 
millions of people but also to lasting 
peace. 
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Mural by Diego Ri vera. National Palace. Mexico City. Courtesy of the 
Department of the Federal Di~trict. Mexico. 

Sustaining Agricultural Resources in 

Developing Countries: 

Contributions of CIMMYT Research 

Not far from CIMMYT's headquarters in Mexico 

lie the remains of the "floating gardens" or chinampas of 

Xochimilco. The conquest of the Aztec empire eventually led 

to the demise of this remarkable agricultural system, but for 

centuries it permitted intensive and continuous production 

of maize and other staple foods for a large number of the 

people living in the Valley of Mexico. History is rich 

with similar examples of stable and apparently sustainable 

agricultural systems falling prey to unexpected change. Our 

situation today differs in that we know change is coming. 

We also comprehend the huge dimensions of 

the challenges we face, and the high cost of failure. 
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To the year 2000 and beyond, agricul
ture worldwide must provide sustenance 
for an additional 80-100 million people 
each year. Nearly 90% of these new 
arrivals will be born in developing 
countries, where land is already under 
heavy population pressure; some 
regions, such as sub-Saharan Africa, 
already face severe food deficits. To 
maintain food production at an adequate 
level without degrading our natural 
resource base will, in the words of the 
1987 Brundtland Report to the World 
Commission on Environment and 
Development, take an effort "colossal 
both in its magnitude and complexity, 
presenting a greater challenge to the 
world's food systems than they may 
ever face again." 

In recent years, the "sustainability" of 
agriculture has captured widespread 
interest, and many descriptions of what 
the concept means are now available. 
We in CIMMYT take that offered by 
the Technical Advisory Committee 
(TAC) of the Consultative Group for 
International Agricultural Research 
(CGIAR) as a good first approximation 
(see Comments from Management, 
page 4). The TAC holds that sustainable 
agriculture should involve "the success
ful management of resources for 
agriculture to satisfy changing human 
needs while maintaining or enhancing 
the quality of the environment and 
conserving natural resources." In 
referring to changing human needs, the 
Committee is recognizing the dynamic 
aspects of the problem. TAC also 
obviously calls for protecting the 
existing endowment of Nature. 

As was mentioned earlier (pages 4-5), 
we favor a more open framework for 
assessing the sustainability of agricul
ture, one in which larger harvests for 
growing populations can be obtained by 
substituting other resources, whether 
capital or labor, for those left us by 
Nature. Our view also emphasizes the 
potential for technolog-ical change to 
enable greater efficiency in using 
resources, as in the case of improved 
plants that are more efficient in the use 

of nitrogen (see page 30). Thus, our 
framework permits the possibility, over 
the long term, of drawing down on 
Nature's endowment. That need not 
imply, however, circumstances 
prejudicial to future generations. 

We do not encourage a cavalier attitude 
toward Nature's bequest. Indeed, we 
must be as careful as we can in deciding 
about investments aimed at conserving 
natural resources. Still, conserving 
resources for the future requires 
sacrifices in the present, and the poor in 
developing countries can easily be the 
losers when such sacrifices are made. 
Our point is that the potential payoffs 
from resource substitutions and 
improved technologies should permit us 
to be somewhat less parsimonious with 
the earth's natural resources than TAC 
appears to believe necessary. Of course, 
the science that leads to the discovery of 
new sources of productivity and the 
development of improved technologies 
that save natural resources is itself 
costly, and those costs should be 
factored into the debate about 
sustainability as well. 

Many justifications for sustaining 
natural resources used in agriculture 
have been put forth, most of which 
seem to fall into one of three broad 
categories: a desire for intergenerational 
equity, the problem of negative 
spillovers (such as pesticide residues in 
food), and concern for environmental 
aesthetics. Much of the debate about 
sustainability issues stems from the 
relative importance accorded these 
considerations. In the USA, for 
example, the importance given to the 
theme rests on perceived environmental 
and public health costs exacted by 
extensive use of chemical fertilizers and 
pesticides. To reduce input costs, 
preserve the natural resource base, and 
protect human health, a growing 
number of US farmers are exploring 
alternative agricultural systems 
(National Research Council 1989). In an 
affluent country where demand for food 
is growing slowly (if at all) and where 
food security is less of an issue than 
public health, a definition of sustainable 
agriculture that emphasizes reducing 
negative spillovers while maintaining 
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current levels of production makes 
perfect sense. Developing countries, 
however, are not well served by such a 
static conceptualization. 

Population growth and rising incomes in 
Third World countries require an 
emphasis by them (and by CIMMYT) 
on the "changing human needs" 
mentioned in TAC's definition. Based 
on current growth rates for population 
and per capita incomes in developing 
countries, we estimate that Third World 
demand for maize and wheat will 
increase each year at about 3.1 % and 
4.2%, respectively, until the year 2000. 
Assuming that the area planted to wheat 
can be expanded by some 0.8% 
annually until then, yields will have to 
increase by about 2.3% per year to meet 
growing demand. Maize yields will 
have to increase even more vigorously, 
at about 3.2% per year, assuming that 
area planted to the crop expands at an 
annual rate of 1 % in developing 
countries. 

We believe that such "land-saving" 
productivity growth in maize and wheat 
can be achieved in the more favorable 
production areas in the developing 
world, and that such growth helps 
protect the environment (see Comments 
from Management, page 5). The chal
lenge for policy makers, researchers, 
and farmers is to achieve these produc
tivity increases without destroying the 
natural resource base upon which 
sustainable agriculture depends. 

Trends in Cereal Production, 
Yields, and Prices 

The current debate about sustainable 
agriculture comes at the end of a period 
of extraordinary growth in cereal 
production worldwide. Since the end of 
World War II, basic cereal production 
has increased at a rate of 2.8% per year, 
keeping well ahead of the 2.3% annual 
increase in population growth. As a 
result of the Green Revolution, dramatic 
increases were achieved during the 
1960s and 1970s in the production of 
four of the major cereals, but 



particularly of wheat and maize. From 
the early 1960s to the late 1980s, 
production of wheat grew by an average 
of 3% per year globally and at an even 
more impressive rate in the developing 
world, reaching an unprecedented 4.9% 
per year. Production of maize increased 
slightly faster than wheat in a global 
context, and at a pace second only to 
wheat in the developing world (Table 1). 

Increases in the production of all cereals 
were largely due to yield gains. Wheat 
yields, for example, rose at a rate of 
3.7% annually in the developing world, 
while area expanded by about 1.2%. 
Developing country maize yields 
increased at an annual pace of 2.7%, 
with area growing at about 1 % per year 
(Table 1). 

Such data, however, can be misleading. 
In 1988, Lester Brown, president of the 
World-Watch Institute, stated that 
growth in grain production had slowed 
in the developing world's most populous 
countries, including China, India, 
Indonesia, and Mexico. He also noted 
that Africa's per capita food production 
had declined by 15% during the previous 
two decades, and that during the 1980s 
Latin America had become the second 
major region to experience a substantial 
decline in per capita grain production 
(Brown 1988). 

Since then, several studies involving 
particular crops and countries have lent 
credence to Brown's concerns. An 
examination of wheat yields in the 
Punjab of Pakistan, for example, showed 
that while yields increased rapidly 
during 1967-76, they grew at a 
significantly lower rate during 1977-86 
(Byerlee and Siddiq.1990). This is 
surprising in view of the rapid growth in 
the use of inputs in the area, especially 
irrigation water and fertilizer. By the 
mid-1980s, for example, Pakistani 
farmers were applying an average of 120 
kg of fertilizer per hectare (application 
rates have since increased to about 150 
kg/ha). Conservative estimates indicate 
that this level of fertilization should have 
brought about yield increases of at least 

725 kg/ha, but the actual increase was 
only little more than half that from the 
early 1970s to the mid- l 980s. 

Much the same experience with inputs 
has occurred in other countries that 
were prominent participants in the 
Green Revolution. Given the increased 
use of inputs, it seems reasonable to 
conclude that, at least in specific 
countries, the fruitful combination of 
high-yielding varieties, improved 
irrigation, and application of fertilizer
which together accounted for more than 
75% of the total increase in wheat 
yields in Asia during the past two 
decades-has reached the stage of 
diminishing returns. The total output of 
wheat is continuing to rise, but to obtain 
each additional kilogram of yield 
requires increasing amounts of inputs 
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(Byerlee 1989). Furthermore, in 
developing countries as a whole, the 
rate of growth in wheat yields has 
slowed over the past decade (Table 2). 

Other crops are experiencing similar 
problems. The growth rate of rice yields 
in Indonesia, Malaysia, Pakistan, and 
other key wheat-producing countries 
has declined, even though important 
advances have been made in the 
improvement of pest resistance and 
earliness (Pingali 1988). The global rate 
of increase in maize yields has dropped 
from 2.9% per year in the 1970s to 0.2% 
in the 1980s (Table 2). Among 
developed countries, where growth in 
maize production slowed from 2.8% to 
0.2% over that period, much of the 
decline was the result of two severe 
droughts that occurred in the USA 

Table 1. Growth in cereal production, yields, and area, 1961-1989 

Average annual Wheat Maize Rice 
rate of increase (%/yr) 

In production 
Globally 3.0 3.1 2.9 
Developing world 4.9 3.7 3.0 

In yield 
Globally 2.6 2.4 2.1 
Developing world 3.7 2.7 2.2 

In area 
Globally 0.4 0.8 0.7 
Developing world 1.2 1.0 0.8 

Source: Calculated from FAQ data. 

Table 2. Trends in growth rates of maize and wheat yields 

Region 

Sub-Saharan Africa 
West Asia and North Africa 
South, East, and Southeast Asia 
Latin America 

Developing Countries 
Developed Countries 
World 

Source: Calculated from FAQ data. 
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Wheat yield growth rate 
(%/yr) 

1970-80 1981-89 

3.5 1.9 
3.4 2.3 
3.8 3.3 
0.5 2.3 

3.5 3.0 
1.3 2.3 
2.0 2.5 

Millet/ 
sorghum Barley 

l.l 2.8 
l.l 1.0 

1.6 1.6 
1.6 1.5 

-0.5 1.2 
-0.5 -0.5 

Maize yield growth rate 
(%/yr) 

1970-80 1981-89 

0.9 1.2 
2.3 4.1 
3.5 2.3 
1.9 0.2 

2.8 1.4 
2.8 0.2 
2.9 0.2 
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during the 1980s. In the developing 
world, a less precipitous decline in the 
rate of yield increases occurred, from 
2.8% to 1.4%, though differences 
among regions are significant (Table 2) . 

Clearly, a continuation of these trends 
would not bode well for developing 
countries. The increasing productivity 
of agriculture has led to declining real 
prices for a number of commodities, 
including maize and wheat, an obvious 
boon to the poor in developing 
countries. Evidence of this strong 
downward trend is shown in Figure 3. 
Note that price trends in selected 
developing countries long associated 
with the Green Revolution tend to 
mirror the international trend (anomalies 
are usually a function of government 
support polices). 

CIMMYT is committed to helping 
developing countries address the 
challenge of maintaining and indeed of 
extending the gains of the Green 
Revolution, but in ways consistent with 
the need to conserve natural resources. 
We believe that we can be most 
effective by continuing to focus on 
those things we do best: 

• Conserving and using maize and 
wheat genetic resources. 

• Developing and distributing 
improved germplasm. 

• Developing sound crop management 
principles and practices in 
conjunction with national 
agricultural research programs. 
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Figure 3. Trends in real wheat prices to producers, 1960-90 (percentage of 1985 prices). 
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• Analyzing the impacts of 
technological change and the 
appropriate allocation of scarce 
research resources. 

• Ensuring that our training programs 
continue to reflect a strong field 
orientation, encouraging course 
participants to "think long term" and 
integrate principles of natural 
resource conservation into their 
research. 

There are, of course, many other themes 
and issues relevant to agricultural sus
tainability, ranging from the effects of 
global warming and industrial pollution 
to deforestation and controlling 
population growth. For the most part, 
however, these challenges lie beyond 
the scope of CIMMYT's research and 

70 75 80 85 90 

70 75 80 85 90 



training programs, and must be dealt 
with by other international organiza
tions and by national governments. 

Conserving and Using 
Genetic Resources 

An important contribution to under
standing the requirements of sustainable 
agriculture comes from agroecologists, 
who point out that, for a system to be 
sustainable, it must be resilient to stress 
or external shocks. That resilience rests 
on the diversity represented in the 
system, either in terms of genetic varia
bility in a given area or the diversity 
over time and space of farming 
operations. 

CIMMYT concerns itself with the 
genetic variability found in maize and 
wheat. Our interest stems from the dual 
role of that variability in protecting 
farmers against potentially devastating 
disease epidemics, and as the foun
dation upon which future progress in 
germplasm improvement rests. Our 
strategy for conserving and using the 
genetic diversity contained in our crops 
is described in detail in the Center's 
1988 Annual Report (CIMMYT 1989). 
A central feature of our strategy, 
however, is to acquire and preserve 
sources of genetic diversity for maize 
and wheat, including materials whose 
value may not yet be apparent. We view 
such work as an essential function for 
the Center, one directly related to our 
concern for the future. In preventing the 
irreversible loss of this diversity we 
help maintain potentially productive 
options. But for those options to be 
exercised, at CIMMYT or elsewhere, 
we must also ensure efficient access to 
bank holdings and continually seek 
effective means for using them. 

The Center's maize and wheat 
germplasm banks engage in a range of 
management, database development, 
and research activities. Management 
work includes seed storage, regenera
tion of accessions, and distribution of 
seed samples of bank holdings to 
scientists working elsewhere. Both 
banks are making progress toward 

better management of "passport" data, 
toward promoting international 
cooperation in the exchange of 
information, and toward expanding our 
databases by incorporating information 
about the specific traits of individual 
accessions. Success in the latter is 
facilitated through research by bank 
managers, who are now evaluating 
materials and engaging in various forms 
of "pre breeding" to increase the utility 
of bank holdings. 
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elsewhere as well, with priority given to 
public sector researchers in developing 
countries. We have taken pains to 
ensure access to bank holdings by 
producing a CD-ROM (compact disk, 
read-only memory) containing the 
passport information for each accession 
in the bank. This disk has been 
distributed to all interested developing 
country maize programs. It is being 
updated and expanded to include 
evaluation information and passport 

Sustainable agricultural systems require a continuous flow 

of improved varieties to stay ahead of evolving pests and to 

overcome the limitations imposed by abiotic stresses. 

CIMMYT's maize bank maintains 
"base" and "active" collections of 
landraces, with an emphasis on those 
originating in the Western Hemisphere. 
The base collection, comprising nearly 
11,000 accessions, is kept in long-term 
storage at - l 5°C, which preserves seed 
viability for 50-100 years. To help 
ensure the security of this valuable 
resource, duplicates of the base 
collection are placed in other banks. 
Seed regeneration is a vital aspect of 
bank management and requires large 
amounts of land and labor. Each year 
we regenerate about 300 accessions in 
Mexico, and we rely on the assistance 
of several national programs and private 
organizations to keep our regeneration 
activities on schedule. The active 
collection, which, like the base 
collection, contains the world's largest 
representation of landraces, is kept in 
medium-term storage (0°C, good for 
some 20-25 years). This collection, 
which also contains seed of selected 
elite populations developed by 
CIMMYT and other institutions, is used 
by our own maize breeders to obtain 
additional sources of resistance to 
various biotic and abiotic stresses, and 
is open to maize scientists working 
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data for accessions held by a network of 
national germplasm banks in Latin 
America. 

CIMMYT's wheat bank currently 
contains over 90,000 accessions, most 
of which are the product of nearly 50 
years of breeding research by the Center 
and its predecessor organization in 
Mexico. Most of those materials are 
spring bread wheats, though collections 
of durum wheat, triticale, barley, and 
rye are also maintained, as are 
representative collections of the wild 
relatives of wheat and several primitive 
species. For many years, the main 
function of the wheat bank was to 
support active breeding research at 
CIMMYT and elsewhere. While that 
remains a prominent activity, in 1988 
we agreed with the International Board 
for Plant Genetic Resources (IBPGR) 
that we would broaden the Center's 
responsibilities for both the acquisition 
and long-term conservation of bread 
wheat and triticale germplasm. Both 
functions reflect the importance of 
maintaining future options for 
researchers, and for farmers as well. 
Over the longer term, the wheat bank 
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will conserve, regenerate, evaluate, and 
document its holdings. All materials are 
currently stored under medium-term 
conditions (-2°C, which will maintain 
viability for 40-50 years), and we are 
now constructing longer term storage 
facilities. The bank provides back-up 
storage for the International Center for 
Agricultural Research in the Dry Areas 
(ICARD A) collections of barley, spring 
durums, and the wild relatives of wheat. 
We also back up the collections of 
several national programs. The bank is 
computerizing its passport information, 
and as the bank manager's research 
progresses, evaluation information will 
be added to the database. There are also 
plans for producing a compact disk 
similar to that developed by the Maize 
Program for use by national programs 
and others. 

Sustainable agricultural systems require 
a continuous flow of improved varieties, 
both to stay ahead of evolving patho
gens and other pests and to overcome 
the limitations on productivity imposed 
by certain abiotic stresses. The Center's 
maize and wheat banks are thus seen as 
complementary to our aggressive plant 
breeding programs, which are directed 
at capturing useful genetic diversity and 
delivering it to national programs and, 
through them, to farmers. 

The Contributions of 
Plant Breeding 

The developing world's hard-won 
advances in food production were 
brought about in large measure by the 
development and spread of high
yielding varieties. These varieties were 
able to take advantage of higher levels 
of inputs and, not surprisingly, progress 
was more rapid in favorable production 

In a genetic study in the greenhouse to 
confirm the variability of S. tritici resistance, 

Zahir Eyal, visiting scientist from Tel Aviv 
University, and Lucy Gilchrist, CIMMYT 
wheat pathologist , score septoria disease 

symptoms on progeny derived from 
crosses made with wheat varieties suspected 

of having unique resistance genes 
(see Wheat Research, page 43). 

environments than in marginal areas. 
From the early 1960s to the late 1980s, 
for example, wheat production grew at 
an annual rate of 4% where the crop is 
grown under favorable conditions, 
compared to only 2% under more 
marginal circumstances (Morris et al. 
1990). 

