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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-being
 

of hundreds of millions 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 Luha 
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.. , 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. :nnovative 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 sustaining natural resources. 

"'hburt Luhi 
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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 ,ambers and we dire 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 isnot 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 i.ore 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 fbllow 
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 probletms 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-
tions 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 tradcoffs 
could be assessed more realistically, we 

believe, were there explicit recognition 
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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 

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 

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. 
Comparabe Indian research and 
management skills have simply done 
much better in the one area than in the 
other. I add that there is similar 

resources. gains). Discussions about such evidence from other regions around the 

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 are sometimes vague as to 
expected gains. 

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

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, 

Nalthan Russell 

equity, and productivity we expect to 
derive froni such investments. The 
important point, however, is that both 
marginal land anid 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 iii 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 fbr labor, which itself will 
create more attractive options than that 

More appropriate methods of fertilizer 
a: *llicationshould 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 turn 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 tIle 
Center is adding pest resistance to 
improved maize and wheat mar-rials. 
Host plant resistance, usually at the 
heant 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 docamentation 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). 

om aLuba 

The development of maize germplasm with multiole 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 of CIMMYT's the long view when shaping more maize researchers and a keen under­
resources are being devoted to strategic productive technologies. In time, standing of Maize Program operations. 
crop management research, a fourth through our own accumulating In his new position he will emphasize
dimension, where we are exploring our experience and that of others, we can these dimensions of Program activities. 
potential contribution to the add to such training layers of substance 
development of sustainable maize- and about maintaining natural resources. Financial Circumstances 
wheal-based cropping systems. Two 
examples of this work are featured in These are five dimensions through CIMMYT's 1990 total funding reached
this Annual Report. In one, CIMMYT which CIMMYT responds to the claims US$ 33.2 million, with $25.6 million 
and the International Rice Re-search of the environment. We will be alert to coming from core sources and $7.6 
Institute (IRRI) are working with several new opportunities that might open up in million from special projects. Of special
national agricultural research systems in the future. concern in 1990 was the continuing gap
South Asia to investigate the extent and between Mexico's inflation and the
 
causes of the apparent declining Changes in Senior 
 devaluation of ils currency, resulting in
pioductivity of the region's immensely Management adollar-denominated cost increase in 
important rice-wheat rotation (se. box, Mexico ol someI 18% (luring the year.
page 31. and Wheat Research, pages 42- Three related changes occurred in Conscious of the likelihood of this 
431. In another. CIMMYT has been CIMMYT's senior management team development, we curtailed 1990

engaged for the past several years in during 1990. In August, h)r. Ron spending. Because of this financial
 
strategic agronomic research on maize-
 Cantrell, I)irector of the Maize stringency, and its likely continuation, a 
based cropping systems in Central Program, resigned to become I lead of program to reduce staff numbers was 
America. especially those encountered the Department of Agronomy at Iowa initiated in late 1990. At year end, 
on volcanic soils. This work State University. During his tenure from accounts receivable from donors were 
concentrates on erosion control and oii January 1984, Dr. Cantrell presided again quite high, but our cash position
maintaining soil fertility (see box, page over such initiatives as the development had improved over the end of 1989 (see
33). Both projects rest on collegial of special-trait populations, the decen- Financial Highlights, pages 56-57).
cooperation with national systems and tralization of selected research to 
both require the skills of several regional programs, and the eslablish- To Conclude
 
disciplines. Bcyond improved 
 ment of work related to hybrid maize.
 
technologies, we will learn more about le is succeeded by Dr. Ripusudan 
 As we move into the last decade of the
CIMMYT's potential contribution to Paliwal, who had served as Associate 20th century, CIMMYT is healthy and
managing natural resources. Director of the Program. Drs. Cantrell leaner. With the changes in Maize 

and Paliwal comprised a genuine Program leadership noted above, ourIn particular, these programs and other management team, and jointly charted senior management team has been

such efforts give us special insights into 
 the course of maize research in entirely transforned (luring the past six 
the influence of biological, economic, CIMMYT. Dr. Paliwal chose Dr. years, bringing fresh insights as we
 
and policy considerations on sustaining Richard Wedderburn as his Associate 
 convert challenge to opportunity. All of 
resources. What shapes much of our Director. Dr. Wedderburn joined the us-trustees, staff, and management­
thinking is the knowledge that Center as a postdoctoral fellow in 1973, increasingly sensitive to the longer
are 

individual farmers make most of the 
 and a year later wits posted to a bilateral tern environmental concerns described
 
crucial decisions about managing 
 project in Zaire. That posting began a in this Report, and we all remain com­
resources and tie conviction that their 
 sequence of regional positions, mitted to opening new options to the 
actions can be made more congruent culminating in his assignment in 1988 poor through productivity-increasing
with conservation through imaginative as team leader in the Southern Africa technologies. We think good progress is 
public policies. As we see it, such Regional Program. Dr. Wedderburn being made on both fronts, with much 
policies should seek to more directly thus brings to his new position a wealth compatibility between the two ends. 
connect those who favor additional of experience with developing country I trust that the reader will see it that 
conservation with the farmers who way, too. 
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 Donald L. Winkelmann 
researchers each year, aim at sensitizing Director General 
participants to the importance of taking 



CIMMYT and the CGIAR
 

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. 

-'d .n 1kewr 
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A clear challenge confronting cosponsors of this ef'ort. In 1990, the opportunities Ir inilementating

agricultural researchers worldwide is to 
 CG had 40 nemhers. 35 of whon integrated f'armlllingsystens that require
maintain, indeed to augment, the provided funds in support of the system. fewer "external inputs" (those not
 
momentum of the Green Revolution. The CGIAR is guided by aTechnical 
 produced on the f'arn, such as pesticides
But that already formidable task is now Advisory Committee (TAC), agroup of and petroleuni-based fertilizers). The 
complicated by growing concern about some 18 prominent agricultural report notes the critical importance of 
the environmental impacts of human- scientists from around the world, taking a long-term approach to research,
kind's many activities, including, of identifying accurate suslainability
 
course, agriculture. Forward thinking In May 1986, TAC recommended that indicators, increasing tie priority

people are not asking simply how we the CGIAR incorporate the concept of accorded sustainability-related research 
will feed, clothe, and house tileworld's "sustainability" into the goals of the by leveloping country national 
five billionr-plus inhabitants, with system. The CG immediately saw progranims. and improving the ability of 
special attention to the needs ot tile wisdom ill doing so. and made "increas- CG centers to anticipate and respond to 
poor: they are asking how we will do ing sustainable food production" an emerging threats to sustainable
 
that and respect the rights ol' future 
 explicit goal. That action initiated a agriculture.
 
generations. The challenge, then, is to series of important events. Prominent
 
meet growing demands for food and almong them was the establishment in The Committee concluded that CG
 
fiber while sustaining the natural 1988 of a Susta inability Committee, 
 centers can best contribute to
 
resources upon which agriculture appointed by then Chairman of tie 
 sustainable agriculture, not by making

depends. CGIAR,David Hopper.to assess 
 wholesale changes in their research 

present arid potential future efforts agendas, but rather by sensibly adapting
CIMMYT played acritical role in aimed at sustainable agriculture, those things they do best (such as 
fkonenting tileGreen Revolution of the germplasm improvement, component
 