Curiously enough, now that we are 
faced with the task of maintaining, even 
increasing, the high rates of gain to 
which crop research has contributed so 
heavily, some people have the 
impression that plant breeding is less 
relevant than other disciplines. Some 
even believe that high-yielding varieties 
are part of the problem. One assertion is 
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that the rapid spread of improved 
varieties and associated technologies 
has caused the production of cereals to 
become less stable. Strong counter
arguments to that idea-based on a 
considerable body of evidence 
accumulated over the past two 
decades-have been made in recent 
years (see box, page 27). 

In addition to concern about yield 
stability, some critics of modern 
agriculture point to negative spillovers 
from erosion and the use of chemical 
inputs. They are also concerned about 
the effects on soil fertility of intensified 
cropping patterns made possible by 
earlier maturing or less photoperiod
sensitive varieties. 



As noted earlier, CIMMYT's view is 
that the widespread adoption of land
saving technologies has tremendously 
reduced the pressure to farm more 
fragile lands. Increased productivity in 
favored areas resulted in additional 
marketable surplus, which lowered 
commodity prices over time (Figure 3, 
page 24) and reduced farmers' 
incentives to expand onto more fragile 
and less productive lands. Increased 
productivity also contributed to 
agricultural development and economic 
growth, helping to create employment 
alternatives for the rural poor who, for 
the lack of such options, tend to support 
themselves by farming ever more fragile 
lands. We see this as a very positive 
result of the improved yield potential of 
modem varieties. But our plant breeders 
(and crop management specialists) are 
also cognizant that a considerable 
investment must be made to maintain 
those gains and to address concerns 
related to the environment. Some of 
these efforts are described below. 

Our breeding work is organized around 
relatively homogeneous mega
environments of at least one million 
hectares each (some are much larger). 
We strive for wide adaptability of 
improved genotypes within those 
environments, providing national 
programs with classes of high
performance materials that they then 
refine in their own breeding programs to 
meet the more specific needs of 
farmers. This approach has proven 
remarkably effective and we are 
convinced that it has more to offer. In 
late 1990, for example, CIMMYT 
brought on staff a specialist in 
geographic information systems to help 
refine our characterizations of maize 
and wheat mega-environments. By 
doing so, we can become more sensitive 
to the environmental circumstances for 
which we breed. Maize and wheat 
physiology research is also becoming 
more prominent in our crop 
improvement work, as we add to the 
efficiency of new genotypes in the use 
of moisture and nutrients. 
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The Yield Stability Controversy 

Some have said about the Green Revolution in wheat, rice, and maize production that 

the rapid spread of high-yielding varieties (HYVs) and associated technologies has 

caused the production of these crops to become less stable over time and space. 

Unstable yields are a major source of risk, which in tum makes farmers less inclined to 

invest in improvements that would raise production and result in more efficient use of 

resources. 

A considerable amount of evidence now suggests that improved varieties, more often 

than not, give high and stable yields across environments in which they are adopted. 

Many contributions to the debate on this subject have come from CIMMYT staff. In 

studies of data from the Center's international wheat trials, for example, Worrell et al. 

(1980) and Crossa et al. (1991) indicate that some HYVs developed in high-yielding 

environments perform better (i.e., produce higher and more stable yields over time) 

than local varieties and landraces even in marginal areas. CIMMYT staff presented 

similar arguments at an interdisciplinary workshop held in 1986 by the German 

Foundation for International Cooperation and the International Food Policy Research 

Institute (Pfeiffer and Braun 1989; Pham et al. 1989), and have published in various 

journals on the subject (Crossa et al. 1988a, 1988b, 1989). 

This is not to deny the existence of yield variability where HYVs are widely grown. 

The point is simply that 1) improved germplasm generally possesses yield-stabilizing 

traits that endure over time and across environments and 2) HYVs do not necessarily 

yield less than local varieties under unfavorable conditions. What may happen, 

however, as suggested by Anderson and Hazell (1989), is a sharp decline in the yields 

of input-responsive, high-yielding varieties during a year when inputs are not 

available, environmental conditions are not favorable for their use, or grain prices lead 

to changes in fertilizer leveh. Thus, instability is not inherent in the HYV itself but 

may occur in the circumstances affecting its production. 

It appears that the most important of these circumstances are environmental. In a study 

of wheat yields from 1950 to 1986 in 57 countries, Singh and Byerlee (1990) found 

that most variability could be accounted for by climatic factors, such as moisture 

availability, as well as by the size of a country's wheat area. They concluded that 

HYVs and fertilizer had no significant effect on yield variability and that in most cases 

(especially that of wheat production in India) yield variability had actually declined 

with the rapid adoption of HYVs. These and other studies constitute a strong case 

supporting the notion that HYVs need not be associated with yield instability. 
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The question of how to work toward 
greater efficiency in resource utilization 
is complicated by the question of which 
environments to emphasize. There is 
some difference of opinion whether 
concern about sustainable agriculture 
should focus on favorable environments 
or marginal ones. The former are clearly 
more important in terms of production. 
But as cropping intensity increases in 
these areas, it may become ever more 

Determining the extent to which scarce 
research resources should be allocated 
to marginal environments is 
complicated by lack of data and by 
uncertainties about payoffs. Help in 
doing so, however, is now coming from 
CIMMYT's Economics Program. Their 
most recent work in this arena relates to 
allocation and policy options involving 
the improvement of wheat and barley in 
low rainfall areas in the West Asia/ 

Determining the extent to which scarce research resources 

should be allocated to marginal environments is complicated by 

a lack of data and by uncertainties about payoffs. 

difficult to obtain and sustain higher 
levels of productivity. The potential for 
negative spillovers from agriculture 
grows as well. Moreover, large numbers 
of poor people live in these areas and 
rely on agriculture for their livelihood. 
Thus, favorable environments must 
continue to receive a large share of the 
resources committed to research aimed 
at sustaining resource productivity. 

Even so, a significant share of the 
poorest of the poor in developing 
countries live in rural area:s classified 
for a variety of reasons as marginal for 
producing crops. For our purposes, an 
environment is considered marginal 
when the yield of a crop is reduced to 
less than 40% of that environment's 
potential, as determined by the amount 
of radiation received during the growing 
season. This poor productivity might be 
caused by a shortage of moisture, by 
flooding, soil erosion, extreme 
temperatures, disease and/or insect 
pressures, soil acidity, soil salinity, and 
deficiencies or toxicities of nutrients or 
minerals. In those areas already under 
cultivation and where only one or a few 
major constraints limit production, we 
see good opportunities to increase 
productivity. 

North Africa region, and on modelling 
the effects of technological change on 
the poor in Pakistan's favored and 
marginal areas (see Economics 
Research, pages 46-50). 

For nearly all environments, however, 
an important means of raising produc
tivity in the long term is to steadily 
advance genetic yield potential (see 
Wheat Research, page 45). Since the 
release of the first semidwarf varieties 
in the 1960s, the yield potential of new 
wheat varieties has risen at an average 
rate of about I% per year, and the 
tremendous contributions to agricultural 
productivity of these high-yielding 
wheats are well known (see Points of 
View, page 12). Less well known 
perhaps, but certainly no less important, 
have been the gains in the yield 
potential of maize germplasm from 
CIMMYT. For example, open
pollinated maize varieties developed by 
the Center for lowland tropical zones 
showed a genetic gain of 1.6% per year 
from 1974-75 to 1980-81. Even more 
striking progress has been made by 
others with temperate maize germ
plasm. In the USA, even after the 
tremendous successes already achieved, 
Duvick (l 991) suggests that a yield 
plateau is not yet in sight. We believe 
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that much the same can be said about 
maize germplasm for tropical environ
ments. This material is far from 
reaching the limits of its adaptation and 
performance. It contains vast untapped 
genetic diversity, and heterosis is only 
now beginning to be exploited. 

High yield potential by itself, however, 
is not enough if prevalent diseases and 
insects constrain production. In various 
ways these pests reduce the efficiency 
with which plants use nutrients, water, 
and sunlight. Some biotic stresses 
mainly depress yield, others reduce 
grain quality (and thus the usable 
portion of yield), and many affect both. 
But all, if unchecked, result in the 
squandering of resources. 

Considerable progress has been made in 
developing host plant resistance to the 
major diseases of maize and wheat in 
the developing world. In maize this 
resistance is polygenic and thus less 
likely to break down (i.e., it is more 
durable over time) as pathogens 
undergo genetic change. The major 
foliar diseases of maize were brought 
under control in the tropics during the 
1960s through genetic resistance after 
severe epidemics of southern rust 
occurred in sub-Saharan Africa during 
the 1950s. Large losses caused by the 
downy mildew disease in Asia were 
reduced to a minimum by the late 
1970s, with only occasional reports of 
heavy losses in limited areas. And 
though it still depresses yields 
somewhat, late wilt in Egypt has been 
much reduced through the development 
and widespread dissemination of 
resistant germplasm. Some diseases, 
particularly those caused by viruses, 
remain uncontrolled, although resistant 
germplasm is under development or 
already available. The maize streak 
virus disease of sub-Saharan Africa, for 
example, will certainly be reduced in 
severity as resistant materials now 
available are taken up by farmers. 

Stem rust of wheat (once the most 
devastating disease affecting the crop) 
was brought under control through the 
deployment of Sr2 and other genes. 
This combination of resistance genes is 



now carried by nearly all CIMMYT 
bread wheat germplasm and is believed 
to be stable. During the last 30 years, no 
epidemics of stem rust in bread wheat 
have been reported (Roelfs 1988). Our 
wheat breeders and pathologists believe 
they are near to a similar success in 
combating leaf rust, which became a 
global problem after stem rust was 
contained. Resistance from the South 
American variety Frontana, which 
appears to rest on the Lr 13 and Lr 34 
genes, shows strong promise for 
providing stable resistance. This gene 
combination is now found in a large 
proportion of our advanced bread wheat 
germplasm (Rajaram et al. 1988). Good 
progress has also been made toward 
achieving "partial resistance" to stripe 
rust, meaning that the disease is present 
but slow to develop, and work on 
Septoria tritici is advancing as well (see 
Wheat Research, pages 43-44). 

With the exception of a small amount 
research aimed at developing resistance 
in wheat to stem sawfly, Hessian fly, 
and Russian wheat aphid, CIMMYT's 
allocations to insect resistance work are 
focused on maize. Although progress 
has been slower than in our work on 
disease resistance, significant advances 
have been made recently. We have 
developed maize germplasm with 
resistance to several insect pests, 
including various species of borers and 
fall armyworm, that severely limit 
production in the subtropics and tropics 
(Mihm 1985, 1986; Smith et al. 1989). 
Work is also in progress to develop 
maize materials tolerant to pests of 
stored grain. 

For lack of effective controls, chemical 
or otherwise, developing country 
farmers lose some 30% or more of their 
maize production to field and storage 
pests. In some areas of West Africa, 
they avoid planting maize altogether in 

Subsistence farming families, such as those 
in the high mountains of Nepal, often suffer 

significant losses of their stored grain to 
insects. In addition to improving yield and 
other desirable traits, CIMMYT is working 
to enhance the grain storage characteristics 

of its mandate crops. 

certain seasons, because experience has 
taught them that the crop will be 
completely destroyed by insects 
(Bosque-Perez et al. 1989). Our 
resistant germplasm is now in the hands 
of national programs, but until it is 
widely distributed to farmers in the 
tropics and subtropics, insect pests will 
continue to be a major constraint of 
maize production and a serious threat to 
sustainable agriculture. Host plant 
resistance will provide an inexpensive 
and effective solution to insect 
problems and greatly reduce the need 
for pesticides. 

In combination with heavy disease and 
insect pressures, nutrient and moisture 
deficiencies can dramatically reduce 
agricultural productivity. Often, 
however, abiotic stresses are so severe 
that there is little yield to protect from 
disease and insect attack. Germplasm 
that is better suited to environments 
where such stresses occur frequently 
may at least provide farmers with 
respectable and more stable yields 
through greater efficiency in the use of 
limiting resources. 

In our research on drought tolerance in 
maize, for example (which we define as 
the ability of one genotype to be more 
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productive in terms of grain yield than 
another under similar conditions of low 
moisture availability), it has been 
established that selecting under drought 
for a narrower anthesis-silking interval 
(ASI) improves the ability of a genotype 
to develop an ear and hence produce 
grain even under severe moisture stress 
(Bolanos and Edmeades 1988). Based 

·on this observation, four elite popu
lations are being improved for ASI 
through recurrent selection under 
drought. Gains in grain yield per cycle 
of selection have exceeded 6% at 
around 2 t/ha over eight cycles (see 
Maize Research, page 38). An 
important bonus of this work is that 
these gains are expressed in well
watered environments as well (Bolanos 
and Edmeades, forthcoming 1991 ). 

Poor soil fertility (especially the lack of 
adequate levels of nitrogen) is a wide
spread problem, one that is getting 
worse as cropping intensity increases. 
We are therefore interested in impro
ving the efficiency of maize and wheat 
to use available nitrogen in such soils. 
Though the nitrogen responsiveness of 
maize is high, developing country 
farmers frequently cultivate the crop in 
low-nitrogen soils and often cannot 
compensate for this deficiency by 

Thomas Luba 
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applying inorganic fertilizer, either 
because its use entails excessive 
economic risk or it is not available 
when needed. To enhance soil fertility 
for brief periods, many farmers practice 
shifting cultivation, leaving fields 
fallow to at least partially recover from 
the drain of cultivation. But with ever 
increasing demands on agriculture, 
fallow periods in such systems are 
becoming shorter, leading to a variety of 
productivity-inhibiting problems. 
Genotypes that extract and use available 
soil nitrogen more efficiently would 
help address both difficulties. Improved 
uptake efficiency would reduce the loss 
of the nutrient through leaching or 
denitrification, and improved nitrogen
use efficiency would allow farmers to 
get more grain from their scarce 
nitrogen supplies. 

We already know that there is genetic 
variability in maize both for total 
nitrogen uptake and the efficiency with 
which absorbed nitrogen is utilized. The 
results of early studies suggest that it 
should be possible to identify materials 
that show an advantage in these traits 
under both high and low fertility (Lafitte 
and Edmeades 1987, 1989). To examine 
the response to selection, our maize 
physiologists selected experimental 
varieties out of the cul ti vars chosen for 
study. They found that selections made 
for yield alone across high and low 
nitrogen levels show moderate 
improvement in grain yield under both 
circumstances. Similar results were 
obtained under low levels of nitrogen 
only and using a selection index made 
up of a number of traits besides yield, 
including ear leaf chlorophyll content 
and leaf senescence rate. On the basis of 
these results, a program of foll-sib 
recurrent selection was initiated. 
Several cycles of selection have been 

completed and were evaluated in 1990. 
Results showed that promising gains 
were made with this selection 
methodology, and plans for using it to 
improve other tropical germplasm for 
tolerance to low nitrogen and improved 
recovery of nitrogen are being 
implemented. 

The Wheat Program is also interested in 
the nitrogen-use efficiency question, but 
from a different perspective. During a 
three-year project terminating in 1990, 
the Program evaluated the efficiency of 
nitrogen uptake and utilization in its 
older germplasm relative to its newer 
materials. The experiment compared the 
yield of prominent varieties released 
during the last 25 years at different 
levels of nitrogen. Results indicated that 
both nitrogen uptake and the efficiency 
with which nitrogen is used have 
improved over time, even though the 
Program has not specifically selected 
for such an improvement. In other 
words, selection for yield and other 

traits under the favorable conditions of 
northwest Mexico's Yaqui Valley has, 
as a byproduct really, also improved the 
ability of the Program 's newer 
germplasm to make use of available 
nutrients. Though additional research 
aimed at identifying the best level of 
nitrogen under which to select 
germplasm aimed at low nitrogen and 
high nitrogen environments is now 
underway, preliminary findings show 

Yield (t/ha) 
7.2 

that the germplasm coming from 
CIMMYT is equally benefiting farmers 
who can apply nitrogen fertilizer and 
those who cannot (Figure 4) , under 
irrigation and probably under rainfed 
conditions as well. 

While work on tolerance to drought and 
to low nitrogen in maize and wheat is 
conducted by CIMMYT staff in 
Mexico, research on acid soils for both 

crops is being carried out through 
cooperative arrangements with national 
programs in Brazil , where this abiotic 
stress is a significant problem. In 
general , acid soils are highly leached, 
low in available phosphorus, and high 
in exchangeable aluminum. Excessive 
amounts of exchangeable aluminum are 
toxic to maize and wheat. 

In 1974 the Wheat Program began a 
collaborative project with Brazilian 

colleagues aimed at combining the high 
yield potential of CIMMYT's semi
dwarf wheats with the aluminum 
toxicity tolerance of indigenous 
varieties in Brazil. A shuttle breeding 
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Figure 4. The parallel slopes showing the genetic progress of CIMMYT wheat 
germplasm under high and low nitrogen regimes indicate a benefit to farmers who 
can and cannot apply nitrogen. Outstanding genotypes are depicted by their year of 
release to show improvement over time. 
Source: Ortiz-Monasterio et al. ( 1990). 
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Sustaining the Rice-Wheat Rotation in South Asia 

Nearly 40% of the 33 million hectares of wheat cultivated in 

South Asia is now grown in rotation with rice-more than 11 

million hectares in India, I million in Pakistan, nearly 500,000 

hectares each in Bangladesh and Nepal, and a small but 

nationally significant area in Bhutan (see map). In many areas, 

farmers began growing wheat in the winter season after rice 

only with the introduction of the new wheat and rice varieties 

of the Green Revolution-less than 25 years ago. Today, the 

productivity of both crops seems lower than that which can be 

reasonably expected. In particular, long-term rice-wheat trials 

in India and Nepal are showing a significant downward trend 

in rice yields. 

With this in mind, CIMMYT and the International Rice 

Research Institute (IRRI) have begun implementing a joint 

special project with the national agricultural research 

programs of India, Pakistan, Nepal, and Bangladesh. This 

collaborative research endeavor-funded by the Asian 

Development Bank (ADB) and the US Agency for 

International Development (USAID)-involves a number of 

activities: 

• Project participants are identifying at key locations themes 

for applied and adaptive research directed toward major 

problems associated with the rice-wheat cropping system, 

including issues of near-term productivity and longer term 

sustainability. 

• A program of strategic crop management research is being 

developed with contributions from specialists in soil 

physics, microbiology, and other disciplines. 

• Over time, comparative analyses of prbblems affecting the 

rice-wheat system in South Asia will be conducted, and 

solutions that may prove effective across a wide range of 

local circumstances will be sought. 

• Participants will also seek to improve the understanding of 

how best to address sustainability issues through 

collaborative research, formal and informal training, and 

the exchange of information and scientific staff. 

A number of productivity constraints appear to be relevant 

across the region. Some, however, are likely to be specific to 

only a few locales . Due to that probability, along with the 

obvious need for on-farm research and for long-term 

experimentation, project implementation involves first 

identifying key locations in the rice-wheat system. The map 

shows where some of these key sites may be located. 

The first steps in the research process have been exploratory. 

Two CIMMYT wheat scientists based in Nepal 
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(an agronomist and a pathologist), and a Center economist who 

is based in Thailand, have conducted, in collaboration with IRRI 

and national programs, diagnostic surveys of farmers' fields in 

areas tentatively identified as key sites for long-term research. 

These diagnostic surveys, the most recent of which was done 

during 1990 near Pantnagar University in the Indian state of 

Uttar Pradesh (see Wheat Research, pages 42-43), will help 

focus the project's research at each location. 

In addition to the diagnostic surveys, a program designed to 

monitor farmer practices and the productivity of their resources 

has been initiated. Some 160 farmers in the Rupandehi District 

of Nepal are participating in this work. Background information 

about their resources has been compiled, and rice and wheat 

yields, as well as production practices, will be monitored over 

time. Changes in these factors will be correlated with changes in 

measures of soil quality (such as phosphorus and zinc levels, 

pest levels, organic matter, and soil compaction), and with 

changes in technology (such as water management techniques 

and the adoption of new varieties). 

Together with IRRI, CIMMYT will help bring about the needed 

research by providing support to collaborating national program 

scientists at key locations and by ensuring back-up research 

when necessary. Current project plans call for one IRRI rice 

scientist to join one CIMMYT wheat scientist in the region to 

help facilitate the research effort and to participate directly in 

various aspects of the initiative. 

• Projected key sites 

Borders of South Asia's rice-wheat area are constrained by altitude 
and temperature for rice in the north, irrigation availability and 
temperature for wheat in the south, by irrigation availability, hills, 
and temperature for rice in the west, and by hills in the east. 
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system was employed in which 
germplasm was grown alternately in 
Brazil on acid soils and in Mexico for 
selection of suitable plant types (Hettel 
1989). Laboratory screening was also 
used to select for aluminum tolerance. 
Wheat materials developed through this 
work show acceptable levels of 
aluminum tolerance, give twice the 
yields of previously available germ
plasm without heavy applications of 
lime, and are now among the major 
cultivars grown in Brazil (Kohli and 
Rajaram 1988). 

Brazilian scientists have also made 
remarkable progress in developing 
maize genotypes with high levels of 
tolerance to aluminum toxicity. The 
hybrid BR 201, developed recently by 
the Brazilian Agency for Agricultural 
Research (EMBRAPA), can be grown 
in acid soils with little or no applied 
lime. CIMMYT staff based at the 
International Center of Tropical 
Agriculture (CIAT) in Colombia have 
made good progress in developing 
tolerance to aluminum toxicity in 
broadly adapted maize germplasm, and 
these materials are showing promise in 
the Andean zone and other parts of the 
world as well. 

Developing better resistance to biotic 
and abiotic stresses is clearly a major 
challenge to crop breeding in the service 
of sustainable agriculture. Another is to 
develop genotypes that are uniquely 
suited to the intensive and conservation
oriented cropping systems that will be 
essential for achieving sustainable pro
duction over the long term. CIMMYT 
approaches this challenge in several 
ways. On-farm research in Pakistan, for 
example, revealed the need for varieties 
that better fit farmers' intensive 
cropping systems by performing well 
when planted late, after rice or cotton. 
Our wheat staff and rice scientists from 
the International Rice Research Institute 
(IRR!) are basing some selections on 

A major challenge for plant breeders in 

working toward more sustainable production 

is to provide varieties that are uniquely 
suited to complex cropping systems such as 

this one practiced in southern Ghana. 

performance of genotypes in a rice
wheat rotation (see box, page 31). The 
Center's maize scientists are working 
with CIAT staff to ascertain whether 
maize and beans possess genetic 
variability for traits that would permit 
higher yielding combinations of these 
crops. Other work involves the evalu
ation of maize and wheat genotypes 
under minimum tillage (especially for 
disease resistance) and the identification 
of maize varieties that are especially 
suited for use in Vietnam and a few 
other countries where farmers are 
transplanting seedlings into paddy fields 
following rice. All these efforts will 
contribute to sustaining productivity, 
both in marginal and in favorable 
environments. 

32 

Crop Management Research 

While CIMMYT is best known for its 
improved germplasm, we see the crop 
management research (CMR) done by 
our agronomists and economists as an 
essential component of research 
directed at sustaining the productivity of 
resources used in agriculture, both in 
favorable environments and in marginal 
areas. Indeed, for at least one type of 
marginal area, where sloping soils are 
subject to devastating erosion, CMR 
will almost certainly make the primary 
contribution to sustainable production, 
with improved germplasm being 
secondary (see box, page 33). 

Nathan Russell 



As we see it, CIMMYT has a 
comparative advantage in CMR related 
to sustaining resource productivity 
because of our capacity to focus on 
relevant problems for the long periods 
that such research often requires. Our 
CMR work is largely strategic, with 
results having broad applications in a 
number of countries. The emphasis is 
on generating diagnostic tools and 
research methodologies, and on 
elucidating CMR principles upon which 
recommendations can be based, rather 
than on making recommendations for 
specific areas (though that sometimes 
happens as a spinoff of our collabo
rative work with national programs). 
During the past few years, the Center 
has been shifting resources into 
strategic CMR so as to strengthen its 
hand in dealing with questions relating 
to sustainable agriculture. We are 
especially interested in the long-term 
productivity of major wheat and maize 
cropping systems in developing 
countries. 

One example of this interest involves 
our economists and wheat agronomists, 
who are investigating the extent and 
underlying causes of an apparent 
decline in productivity of the rice-wheat 
rotation that is widely practiced in Asia 
(see box, page 31, and Wheat Research, 
pages 42-43). The effects on produc
tivity of minimum tillage is another 
question being addressed, and our staff 
have gained considerable experience in 
seeking to answer it, particularly in 
Mexico, Central America, and the 
Caribbean, but also in southern Africa 
and in the Southern Cone of South 
America. This practice can not only 
help conserve energy but also prevent or 
even reverse the physical degradation of 
soils (Fischer 1988). Currently, 
CIMMYT agronomists and economists 
in Central America are working with 
their colleagues in national programs to 
define more precisely the edaphic and 

Sustaining Agricultural Resources in Developing Countries 

Maize Production on Sloping Soils in Central America 

Over 60% of the maize produced in the Central America and Caribbean region is 

grown on sloping soils that are highly subject to erosion. And the proportion is slowly 

increasing as maize is displaced from more favorable lands by higher value crops. If 

measures for controlling soil erosion are not put into practice more widely, this 

problem will soon pose a major obstacle to long-term growth in maize production. To 

counter this threat with technologies that are applicable in many parts of the region, 

CIMMYT staff have embarked on several cooperative research projects with national 

programs. This work is funded by the Swiss Development Corporation. 

One approach we are studying is interseeding of leguminous cover crops with maize. 

By providing greater soil cover, the legumes appear to reduce soil erosion and runoff, 

while increasing water infiltration. In addition, if farmers do not remove the legume 

(e.g., for use as animal feed), the practice can add organic matter to the soil. To explore 

the possibilities of the system, on-farm trials with three leguminous species have been 

conducted for two years by maize researchers and social scientists in several countries. 

One conclusion supported by the results is that, if Canavalia ensiformis and 

Stizolobium deeringanum are grown in rotation with maize as green manure crops, in 

the following season they help maintain maize yield under low fertility. In addition to 

the on-farm trials, CIMMYT staff have been working with researchers in several 

Central American countries and more recently in Mexico to delimit areas where a 

maize-legume (S. deeringanum) rotation is already practiced and to study the elements 

that made this system attractive to farmers. 

A comparable effort got underway this year in the Metalfo-Guaymango area of El 

Salvador, where farmers have employed conservation tillage for as long as 15 years in 

a maize-sorghum system. Rather than use crop residues as animal feed or bum them 

before planting, as is commonly done in much of Central America, these farmers leave 

residues as a soil cover, which reduces erosion and runoff, increases water infiltration, 

and contributes to soil organic matter. It appears that adoption of conservation tillage 

in this area was heavily influenced by efforts of the extension services, perhaps by 

agrarian reform in 1980 (which made land owners of the majority of farmers in the 

area), and possibly by short-term beneficial effects on yield stability. Where cattle 

graze the stover, the long-term benefits of conservation tillage are much reduced. On

farm trials were conducted in 1990 to examine the impact on maize yields of different 

levels of soil cover. 

Though not yet widely practiced in the tropics, conservation tillage would seem to be 

an especially promising alternative for crop production on sloping soils, since it 

requires much less labor than other methods of controlling erosion, such as terracing. 

We are hopeful that studies initiated by CIMMYT staff and their colleagues in national 

programs will lead to the development of effective strategies and systems for 

promoting conservation tillage throughout the Central America and Caribbean region. 
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socioeconomic conditions conducive to 
the adoption of minimum tillage by 
farmers (see box, page 33). 

Our staff in Central America are also 
coordinating a series of regional trials 
in which legumes are interseeded with 
maize. The legume serves as a living 
mulch, protecting the soil against 
erosion; it fixes atmospheric nitrogen, 
thus lessening the need for chemical 
fertilizer in a subsequent maize crop; 
and it reduces certain weed populations 

America on sulfur deficiencies as they 
relate to phosphorus-use efficiency in 
volcanic soils. 

Such research requires careful 
monitoring of farm-level trials and helps 
reveal how farmers might be motivated 
to adopt practices that yield long-term 
payoffs. Much of this work draws on 
methods developed by CIMMYT over 
the years for conducting on-farm 
research and for monitoring changes in 
cropping systems, especially the effects 
of particular crop management 
practices. 

C IMMYT agrees with others who insist that sustainable 

agricultural systems are essential. We believe that much of what 

we do contributes to the development of such systems. 

through shading or allelopathic effects. 
One purpose of the regional trials is to 
compare the effects of different 
legumes. Species with particularly high 
carbon-to-nitrogen ratios may be more 
effective in maintaining and improving 
the soil, because more of the legume 
biomass is incorporated into the soil
humus complex upon decomposition 
(see box, page 33). 

CIMMYT staff working in a bilateral 
project in Ghana have also extensively 
researched cereal-legume intercropping, 
particularly the maize-cowpea system. 
Other new maize projects that have a 
bearing on sustainable agriculture are 
studies in eastern Africa on the 
management of acidic highland soils 
and control of the parasitic weed Striga 
through crop management practices, an 
effort in southern Africa to determine 
the climatic and management factors 
responsible for yield reductions in late
planted maize, and research in Central 

Training with a 
Sustainability Perspective 

Over 23% of the resources allocated to 
CIMMYT programs is devoted to 
training of one kind or another (see 
Financial Highlights, pages 56-57). 
Formal instruction ranges from entry
level in-service training in crop 
improvement, crop management 
research, and experiment station 
management, to advanced specialized 
coursework for midcareer researchers 
aimed at refurbishing specific skills. 
Informal training also occurs during the 
course of various forms of collaborative 
research between CIMMYT and 
national programs. 

Increasingly, these training efforts are 
taking on a sustainability perspective, 
encouraging course participants to 
consider the importance of sustaining 
agricultural resources over the long run. 
Trainees have the opportunity to learn 
how tools that may be new to them, 
such as computer-based crop models 
and certain statistical packages, can 
enhance their ability to deal with the 

34 

long-term experimentation required by 
sustainability research. And we are 
making specific changes in curricula 
and in informal interactions to reflect 
our growing emphasis on this theme. 
For example, pending the availability of 
financial resources, we plan to establish 
several longer term research sites in 
major ecological zones of the State of 
Mexico, near the city of Chalco. 
Trainees would be able to experiment 
with a number of treatments at these 
sites (including various tillage practices, 
different forms of straw management, 
fertility trials, and a range of weed 
control measures) so as to gain insights 
into the effects on productivity of 
different practices. This is one example 
of our commitment to ensure that 
trainees are sensitized to environmental 
issues and that they learn about the 
impact of various practices on the 
quality and productivity of the natural 
resource base of agriculture. 

Conclusion 

Winding through all these diverse 
research and training activities is at 
least one common thread: a growing 
interest in how to increase Third World 
agricultural productivity in the near 
term, while attending to the quality of 
the natural resource base upon which 
long-term productivity depends. 
CIMMYT agrees with others who insist 
that sustainable agricultural systems are 
essential. We believe that much of what 
we do contributes to the development of 
such systems. We also agree with our 
Point of View authors that there is more 
that CIMMYT staff and their national 
program colleagues can do, and we are 
seeking to identify those opportunities 
and implement appropriate activities. 
Persistence, imagination, and close 
integration across disciplines will be 
required to successfully meet the 
challenge of sustaining agricultural 
productivity. Fortunately, those same 
traits have come' to characterize most-of 
our endeavors during the past 25 years 
and will no doubt continue to do so. 
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The preceding pages describe work that 
contributes directly or indirectly to 
sustaining agricultural resources in 
developing countries. CIMMYT staff 
are involved in many additional 
undertakings as well, some of which are 
highlighted in the pages that follow. 

Our major activities often span program 
divisions (see diagram). For example, 

the main pursuit of our crop programs 
obviously involves germplasm 
improvement, but Economics staff 
contribute to this activity in numerous 
ways (see pages 46-50). Our 
increasingly strategic research on crop 
management cuts across programs as 
well (see pages 37-50). 

Work related to genetic resources is 
well represented in this Report. Our 
maize and wheat banks are described on 
pages 25-26 and research on wheat 
wide crosses is highlighted on page 44. 

Pathologists and entomologists conduct 
crop protection research on disease and 
insect pests affecting our crops. The 
Wheat Program highlight on developing 
resistance to Septoria tritici (see pages 
43-44) serves as an example of these 
efforts. Our crop programs also conduct 
grain quality research and, through their 
global germplasm testing networks, 
distribute over 3,000 nurseries each year 
to participating national programs. 

CIMMYT also pursues training, 
information, and consulting work. 
Training of different kinds is offered in 
nearly all aspects of our research. 
Publishing by CIMMYT staff and 
information work in general is now 
receiving greater attention (see pages 
52-53 and 58-65). A limited amount of 
consulting by senior scientific staff is 
also available to national programs. 



Maize Research 

Na1han Russell 
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C IMMYT's primary 

challenge in maize research 

over the coming decades 

will be to help developing 

countries achieve higher 

rates of growth in average 

yields at reduced 

environmental costs. To 

aim for less would amount 

to postponing development 

for many people in the 

Third World. 



There is a strong feeling in some 
quarters that the kinds of crop research 
that have contributed to past gains in 
maize production may not be adequate 
to the formidable task that lies ahead of 
us today. Many people are banking 
instead on new developments in 
biotechnology, which should eventually 
lead to more rapid progress in crop 
breeding. Others are counting more on 
crop management research that places 
special emphasis on long-term trends in 
the output, resource requirements, and 
environmental impacts of crop produc
tion. The CIMMYT Maize Program is 
aggressively pursuing both these lines 
of work in the belief that they are 
essential for maintaining an adequate 
pace of development in maize while 
conserving the resources upon which 
production depends. At the same time, 
we remain strongly committed to more 
conventional approaches in crop 
research and are featuring some of them 
in this report on recent developments in 
our work. 

We believe that, far from having 
exhausted its usefulness, this research 
will account for a large share of future 
gains in yield and in more efficient use 
of farmers' resources. We are also 
convinced that the more successful this 
work is in the near term, the greater will 
be the eventual impact of newer re
search initiatives of the sort mentioned 
above. After all, the best candidates for 
collaborative research on restriction 
fragment length polymorphism (RFLP) 
technology will be those national 
research programs that have already 
fielded successful improved varieties 
and hybrids, and our most likely 
partners in the development of 
sustainable cropping systems will be 
countries that have already brought 
about substantial improvement in 
farmers' crop management. 

Population Improvement 
for the Subtropics 

CIMMYT maintains a wide array of 
improved maize populations, some of 
which have been undergoing full-sib 
recurrent selection for well over a 

decade. In an effort to further diversify 
its offerings to developing countries, the 
Maize Program is also generating some 
new populations and employing other 
breeding schemes. Meanwhile, the 
currently available populations continue 
to be an extremely valuable source of 
improved germplasm for national 
programs and, even after many years of 
selection, appear to offer ample scope 
for further gains in yield and stress 
resistance. 

A case in point is the Program's group 
of advanced populations for subtropical 
areas, which are quite extensive in 
Brazil, Egypt, India, Mexico, Pakistan, 
southern China, and the midaltitude 
areas of eastern and southern Africa. By 
the early 1980s, it had become abun
dantly clear to us that the subtropical 
materials would not be very widely 
accepted until they had good resistance 
to turcicum leaf blight, a disease that 
thrives under conditions of high 
humidity and low temperatures, giving 
the maize plant a burned appearance 
and reducing its yield drastically. 

Turcicum resistance was initially not 
improved in our subtropical germplasm 
because of limitations inherent in selec
tion at CIMMYT's experiment station 
in Tlaltizapan, Mexico. Although this 
site qualifies as subtropical in most 
respects, it lacks the conditions needed 
for development of the leaf blight 
pathogen, Exserohilum turcicum. In the 
absence of disease pressure, we 
naturally made little or no progress in 
improving the resistance of our 

Table 3. Gains per cycle for yield 
and disease resistance in CIMMYT's 
advanced subtropical maize 
populations 

Percent gain in: 

Grain Reduction of: 
Pop. yield Turcicum Rust 

33 4.0* -3.0** 
44 4.6 -4.0 -4. l 
45 3.8* -3.8 -3.0 
48 4.0* -1.9 

*,**Significant at the 0.05 and 0.01 
levels, respectively. 
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germplasm at that location. In the 
1980s, though, a way was found around 
this problem. We are still improving the 
subtropical populations at Tlaltizapan 
but in combination with selection at a 
lowland tropical site during the winter 
season and a highland site during the 
summer, where uniform turcicum 
infection can be achieved through 
inoculation. Resistance to this disease 
as well as common maize rust (Puccinia 
sorghi) has been given particular 
emphasis during the later cycles of 
selection. 