1960,, and "710ts. The produicts from our 
 IIn its final report (May 1990), the management research, socioeconomic
 
work during the I980s ae now 
 Cotmrittee saw four iiajor challenges investigations, anti training) so as to
 
generating payo ffs for hLnIdreds of 
 for the C(;IA R that cut across a range ensure incorporat ion of sUstainability

millions ot"poor flarieis and consumilrs of sustainability-related issues: concerns. The system, then, continues
 
woirllwide. There is riLich we canl do to I) protecting the genetic base of its commitnent to research directed
 
augment the )roductive potential ol agriculture, 2) preserving the natural toward improving the circumstances of 
Third World agriculture inthe future. resource base up(n which agricultural the poor indeveloping countries, be
 
The Center's mission is to help the poor productivity depends. 3) conducting they producers or comisuniers, with an
 
of deve opirg couitrics by increasing 
 elective research for less favorable added emphasis oiconserving the 
the productivity oifresoLirces comiriitted( environments, and 4) identifying resources usedl in agriculture.
 
to mai/e ardI wheat. We seek to do so il
 
ways consistent with conserving the
 
natural resource base of agricLiI Lire.
 

CIMMYT was one of th lour original 
centers in the Consultative Group ftir 
Inteiatiial Agriculura Research 
(CG;IAR or CG), ai in a i ilin Formied 
inl197 1 f coitrics, interrati(rnal and 
regi(nal organi/atiors, arid private 
toiuat inns dedicat ed to SuLpporting anBPG 
international system of agricultural EPR1 
research centers and programs. File 

purpose ofthei C's research efflort is to 
improve the qtliaii tity arid quality of food NI- ' 
proiuLct ionl in de yeI ( pinrg cou mitries. ThFie CM D 
World Bank, tile CIATFood aind AgriCUllLrc 
Organization, and tile RADUnited Nations 
Development Programme are C| 

Locations of the initernational agricultural
 
research centers supported in 199)0 by the
 

Consulltive Group for Inlernational
 
Agricultnural Research.
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lhe 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. 
Kathrm Fkc-I 
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The Green Revolution and Small-Farm Agriculture 
Dr. M.S. Swaninathan 

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 (l'ferences 

between developed and developing 

country circumstances: In 1945 the 

USA had about 5.9 million flarms. Ely 

1985 this number Iiad declined to about 

2.2 million. Iicontrast, at tiletime Inrli, 
became independent in 1947. the 
couLntry had about 50 million farms. By 
the early 1980s. this inmber had risen 
to a1botl 9(1 Million (FiguLre I ).Prolec-
tions indicate there are now sonic 100 
million fairiin t lie couIntry (the 
decadal agricultural census is jist 

starting ).Today, every lourii Iariner in 
tie world is Itnlian, and nearly Il of 
tie country's Ilid is being Litilized fr 

crop production. Meanwhile. in tie 
USA only about 2(1t oftlie land is used 
for crop production.Affluent countries 
have gross national prodIcts (GN sI 
that vary From 12 ti IiCs tile vaLie 0if 
agricultural prodtLction (as inNew 
Zealand) to 50 tinies that vaILie (as in 
Belgium,Germany. [Ile United 
Kingdom, and lie USA I. li these 
ConLItries employment in the tertiary 
(services) sector exceeds that iii the 
primary and secondary sectors 
combined (tilefirst of which encorn-
passes farming and other enterprises 
based on natural resources aid [lie 

other forms of destruction. 

second nianulacturing). IniIndia, by 
contrast, over 301,4 of the GNP conies 
from agriculture. Even more significant, 
about 70'Y( of tie counilry's cu rrent 
population (inearly 850 million people) 
depends LIpon tie primary sector for a 
livelihood, 

In general. opport Lili ies for traditional 
rural societies to enhance their standard 
of living are ciosely linked to declines 
intle larmn likilatiin. As can be seen 
in Figure 2,however. the trend in 
developing countries iheaded intie 
wrong direction. Aboot halIf thie 

pL0at ion ofthlie world today is 
working or seeking work inagriculture. 
Only about I' rftlie pOpLIation in 
developed countries is now employed in 
the Iarml sector. having shrunk from 
aboLut 3814 over tie last 40 years. 
Compare that withIte developing 
world. Forty years ago aboLut 819 of tlie 
poLpl fation was working ill agriclure: 
today soiie 63 ; of a:lldeveloping 
CoLintry residenls are still emiployed iil 
agricultulre I lendry 1988). 

The famnle of food at the boL seilOl 
level largely arises froi a fanline of 
jobs anti puirchasing power.The pace of 
progress in tile andIiloverierit of rueli 

12 

women from agriculture to other sectors 
has been slow. Sell'-employment 
opportuinities in nontraditional and off­
farm occupations are linlited, especially 
in slowly growing econolies. On tile 
other hand. population growtth has 
resulted in the diminution and fragment­
ation o lamn h1o0(lings. I)iversification 
of eiployment opport uil ties and 
income sources, of course, can insulate 
people from violent IhLictUations intheir 
economic fortunes. In1India, however, 
where there is relatively little (liversi 
fication of incomles compared to 
developed countries. drought has caused 
serious disruption il Ole economy of lthe 
people, making it essential for the 
goverrinient to initiate large-sca le "food 
for work" pro grai is. Improved employ­
rient oplOrtuLlitiCs ar ising rapidfrom 
econonlic developmient are essential for 
fooId security as well as for reSoLirce 
conservation. 

These trends iii ni ploy ien t. income. 
and land use provide tilecontext ii 
which the futtire ofthe Green RevoltLI­
lion in deCeloping countries niust be 
viewed. l I 1965 I'armers inIndia 
prodaced 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 otherdeveopig contrescsiwel.venungicides 
developing countries as well. Even so,

both tile
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 lilited and 
population pressure is increasing. This 
is why defending thle yield 
economic gains achieved through tile 
Green Revolution during tie last 20 
years and extending lhemllto more 
regions and faniilg systems are both 
ecological ain(l econonic inpcratives. 

M aking the Green 
Revolution "Greener" 

In January 1968. when there was 
evidence that India was on the threshold 
oifmaking iipressive progress in wheat 
production using tilesemidwarf wheals 
introduced fron CIMMYT,I nade tie 
following observations: 

Millions 

80 

60 


40 

20 

V-711 ... 
USA India USA India 

1940s 198(0s 

Figure 1.Nulnlber of Iarns inIndia and 


the US, 1940s and 1980s. 