The effectiveness of this strategy was 
confirmed recently by the results of a 
multilocational evaluation of cycles of 
selection in four advanced subtropical 
populations. The gains per cycle for 
grain yield ranged from 3.8 to 4.6%, and 
all populations showed improvement for 
resistance to turcicum. Three of them 
also registered gains in resistance to 
common rust and two to ear rots caused 
by Fusarium moniliforme and 
Gibberella zeae (Table 3). We now 
consider Population 44 to have a high 
level of resistance to the two leaf dis
eases and Population 45 an intermediate 
level. It is particularly noteworthy that 
this resistance was achieved in 
relatively few cycles of selection and 
that it is polygenic or quantitative. 
Unlike the monogenic or major gene 
type, polygenic resistance is effective 
against various races of the pathogen 
and is fairly durable over time as the 
pathogens evolve. 

In addition to helping us document 
progress from selection for yield and 
disease resistance, the cycles-of
selection study demonstrated rather 
convincingly that our breeding 
methodology is very effective. One key 
feature of this scheme (which is applied 
both to the subtropical and all of our 
other advanced populations) is that 
during each two-year cycle of 
improvement progeny are sent for 
evaluation at up to five locations around 
the developing world. A primary 
advantage of this approach is that it 
allows many cooperators to sample the 
populations under different types and 
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levels of stress and to identify progeny 
that are well suited to those conditions; 
based on cooperators' progeny selec
tions we develop experimental varieties 
for further, more widespread evaluation. 
A potential disadvantage of this 
approach is that the diversity of the test 
sites may contribute to a large genotype 
x environment interaction, which could 
limit progress from selection. If that is 
the case, however, it is not apparent 
from the results of this study, in which 
the average improvement in grain yield 
of four subtropical populations was 
4.1 % per cycle or about 2.0% per year. 
This is a quite respectable rate of gain 
and coincides with the experience of 
other researchers. 

Improving Maize 
Performance Under 

Drought 

Maize is unique among cereals in being 
highly susceptible to stress at flowering. 
If the crop is short of moisture then, as 
is all too common in many parts of the 
tropics, farmers can expect yield losses 
of more than 50% unless they are 
among the fortunate few in developing 
countries that can irrigate maize. 

According to CIMMYT physiologists, 
the damage seems to result from 
competition between the plant's male 
and female flowers (the tassel and ear). 
Under favorable conditions the two 
exist in harmony, because the plant is 
able to produce enough carbohydrates 
through photosynthesis to easily meet 
the requirements of both tassel and ear 
development. Thus, within about two 
days after the tassel begins to shed 
pollen at anthesis, the ear will normally 
have exposed silks to capture the pollen 
for fertilization and development of 
seed. 

Under drought (or high density), 
however, this fine tuned system goes 
awry: The supply of photosynthate is 
drastically reduced, triggering a battle 
of the sexes over control of diminished 
supplies of this resource. In genetically 
variable populations of tropical maize, it 
is apparent that at least in some plants 

the female floral parts gain the upper 
hand, showing, in the parlance of 
physiologists, greater "sink strength." 
These plants channel enough 
photosynthate into the ear, perhaps at 
the expense of stem growth, to ensure 
that, even under drought stress, the ear 
accumulates the required amount of 
biomass within a short enough time 
after anthesis to produce viable silks 
and fertile seed. But a substantial 
number of plants give the female flower 
short shrift, causing a high degree of 
barren plants and thus greatly reduced 
grain yields. 

This hypothesis would be of little value 
for the purposes of maize improvement 
if it did not have some outward 
expression in crop development that we 
can easily measure and manipulate 
through selection. The most visible sign 
that tropical maize is guilty of male 
favoritism in partitioning carbohydrates 
is the phenomenon of a widened 
anthesis-silking interval (ASI) under 
drought. Increased ASI results from a 
postponement of silking, which in tum 
is a consequence of inadequate supply 
of photosynthate to the ear. For each 
day of delay beyond the normal ASI of 
more or less two days, grain yield per 
plant drops by about 10% for up to eight 
or nine days. We now know that it is 
possible to reverse this trend by 
selecting plants that show a narrower 
ASI under severe drought stress at 
flowering. The survivors of this ordeal 
have improved partitioning of 
carbohydrates to the developing ear, 
resulting in fewer barren plants and 
higher yields under stress. 

The effectiveness of this approach has 
been borne out by recent studies 
conducted by Maize Program 
physiologists with the population 
Tuxpefio Sequia. Largely as a result of 
eight cycles of selection for reduced 
ASI under drought stress, this 
population now shows a grain yield 
advantage of some 30% over 
nontolerant genotypes under a drought 
severe enough at flowering to reduce 
yield potential by about two-thirds. The 
data further indicate that the improved 
performance of the population's later 
cycles results from a higher rate of ear 
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growth near flowering, which means 
that more plants achieve a minimum ear 
dry weight required to produce viable 
silks. 

Data on Tuxpefio Sequia also suggest 
that changes in the partitioning of 
photosynthate are quite independent of 
environment. An important implication 
of this finding is that genetic gains 
achieved in stressed environments 
apparently translate into improved 
performance under more favorable 
conditions as well. The link between 
ASI and grain yield has been further 
confirmed by other CIMMYT studies of 
a wide array of germplasm, ranging in 
level of improvement from landraces to 
single-cross hybrids. There is evidently 
considerable variability for ASI in 
lowland tropical maize, and it is 
fortunately a highly heritable trait that 
responds readily to selection. 

Tuxpefio Sequia is now available to 
national maize research programs, and 
in the next few years we will be pro
viding additional improved populations 
that our cooperators in developing 
countries can employ as sources of 
drought tolerance. Perhaps even more 
important, though, we can now recom
mend with confidence the technique of 
selecting for reduced ASI under severe 
stress as an efficient means of im
proving maize performance, certainly 
under drought but evidently under more 
favorable conditions as well. At a 
minimum the products of this appr?ach 
will not merely survive drought but 
survive to produce extra grain. 

Hybrid Maize Development 

Developing superior maize hybrids for 
the lowland tropics is an ambition to 
which a growing number of national 
maize research programs aspire. Their 
chances of success are good in countries 
that have viable seed production 
industries and sizeable areas where 
growing conditions are favorable and 
where farmers' crop management is 
better than average. Even under those 
circumstances, however, hybrid 
development can be seriously hindered 
by the relative scarcity of vigorous 



inbred lines (which are primary 
components in the most common types 
of hybrids) developed from tropical 
germplasm. 

This is not much of a problem with 
maize of temperate adaptation, since 
researchers have been inbreeding it and 
fitting the inbreds into hybrid 
combinations for some 70 years. 
Tropical maize, in contrast, has a 
shorter history of science-based 
improvement, and efforts have generally 
been oriented toward the development 
of open-pollinated varieties (OPVs), 
which are more suitable than hybrids for 
the harsh conditions of many tropical 
environments. During recent years 
maize scientists in the lowland tropics 
have generated only a relatively small 
number of lines that can survive beyond 
the initial cycles of inbreeding. This has 
greatly limited their chances of 
identifying combinations of lines that 
offer a distinct yield advantage in the 
more favorable tropical environments 
and show promise for commercial 
hybrid development. Because superior 

inbreds are so scarce, some hybrids 
available in developing countries, while 
performing well compared with released 
varieties, are composed of lines whose 
low vigor and yield, among other 
problems, make cost-effective seed 
production almost impracticable. 

Recently the CIMMYT Maize Program 
has taken various steps to reduce the 
frequency of such cases by providing 
breeders with a much wider range of 
options in hybrid development. One 
move in this direction was to initiate 
projects for generating what we term 
"hybrid-oriented source germplasm." A 
key requirement of this material is that 
it have an improved ability to withstand 
successive generations of inbreeding. 
We have just completed two cycles of 
improvement in several tropical and 
subtropical populations for the various 
traits (including yield, vigor, and 
disease resistance) that contribute to 
inbreeding tolerance and will study 
changes in the inbreeding behavior of 
this germplasm over cycles. 

Maize Research 

Apart from standing up under prolonged 
inbreeding, it is extremely important 
that source populations employed in 
hybrid development show a high degree 
of heterosis, or hybrid vigor, with one 
another. In an effort to provide such 
materials, we are further improving the 
cross performance of two populations, 
Tuxpefio-1 and ETO Blanco, that 
already fit a well-known heterotic 
pattern. After improving the inbreeding 
tolerance of these materials, by growing 
out S

1 
lines and recombining the 

superior ones, we placed them in an 
interpopulation improvement scheme, in 
which lines from each population are 
selected partially according to their 
performance when crossed with a tester 
from the other population. While 
attempting to make better use of known 
heterotic groups, we are also seeking to 
develop new populations that combine 
well with each other. Toward that end 
we have conducted a multilocational 
evaluation of test crosses and on the 
basis of combining ability data will 
recombine selected lines during 1991 to 
form two tropical and two subtropical 
heterotic groups. 

Thomas Luba 

Leocadio Martinez, Maize Program technician, indicates the marked difference between ears from drought susceptible and tolerant lines. Low grain 
yield under this stress results from fierce competition between the male and female flowers (i.e., the tassel and ear). A selection technique developed 
by CIMMYT physiologists tilts this battle of the sexes in favor of the female flower, resulting in higher grain yields under stress. 
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The projects described above are 
designed to generate germplasm as 
quickly as possible that is specifically 
suited to hybrid formation. In some of 
its other breeding projects, the Maize 
Program has also taken measures 
(particularly the adoption of SI and s2 
selection schemes) that over the long 
term will enhance the utility of our 
germplasm for both OPV and hybrid 
development programs. By these 
various means, we hope to ensure that, 

Zimbabwe and Zambia. One problem 
they are confronting is late planting of 
maize on about 350,000 of the estima
ted total of 1.2 million hectares grown 
by smallholder farmers, using ox tillage, 
in these countries' subhumid areas. 
Though responsible for large reductions 
in grain yield each year-anywhere 
from a quarter to a half million tons in 
Zimbabwe and Zambia-late planting 
has not yet been thoroughly researched. 

T uxpefio Sequfa is now available to national maize 

researchers, and in the next few years we will be providing 

additional improved populations that our cooperators can 

employ as sources of drought tolerance. 

rather than just making do with a 
limited collection of suitable lines, 
national programs will have far more 
numerous choices in developing more 
productive genotypes for farmers. 

Late Planting of Maize in 
Southern Africa 

Adopting a new variety is usually a 
farmer's first step toward increasing 
yields, but this seldom brings marked 
improvement unless accompanied by 
some modifications in crop manage
ment. In many maize production 
systems, it is still far from obvious what 
those changes should be. And this fact 
is symptomatic of the continuing need 
throughout the developing world for 
research aimed at assessing agronomic 
problems, identifying their causes, and 
generating effective solutions that are 
within the farmer's reach. 

Some of the many opportunities for 
such research are being explored by 
CIMMYT's regional maize program in 
southern Africa in cooperation with 
national research organizations in 

Previous work has concentrated on 
devising ways to bring farmers' planting 
dates forward, since it is well known 
that earlier sowing gives better yields in 
the subhumid areas under study. But this 
effort has foundered on several facts 
about farmers' circumstances that are 
difficult to alter: labor and seed are in 
short supply at the start of the growing 
season in mid-November; many farmers 
cannot obtain oxen for plowing until 
well after the optimum planting date; 
and growers pursue a deliberate strategy 
of staggering maize plantings, delaying 
some by a month or more, to manage 
the risk associated with unreliable 
rainfall. That late planting invariably 
translates into yield loss (at a rate of 
about 3.7% per day according to one 
study) is due to a combination of 
environmental and crop management 
factors. One of the former is that late 
plantings are deprived of a nitrogen 
mineralization flush, or release of 
nitrates, which coincides with the onset 
of the rains and then rapidly diminishes. 
Other environmental factors are lower 
irradiance and shorter daylengths, 
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waterlogging during crop establishment, 
and shortage of rainfall during grain 
filling. Even more damaging, though, 
are the stiffer weed competition and 
later fertilizer applications at lower rates 
that are typical of late plantings. 

Current research on this problem is 
based on a different assumption from 
previous work, namely that, rather than 
changing the circumstances that account 
for late planting, farmers are better off 
trying to make the most of them. In 
accordance with this more realistic 
approach, agronomists have begun 
research aimed at reducing the negative 
effects of late planting on maize yields. 
Between 1987 and 1989, detailed 
agronomic monitoring was conducted in 
Zimbabwe to better characterize this 
practice and its causes. More recently, 
widespread surveys of farmers were 
carried out in Zambia and Zimbabwe to 
determine the extent of the problem, and 
an experiment was planted at 
CIMMYT's experiment station in 
Harare to examine environmental 
effects on late plantings. 

Based on the monitoring and survey 
results, further research has been 
planned by Center staff and cooperators 
in Zimbabwe; the work will also be 
relevant to farmers in Mozambique and 
Zambia. First, agronomists will 
concentrate on distinguishing the 
environmental effects on crop 
performance in late plantings from the 
management effects. Then, they will 
begin seeking improvements in farmers' 
crop management, with emphasis on 
modifications in plant density and in 
fertilization and weeding practices. 
Within a few years, new, early and 
intermediate maturity varieties should 
be available, and these will be tested 
on-farm under improved management 
practices for late plantings. While 
generating technologies that promise 
almost immediate gains, researchers 
will also examine longer term 
alternatives for enhancing soil fertility, 
such as rotations of groundnuts, 
sunflower, and other crops with late 
planted maize and the incorporation of 
agroforestry species into this system. 
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Productive and 

sustainable agricultural 

systems are necessary to 

ensure farmers adequate 

incomes over time and 

consumers continued access 

to quality food at affordable 

prices. Through the 

development of high

yielding, disease-resistant 

varieties, the Wheat 

Program's work has had 

a tremendous direct 

impact on productivity, 

farmers' welfare, and the 

real price of wheat. 
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Less obvious, though certainly no less 
important, are the large positive impacts 
on agricultural sustainability of our 
research. During the 1990s, the Program 
will more directly address selected 
sustainability issues, while continuing 
to emphasize the productivity
enhancing aspects of its work. 

We are aware of sustainability issues in 
major cropping systems in which wheat 
plays a role, such as the rice-wheat 
rotation in South Asia, soybean-wheat 
in South America, cotton-wheat in 
Egypt, and maize-wheat in the high
lands of Mexico. We are beginning to 
invest resources in research specifically 
aimed at such systems. One new 
collaborative project investigates the 
extent to which the productivity of 
South Asia's vast (over 13 million 
hectares) rice-wheat system may be 
declining and looks for relevant 
underlying causes (see box, page 31 ). 

The rice-wheat work is but one of more 
than 240 research projects currently 
underway in the Wheat Program. To 
manage all these efforts more effec
tively, we have revamped our activity 
review process and initiated a 
computerized project database. In 
addition to an annual in-house review of 
the Program's research agenda, in-depth 
assessments of selected activities will 
be conducted each year by external 
reviewers. In June 1990, we initiated 
this process with an intensive, I I-day 
evaluation of our collaborative work on 
winter/facultative wheats based in 
Turkey and Syria. 

The Program 's numerous endeavors 
range from continuing efforts to breed 
spring bread wheats for irrigated 
environments to an array of "upstream" 
research undertakings designed to 
support this essential breeding work. 
The latter involve exploring, for 
example, the genetic basis of durable 
resistance to leaf rust, or the use of 
callus culture for inducing wheat-rye 
chromosomal exchange. Many of the 
Program's projects directly involve our 
colleagues in developing countries, as 
well as institutions in the developed 
world. We also have cooperative 

agreements with the International 
Center for Agricultural Research in the 
Dry Areas (!CARDA), for work on 
spring and facultative bread wheat and 
durum wheat for the dry land areas of 
West Asia and North Africa; and the 
International Rice Research Institute 
(IRRI), for studies on sustaining the 
productivity of the rice-wheat system. 

Rice-Wheat Surveys in 
India's Tarai 

The rice-wheat cropping pattern is 
prevalent in the swampy lowlands 
(tarai) of western Uttar Pradesh, India. 
This region is one of the study areas 
selected as part of the CIMMYT/IRRI/ 
national program collaborative research 
project mentioned above. In 1990, two 
preliminary diagnostic surveys were 
conducted in the area; one in February 
focused on wheat and one in September 
focused on rice. The surveys occurred 
in three districts around the G.B. Pant 
University of Agriculture and 
Technology (Pantnagar University). 

The diagnostic surveys are aimed at 
evaluating the productivity, 
profitability, and sustainability of a 
given area's rice-wheat system, to 
identify productivity problems and their 
causes, and to suggest research that may 
help. Participants in the Pantnagar 
surveys included senior researchers 
from the All-India Coordinated Wheat 
and Cropping Systems Research 
Programs of the Indian Council of 
Agricultural Research (ICAR), 
Pantnagar University , IRRI, and 
CIMMYT. This group represented a 
unique cross section of disciplines, 
including agricultural anthropology, 
agronomy, economics, engineering, 
entomology, extension, pathology, soil 
physics , water management, and weed 
science. 

During the surveys interviews with 
farmers indicated that wheat tends to 
yield better after sugarcane than after 
rice. This may be because cane 
cultivation improves soil fertility due to 
the relatively high levels of fertilizer 
and farmyard manure that this high
value crop receives and because of the 
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abundant organic matter (crop residues) 
left behind. Moreover, sugarcane 
cultivation improves soil structure in 
that it requires no puddling and 
relatively little tillage. Many farmers 
told the survey teams that nutrient 
deficiencies currently do not restrict 
wheat or rice yields as long as zinc is 
included in the fertilizer package. 
Several farmers stated that they apply 
more fertilizer now than previously to 
get the same yield. Data from longer 
term rice-wheat trials at Pantnagar 
University show gradual declines in rice 
yield over four fertilizer treatments. 
Yields have declined at constant 
fertilizer levels in other parts of the 
region where the rice-wheat rotation 
prevails. 

Various hypotheses were developed 
during the surveys on problems affect
ing rice and wheat productivity in the 
tarai. The survey teams assigned tenta
tive priorities to problems, hypothesized 
about causes, diagrammed interactions, 
and suggested follow-up research 
activities. Much of this methodology is 
described in detail in Tripp and Woolley 
(1989). 

Problems were classified as either long 
term-meaning a number of crop cycles 
will be required for adequate assess
ment--or near term-meaning they can 
be fairly well analyzed within a crop 
cycle. Two long-term sustainability 
issues were identified in these surveys: 
an increasing limit on the yields of 
wheat and rice due to nutrient deficien
cies and an increasing reduction in rice 
and wheat yields due to pests, diseases, 
and weeds. Near-term problems cited 
for wheat include yield reductions due 
to late planting or late harvesting, the 
weed Phalaris minor, waterlogging and 
excess moisture, and poor plant stands. 
For rice, near-term problems include 
infestations by brown planthoppers, 
bacterial leaf blight, and delayed 
transplanting. For both crops, near-term 
difficulties include rats, inefficient use 
of nitrogen, sheath blight, and soilborne 
pathogens. The survey teams generated 
ideas for research directed at each of the 
pro-blems listed above. For example, 



for the problem of yield reductions due 
to late wheat planting, suggested 
avenues of research include: 

• Designing improved tractor-drawn 
implements that allow reduced or 
zero tillage (e.g., cultivators using 
horizontal sweeps, shallow 
rotovators, or specialized equipment 
for zero tillage) and more efficient 
handling of rice straw residues. 

• Developing establishment proce
dures for rice that reduce puddling or 
its deleterious effects on soil 
structure and plow-pan formation. 

• Identifying wheat varieties for late 
planting (heat tolerance during grain 
filling will be an important trait of 
these varieties). 

• Identifying earlier maturing rice 
varieties for late rice planting. 

The final report on the surveys' findings 
(Hobbs et al. 1991) indicates that one 
challenging aspect of the rice-wheat 
collaborative project will be to establish 
long-term monitoring in the Pantnagar 

region and at other key sites. But the 
data obtained from such work will 
prove invaluable in assessing the 
sustainability of this important cropping 
system. 

Improved Resistance to 
Septoria tritici 

In the late 1960s, when semidwarf 
wheat germplasm was first introduced 
to the rainy coastal areas of Turkey and 
North Africa, including Tunisia, 
Algeria, and Morocco; most of it was 
found to be extremely susceptible to 
leaf blotch caused by the fungus 
Septoria tritici. Epidemics were so 
severe that some researchers felt there 
was a genetic linkage between 
susceptibility to the disease and reduced 
plant height. 

Favorable environmental conditions 
(splashing rain and moderate 
temperatures) and additional fertilizer, 
combined with susceptible varieties, 
caused yield losses of up to 50% in 
farmers' fields. Today, septoria tritici 
blotch is an important disease of wheat 

Gene Hettel 

J.S. Chatraverdi, Pantnagar University extensionist (left), and Dennis Lawn, CIMMYT 

pathologist (right) , discuss possible soilbome disease problems in the field of small-scale Indian 

farmer during the February diagnostic wheat survey near Pantnagar, India. 
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in large portions of the environments 
characterized as temperate, high-rainfall 
areas: the Mediterranean Basin; the 
highlands of East Africa, Mexico, and 
the Andean region; and the Southern 
Cone of South America. 

Crop residues can play an important 
role in the survival of the pathogen from 
one wheat crop to the next. Such 
cultural practices as burning the stubble 
break the disease cycle, but these 
conflict with desirable practices, such as 
retaining stubble for erosion control. 
Fungicides can provide effective control 
and are used in Europe, but few farmers 
in developing countries can afford 
them-not to mention the potential 
environmental costs associated with 
their use. CIMMYT's primary control 
strategy is to breed for resistance. 

During the last 18 years, our breeders 
have developed materials that combine 
reasonably good levels of septoria leaf 
blotch resistance with high yield poten
tial, broad adaptation, and resistance to 
other diseases. The best sources for 
resistance to date have been the spring x 
winter crosses (e.g., Bobwhite, Bagula, 
and Milan) and germplasm emanating 
from the shuttle breeding project 
between Brazil and Mexico (e.g., 
Frontana-derived lines and Thombird). 
Recently, germplasm derived from our 
partnership with China to develop 
fusarium head scab-resistant germplasm 
and from our wide cross program has 
given a boost to the search for genetic 
variability for resistance to septoria 
diseases. 

In a collaborative effort that dates from 
about 1985, CIMMYT has drawn on the 
expertise of the Plant Protection 
Institute (IPO) in the Netherlands and 
Tel Aviv University in Israel. One 
objective of this project has been to 
confirm the diversity of resistance in 
some of the more important sources of 
resistance that the Program has been 
using in its breeding efforts. We are 
looking for as many different resistance 
genes as possible; we will then 
determine which ones are the most 
useful for combining and incorporating 
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into superior wheat phenotypes. So far, 
it appears the sources of resistance 
derived from the winter wheats and the 
Brazilian germplasm are quite different 
in their genetic backgrounds. 

Through laboratory testing of more than 
100 S. tritici isolates collected by our 
staff and colleagues around the world 
on a set of wheat varieties developed in 

Netherlands are funding a three-year 
collaborative project between Cornell 
University (USA) and CIMMYT in an 
effort to develop an RFLP linkage map 
for hexaploid bread wheat. Wheat
maize crosses are playing an important 
role in this work. 

A promising area of biotechnology is 
the use of RFLPs to identify and track 

In 1990, our wheat wide crosses laboratory had a 23% 

recovery rate of haploids from wheat-maize crosses-

considered to be exceptional by scientists working in this area. 

Israel, IPO has been able to confirm the 
existence of virulence differences in the 
pathogen. Dutch and Israeli scientists 
are studying virulence patterns and 
developing specific markers so that 
isolates of the S. tritici pathogen can be 
differentiated more precisely. For 
example, they are looking at the 
possibility of using micro-viruses found 
in the cytoplasm of the pathogen as 
markers to distinguish one isolate from 
another. If a specific pathogen or isolate 
carries the same virus all the time, 
technicians will be able to determine the 
isolate by identifying the virus that 
afflicts it. Our colleagues are also 
developing restriction fragment length 
polymorphisms (RFLPs) for use in the 
identification of specific isolates. 

Wheat-Maize Crosses in 
RFLPWork 

In 1986, researchers in the UK demons
trated that it was possible, through the 
use of laboratory techniques, to recover 
embryos and obtain plants from wide 
crosses using wheat as the female 
parent and maize as the male parent. 
After fertilization, the maize 
chromosomes are eliminated from the 
zygote resulting in wheat haploids. 
Australia and, more recently, the 

genomic loci for traits of interest, an 
application that can greatly improve the 
efficiency of selection in conventional 
breeding (see Research Support, page 
53). Hence, the focus of the Cornell
CIMMYT collaboration on the 
development of RFLP maps for wheat 
and barley. However, the genetic 
material that CIMMYT provides to 
Cornell for trait mapping must be 
homozygous. The haploids generated by 
wheat-maize crossing shortens the time 
required to obtain homozygosity, since 
a homozygous plant results when a 
haploid's chromosomes are doubled. Up 
to now, researchers have relied mostly 
on more cumbersome anther culture and 
crosses with the perennial barley 
relative Hordeum bulbosum to produce 
haploids of Triticeae species. Both 
techniques have constraints of 
genotypic specificity that wheat-maize 
crossing does not have. 

Researchers in the UK and Japan, as 
well as at ICARDA and in our own 
wheat wide crosses laboratory, have 
found it possible to recover haploids 
across a wide array of wheat genotypes 
using wheat-maize crosses. In 1990, we 
obtained 58 embryos from about 200 
maize-pollinated wheat florets. Of these 
embryos, 81 % resulted in haploid 
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plants, which translates to a 23% 
recovery rate of haploids from the 
original pollinations. This recovery rate 
is considered to be exceptional by 
scientists working in this area. 

Recently, we made crosses between 
bread wheat varieties assessed to be 
reasonably polymorphic with respect to 
DNA, and reconstituted wheat 
hexaploids (synthetics developed from 
crossing tetraploid durum wheat and the 
wild relative Aegilops squarrosa). We 
then pollinated the F

1 
hybrid progeny 

with maize pollen to produce haploids. 
We currently have more than 400 
haploids from several wheat populations 
undergoing chromosome doubling using 
the standard colchicine technique. 
Homozygous individuals will be 
produced and used in the continuing 
effort to construct an RFLP map for 
useful traits in bread wheat. 

Progress in Durum Wheat 
Improvement 

Durum wheats-a staple food of the 
poor in West Asia/North Africa 
(WANA), Ethiopia, the Asian Sub
continent, and the Andes of South 
America-are cultivated by these 
regions' farmers on about 11 million 
hectares. About 70% of this durum area 
is dryland and concentrated in W ANA. 
Our major objective is to increase the 
efficiency with which durum wheat is 
grown, both in favorable and un
favorable environments, by supplying 
improved germplasm to national wheat 
research programs. In Mexico, our 
durum breeding emphasizes the 
development of high-yielding materials, 
as well as improved disease resistance 
and better grain quality. The CIMMYT I 
ICARDA breeding effort in Aleppo, 
Syria, focuses on greater tolerance to 
abiotic stresses, particularly drought and 
cold. 

Since the 1950s, as Figure 5 shows, 
durum varieties released in Mexico 
have exhibited steady progress in yield 
potential, by which we mean the yield 
of these varieties under irrigation and 
good management. Yield potential is an 
important measure of progress because 



numerous studies with both CIMMYT 
durum and bread wheats reveal that 
increased yield potential is associated 
not only with more efficient land use 
(yield/day), but also more efficient use 
of specific inputs of solar radiation, of 
nutrients (see Review of CIMMYT 
Programs, page 30), and of water-both 
when present at optimal or sub-optimal 
levels. The progress achieved with 
durum wheats derives from both 
increased biomass as well as increased 
harvest index (Figure 5). The 9.0 and 
9.4 t/ha yield potentials of the Mexican 
varieties, Altar 84 and Aconchi 89, 
during the 1989-90 cycle at our 
northwestern Mexico station are the 
highest ever measured at this location. 
We expect to improve yield potential 
even further, in particular by increasing 
the harvest index from its current level 
of about 42%. 

In irrigated locations like northwestern 
Mexico's Yaqui Valley, it is obvious 
that higher yield potential will be 
reflected in higher on-farm yields even 
though the general level of durum yields 
obtained by progressive farmers may be 
25% below those quoted above. 

Yield and biomass (t/ha) 

Farmers there and in other irrigated 
areas like central Chile and Egypt (not 
to mention developed countries like 
Spain and the USA) are adopting these 
varieties. However, what is less well 
understood, although derived from the 
efficiency considerations above, is that 
the outstanding Mexican varieties like 
Cocorit 71, Mexicali 75, and Yavaros 
79 or their very close relatives dominate 
among the improved modem durum 
varieties occupying more than half of 
the durum area grown under rainfed 
conditions in the developing world; the 
remainder are mostly landraces. 

With the joint CIMMYT/ICARDA 
durum breeding effort underway since 
the early 1980s and specifically targeted 
to the dry WANA region, it remains to 
be seen whether the Mexico-derived 
germplasm and the landraces will 
continue to prevail in dry land areas. 
This effort in the WANA region, in fact, 
emphasizes the utilization of landraces 
as parents in crosses with improved 
high-yielding types. The joint program 
also selects for specific traits associated 
with stress resistance and uses multilo
cation testing. In spite of the difficulties 
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Figure 5. Progress in grain yield (t/ha), biomass (t/ha), and harvest index (grain yield/ 
biomass, % ) for selected Mexican durum wheat varieties over the last four decades. 
Source: CIANO 1989-90 optimum agronomy, results for eight varieties averaged by 
decade of release. 
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in breeding for areas subjected to 
drought and other abiotic stresses 
associated with dryland conditions, we 
are making good progress. For example, 
after the release of the outstanding 
drought-tolerant line, Korifla, in Syria 
(as Cham 3) and Jordan (as Petra), our 
joint program has recently identified an 
even better genotype, Omrabi 17, which 
demonstrates the successful combi
nation of drought tolerance and 
responsiveness to favorable conditions. 
Omrabi 17 has yielded significantly 
more than Haurani, a widely grown 
landrace in the dry areas, in both 
favorable (by as much as 59%) and 
unfavorable (by 14%) growing seasons. 
Omrabi 5, a sister of Omrabi 17, is 
performing very well in western North 
Africa and in northwestern Mexico, 
where we use it as a check for drought 
tolerance in reduced irrigation trials. 

Aggressive, highly virulent, and durum 
wheat-specific races of stem rust 
(Puccinia graminis) are found in the 
durum areas of Ethiopia and Kenya. The 
evolution of stem rust races in these 
highlands is favored by the climatic 
conditions and because durums have 
been grown there for millennia. In the 
early 1980s, almost all of our advanced 
durum germplasm succumbed to the 
high disease encountered in the region. 
In 1984, we entered into a collaborative 
arrangement with the durum research 
team at the Debra Zeit Agricultural 
Experiment Station of Alemaya 
University. The project has involved 
crossing Mexican and Ethiopian 
germplasm (landraces and improved 
lines) and shuttling the segregating 
populations between the two countries 
for selection. This shuttle breeding work 
has enabled the incorporation of stem 
rust resistance genes into the Mexican 
durum germplasm. This collaborative 
effort is continuing and has already 
started to show dividends. During the 
1987-88 cycle, only 3% of the advanced 
lines tested at Debra Zeit were found to 
be resistant to prevalent races of stem 
rust. By 1989-90, in contrast, 20% of 
the lines were resistant, in addition to 
having high yield potential and good 
agronomic type. 
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Nowhere is the need for 

sustainable systems 

more readily apparent than 

in marginal areas. In these 

increasingly fragile 

environments, people 

living at the edge of 

subsistence often depend 

on several enterprises to 

maintain themselves 

on their land. 



Each crop grown requires numerous and 
often difficult decisions from farmers. 
Decisions about what to plant, where to 
plant, and when are in tum often 
affected by unseen, unimagined events, 
such as the mutation of a pathogen; may 
be threatened by unpredictable and 
variable weather; and may suffer at 
different stages of the growing cycle 
from farmers' lack of resources needed 
to perform agricultural operations. 

Under almost any conditions, the 
complex of factors affecting agriculture 
is imposing, especially considering that 
one cannot predict all of the consequen
ces of technological change. For this 
reason, social scientists at CIMMYT 
focus much of their research, from 
farm-level studies to global analyses, on 
developing methods for understanding 
the results of technological change and 
determining how research resources 
should best be allocated to meet the 
developing world's growing need for 
maize and wheat. As the following 
highlights indicate, economics research 
is concerned with marginal as well as 
favored production environments. 

Designing and Evaluating 
New Technologies at the 

Farm Level 

During 1990, the Economics Program, 
working with researchers from national 
programs and colleagues in CIMMYT's 
Maize and Wheat Programs, assisted in 
monitoring maize and wheat production 
at the farm level in many settings. 
Social scientists in Pakistan continued 
to amass data on the production of 
maize, wheat, and other crops, thereby 
adding to an already detailed set of data 
spanning several years. For example, a 
survey in the remote mountainous area 
of Gilgit recorded an increase in 
farmers' use of improved wheat vari
eties, which were disseminated through 
a non-governmental organization that 
had conducted on-farm research (OFR) 
in Gilgit. Some 63% of the wheat area 
in the double cropping zone was planted 
to semidwarf wheats in 1988-89 (mostly 
Pak-81), compared with 36% three 
years earlier. The change from local to 
semidwarf varieties has probably 

increased annual wheat production by 
over 1,000 metric tons on the 5,000 ha 
sown to wheat in the double cropping 
zone. The additional wheat production 
raised net income by about 10%, a 
sizeable increment given that wheat 
represents about 40% of farm income. 

Pakistan's maize sector was the subject 
of a comprehensive formal survey 
whose results quantify two problems 
impeding progress in raising maize 
production: the low use of improved 
germplasm and the low use of 
commercial maize seed as a share of all 
maize seed planted. The share of total 
maize area in Pakistan planted to 
improved open-pollinated maize and 
hybrids was 26%, fairly low compared 
to the 1985-86 average of 51 % for all 
developing countries. Furthermore, only 
about 10% of the maize area has been 
planted with commercial maize seed in 
recent years, compared with an average 
of 43% for all developing countries. 
Other survey results should help guide 
the work of breeders, agronomists, and 
social scientists by clarifying farmers' 
requirements for maize varieties (for 
example, their need for dual-purpose 
maize for grain and fodder production, 
or their need for earlier maturing or 
drought resistant maize). Survey results 
may also alert research managers to 
other problems, such as the 
unavailability of improved maize seed, 
that must be addressed by policy 
makers. 

In two other countries where CIMMYT 
social scientists have long worked with 
national research teams-Ghana and 
Indonesia-adoption surveys provided a 
way to measure the efficacy of OFR. 
The objective of the Ghanaian survey, 
which covered about 400 farmers in six 
maize-growing areas of the country, 
was to assess the degree of adoption 
and diffusion of recommendations 
developed through OFR. The results 
will be published in 1991, but 
preliminary evidence shows a steady 
increase in the use of improved maize 
varieties (about 50% of total area) and a 
growing knowledge and use of 
improved management practices. 
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Preliminary results of the survey in 
Malang, Indonesia are also positive. 
The Malang Institute for Food Crops 
(MARIF) started OFR in 1984 in an 
area characterized by extremely small 
farms, where people relied on maize as 
a staple food and their major source of 
income. The OFR program developed 
recommendations to cope with insect 
pests (shootfly, Atherigona spp.) and to 
encourage better planting practices. In 
April 1990, MARIF staff conducted a 
formal survey in 20 villages; of the 20 
villages, six never participated in the 
OFR program. Most of the farmers 
surveyed had taken up the recom
mended planting practice and shootfly 
control method. 

Still other work began in 1990, 
including a survey in Ethiopia to gather 
information on durum wheat produc
tion. Durum wheat, which is indigenous 
to Ethiopia, covers about 60% of the 
total wheat area and is grown exclu
sively by peasant farmers. The survey 
should identify more precisely which 
agronomic and quality characteristics 
farmers seek in durum varieties. 