1 Intensive cultivation of land without 
conservation of soil fertility and soil 
structure would lead ultilately to tile 
springing ilI of deserts. Irrigation 
Without arrangements for drainage 
would result in soils getting alkaline 

orincsa Iii se il ae use of.or stcide, useand herbicides 
pc idvers lcdnges id 
biolgical balance as well as lead 
an increase in tileincidence of cancer 
and other diseases, through tiletoxic 
residues present in the grains or other 
edible parts. Unscientific tapping of 
underground water would lead to [he 
rapid exhaustion of this wonderful 
capital resource leftto us through 
ages of natural fanning. The rapid 
replacenent .)fnumerous locally 
adapted varieties with one or two
high-yielding stlrains in large
cont iguous areas would result in tile 
spread of serious diseases capable of 
wiping Oul entire crops.... Therefore, 
the initiation of exl!oitive agriculture 
without aproper understanding of lthe 
various coisetluences of every one of 
tie chaniges introduced into a 
traditional agriculture and without 
first building up aproper scientific 
and training base to sustain it mayonly lead us into allera of agricultural 

disaster inthe long run, ratherlianti t 
ain era of agricultural prosperity 
(Swaninatlhan 1968). 

Thus it was clear fr-ni the beginning 

that the indiscriminate :se of chenicals
 

and nionadoption of ecologically sound
 
crop management practices iiight have 

a number of unfiivorable effects. Public 

health problems could arise, and the 


sustainability otfhigh yields over tile
 
long tern could be ihreatened.
 

Fortunately it appears possible to reduce 
input levels with no effect on yields by 
improving techiiical efficiency. Byerlee 
11987) points out that technical 
inefficiency--the difference between 
actual product.inby flinners and their 
potential production given current levels 

of inpuli
use-generally ranges fron 
20%/( to 50/. Ile concludes Ihat a new 
and nlore conplex second generation of 
inputs and managelment practices can 
play an inportant role i;aproductivity 
growth, while keepin input use at 
reasonable levels. Investnments in better 
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itlfonnation and tie skills of tarniers to 
improve their technical efficiency lire 
needed to maintain milnenIulnI ill 
traditional Green Revolution areas. 

At the same time, the Grcen Revolution 

tocoefrneeds to he expanded to cover more 
crops, areas, and farning systems, and 
our eniphasis should be on improving 
the technical efficiency of small-farm 
agriculture. This expansion, however, 
nust be nade in ways that consider the 
ecological implications of productivity­
enhancing technologies-a further 
"greening" of the Green Revolution. 

Pathways to Improved
 
Agricultural Productivity in
 

Developed Countries
 

Growing concern over the level of input 
use is hardly limited to developing 
countries. Iiideed, moves to reduce the 
use of agricultural clemicals are 
receiving considerable attention ill 
Europe and tileUSA.These oves
 

appear to have been atleast partially
 
apre b enatlestipartinspired by notable prescriptions to 

achieve ecological farning, as 
described by Fukuoka ( 1978), and by 
the low-input, sustainable agriculture 
(LISA) novenient in tileUSA. Both
 
approaches place strong emphasis on
 

r- Developing countries 
Millions I Developed countries
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Figure 2. Agricultural work rorce 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 areduction of 50% 
by 1997 and Sweden setting 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) de~ined such alternative systems 
as those in':orporatin natural processes, 
reducing tilt use of inputs from off-farm 
sources, maki ,grea' er use of the 
biological and genetic potential of plant 
and animal species, ensuring the long-
term sustainahilityv oj 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 (farmi 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-tetni 'utainability 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 necd in developing countries. T,) 
what extent, then, is tie experience of 
industrialized countries applicable to the 
generally small-scale fanning circun­
stances of"developing countries'? 

Patlfways forDeveloping Countries 

Sustainable pathways toward 
"greening" the Green Revolution in 
developing countries like India and 
China may differ dranlatically from 
those applicable to develope(d 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 residties, 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 
cer.turies. 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, 

1t,,i, t,a 

The second difficulty is that. while 
these models offer good longer term 
benefits, they entail few near-tern 
advantages. It is hard for very poor 
farmers, whose main preoccupation is 
survival, to base their actions on the 
requirements of adistant 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 completncts the 
scale-neutral research already in 
process. In working toward intragencra­
tional equity, agricultural researchers 
can help all farmers, regardless of fan 
size and capacity, to mobilize inputs 
and absorb risk. Obviously, research 
strategies and public policies will have 
to be suitably integratcd 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 

Millions of tons of valuable topsoil are lost 
each year to erosion causeJ by overgrazing 
and other ncgligent land tmanagerment 
practices. 
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the accumulation of greenhouse gases in 
the troposphere. I believe the appro­
priate mea;u re of' productivity is tile 
value of output divided by tile value of 
the inputs required to produce it, pht:, 
some factor that indicates changes in 
environmental capital stocks. i 'such a 
formula is to be useful, however, we 
need internationally accepted 
measurement and monitoring tools. 

The final report of the CGIAR 
Committee oil Sustainable Agriculture 
noted ill sone detail thc difficulties 
inherent in monitoring sustainability(Swindale 1990). Certainly. no single 

indicator is likely to incorporate tile 
many noornlatiTc--antd therefore 
difficult to (qlutantifyIriJudgtllents that 
must be made in gaLiging progress 
toward sustainlable agriculture. These 
would include judgments about the 
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reversibility of degradation, the critical Green Revolution technologies in potential ecological impacts. Creative 
threshold of decline, and the level of wheat and rice, farmers who took blending of new and traditional tech­
diversity necessary to protect the future advantage of them adapted the nologies can help to achieve needed
 
genetic base of agriculture. The 
 growing conditions to suit the needs improvements in agricultural

Committee also points out, however, 
 of the technology. On the other hand, productivity, employment, and

that several quantifiable indicators can, 
 farmers located in complex, diverse, economic growth. I lowever, no amount
if measured over the long term, provide and risk-prone (CDR) areas will of effort to implement the appropriate

data that help to determine the need technologies tailored to their mix of technologies will bring lasting

sustainability of most agricultural agroccological and socioeconomic 
 benefits in the abseace of enlightened
 
systems. These indicators include soil circumstances. There is considerable 
 public policies designed to facilitate and 
organic matter, soil acidity, crop yields evidence that this can be done. The reinforce their adoption. 
or biomass yields per hectare, and the experience of CIMMYT scientists 
net value added to production. I join the shows that varieties with good adap- In the end, of course, farmers judge the
Committee in its plea for a consideraole tation to diverse growing conditions value of new technologies, and their
investment in developing and testing can be developed. Recombinant concerns tend to center on household 
quantitative models to guide future DNA techniques are providing Iood security. On an individual level,
sustainability research and to extend the additional tools for achieving novel the future means little if you cannot 
utility of findings to new situations, genetic combinations. Given survive the present. Productivity­

appropriate breeding methods and enhancing technologies and the policies 

W here Do We Go selection procedures, it should be intended to facilitate them must be 
possible to develop new germplasm developed with that reality in mind.fron Here? .. for CDR areas, which, when 
integrated with efficient methods of References
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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 farnla:,ds. Few are 
the developing countries that are not 
literally mining their soil in the name of 
highcr agricultural production. 

Can they-and if so how can they-
achieve sustainable fanning 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 tilecitizens of the United States and 
other industrialized nations hold many 
of the keys to helping solve these 
problcms, 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 tile 
resources to support time 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 tilecase of less well-
endowed lands. Why then has this not 
happened? Because governments, 
development agencies, and research 
institutions have given little rci 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 tile 
outreach systems needed to stimulate 
farmers to accept new plants and 
technology ,,imply 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 

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

ThoL,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 ol 
trying to restore them later. 