The demand for different maize types is 
the subject of a study in Malawi, where 
national program and CIMMYT staff 
are synthesizing five years' data on 
smallholder maize production in the five 
important maize-producing areas of the 
country. The analyses will look at 
factors affecting farmers' demand for 
flint maize varieties compared to dent 
types, and for open-pollinated varieties 
versus hybrids. Other research with a 
maize component started in Brazil in 
1990. This work, which focuses on the 
potential economics of using quality 
protein maize as an animal feed, will be 
expanded to El Salvador in 1991. 

Technological Change 
in Favored and Marginal 

Areas 

Researchers charting the progress of 
technological change in the wake of the 
Green Revolution have observed that, 
although science has furthered 
agricultural productivity tremendously 
over the past 25 years, new technologies 
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have disseminated more slowly to 
marginal production environments. The 
added difficulty that the effects of 
technological change are often 
attenuated in marginal areas raises 
questions about how to equitably and 
efficiently allocate research resources to 
meet the needs of all members of 
society. Is it advisable to invest in 
agricultural research in marginal areas, 
when the same resources might produce 
results more quickly in favorable areas? 
Is it fair to focus on more favorable 
areas, where people are better off, 
instead of marginal areas, whose 
residents may be much poorer? 

In 1990, the Economics Program 
finished a case study of how the 
benefits of past and potential 
technological change (such as the 
adoption of new semidwarf wheat 
varieties) have been distributed between 
favored and marginal areas of Pakistan 
(Renkow, forthcoming 1991 ). The 
methodology used in this study should 
allow research managers to better 
understand how alternative allocations 
of research resources might affect 
different groups of producers and 
consumers through influences on grain 
markets and labor markets. 

In Pakistan, wheat production has 
predictably risen faster in favorable 
irrigated areas than in marginal rainfed 
areas. Rural incomes, on the other hand, 
have generally grown more in rainfed 
areas than in irrigated ones, particularly 
since the mid- I 970s. (As explained 

Aside from directly improving 
production, technological change can 
have indirect benefits, possibly with 
different consequences for various 
socioeconomic groups. For example, by 
increasing wheat production, a new 
technology may help make wheat 
cheaper than it would have been in the 
absence of technological change. If 
wheat is an important staple food , net 
consumers of wheat-both 
nonproducers, such as urban dwellers, 
and rural producers for whom 
household consumption requirements 
exceed annual production-stand to 
benefit from lower wheat prices. 

In Pakistan, two-thirds of the population 
are net consumers of wheat. A high 
proportion of producers (all but large
scale farmers) in marginal areas do not 
produce enough wheat to meet their 
needs. Because poor consumers in 
urban and rural areas tend to spend a 
greater proportion of their incomes on 

Real income (Rupees/yr) 

food, declining real producer and 
consumer prices of wheat and wheat 
products over the past 25 years are 
likely to have benefited poorer 
consumers to a greater extent than the 
more well-to-do. 

As well as affecting yields and prices, 
the adoption of modem technologies 
can influence wage rates because those 
technologies usually require more labor 
for crop operations. As long as the 
supply of agricultural labor remains 
limited, increased labor requirements 
push up agricultural wage rates. Higher 
wages obviously have positive effects 
on the incomes of poorer rural dwellers 
who rely on agricultural labor for a 
large share of their incomes. Moreover, 
wage increases need not be confined to 
the areas where labor-intensive 
technologies are adopted, if differences 
in wage rates cause agricultural laborers 
to migrate from low-wage to high-wage 
areas. 

2,000..--~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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changing opportunities in labor markets 
than of changes in wheat production 
technology.) In both rainfed and 
irrigated areas, large-scale farmers have 
consistently enjoyed the highest 
incomes from all sources (including 
crop production, agricultural labor, and 
nonagricultural employment). 
Nevertheless, during the past 25 years, 
poorer small-scale farmers and landless 
households registered faster real income 
growth (Figure 6). Particularly striking 
is the rapid growth of the incomes of 
poorer households in rainfed areas. 

1965 66/71 76/82 84/87 
Landless households 

1965 66171 76/82 84/87 
Small-farm households 

1965 66171 76/82 84/87 
Large-farm households 

Figure 6. Relative real incomes in the Punjab, Pakistan, 1965-67. 
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In Pakistan, real agricultural wages in 
rainfed and irrigated areas have 
increased steadily, supporting the idea 
that the increased labor requirements of 
Green Revolution technologies 
benefited agricultural laborers in both 
favorable and marginal production 
environments. However, wages in 
nearly all sectors of Pakistan's economy 
have risen dramatically since the mid-
l 970s, when large-scale migration to 
the Middle East began, creating labor 
shortages in many key sectors of 
Pakistan's economy (including 
agriculture). That the rate of income 
growth has been greater in rainfed areas 
than in irrigated areas over the past 15 
years indicates that those 
nonagricultural opportunities proved to 
be even more remunerative than 
agricultural opportunities in the irrigated 
areas. An interesting implication of this 
finding is that differences in wheat 
production across environments may 
actually have provided a strong 
incentive for people living in Pakistan's 
less productive rainfed areas to broaden 
their income-generating activities 
outside of the agricultural sector. 

The results of this study suggest that 
continued investment in research for 
favored areas is a reasonable strategy to 
pursue. However, the study does not 
imply that research in marginal areas 
should be ignored. Given that people in 
marginal areas may not benefit indef
initely from employment opportunities 
off of the farm, it is important to 
investigate priority research issues in 
marginal environments. 

A Closer Look at 
Marginal Environments 

for Wheat 

As the Pakistan study indicates (see 
preceding section), agriculture is 
influenced not only by localized events 
at the farm level but also by the more 
unsettling changes brought on by 
upheavals in the larger maize and wheat 
economies. To understand how trends in 
the world maize and wheat economies 
influence or manifest events at the farm 
level, and how those trends might affect 

the setting of research priorities, the 
Economics Program regularly 
assembles and analyzes data on the 
production, trade, and utilization of 
maize and wheat throughout the world. 
Much of this information is contained in 
the Program's growing database and 
published in the Facts and Trends 
series. 
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are irremediable when the costs of 
ameliorating them are prohibitive.) 
Severe drought stress, often exacerbated 
by extreme heat or cold, is the major 
constraint on wheat and barley yields in 
marginal areas. Average rainfall during 
the growing season does not surpass 
350 mm and may be far lower: in some 
locations wheat and barley grow on 

Because marginal environments present a special 

challenge to research, a careful assessment of the possibilities 

for success is warranted. 

For example, in 1990 CIMMYT and the 
International Center for Agricultural 
Research in the Dry Areas (ICARDA) 
initiated a study of wheat and barley 
production in the rainfed marginal 
environments of West Asia and North 
Africa (WANA) and South Asia (Morris 
et al., forthcoming 1991). Two 
compelling reasons prompted CIMMYT 
and ICARDA to take a closer look at 
production trends as well as research 
and policy options for improving wheat 
and barley production in rainfed 
marginal areas. First, millions of poor 
people subsist on the products of 
agriculture in rainfed marginal areas, 
and research institutions are naturally 
committed to improving the 
productivity of rainfed cropping. 
Second, because marginal environments 
present a special challenge to develop 
production technologies that will not 
further deplete the resource base, a 
careful assessment of the possibilities 
for successful research is warranted, to 
avoid expending scarce resources on 
problems that ultimately prove 
intractable. 

Marginal environments for wheat and 
barley were defined as areas where 
irremediable climatic or soil conditions 
limit potential yields to less than 40% of 
the potential yields as determined by 
available solar radiation. (Conditions 
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residual moisture alone. Average yields 
in marginal areas remain relatively low, 
while the rate of yield improvement 
consistently lags behind the rate at 
which yields have grown in favored 
areas. 

If more resources are allocated to 
research aimed at marginal areas, where 
will future gains in productivity come 
from? Given that moisture is the key 
constraint, three strategies offer the 
most hope for increasing and stabilizing 
yields: 1) irrigation to improve the 
supply of water, 2) practices that 
conserve moisture, and 3) practices that 
use moisture more efficiently. India has 
long adopted the strategy of expanding 
irrigated area, and more recently Syria 
and Turkey have followed suit. But the 
two remaining strategies should not be 
overlooked: converting rainfed to 
irrigated land is costly, and even where 
irrigation is successful, its sustainability 
may be doubtful, depending on 
groundwater supplies. 

As for breeding research, although 
improved germplasm may help raise 
wheat and barley yields in marginal 
areas, improvements in crop and soil 
management practices will often pre
cede changes in variety (as has already 
happened in Turkey). Traditional 
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research programs focusing exclusively 
on cereal crops may not be as success
ful in marginal areas as in favorable 
locations, because intercropping, crop 
rotations and fallowing, and crop
livestock interactions are so important. 
Instead, a more integrated systems 
approach to crop and soil management 
is needed. The role of extension will 
also be critical. The "technology 
package" approach often favored by 
extension is not so relevant in marginal 
areas, where high agroclimatic 
variability means that farmers must be 
able to select among an array of techno
logical options to meet the requirements 
of a specific field or season. 

Likewise, appropriate policies are 
needed to encourage farmers to adopt 
improved crop and soil management 
practices, especially since many 
marginal areas lack effective input 
delivery systems and marketing 
infrastructure. Since economic incen
tives in many marginal areas favor 
livestock, price policy reforms may be 
necessary to increase the expected 
returns to cereal production and/or to 
reduce its riskiness. Precisely because 
they are characterized by a high level of 
climatic variability, rainfed marginal 
environments will require a stronger 
technology/policy effort if cereal 
production practices are to change 
significantly. 

Monitoring Trends in 
National Maize and Wheat 

Economies 

Other commodity sector and policy 
studies in 1990 emphasized maize and 
wheat production at the national rather 
than the global or regional level. In 
Sudan, an intensive survey of wheat 
producers elicited data for an analysis of 
the tradeoffs likely to be involved in 
devoting more resources to improving 
domestic wheat production. The 
Sudanese government has determined to 
raise local wheat self-sufficiency 
because of limited domestic supplies of 
wheat, serious shortages of foreign 
exchange for importing wheat, and 

reductions in food aid. This is an 
ambitious goal in a country which, aside 
from being the warmest place in the 
world where wheat is grown com
mercially, produces every grain of its 
wheat under irrigation. Results of this 
study and a similar one in Kenya, 
evaluating the efficiency of domestic 
wheat production compared to maize 
and dairying, should be available in 
1991. Along with earlier work in 
Zimbabwe, these studies should offer a 
clearer perspective on options for 
encouraging domestic wheat production 
and self-sufficiency throughout eastern 
and southern Africa, and for deter
mining how much emphasis should be 
given to wheat research. 

In Paraguay, a preliminary study of the 
maize sector was completed (Morris et 
al. 1990). Results of the study 
highlighted issues in maize production 
and marketing that require further 
investigation. In 1991, a more extensive 
national survey of maize producers will 
offer researchers more precise 
information for developing a suitable 
national maize research strategy. 

Training and 
Information Sharing 

The Economics Program conducted 
many and varied training courses during 
1990, including a regional training 
workshop in eastern and southern 
Africa designed to address the needs of 
the region's growing number of social 
scientists. Two networks of soc ial 
scientists were also formed, one in 
Central America and the Caribbean and 
the other in eastern and southern Africa 
(in collaboration with the International 
Crops Research Institute for the Semi
Arid Tropics). The Central American 
network should improve communication 
among social scientists in the region, 
whereas the African network is 
specifically intended to foster work in 
policy analysis. 

The past year saw increased progress 
toward the institutionalization of 
training in OFR; it is now part of the 
curricula of several eastern and southern 
African universities. Finally, CIMMYT 
social scientists in all regions continued 
to work with colleagues in the 
university system to supervise thesis 
research by advanced degree students. 

Research to improve crop and soil management practices in marginal as well as favored areas can 
benefit from a systems approach that considers factors such as crop-livestock interactions, 
intercropping, and crop rotations and fallowing . 
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Our research support 

staff assist scientists 

and decision makers at 

CIMMYT and elsewhere 

with products and services 

designed to help them meet 

the challenges of their work 

in creative and efficient 

ways. In this Report we 

feature highlights drawn 

from Information Services, 

Seed Health, and Applied 

Molecular Genetics. 
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Information Services 

A noted thinker about trends in infor
mation management recently wrote 
about "information anxiety"-the stress 
caused by a constant bombardment of 
seemingly important yet elusive or 
unintelligible information (Wurman 
1989). Agricultural researchers in 
prosperous, industrialized countries 
experience this apprehension as they 
sort through a deluge of journals, 
reports, and personal communications 
in search of results relevant to their 
work. But information anxiety carries a 
different connotation for scientists in 
developing countries, who often face a 
lack of current scientific information, 
along with difficulties in disseminating 
results from their work. CIMMYT 
Information Services staff are striving to 
aid both groups of researchers, as well 
as key decision makers in governments 
and the donor community, to overcome 
these problems. They are doing so 
through the selective application of new 
electronic tools that help manage more 
information more effectively, and 
through a better conceptualization 
and targeting of information intended 
for those who can truly gain from 
receiving it. 

To facilitate the production of 
CIMMYT publications, for example, 
the Center recently invested in a 
"desktop" system that allows staff to 
explore quickly and inexpensively a 
broad range of possibilities for merging 
form with function. We have changed 
our production procedures to fit the 
system, bringing writers, editors, and 
designers together as creative "project 
teams," and the result is more appealing 
and accessible publications produced 
more swiftly and at lower costs. New 
information technologies are yielding 
other benefits as well, such as the 
capacity for rapidly generating attrac
tive support materials for presentations, 
again at lower cost, and a computer
based "image bank" that will permit the 
efficient retrieval of the over 3,000 
color transparencies and black and 
white prints in CIMMYT's collection. 

As our production tools and methods 
have evolved, so too has the array of 
information products and the relative 
emphasis among them, to better reflect 
changes in Center priorities and the 
expressed needs of those we seek to 
serve. A growing focus, for example, on 
elucidating the science that underlies 
our germplasm research is leading to 
more publishing by. CIMMYT staff, 
especially in refereed journals (see 
pages 58-60). Likewise, among the 
roughly 50 CIMMYT imprimatur 
publications produced each year our 
emphasis has shifted from general 
information toward technical publica
tions and practical manuals and 
guidebooks. 

The Center has inaugurated several 
publishing initiatives designed to reach 
specific audiences: 

• CIMMYT Research Reports provide 
syntheses of ideas and experience 
resulting from extended work on 
major research activities. Research 
Report No. 1, "Accelerating the 
Transfer of Wheat Breeding Gains to 
Farmers: A Study of the Dynamics 
of Varietal Replacement in 
Pakistan," was released in late 1990 
and contains information relevant to 
developing country research, seed 
production, and extension systems. 
Subsequent titles in this series will 
cover advances in highland maize 
breeding and our decade-long 
activity in wheat wide cross 
research, among other topics. 

• Another new series is entitled 
CIMMYT Economics Papers, which 
are written by our Economics 
Program staff and are intended 
primarily for their colleagues in 
developed and developing countries. 
These publications cover work by 
our staff alone or in collaboration 
with others, and focus on 
methodologies or empirical results 
that bear on the Center's research 
priorities. The first two in this series, 
which treat the themes of domestic 
resource cost analysis and triticale 
utilization, are now available. 
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• A series of Training Working 
Documents, designed for training 
course participants and researchers, 
has been started to encourage the 
timely distribution of training-related 
materials developed by Center staff 
and colleagues. The first six of these 
documents focus on the application 
of statistical methods to agricultural 
research and were prepared by Dr. 
Roger Mead, professor of applied 
statistics at the University of 
Reading, UK, during a 1990 
consultancy and with the help of 
several CIMMYT staff. The next in 
the series focuses on conservation 
tillage methodologies for maize. 

• Finally, we are implementing a 
public awareness strategy that 
provides information to decision 
makers in developed and developing 
countries and, often in direct 
collaboration with donors, to key 
public constituencies. Our efforts 
emphasize improved targeting of 
specific groups with accessible, 
useful, and relatively inexpensive 
products. This perspective is 
increasingly evident in our Annual 
Reports. Whereas the series once 
featured general coverage of all 
Center activities (only some of 
which were of interest to any one 
group of readers), our Reports are 
now organized around themes of 
current interest and carry highlights 
on only a limited selection of 
research topics. We are comple
menting this approach to annual 
reporting with a series of 
inexpensive fact sheets that describe 
individual Center activities and 
subprograms. We are also stepping 
up efforts to reach the "general 
public," by placing interesting stories 
about CIMMYT's work in various 
mass media. 

These information products and 
delivery strategies are intended to make 
the results of CIMMYT's efforts more 
accessible to external clients of the 
Center. But Center staff themselves, as 
well as their developing country 
colleagues, are concerned about access 
to information relevant to their work. In 
this regard, our scientific information 



unit (SIU) applies selected computer
based tools and systems to offer a range 
of services once unimaginable in 
traditional libraries. These include 
bibliographies, abstracts, tables of 
contents, full-text copies of articles, 
searches through more than a score of 
databases on compact discs, and the 
monthly automatic dissemination of 
information on specific topics, among 
other services. Line scientists and 
developing country libraries provide the 
focus for these services. 

To ensure that potential users are 
mindful of those offerings, SIU staff 
conduct "awareness" seminars for 
trainees, visiting scientists, and 
administrators, and have developed a 
variety of instructional and promotional 
materials. One 1990 project, for 
example, which was produced with the 
help of a consultant and other 
Information Services staff, involved the 
creation of an audiovisual presentation 
describing the information resources of 
20 international agricultural research 
centers, including CIMMYT. Entitled 
Seeds of Knowledge, this program and 
its accompanying information packet 
are aimed at visitors, trainees, students 
in communication, and the faculties of 
agricultural universities worldwide. The 
SIU is also participating in the 
development of a full-text compact 
agricultural library on compact discs 
containing some 3,000 documents from 
those centers, including books, serials, 
and conference proceedings. 