Two Positive l)evelopments 

Yet tie picture is not all dark. Two 
breaks illthe clouds signal tie growing 
recognition of the importance of 
agricultural sustainability. The first was 
the forniation three years ago in the 
United States of the Committee on 
Agricultural Suslainability for 
Developing Countries by acoalition of 
environmental groups, nongovernmental 
organizations, and developmcnt and 
policy research groups. The Committee 
has sincL! expandCd, adding new 
member organizations and agrowing 
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number of university and scientific 
advisers, all of them actively involved 
in agricultural development in the 
de, loping 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 

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 

How well are these development 
organizations doing and what problems 
do they face? Do they have policies and 
procedures that ensure tihe 
"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. 

agricultural systems that they will give 
this prospect much higher priority, 

university agricultural teaching and 
research and of getting the universities USAID-While still working on much 

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 

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 analyzim, 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 

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 conmmunity-based 
agricultural development programs of 
American private voluntary 
organizations in a number of countries. 

Committee's membership. Together we 
have .sought to introduce new vigor and 

and to finance expensive prograis. 
But the picture in USAID is not all 
good. Most USAID missions still have 
difficulty rigorously applying 

(ne Ite ,i sustainability principles to their own 
.. agricultural projects. Even wore, as 

% federal fuilding for developmient has 
AL 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 tile 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 ol virgin Iorest arc heing put to 
the torch to make room Imr agriculture iii 
many areas o 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 tiledevelopment agencies, it has the 
greatest potential to help developing 
countries make tiledifficult 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 vet 
ready to accept tilerisks of financing 
the large volume of small-scale, farm-
level agricultural production loans 
which tiletransition to a sustainable 
system requires. Its environmental 
department, which is the logical center 
tor promoting such changes, still lacks 
the strength and the clout to persuade 
tie 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 
stipervision, 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 povLrty in the agricultural 
sector, the Bank is rapidly losing its 

A Nepali scientist participates in 
an informal fieId Survey inRupandeh i 

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

monitoring alerts researchers to polentially 
serious problems ihal might never be 

perceived in lietmore controlled 
cotnditions of experint ,tations. 

capacity to plan and supurvise 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 tile Bank operates.way tile 

IDB-The Committee is increasingly 
working with tileInter-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 fornied 
environmental department. These are 
hopeful signs. 

Other development agencies-The 
Committee also follows, bit much less 
closely, the work of other "bilateral" 
development agencies and regional 
banks. Almost all of them hae. in tile 
wake of the Brundtlad Commission's 
recommendations, come to acknow-
ledge tileprimordial importance of 
promoting sustainability. Yet few have 

established effective programmatic 
responses. Some, like the Swedish 
international Developnt Agency. 

have programs that promote one aspect 
or another of agricultural sustainability. 
lowever, these programs still tend to be 

small, both in relation to tie 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 intenia­
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 
sustainabifiy. Tile 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' 
sustairability problems. Individually 
and collectively they have been man­
dated to fully incorporate tileprinciples 
of sustainability into their research. 
Some centers are further along this path 
than others. Most are paying increasing 
attention to breeding sturdier and more 
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productive plants and to designing 
systems for nutrient supply and pest 
management that meet the needs of the 
millions of small fanners 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 
rescarch institutions in so many 
developing countries to mect their own 
needs, the challenge to the IARCs is 
enormous and growing. They must find 
more and better ways to interact with 
small fanners, to meet fanners' 
expressed needs, and to get new 
technology out to farmers. They must 
concentrate even more oti 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 

coimmi.ittee advocates. 


Time to Move Forward 
.. .... 

Ifthere has becn snme progress in 
helping developing countries carry out 
environmentally sound agricultural 
developmentt, tie advances made so far 
have just not been good enough or 
widespread enough to touch more than a 
small numner 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 tkhe plants and tilesystems 
capable of doubling or even tripling 
present aniounts 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. 

H 
Y C Pesnlly 
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 agr;cultural 
sustainability and recogr,ize-and 
incorporate into ,imi himiking and 
work-the hard truth that providing 
global food security will require 
much higher production levels. 

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

Recognize-and incorporate as an 
organizing principle into allthat we 
do-that for rural poverty to be 
reduced and greater Ibod 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 efflctive,
 
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 -hanners.Study the work of at least 
one effective outreach program by a 
farm group or nongovernmeital 
organization in adeveloping country. 

Use our influence with the World 
Bank. USA ID and other develop­
ment agencies, and with the IARCs 
to convince them to give high 
priority to programs that promote 
agricultural sitstainability. Work to 
help them come to ters with the 
institutional problems of adapting 
successful, site-specific villagemodels nlore 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 tie scientist. 
Each of us has a special niche where 
lie or she can be effective. 

Finally, work with universities, 
private volutary organ izat ions, and 
aid-giving institutions to establish 
more realistic, multidisciplinary, and 
culturally sensitive training in 
sustainable apricultu.e for students 
from developing countries. 

These ai! tough challenges. We must 
pursue them with vigor, skill, and
 
urgency. With !tc 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 tire 
industrial and the developing countries. 
This is not just an ethical Ind human­
itarian problem; itisloaded wilh 
political dynamite as well. B3y 
proiioting 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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S3 ustaining 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 differ-s 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 90'7 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, an(' many descriptions of what 
the concept ,.;cins 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 "'tilesuccess-

ful management of resources for 

agriculture to satisfy changing human 

needs while maintaining or enhancing 
tie quality of the environment and 
conserving natural resources." In 
referring to changing human needs, tile 
Committee is recognizing tiledynamic 
aspects of the problem. TAC also 
obviously calls for protecting tile 
existing cndowmcnt of Nature. 

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

of nitrogen (see page 30). Thus, our 
framework pennits 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 eicourage a cavalier altitude 
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 tie 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 pennit us 
to be somewhat less parsimonious with 
tie earth's natural resources than TAC 
appears to believe necessary. Of course, 
tile
science that leads to the discovery of 
new sources of productivity and tile 
development of improved technologies 
that save natural resources is itself 
costly, and those costs should be 
factored into the debate about 
sustainability iswell. 

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 tiledebate about 
sustainability issues stcnis from the 
relative importance accorded these 
considerations. In tileLSA. 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 IS fanners are exploring 

alternative agricultural systems 
(National Research Council 1989). Inan 
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 stistainable 
agriculture that emphasizes redutcing 
negative spilhovers 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 20010. 
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%indeveloping 
countries. 

We believe that such "land-saving"
 
productivity growth in maize and wheat
 
can be achieved in tile
more favorable
 
production areas in tile
developing 
world, and that such growth helps 
protect the environment (see Comments 
from Management, page 5). Tile 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 

Tile current debate about sustainable 
agriculture comes at tie end of a period 
of extraordinary growth in cereal 
production worldwide. Since the end of 
World War 11.basic cereal production 
has increased at a rate of 2.8'7 per year. 
keeping well ahead of the 2.3% anmual 
increase inpopulation growth. As a 
result of the Green Revolution. dramatic 
increases were achieved during the 
1960s and 19 7(0s intie production of 
four of the major cereals, but 
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particularly of wheat ahd maize. From 725 kg/ha, but the actual increase was (Bycrlee 1989). Furthenore, in
the early 1960s to the late 1980s, only little more than half that from the developing countries as a whole, theproduction of wheat grew by an average early 1970s to the mid- 1980s. rate of growth in wheat yields hasof 3% per year globally and at an even slowed over the past decade (Table 2). 
more impressive rate in the developing Much the same experience with inputs
world, reaching an unprecedented 4.9% has occurred in other countries that Other crops are experiencing similar 
per year. Production of maize increased were prominent participants in the problems. The growth rate of rice yieldsslightly faster than wheat in a global Green Revolution. Given the increased in Indonesia. Malaysia, Pakistan, andcontext, and at a pace second only to use of inputs, it seems reasonable to other key wheat-producing countries
wheat in the developing world (Table I). conclude that, at least in specific has declined, even though important

countries, the fruitful combination of advances have been made in theIncreases in the production Jf all cereals high-yielding varieties, improved improvement of pest resistance and were largely due to yield gains. Wheat irrigation, and application of fertilizer- earliness (Pingali 1988). The global rateyields, for example, rose at a rate of which together accounted for nore than of increase in naize yields has dropped
3.7% annually inthe developing world, 75% of the total increase in wheat from 2.9% per year inthe 1970s to 0.2%while area expanded by about 1.2%. yields in Asia during the past two in the 1980s (Table 2). Among
Developing country maize yields decades-has reached the stage of' developed countries, where growth inincreased at an annual pace of 2.7%. diminishing returns. The total output of maize production slowed from 2.8% towith area growing at about 1% per year wheat is continuing to rise, but to obtain 0.2% over that period, much of the
(Table I). each additional kilogram of yield decline was the result of two severe 

requires increasing anounts of inputs droughts Ihat occurred in the USA
 
Sui data, however, can be misleading.
 
In 1988. Lester Brown, president of the
 
World-Watch Institute, stated that
 
growth in grain production had slowed 
 Table I. Growth in cereal production, yields, and area, 1961-1989
 
in the developing world's mos,populous 
 .
 
countries, including China. India, Millet/Indonesia, and Mexico. He also noted Average annual Wheat Maize Rice sorghum Barley
that Africa's per capita food production rate of increase . (%/yr)-------­
had declined by 1511 during the previous
 
two decales. and that during the 1980s In production

Latin America had become the second Globally 3.0 3.1 2.9 
 1.1 2.8 
major region to experience a substantial Developing world 4.9 3.7 3.0 1.1 1.0 
decline inper capita grain production In yieldi(Brown 1988). i il


Globally 2.6 2.4 2.1 1.61 Developing woirld 3.7 2.7 2.2 
1.6 

1.6 1.5Since then, several studies involving
 
particular crops and countries have lent 
 In area 
credence to B3rown's concerns. An Globally 0.4 0.8 0.7 -0.5 1.2examination of wheat yields in the Developing world 1.2 1.0 0.8 -0.5 -0.5
Punjab of Pakistan, for example, showed .. . .... 
. ... ...
 
that while yields increased rapidly Source: Calculated from FAO data.
 
(hiring 1967-76, they grew at a
 
significantly lower rate during 1977-86
 
(Bycrlce and Siddiq( 1990). This is 
 Table 2. Trends in growth rates of maize and wheat yields 
surprising inview of the rapid growth in

the use of inputs in the area, especially 
 Wheat yield growth rate Maize yield growth rateirrigation water anl Fertilizer. By the (%/yr) (%/yr)

mid-I 980s, fr examlple Pakistani Region 1970-80 1981-89 1970-80 1981-89

fanncrs were applying an average of 120 bi
Sub-Saharan Africa 3.5 1.9 0.9 .. 1.22

kg of fertilizer per hectare (application West Asia and North Africa 3.4 2.3 
 2.3 4.1
rates have since increased to about 150 South, East, and Southeast Asia 3.8 3.3 3.5 2.3
kg/ha). Conservative estimates indicate Latin America 0.5 2.3 1.9 0.2 
that this level of fertilization shoulId have 
brought about yield increases of at least )evehoping Courtries 3.5 3.0 2.8 1.4 

Developed Countries 1.3 2.3 2.8 0.2 
World 2.0 2.5 2.9 0.2 

Source: Calculated from FAO 1la. 
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during the 1980s. In the developing CIMMYT is committed to helping Analyzing the impacts of
 
world, a less precipitous decline in the developing countries address the technological change and the
 
rate of yield increases occurred, from challenge of maintaining and indeed of appropriate allocation of scarce
 
2.8% to 1.4%, though differences extending the gains of the Green research resources.
 
among regions are significant (Table 2). Revolution, but in ways consistent with
 

the need to conserve natural resources. Ensuring that our training programs 
Clearly, a continuation of these trends We believe that we can be most continue to reflect a strong field 
would not bode well for developing effective by continuing to focus on orientation, encouraging course 
countries. The increasing productivity those things we do best: participants to "think long term" and 
of agriculture has led to declining real integrate principles ot natural 
prices for anumber of commodities, • Conserving and using maize and resource coi..ervation into their 
including maize and wheat, an obvious wheat genetic resources, research. 
boon to the poor in developing 
countries. Evidence of this strong * Developing and distributing There are, of course, many other themes 
downward trend is shown in Figure 3. improved germplasm. and issues relevant to agricultural sus-
Note that price trends in selected tainability, ranging from the effects of 
developing countries long associated * Developing sound crop management global wanning and industrial pollution 
with the Green Revolution tend to principles and practices in to deforestation and controlling 
mirror the international trend (anomalies conjunction with national population growth. For the most part, 
are usually a function of government agricultural research programs. however, these challenges lie beyond 
support polices), the scope of CIMMYT's research and 
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Figure 3. Trends in real wheat prices to producers, 1960-90 (percentage of 1985 prices). 
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training programs, and must be dealt belter management of "passpor" data, elsewhere as well. with priority given towith by other international organiza- toward pronoting international public sector researchers in developing
tions and by national governments. cooperation ii tie exchange of countries. We have taken pains to 

infornation, and toward expanding our ensure access to bank holdings byConserving and Using 
 databases by incorporating informatlion producing a CD-ROM (conipact disk,about the specific traits of individual read-oiily ficinlory) containing theGenetic Resources accessions. Success in the latler is passport information for each accession 
flicilitated through research by 'oank in tilebank. This disk has beenAn important contribution to under- nianagers, who are now evaluating distributed to all interested developing

standing the requirements of sustainable materials and engaging invarious fornis country maize programs. It is being

agriculture comes from agroecologists, of "prebreeding" to increase tileutility 
 updated and expanded to include

who point out that. for 'a system to be of bank holdings. 
 evaluation inforniation and passport
susiainable. it must be resilient to stress 
or external shocks. That resilience rests
 
on the diversity represented in the
 
systern. either in terns of genetic varia­
hilitv in a given area or the diversity S 
over tine and space oI farining ustainable agricultural systems require a continuous flow
 
operations.
 

of improved varieties to stay ahead of evolving pests and toCl IMMIYT concerns itself1with the 

genelic variability found inimaize and
 
wheat. Our interest stens from the dual 
 overcome the limitations imposed by abiotic stresses. 
role otlthai variahilily inprotecting
 
farmers against potentially devastating
 
disease epidemics, and as tile founi­
dation upoLn which future progress in
 
gernplasni improvemient rests. Our 
 CIMMYT's maize bank maintains data for accessions held by a network of
stralegy for conserving and using the "base" and "active" collections of national genrplasin banks in Latin
 
genet ic diversity contained in our crops landraces, with inemphasis oilthose America.
 
is described in detail in the Center's 
 originating in tie Western Hemisphere.