But scientists of developing countries 
will feel much less anxious about 
information when they can count on 
adequate support at home. Toward that 
end, SIU staff participate in various 
national, regional, and global networks 
that promote the growth of such 
expertise, including the Mexican 
National Association of Agricultural 
Librarians (ANBAGRO), the Inter
american Association of Agricultural 
Librarians and Documentalists 
(AIBDA) in Latin America, and a 
network of the information units from 
20 international agricultural research 
centers. The latter group recently 
produced a union catalog of over 3,600 
journal holdings at 14 centers, which is 

being made available to interested 
developing country libraries in either 
electronic or printed form. This catalog 
will allow users of those libraries to 
request copies of specific articles that 
can be provided by the international 
centers. 

Seed Health 

Germplasm improvement research at 
CIMMYT depends upon the interna
tional exchange of maize and wheat 
seed. The Seed Health Unit was 

Research Support 

Seed Health personnel are examining 
the effect of surface disinfestation with 
sodium hypochlorite on the storage life 
of seed of maize and wheat. It is 
expected that the removal of pathogens 
from the seed coat will improve 
viability after long-term storage in the 
case of both maize and wheat. The work 
is especially significant for wheat, since 
most bank materials are grown out on 
experiment stations in the south of 
Mexico, where wet conditions favor 
pathogen development. 

In 1990, Seed Health staff began exploring new ways to 

guarantee the health and long-term viability of seed 

in CIMMYT germplasm banks, including washing and 

laboratory testing of samples for storage and the inspection 

of current bank contents. 

instituted in 1989 to help augment 
fundamental health standards in Center 
operations. In this way, we protect 
agriculture in host countries and ensure 
our germplasm unencumbered transit 
worldwide. 

In 1990, Seed Health staff began to 
focus attention on another key aspect of 
our breeding programs: the collection 
and storage of germplasm. Seed for our 
banks has generally been grown out 
under the careful observation of 
breeders and genetic resources staff, 
who culled any samples showing signs 
of possible infection. Now, as part of an 
initiative endorsed generally by the 
principal CGIAR commodity centers 
and IBPGR, we are exploring new ways 
to guarantee the health and long-term 
viability of the seed in CIMMYT banks 
and, ultimately, ensure the quality and 
free movement worldwide of the 
germplasm we ship. 
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CIMMYT researchers have also begun 
laboratory analyses of wheat bank 
holdings to inventory pathogens on the 
seed. This will allow us to certify the 
health of bank accessions, recommend 
suitable chemical treatments where 
necessary, and assess the effect of 
pathogens on the long-term viability of 
seed in storage. Our methodology 
involves grouping like accessions by 
species, location, and cycle, bulking 
samples from each accession, and 
removing and testing replicates from the 
bulk. We are looking for fungi in 
general, bacteria such as Xanthomonas 
campestris pv. undulosa, and barley 
stripe mosaic virus. A similar study for 
maize will take place in the near future. 

Applied Molecular Genetics 

In classical breeding, plant DNA is 
manipulated and viewed "from the 
outside in." Observable traits of whole 
plants in massive numbers and over 
many cycles of crossing and selecting 
are used to evaluate changes at the 
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genome level. Recently, though, 
molecular genetics staff are applying 
restriction fragment length poly
morphism (RFLP) technology to give 
breeders a glimpse inside the cell 
nucleus, allowing them to track genes 
for traits of interest. 

The RFLP technique compares minute 
snippets produced when nuclear DNA is 
placed in solution with a "restriction" 
enzyme that cleaves it at particular sites. 
The fragments can be sorted by length 
and individual ones detected using 
molecular probes. Each probe binds to a 
specific DNA sequence and is previ
ously labelled with a substance that 
registers on film. The RFLP technique 
helps researchers locate genomic 
segments associated with particular 
traits in a given crop. The probes can 
serve as markers, permitting breeders to 
follow segments of interest over many 
crosses. In this way, selection need not 
depend solely on phenotypic 
characteristics, which often vary as a 
result of environment, plant growth 
stage, and interactions between traits. 

In applying RFLPs to breeding, we have 
tried to increase our efficiency through 
collaboration with leading institutes 
worldwide. Current projects include 
work with Cornell University, USA, to 
develop an RFLP map for hexaploid 
bread wheat (see page 44); with the 
Mexican Center for Research and 
Advanced Studies (CINVEST AV) of 
the National Polytechnic Institute (IPN) 
to determine relationships between 
RFLP probes and genomic segments 
associated with drought resistance in 
maize; and with an international group 
studying the use of RFLPs in research 
on quantitative traits of maize, such as 
resistance to southwestern corn borer 
(Diatraea grandiosella). 

The latter undertaking is CIMMYT's 
contribution to a project conducted by 
seven European laboratories engaged in 
a network supported through the 

DNA from a few grams of green leaf 
tissue will later be mixed with an enzyme 
that clips it into millions of fragments for 

RFLP analyses. 

Pan-European Funding Organization 
(EUREKA). During the project's initial 
phase, which was completed this year, 
our researchers characterized 51 inbred 
lines of tropical and subtropical maize. 
The results indicate great diversity in 
the materials, substantiate pedigree 
information, and have allowed 
researchers to identify genomic regions 
shared by related lines. Subsequent 
work will focus on generating RFLP 
"maps" to locate specific genomic 
regions that control resistance to borers, 
so that the corresponding probes may be 
employed as selection tools. 

An outgrowth of this project is software 
developed by our researchers for 
reading and analyzing RFLPs. The 
banding patterns used in RFLP studies 
are normally scored visually, a method 
that can be time-consuming and highly 
subjective. To remedy this, molecular 
genetics personnel developed a 
computer program that allows rapid and 
precise data entry with a digitizing pad 
and expedites the statistical analyses 
crucial to interpreting RFLP patterns. 

In addition, the laboratory is adopting 
the following innovations suited to 
RFLP studies and related work: 

• The polymerase chain reaction 
(PCR) technique for copying a 
specific DNA segment, which will 
allow a technician to quickly make 
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billions of copies of a selected probe. 
Over 100 different probes can be 
replicated and labeled in a few hours 
in the same operation, whereas prior 
methods for reproducing probes were 
much longer and laborious and 
entailed a separate step for labeling. 

• A protocol for detecting RFLPs that 
does not use radioactive substances, 
but rather involves first labeling 
probes with a nonradioactive com
pound, attaching enzyme-linked 
antibodies to probes bound to DNA 
fragments, and locating the enzyme 
by means of a light-emitting 
substrate. 

• Randomly amplified polymorphic 
DNA probes (RAPDs), which are 
used for detecting polymorphisms in 
plant and insect species. Unlike 
RFLP probes, RAPDs are not unique 
to a given species and can thus be 
used to fingerprint varieties and 
inbreds from any plant species, or 
even pests of crops. The technique is 
being explored in a collaborative 
project conducted at CIMMYT by 
two scientists from the Mexican 
National Institute of Forestry, 
Agriculture, and Livestock Research 
(INIFAP). They are comparing the 
utility of RAPDs and RFLPs in 
studying the purity of highland 
maize varieties and hybrids produced 
in different environments in Mexico. 

Thomas Luba 
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Financial Highlights 

Major Resource Allocations 

Maize Program 
30.5% 

Economics Program 
8.5% 

Research Support 

17.4% ----

Administration and 
Operations 13.8% 

Resource Allocations to Activities: 
Research, Research Support, and Training 

Economic Analysis 

Information 
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40% 

C IMMYT allocates 

its total resources (CGIAR 

and special project) among 

five major units, which in 

tum assign resources to 

various activities. The 

majority of those funds are 

earmarked for research. 

Matters of sustaining 

agricultural resources figure 

significantly in resource 

allocation decisions. 



The activities to which each program 
allocates resources are defined by the 
Technical Advisory Committee of the 
CGIAR. Germplasm improvement is 
predominant among them, consuming 
34.7% of the Center's resources at this 
time (see diagrams at left). Crop 
management, crop protection, and 
genetic resources activities together 
account for 25.8% of research resources. 
Training is also a major activity 
occupying 23.2% of the budget. 

Donor contributions 
(includes special projects). 

US$ (OOOs) 

Australia, Government of 889 
Austria, Government of 250 
Belgium, Government of 106 
Canadian International 

Development Agency 3,644 
China, People's Republic of 50 
Danish International Development 

Agency 834 
European Economic Community 2,504 
Finland, Government of 818 
France, Government of 572 
Germany, Government of (BMZ) 495 
India, Government of 49 
Inter-American Development Bank 4,370 
International Crops Research 

Institute for the Semi-Arid Tropics 330 
Islamic Republic of Iran, 

Government of 23 
International Board for Plant 

Genetic Resources 116 
Italy, Government of 385 
Japan, Government of 1,955 
Norwegian Agency for 

International Development 261 
Spain, Government of 115 
Switzerland, Government of 1,090 
The Ford Foundation 100 
The Netherlands, Government of 377 
The Philippines, Government of 75 
The Rockefeller Foundation 108 
The United Kingdom, 

Government of 1,295 
The World Bank 3,888 
United Nations Development 

Programme 1,005 
United States Agency for 

International Development 6,561 
Miscellaneous Training and 

Research Grants 570 

Total income from grants 32,835 

CIMMYT's ability to fulfill its 
international research and training 
obligations depends on donor funding of 
core and complementary projects. The 
Center derives those funds from more 
than 28 donors from many different 
countries around the world. 

Our financial statements for this year 
show an increase in total assets. Cash 
and short-term investments increased, 
reflecting the decrease in accounts 
receivable and the increase in payments 
received in advance from donors. 
Although total accounts receivable 
declined, receivables from donors 
continue to be higher than in previous 
years due to several major core 
donations left outstanding. Property, 
plant, and equipment increased by 9% 
with replacement of existing fixed 
assets contributing to most of the 
expenditures made for capital items. It 
should be noted that the apparent 
growth in capital assets is largely due to 
the CGIAR policy of zero depreciation. 

Balance sheet (US$ OOOs) 

Assets 

Cash and short-term investments 

Accounts receivable 

Inventories 

Property, plant, and equipment 

Liabilities 

Accounts payable and other liabilities 

Accrued staff obligations 

Payments in advance from donors 

Fund balances 

Property, plant, and equipment 

Capital 

Operating 

Auxiliary services 

Cumulative translation effect 

Total liabilities and fund balances 
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Financial Highlights 

Donor pledges in currencies other than 
US dollars are recorded at their dollar 
equivalent on the date of deposit. In 
1990, the relative weakness of the dollar 
against other major currencies resulted 
in higher than expected dollar revenues 
from donations denominated in other 
currencies. In Mexico, the combined 
effect of exchange rates and inflation 
continue to erode the purchasing power 
of our dollar revenues. 

These financial highlights describe and 
summarize how funds were dissem
inated by the Center in its continuing 
effort to effectively meet the objectives 
of its mandate. 

As in the previous year, CIMMYT's 
complete audited financial statements 
have been published as a separate 
document and sent to all donors. 
Additional copies of these statements 
are available from the Center upon 
request. 

Year ended December 31 
1990 1989 

36,593 33,905 

4,306 2,487 

7,595 8,790 

145 118 

24,547 22,510 

7,956 8,762 

1,736 2,960 

882 889 

5,338 4,913 

28,637 25,143 

24,547 22,510 

3,645 1,980 

2,765 2,765 

192 361 

(2,512) (2,473) 

36,593 33,905 



Publishing by CIMMYT Staff 

Selected CIMMYT Publications 

The following are selected publications 
released by CIMMYT from May, 1990, to 
April, 1991. A more complete listing is 
available from Information Services. 

CIMMYT. 1990. 1989 Annual Report: 
International Maize and Wheat 
Improvement Center. Beyond 
Subsistence: New Options for Asian 
Farmers. Mexico, D.F. (Also available in 
Spanish.) 

___ . 1990. CIMMYT International 
Maize Testing Program: 1988 Report. 
Mexico, D.F .. 

_ __ . l990.1989!90CJMMYTWorld 
Maize Facts and Trends: Realizing the 
Potential of Maize in Sub-Saharan 
Africa. Mexico, D.F. (Also available in 
French.) 

____ . 1990. Farming Systems Bulletin 
(Eastern and Southern Africa), Nos. 5-7. 
Nairobi, Kenya: CIMMYT. 

___ . 1990. Training at CIMMYT. 
Mexico, D.F. (Also available in Spanish.) 

____ .. 1990. Wheat and triticale 
international nursery reports ( 1987-88). 
Mexico, D.F. 

CIMMYT Maize Program. 1990. 
Information Packet: A compilation of 
documents giving details of Maize 
Program research activities. Mexico, 
D.F.: CIMMYT. 

Brennan, J.P., and Warham, E.J., with 
Hernandez, J. Byerlee, D., and Coronel, 
F. 1990. Economic losses from Karna/ 
bunt of wheat in Mexico. CIMMYT 
Economics Working Paper 90/02. 
Mexico, D.F.: CIMMYT. (Also available 
in Spanish.) 

Burnett, P.A., ed. 1990. World Perspectives 
on Barley Yellow Dwarf Mexico, D.F.: 
CIMMYT. 

Byerlee, D. 1990. Technical change, 
productivity, and sustainability in 
irrigated cropping systems of south Asia: 
Emerging issues in the post-green 
revolution Asian era. CIMMYT 
Economics Working Paper 90/06. 
Mexico, D.F.: CIMMYT. 

Byerlee, D., and Siddiq, A. 1990. Sources of 
growth in wheat yields in Pakistan's 
Punjab: Is there a sustainability issue? 
CIMMYT Economics Working Paper 90/ 
04. Mexico, D.F.: CIMMYT. 

Echeverria, R.G. 1990. Public and private 
investments in maize reserach in Mexico 
and Guatemala. CIMMYT Economics 
Working Paper 90/03. Mexico, D.F.: 
CIMMYT. (Also available in Spanish.) 

Heisey, P.W., ed. 1990. Accelerating the 
transfer of wheat breeding gains to 
farmers: A study of the dynamics of 
varietal replacement in Pakistan. 
CIMMYT Research Report No. I. 
Mexico, D.F.: CIMMYT. 

Kohli, M.M., and Beuningen, L.T. van., eds. 
1990. Conferencia regional sobre la 
septoriosis de/ trigo. Mexico, D.F.: 
CIMMYT. 

Mead, R. 1990. Training Working 
Documents Nos. 1-6. Mexico, D.F.: 
CIMMYT. 

Morris, M.L. 1990. Determining 
comparative advantage through DRC 
analysis: Guidelines emerging from 
C/MMYT's experience. CIMMYT 
Economics Paper No. 1. Mexico, D.F.: 
CIMMYT. (Also available in Spanish.) 

Morris, M.L., with Alvarez, M., and 
Espinoza, M.A. 1990. The maize 
subsector in Paraguay: A diagnostic 
overview. CIMMYT Economics Working 
Paper 90/05. Mexico, D.F.: CIMMYT. 
(Also available in Spanish.) 

Mujeeb-Kazi, A., and Sitch, L.A., eds. 1989. 
Review of Advances in Plant 
Biotechnology 1985-88. Mexico, 
D.F.:CIMMYT/IRRI. 

Snowball, K., and Robson, A.O. 1991. 
Nutrient Deficiencies and Toxicities in 
Wheat: A Guide for Field Identification. 
Mexico, D.F.: CIMMYT. (Also available 
in Spanish.) 

Tanner, D.G., Ginkel, M. van, and Mwangi, 
W.M., eds. 1990. VI Regional Wheat 
Workshop for Eastern , Central and 
Southern Africa. Mexico, D.F.: 
CIMMYT. 

Tripp, R., Anandajayasekeram, P., and Sain, 
G. 1990. The design and management of 
call system training in on-farm research. 
CIMMYT Economics Working Paper 90/ 
01. Mexico, D.F.: CIMMYT. (Also 
available in Spanish.) 