1988 Annual Repoit (CiMMYT 1989). Tie base collection, comprising nearly CIMMYT's wheat bank currently

A central feature of our strategy. I 1,0()0
accessions, is kept in long-term contains over 90,000 accessions, most

however, is to acquire and preserve storage at - 15'C,which preserves seed of which are the product of nearly 50
 
sources olfgenetic diversity for maize viabitily for 5(1-10( 
 years. To help years of breeding research by the Center
'Ind wheal, including naterials whose ensure tilesecurity of this valuable and its predecessc r organization in

value may not yet be apparent. We view resource, duplicates of tle base 
 Mexico. Most of those materials are
such work as Inessential fuiiction for collection are placed in other banks. spring bread wheats, though collections

the Center.one directly relalcd to our Seed regeneration is a vital aspect of 
 of durum wheat, triticale, barley, and
 
concern for the future. In preventing the bank managenient and requires large 
 rye are also maintained, as are

irre\ ersible loss ol this diversity we amounts of land and labor. Fach year 
 representative collections of the wild
lielp maintain potentially productive 
 we regenerate about 300 accessions in relatives of wheat and several primitive

options. filut for those optioins ti be Mexico, aind swe rely ot lite assistance species. For miany years. tlie main

exercised. at CIMMYT or elsewhere, 
 of several national prograis and private function ol the wheat bank was to

We Must also ensure efficient access to organizations to keep our regeneration 
 support active breeding research at
bank holdings and continually seek activities oilschedule. The active CIMMYT and elsewhere. Wlie that
effective means for using them,. collection, which, like tie base remains a prominent activity, in 1988 

collection, contains tle world's largest we agreed with the International BoardThe Center's iniaize and wheat representation of landraices, is kept in for Plant Genetic Resources (IBPGR)
gerninplasm banks engage in a range of mediun-tenn storage (W0C,good for that we would broaden the Center'smanagement. database development, some 20-25 years). This collection, responsibilities for both the acquisitiin
and res'arch activities. Management which also contains seed of selected and long-term conservation of breadwork includes seed storage, regenera- elite populations developed by wheat and triticale gernplasni. Both 
tion of accessions, and distribution of CIMMYT .andother institutions, is used functions reflect the importance of
seed samples of bank holdings to by our own iiaize breeders to obtain maintaining future options forscientists working elsewhere. Both adoin,mal sources of resistance to researchers, and for farmers as well.
banks are making progress toward various bi, :: and abiotiL: stresses, and Over the longer term, the wheat bank 

is open toimaize scientists working 
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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 lotger term storage 
facilities. The bank provides back-up 
storage for the International Center for 
Agricultural Research in the Dry Areas 
(ICARDA) 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 acompact disk 
similar to that developed by the Maize 
Program for use by national programs 
and others. 

Sustainable agricultural systems require 
acontinuous 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 ofS. fritici resistance, 

Zahir Eyal, visiting scientist from Tel Aviv 
University. and Lucy Gilchtist, 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 

-, 

:2 

-

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 modem 
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 photo ",eriod­
sensitive varieties. 

Sergio Palmen 

26 



Susiainig AgriculturalResources in IX-veloping Countries 

As noted earlier, CIMMYT's view is 
that the widespread adoption of land­
saving technologies has tremiendously 

reduced the pressure to larm more 
fragile lands. Increased productivity in 
lavored areas resulted in additional 
markelable surplus, which lowered 
corunodity prices over time (Figure 3, 

page 24) ;nd reduced 'armers' 
incen tives to expand onto more fragile 
and less prorucrive lands. Increased 
productivity also contributed to 
agriiuturaIdeveIopmenlt anid ecirii ic 

growth, helping to create employment

ialternatives for the rural poor who, forate rratk 1" enr wo. fportysi otris, 

lie lack of*Suchi Options. Weild toi surpport 
themselves by farming ever more fragile 
lands. We see this as avery positive 
rCsUIt oft lie in proved yield poterintial 0it 
niLde rr varineties. IBur ounr p)1antl breeders 
(inild
crop rmari agenilentl specialists) areaIso cogi zanamtt a cons(ie rrble 

invest menilMust be Made to maintain 
those gains and to address concerns 
related to tle env ironmiet . Some of' 
these effo(rts are described below. 

ir brecdirig work is organized arourid 
relatively honogeneous mega-
eniir )Oent'ofI least one million(IIat 
hectares each (some are niuch larger). 
\Vc strive f6r w ide adaptabili ty of WeiistiveIM wdapithtoegeidye
improved oell".ypes wilhlin those 

environments, iroviding national 

programs with classes of high-
perl'ori anice materials that they then 
reftine intheir own breeding progruns to 
neel the ilre specil ic ieeds of 
Irier~s. Th is tappr(iic~ as provenhIi 


remiarkabhly effective and ve are 
convinced Ihal it ias nore to ofl'er. In 
irte 1990, for example, CIMM YT 

brougl on stirIf a spec ial istin 
geoigrlaphic inilbfrri olnsystemns IOlielIpreiie Lr chaialeriations st(if mar ie 

and wheat nega-environnilenls. By 
doing so, we ca.il hecolnie more sensitive 
to tlie environlientl circunstances for 
which we breed. Maize and wheat 
physiology research is also beconing 
ii ire lrolineint illour crop 

imrprovernirt work, as we add to tlhe 
elliciency of new genotypes in the use 
of noistir re and nutrients. 

The Yield Stability Controversy
 

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

the rapid spread of high-yielding varieties (HIYVs) and associated technologies has 
caused tihe production of these crops to become less stable over lime and space. 
Unstable yields are a major source of risk, which in turn makes farniers less inclined to 
invest in improvements that would raise production and result in more efficient use of 

A considerable aniounl of evidence now suggests that improved varieties, more often 
than not. give high and stable yields across environments inwhich they are adopted. 