Waddington, S.R., Palmer, A.F.E., and Edje, 
O.T., eds. 1990. Research Methods for 
Cereal/Legume Intercropping. Mexico, 
D.F.: CIMMYT. 
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Journal Articles, 
Monographs, and Book 

Chapters 

Aggarwal , P.K., Fischer, R.A., and Liboon, 
S.P. 1990. Source sink relations and 
effects of post-anthesis canopy 
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Trustees 

Lucio Reca, Chairman, 
through 29 March, 1990 
(Argentina), Consultant, Argentina 

Burton C. Matthews, Chairman, 
as of 30 March, 1990 
(Canada), University of Waterloo, 
Canada 

Peter Day, Chairman, 
Program Committee 
(England), Rutgers-the State 
University of New Jersey, USA 

Seme Debela (Ethiopia), Institute of 
Agricultural Research, Ethiopia 

Donald N. Duvick, Chairman, 
Executive and Finance Committee 
(USA), Iowa State University, USA 

Lloyd T. Evans (Australia), 
Commonwealth Scientific and 
Industrial Research Organization 
(CSIRO), Australia 

Khem Singh Gill (India), Punjab 
Agricultural University, India 

Ahmed Goueli (Egypt), Governor, 
Province of Damiett, Egypt 

Carlos Hank Gonzalez (Mexico)', 
Secretary of Agriculture and Water 
Resources (SARH), Mexico 

Gao Liangzhi (China), Jiangsu 
Academy of Agricultural Sciences, 
People 's Republic of China 

Ricardo Magnavaca (Brazil), Brazilian 
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(EMBRAPA), Brazil 

Ramon Martinez Parra (Mexico) 1, 
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Agriculture, and Livestock Research 
(INIFAP), Mexico 

Joseph M. Menyonga (Cameroon), 
Organization of African Unity 
(OAU), Semi-Arid Food Grain 
Research and Development Program 
(SAFGRAD), Burkina Faso 

Edgardo Moscardi (Argentina), 
National Institute of Agriculture and 
Livestock Technology (INIA), 
Argentina 

W. Gerhard Pollmer (Germany), 
Hohenheim University, Germany 

Ernesto Samayoa Armienta 
(Mexico) ', National Institute of 
Forestry, Agriculture, and Livestock 
Research (INIFAP), Mexico 

Louisa van Vloten-Doting (The 
Netherlands), Center of Plant 
Breeding Research (CPO), The 
Netherlands 

Donald L. Winkelmann (USA)1, 

CIMMYT, Mexico 

Hikoyuki Yamaguchi (Japan), 
Komazawa University, Japan 

1 Ex oficio position 
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Office of the Director General 

Donald L. Winkelmann, USA, 
Director General 

Claudio Cafati, Chile, Deputy Director 
General of Administration and Finance 

Paul Roger Rowe, USA, Deputy Director 
General of Research 

Gregorio Martinez V., Mexico, 
Government and Public Affairs Officer 

Norman E. Borlaug, USA, Consultant 
Anne Starks Acosta,. USA, Assistant to 

the Director General* 
Fay Henderson de Diaz, USA, Assistant 

to the Director General** 
John D. Corbett, USA, Geographer 

(funded by the Rockefeller Foundation)* 

General Administration 

Donald A. McArthur, Canada, 
Financial Officer* 

Kathleen Hart , USA, Financial Officer** 
Jose Ramirez S., Mexico, 

Administrative Officer 
Linda Ainsworth, USA, Head, 

Visitors Services 
Hugo Alvarez Y. , Mexico, 

Purchasing Officer 
Susana Eng M. , Mexico, Supervisor, 

Accounting Services 
Jose Luis Fonseca G. , Mexico, Head, 

Government Documents 
Martha de la Fuente M., Mexico, Head , 

Human Resources* 
Marfa Garay A., Mexico, Head, 

Food and Housing 
Gilberto Hernandez Y., Mexico, 

Training Coordinator* 
Roberto Martinez L. , Mexico, Head, 

Building Maintenance 
Jorge Martinez Y., Mexico, Head, 

Telecommunications 
Manuel Terrazas M. , Mexico, 

Internal Auditor 

Maize Program 

Ronald Cantrell, USA, Director** 
Ripusudan Paliwal, India, Director* 
Richard Wedderburn, Barbados, 

Associate Director 
David Beck, USA, Breeder, Lowland 

Tropical Germplasm 



Magni Bjamason, Iceland, Breeder, 
Subtropical Germplasm and Quality 
Protein Maize 

Patrick Byrne, USA, Breeder and 
International Testing 

James A. Deutsch, USA, Breeder, 
Lowland Tropical Germplasm 

Dana L. Eaton, USA, Breeder, 
Population Improvement 

Gregory Edmeades, New Zealand, 
Physiologist 

David Jewell, Australia, Breeder, Wide 
Crosses and Molecular Genetics 

Renee Lafitte, USA, Physiologist and 
Training Officer 

James Lothrop, USA, Breeder, Highland 
Germplasm 

John A. Mihm, USA, Entomologist 
Bobby Renfro, USA, Pathologist 
Suketoshi Taba, Japan, Breeder, 

Germplasm Bank 
Surinder Vasa!, India, Breeder, Hybrid 

Program 
Willy Villena, Bolivia, Breeder and 

Training Officer 
Jonathan Woolley, UK, Agronomist and 

Training Officer 

Andean Region 
(staff based in Colombia) 
Heman Ceballos, Argentina, Breeder 
Edwin Knapp, USA, Agronomist 
Shivaji Pandey, India, Breeder 

Asia (staff based in Thailand) 
Gonzalo Granados R., Mexico, 

Entomologist 
Carlos de Leon G., Mexico, Pathologist 
Michael D. Read, USA, Agronomist 

Eastern Africa (staff based in Kenya) 
Brhane Gebrekidan, Ethiopia, Breeder 
A.F.E. Palmer, UK, Agronomist 
Joel K. Ransom, USA, Agronomist 

Central America and Caribbean 
(staff based in Guatemala) 
Hector J. Barreto, Colombia, Agronomist 
Hugo Cordova, El Salvador, Breeder 
William Raun, USA, Agronomist 

North Africa/Middle East 
Sutat Sriwatapapongse, Thailand, Breeder 
(based in Turkey) 

Southern Africa 
(staff based in Zimbabwe) 
Bantayehu Gelaw, Ethiopia, Breeder 
Stephen Waddington, UK, Agronomist 

* Appointed in 1990 
** Left CIMMYT in 1990 

Cooperative Program with HT A in 
West Africa 
Alpha 0. Diallo, Guinea, Breeder 

(based in Cote d'Ivoire) 

Midaltitude Maize Station, Zimbabwe 
Hiep Ngoc Pham, USA, Breeder 
Kent Short, USA, Breeder 

Ghana 
Francisco R. Arias M., El Salvador, 

Agronomist 
Roberto F. Soza, Chile, Agronomist* 

Associate Scientists 
Julien Berthaud, France., Geneticist 
Jorge Bolanos, Nicaragua, Physiologist 
Elias M. Elias, USA, Breeder** 
Gengchen Han, China, Breeder** 
Yves Savidan, France, Cytogeneticist 
Bernard Triomphe, France, Agronomist** 

Pre- and Postdoctoral Fellows 
Keith Ess, USA, Breeder 
Antonella Furini, Italy, Tissue Culture 
Fernando Gonzalez C., Mexico, Breeder* 
Daniel Jeffers, USA, Pathologist 
Mario Morales, Guatemala, Breeder** 
Kevin Pixley, USA, Breeder* 
Alan Schroeder, USA, Entomologist** 
Eric Scopel, France, Agronomist 
Ganesan Srinivasan, India, Breeder* 
Catherine Thome, USA, Breeder** 

Wheat Program 

R.A. Fischer, Australia, Director 
George Varughese, India, Associate 

Director and Acting Leader, Genetic 
Resources 

Osman S. Abdalla, Sudan, Head, 
Durum Wheat 

Edmundo Acevedo, Chile, Leader, Crop 
Management and Physiology* 

Maximina Alcala S., Mexico, Head, 
International Nurseries 

Arnoldo Amaya C., Mexico, Head, Wheat 
Quality Laboratory 

Mark Bell, Australia, Training Officer, 
Crop Management 

Peter A. Burnett, New Zealand, 
Virologist/ Entomologist 

Paul Fox, Australia, Breeder/Statistician 
Lucy Gilchrist S., Chile, Pathologist/ 

Trainer 
Maarten van Ginkel, The Netherlands, 

Bread Wheat Breeder 
A. Mujeeb-Kazi, USA, Head, Wide 

Crosses 
Wolfgang H. Pfeiffer, Germany, Head, 

Triticale 
Sanjaya Rajaram, India, Leader, 

Germplasm Improvement, and Head, 
Bread Wheat 
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Ricardo Rodriguez R., Mexico, Head, 
Germplasm Enhancement 

Eugene E. Saari, USA, Leader, Crop 
Protection 

Kenneth D. Sayre, USA, Agronomist 
Ravi P. Singh, India, Geneticist/ 

Pathologist 
Bent Skovmand, Denmark, Head, 

Germplasm Bank 
Reynaldo L. Villareal, The Philippines, 

Training Officer, Crop Improvement 
Hugo Vivar, Ecuador, Head, !CARDA/ 

CIMMYT Barley Program 

Andean Region 
Santiago Fuentes, Mexico, Pathologist 

(based in Ecuador) 

East Africa 
Douglas G. Tanner, Canada, Agronomist 

(based in Ethiopia) 

South Asia (staff based in Nepal) 
H. Jesse Dubin, USA, Pathologist/ 

Breeder 
Peter R. Hobbs, UK, Agronomist 
Markus Ruckstuhl, Switzerland, 

Pre-doctoral Fellow* 

Southeast Asia 
Christoph E. Mann, Germany, Breeder 

(based in Thailand) 

Southern Cone of South America 
(staff based in Paraguay) 
Girma Bekele, Ethiopia, Pathologist 
Man Mohan Kohli, India, Breeder 
Patrick C. Wall, Ireland, Agronomist 

CIMMYT/ICARDA Cooperative 
Program (staff based in Syria) 
Byrd C. Curtis, USA, Breeder 
M. Miloudi Nachit, Germany, Breeder 
Guillermo Ortfz F., Mexico, Breeder 

Bangladesh 
Sufi M. Ahmed, Bangladesh, Breeder* 
David A. Saunders, Australia, 

Agronomist** 

CIMMYT/Turkey Winter Wheat 
Program 
Hans-Joachim Braun, Germany, Breeder/ 

Pathologist (based in Turkey) 

Associate Scientists 
Leon Broers, The Netherlands, 

Pathologist/ Breeder 
Etienne Duveiller, Belgium, Pathologist 
Guillermo Fuentes D., Mexico, 

Pathologist 
Getinet Gebeyehu, Ethiopia, 

Bread Wheat* 
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Sirkka Immonen, Finland, Triticale 
Dennis Lawn, USA, Pathologist 
Anatole Krattiger, Switzerland, 

Small Grains Biotechnology 
Nitschka ter Kuile, USA, Cytologist** 
Roberto J. Pena, Mexico, Cereal Chemist 
Roberto Ranieri, Italy, Pathologist* 
Matthew P. Reynolds, UK, Physiologist 
Richard Trethowan, Australia, Triticale 
He Zhong-hu, China, Breeder* 

Pre- and Postdoctoral Fellows 
D. Steven Calhoun, USA, Breeder** 
Craig A. Meisner, USA, Agronomist* 
Ivan Ortiz-Monasterio, Mexico, 

Agronomist 
Thomas S. Payne, USA, Breeder 
Madanasinghage William, Sri Lanka, 

Cytologist* 

Visiting Research Fellows 
Muhammed Ashraf, Pakistan, Breeder** 
Zahir Eyal, Israel, Pathologist** 
Satvinder Kaur Mann, India, 

Pathologist** 
Lawrence Olugbemi, Nigeria, 

Physiologist** 
Oscar Riera-Lizarazu, Bolivia, 

Cytogeneticist* 
Jonathan Robinson, UK, Entomologist* 
Chen Tianyou, China, Bread Wheat* 

Economics Program 

Derek Byerlee, Australia, Director 
Robert Tripp, USA, Associate Director 
Michael Morris, USA, Economist 

Central America and Caribbean 
(staff based in Costa Rica) 
Juan Carlos Martinez S., Argentina, 

Economist** 
Gustavo E. Sain, Argentina, Economist 

Eastern and Southern Africa 
Ponniah Anandajayasekeram, Sri Lanka, 

Economist (based in Kenya) 
Paul W. Heisey, USA, Economist, 

(based in Malawi) 
Allan Low, UK, Economist (based in 

Zimbabwe)** 
Wilfred M. Mwangi, Kenya, Economist 

(based in Ethiopia) 

Southeast Asia 
Larry Harrington, USA, Economist 

(based in Thailand) 

Haiti 
Ousmane Guindo, Canada, Economist 

Mexico 
Alberic Hibon, France, Economist** 

Pakistan 
James Longmire, Australia, Economist** 

Associate Scientist 
Miguel Angel Lopez-Pereira, Honduras, 

Economist* 

Pre- and Postdoctoral Fellows 
Daniel Karanja, Kenya, Economist** 
Stefan Keyler, Germany, Economist** 
Miriam Sagamaga V., Mexico, 

Economist* 
Jose Marfa Salas V., Mexico, Economist* 
Daphne S. Taylor, Canada, Economist** 
Gregory Traxler, USA, Economist** 

Visiting Research Fellows 
Jose Anchieta, Brazil, Economist** 
Abderrezak Belaid, Algeria, Economist** 
Daniel Buckles, Canada, Sociologist 

(funded by the Rockefeller 
Foundation)* 

Rashid Hassan, Sudan, Economist (based 
in Kenya, funded by the Rockefeller 
Foundation) 

Lydia Oliva, Philippines, Economist** 
Mitchell Renkow, USA, Economist 

(funded by the Rockefeller 
Foundation)** 

Applied Molecular Genetics 

David Hoisington, USA, Head, 
Applied Molecular Genetics 

Miriam Fischer, Australia, 
Molecular Biologist* 

Diego Gonzalez de Leon, Mexico, 
Molecular Geneticist** 

Biometrics 

Carlos A. Gonzalez, Uruguay, 
Head, Biometrics 

Jose Crossa, Uruguay, Biometrician 

Experiment Stations 

John A. Stewart, UK, Head of Stations 
and CIMMYT Executive Officer 

Hannibal A. Muhtar, Lebanon, 
Coordinator** 

Roberto Varela S., Mexico, 
Coordinator** 

Armando S. Tasistro, Uruguay, 
Agronomist/ Training Officer 

Ricardo Marques- L., Mexico, Field 
Superintendent, El Batan 

Jos¢ A. Miranda, Mexico, Field 
Superintendent, Toluca 

Rodrigo Rascon, Mexico, Field 
Superintendent, Cd. Obregon 

Abelardo Salazar, Mexico, Field 
Superintendent, Poza Rica 
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Gonzalo Suzuki, Mexico, Field 
Superintendent, Tlaltizapan 

Juan Garcia R., Mexico, Workshop Head 

Information Services 

Tiffin D. Harris, USA, Writer/Editor and 
Head, Information Services 

Kelly A. Cassaday, USA, Writer/Editor 
Eugene P. Hettel, USA, Writer/Editor 
Nathan C. Russell, USA, Writer/Editor 
G. Michael Listman, USA, Editor 
Thomas H. Luba, USA, AV /Training 

Materials Coordinator 
Alma McNab, Honduras, Translations 

Coordinator/Editor 
Edith Hesse de Polanco, Austria, Head, 

Scientific Information Unit 
Miguel Mellado E., Mexico, Publications 

Production Manager 
Fernando Garcia P., Mexico, Supervisor 

of Scientific Information Services 
Lourdes Romero A., Mexico, Supervisor 

of Library Services 

Laboratories 

Reynald Bauer Z., Germany, Supervisor, 
Cereal Chemistry** 

Jaime Lopez C., Mexico, Supervisor, 
Soils and Plant Nutrition Laboratory 

Enrique I. Ortega M., Mexico, Associate 
Scientist** 

Seed Health 

Larry D. Butler, USA, Head, Seed Health 
Elizabeth W arham, UK, Plant Pathologist 

Systems and 
Computing Services 

Russell Cormier, Canada, Head, Systems 
and Computing Services 

Guillermo Ibarra B., Mexico, PC Support 
and Integration Manager 

Hendrik van Oosten, The Netherlands, 
Software Development Manager* 

Jesus Vargas G., Mexico, Systems and 
Operations Manager 

Marco Galicia 0., Mexico, Project 
Leader, Financial/ Administrative 
Systems 

Nohemi Ramos A., Mexico, Project 
Leader, Scientific Systems* 

Maria Luisa Gomez B., Mexico, 
Production and Key Entry Supervisor* 

Hector Sanchez V., Mexico, Database 
Specialist 

* Appointed in 1990 
**Left CIMMYT in 1990 



CIMMYT Addresses (as of Aoril 199 1) 

, . ' r,. • ' . ' '.,. ... ': - " .I'~ i ;,~ ,.. , ~ • .., "' 

J' ~ • t,1 ' ;;" '""' 1,,.. ~ ... v + " • """' i' 

H eadquarters 

CIMMYT 
Lisboa 27, Apdo. Postal 6-641 
06600 Mexico, D.F. 
MEXICO 
BITnet:CGI201 %NSFMAIL@ 

INTERMAIL.ISI.EDU 
E-mail (DIALCOM): 157:CGl201 
Telex: 1772023 CIMTME 
Telefax INTL: (52-595) 41069 
Telefax NATL: (91-5) 9541069 

Other CIMMYT Offices 

CIMMYT 
c/o Canadian High Commission 
House 16, Road 48 
Gulshan, Dhaka 
BANGLADESH 
Telex: 642892 ASTDK BJ 
Telefax: (880-2) 813401 

CIMMYT 
c/o CIAT 
Apdo. Aereo 67-13 
Cali 
COLOMBIA 
E-mail:l57:CGI077 (CIMMYT 
MAIZE) 
Telex: 5769 CIA TCO 
Telefax: (57-23) 647243 

CIMMYT 
Apartado 55 
2200 Coronado 
San Jose 
COSTA RICA 
E-mail:l57:CGI066 
Telex: 2144 IICA 
Telefax: (506) 294741 

CIMMYT 
c/o IITA 
01B.P.2559 
Bouake 01 
COTE D'IVOIRE 
E-mail: WARDA (CGI125) 
Telex: 69138 ADRAOCI 
Telefax: (225) 634714 

CIMMYT 
c/o ILCA 
P.O. Box 5689 
Addis Ababa 
ETHIOPIA 
E-mail: 157:CGI070 ILCA 
Telex: 21207 ILCA ET 
Telefax: (251-1) 611892 

CI MM YT 
Crops Research Institute 
c/o Canadian High Commission 
Box 1639 
Accra 
GHANA 
Telex: COMCAN 2024 or 3036 BTHIO 
GH (Kumasi) 
Telefax: (233-21) 772562 

CIMMYT 
12 Calle 1-25, Zona 10 
Edificio Geminis 10 
Torre Norte, Oficina 1606 
Apdo. Postal 231-A 
Guatemala City 
GUATEMALA 
E-mail: 157:CGI080 (CIAT) 
Telex: 6215 (ANA VI GU) 
Telefax: (502-2) 353407, 353418, 
353428 

CIMMYT 
P.O. Box 25171 
Nairobi 
KENYA 
E-mail: ILRAD BT Gold 74:CGU005 
Telex: 22040 ILRAD 
Telefax: (254-2) 593499 

CI MM YT 
P.O. Box 30727 
Lilongwe 3 
MALAWI 
E-mail: CGil 77 Rockefeller-MW 
Telex: 43055 ROCKFND MI 
Telefax: (265) 731014 

CIMMYT 
P.O. Box 5186 
Kathmandu 
NEPAL 
E-mail: 157:CGI089 
Telex: 2262 NARANI NP 

CIMMYT 
C-C 1170 
Asuncion 
PARAGUAY 
Telex: 602 PY CIMMYT 
Telefax :(595-2 l) 445048 

CIMMYT 
c/o !CARDA 
P.O. Box 5466 
Aleppo 
SYRIA 
Telex: 331206 !CARDA SY 

CIMMYT 
P.O. Box 9-188 
Bangkok 10900 
THAILAND 
E-mail: 157:CGI205 
Telex: 84478 INTERAG TH 
Telefax: (66-2) 5794377 

CIMMYT 
P.K. 39 Emek 
Ankara 
TURKEY 
E-mail: 157:CGI07 l 
Telex: 42994 CIMY TR 
Telefax: (90-4) 2213208 

CIMMYT 
P.O. Box MP163 or MP154 
Mount Pleasant 
Harare 
ZIMBABWE 
E-mail: 157:CGl237 
Telex: 22462 CIMMYT ZW 