Many contributions to the debate on this subject have come fromn CIMMYT staff. Instudies of data from tle Center's international wheat trials,for example, Worrell el al. 
sui ldt 
(1980) and Crossa et ill. (1991) indicate that some HYVs developed in high-yielding 
enviroments perform better (i.e., produce higher aid more stable yields over titile) 
rhan local varielies aid lardraces even in marginal areas. CIMMYT staIpresented 
sinmlar arguments at rninterdisciplinary workshop lield in1986 by the Germai 
Foundation for Inernational Cooperation and the iternat ional Food Policy Research 
Institute (Pfeiffer arid Brauin 1989: lam elalI. 1989). an( have published in various 
journals on the subject (Crossa et ll. 198i8a, 1988b, 1989). 

This is not to deny fthe existence of yield variability where VIYVs are widely grown. 

The point is simply that I ) improved gemiplasii generally possesses yield-stabilizing 
traits that endure over liriie and across environients and 2) -IYVs do not necessarily 
yield less tlhan local varieties under Lirfavorable conditions. What may happen, 
however, as suggested by Anderson an( Hazell (1989), is a sliarp 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 infertilizer level ,.Thus, instability is not inherent intile H-IYV itsel 'but 
may occur inthe citrrcumstances affecting its production. 

It appears that thle most important of these circumsltinces are environmental. In astudy 
of wheal yields frori 1950 to 1986 in57 couitries, Singh arid Byerlee (1990) found 
that mnost variability could be accounlte for by cliriatic fiactors, such ;a.sioisture 
availabi lily,as well as by the size (if acountry's wheal area. Tiey concluded that 
HYVs and le rtilizer had no significaril eflfect on yield variability and that inriiost cases 

(especially that of wheat production in i iad)yield variability had aclually declined 
with the rapid adoption oifHYVs. These and other studies constitute astrong cise 
supporting the noution tlat HYVs need not be associated with yield instability. 
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The question of how to vork tcward 
greater efficiency in resource utilization 
is complicated by the question of which 
environments to emphasi7e. 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 tcm,s 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 payoff's. Help in 
doing so, however, is now coining from 
CIMMYT's Economics Program. t'heir 
most recent work in this arena relate:; to 
allocation and policy options involving 
the improvement of wheat and barley in 
low rainfall areas in the West Asia/ 

D etermining the exten 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 areas classified 
for a variety of reasons as marginal for 
producing crops. For our purposes, an 
environment is considered marginal 
when the yield of acrop 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 ch; ,e 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 1%por 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 gerniplasm from 
CIMMYT. For example, open-
pollinated maize varieties developed by 
the Center for lowland tropical zones 
showed agenetic gain of 1.6% per year 
from 1974-75 to 1980-8 1. 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 (1991 ) suggests that a yield 
plateau is not yet in sight. We believe 
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that much tile same can be said about 
maize gernplasm for tropical environ­
ments. This material is far from 
reaching the limits of its adaptation and 
perlormance. It contains vast untapped 
genetic diversity, and hcterosis 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 

'_.hwhich 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-Sahararn Africa during 
the 1950s. Large losses caused by the 
downy mildew disease in Asia were 
reduced to aminimum 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 
resista'it germplasm. Some diseases, 
particularly those caused by viruses, 
remain uncontrolled, although resistant 
germuplasin 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 aie taken up by fanners. 

Stem rust of wheat (once the most 
devastating disease affecting the crop) 
was brought under control through the 
deployment of St2 and other genes. 
This combination of resistance genes is 
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now carried by nearly all CIMMYT certain seasons, because experience has productive in terms of grain yield than
bread wheat germplasm and is believed taught them that the crop will be another under similar conditions of low 
to be stable. During the last 30 years, no completely destroyed by insects moisture availability), it has been
epidemics of stem rust in bread wheat (Bosque-Perez etal. 1989). Our established that selecting under drought
have been reported (Roells 1988). Our resistant gernnplasm is now in the hands for a narrower anthesis-silking interval
wheat breeders and pathologists believe of national programs, but until it is (ASI) improves the ability ofa genotype
they are near to a similar success in widely distributed to farmers in the to develop an ear and hence produce
combating leaf rust, which became a tropics and subtropics, insect pests will grain even under severe moisture %tress
global problem after stem rust was continue to be a major constraint of (Bolaflos and Edmeades 1988). Based
contained. Resistance from the South maize production and a serious threat to -on this observation, four elite po 'u-
American variety Frontana, which sustainable agriculture. [lost plant lations are being improved for ASI 
appears to rest oii the Lrl3 and Lr34 resistance will provide an inexpensive through recurrent selection under 
genes, shows strong promise for and effective solution to insect drought. Gains in t'rain yield per cycle
providing stable resistance. This gene problems and greatly reduce the need of selection have exceeded 6% at

combination is now found in a large for pesticides. 
 around 2 t/ha over e-ight cycles (see
proportion of our advanced bread wheat Maize Research, vpage 38). An

gernplasn (Rajaram e al. 1988). Good In combination with heavy disease and important bonus of this work is that
 
progress ha.; al:,o been made toward 
 insect pressures, nutrient and moisture these gains are expressed in well­
achieving "partial resistance" to stripe deficiencies can dramatically reduce 
 watered environments as well (Bolaflos
rust, meaning that the disease is present agricultural productivity. Often, and Edmeades, firtliconfing 1991).

but slow to develop, and work on however, abiotic stresses are so severe
 
Septoria iritici is advancing as well (see 
 that there is little yield to protect from Poor soil fertility (especially the lack of
Wheat Research, pages 43-44). diseas'e and insect attack. Grmplasin adequate levels of nitrogen) is a wide­

that is better suited to environments spread problem, one that is gettingWith the exception of a small amount where such stresses occur frequently worse as crolppinlg intensity increases.

research aimed itdeveloping resistance 
 may at least provide farmers with We are therefore interested in inipro­
in wheat to stem sawfly, Hessian fly, respectable and more stable yields 
 ving the efficiency of maize and wheat

and Russia. 
 wheat aphid, CIMMYT's through greater efficiency in the use of to use available nitrogen in such soils.

allocations to insect resistance work are 
 limiting res,;urces. Though the nitrogen responsiveness of

focused on maize. Although progress 
 maize is high, developing country
has been. slower than in our work on In our research on drought tolerance in fanners frequently cultivate the crop in
disease resistance, significant advances maize, for example (which we define as low-nitrogen soils and often cannot
 
have been made recently. We have the ability of one genotype to be more 
 compensate for this deficiency by 
developed maize germplasm with 
resistance to several insect pests, 
including various species of borers and 
fall armywonn, that severely limit Th, Luba 

production in the subtropics and tropics 
(Mihm 1985, 1986: Smith et al. 1989). 
Work is also in progress to develop 
maize materials tolc'ant to pests of 
stored grain. 

For lack of effective controls, chemical 
or otherwise, developing country 
farmers lose some 30% or more of their 
maie 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 trails, CIMMYT is,working
 
to enhance the grain storage characteristics
 

of its mandate crops. 
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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 pa:lially recover from 
the drain of cultivation. But with ever 
increasing demands on agriculture, 
fallow periods in such systems arc 
becoming shorter, leading to avariety of 
productivity-inhibiting problems. 
Genotypes that extract and use available 
soil nitrogen more efficiently would 
help address both difficulties. Improved 

uptake efficiency would reduce tile loss 
of the nutrient through leaching or 
denitrification, and improved nitrogen-
use efficiency would allow farriers 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. 'File 
results of early studies suggest that it 
should be possible to identify materials 
that !;fhow an advantage in these traits 
under both high and low fertility (Lalitte 
and Edmeades 1987. 1989). To examine 
thle response to selection, our maize 
physiologists selected experimental 
varieties out of t,:e cultivars chosen for 
study. They found that selections nmade 

for yield alone across high and low 

nitrogen levels show moderate 
improvenent in grain yield tinder both 

circumstances. Similar results were 
obtained under low levels of nitrogen 
only and using aselection 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 full-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 gernplasm for 
tolerance to low nitrogen and improved 
recovery of nitrogen are being 
implemented. 

The Wheat Program is also interested in that the gt--mplasm coming from 

the nitrogen-use efficiency question, but CIMMYT i.,equally benefiting farmers 

from a different pcrspective. During a who can app!y nitrogcn fertilizer and 

three-year project timinating in 1990, those who canot 1Figure 4), under 

the Program evaluated the efficiency of irrigation and probably under rainfed 

nitrogen uptake and utilization in its conditions as well. 
older germplasm relative to its newer 
materials. The 'xperimncnt compared the While work on to.,,rance to drought and 

yield of prominent varieties released to low nitrogen in maize and wheat is 

during the last 25 years at different conducted by CIMMYT staff in 

levels of nitrogen. Results indicated that Mexico, research on acid soils for both 

both nitrogen uptake and the efficiency crops is being carried Grit through 

with which nitrogen is used have cooperative arrangements with national 

improved over time, evn though tile programs in Brazil, whore this abiotic 

Program has not specifically selected strcss is a significant problem. In 

for such an improvement. In other general, acid soils are hig'lv leached, 

words, selection for yield and other low in available phosphorus, and high 

traits under the favorable conditions of in exchangeable aluminum. Excessive 

northwest Mexico's Yaq ,i Val!.,y has, amnounts of exchangeable aluminum are 

as a byproduct realiy, also improved .he toxic to miize and whea:. 

ability of the Progran's newer 
germplasm to make us,: of available In 1974 he Wheat Program began a 

nutrients. Though additional esearch collaborative project with Brazilian 

aimed at identifying the best level of colleagues aimed at combining the hil1 

nitrogen under which !o select yield potential of CIMMYTs semi­

gernplasni aimed at low nitrogen and dwarf wheats with the aluminun 

high nitrogen env'ironments is now toxicity tolerance of indigenous 

underway, preliminary findings show varieties in Brazil. A shuttle breeding 
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Figure 4. The parallel slopes showing the genetic prcgress of CINiMYT wheat
 
germplasin un(r hiilh and low nitrogen regimes indic.'te a benefit to farmers who
 
can anti cannot apply nitrogen. Outstanding genotypes are dpicled by lhei. year of
 
release to show improvement over time.
 
Source: Ortiz-Monasterio ci al. (19)0).
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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 I I 
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. 
fanners 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, tile 
productivity of both crops seems lower than that which can be 
reasonably expected. In particular, long-tenn 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 tihe national agricultural research 


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

collaborative research endeavor-funded by the Asian 

Development Bank (AI)B) 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 systeni, 
including issues of near-term productivity and longer term 
sustainability. 

" 	 A program of strategic crop management research is being
 
developed with contrihutions from specialists in soil
 
physics, niicrobiology, and other disciplines. 


Over time, comparative analyses of problems 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 infonliation and scientific staff. 

A number of productivity constraints appear to be relevait 
across the region. Some, however, are likely to be specific to 
only a few locales. Due to that probability, along with the 
obvious riced for on-farn research and for long-termn 
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. 

steps in tile 
The first research process have been exploratory. 


Two CIMMYT wheat scientists based in Nepal 

(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 farmlers' fields in 
areas tentatively identified as key sites for long-teni 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 tilediagnostic surveys, a program designed to 
monitor fanner practices and the productivity of their resources 
has been initiated. Some 160 flanners 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 
limne. 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.
 

"~ 
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Borders of South Asia's ricc-wheat area are constrained by attitude 
and temperiture for ricein the north, irrigation availabilily andtenperature for whe illthe south, by irrigation availability, hills, 
and temperattme for ricein the west, and by hills in the east. 
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system was employed in which 
ger!.plasni was grown alternately in 
Brazil on acid soils and in Mexico for 
selection of suitable plant types (Ilettel 
1989). Laboratory screening was also 
used to select for aluninum tolerance, 
Wheat materials developed through this 
work show acceptable levels of 
aluminum tolerance, give twice the 
yields of previously available germ-
plasin 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 r'enotypes with high levels of 
tolerance to aluminum toxicity. Fie 
hybrid BR 2011,developed recently by 
the Brazilian Agency for Agricultural 
Research (EMBRAPA), can be grown 
in acid soils with little or no applied 
lime. CIMIMYT staff based at the 
International Center o fTropical 
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 thc intensive and conservation­
oriented cropping systeims that will be 
essential for achieving sustainable pro­
duction over the long term. CIMMY' 
approaches this challenge inseveral 
ways. On-farm research in Pakistan, for 
exaiiple, revealed the riced for varieties 
that better fit f'anners' intensive 
cropping systems by performing well 
when planted late. afIter rice or cotton. 
Our wheat staff and rice scientists from 
the International Rice Research Institute 
IRRI) are basing sone selections on 

A major challenge for plani breeders in 
working toward imore sustainable production 

isto provide varieties that are uniquely 
suited io complex cropping systems such as 

tbis 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 stal to ascertain whether 
maize and beans possess genetic 
variability for traits that would pennit 
higher yielding combinations of these 
crops. Other work involves the evalu-
altion of maize and wheat genotypes 
under mitimum tillage (especially for 
disease resistance) and tie identification 
of maize varieties that are especially 
suited for use in Vietnam andi a few 
other countries where l'arners are 
transplanting seedlings into paddy fields 
following rice. All these efforls will 
contribute to sustaining productivity, 
both in marginal and in favorable 
environments. 

Crop Management Research 

While CIMMYT is best known for its 
improved gerinplasm. we see the crop 
management research (CMR) done by 
our agronoinists 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 gennplasrn being 
secondary (see box, page 33). 

Nathan ru%:el 

32
 



SusIlIinlg Agricullural Resourct in n)cvcliopig (CouIllrie% 

As we see it. CIMMYT hasa 
comparative advantage in CMR related 
to sustaining resource productivity 

because ofour capacity to focus on 
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 itspinoffnloour collabo-

During tie past few years. the Center 

has been shifting resources into 
strategic CMR so as to strengthen its 
hand in dealing with questions relatingto 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 causcs of an apparent 
decline in productivity of the rice-wheat 

rotation that is widely practice(] in Asia(seetiox.tage 3 1,dheatediAa(see box. page 31. and Wheamt Rscarch, 
pages 42-43). The effects on produc-
tivity of minimum tillage is -mother 
question being addressed, and our staff 
have gained considerable experience in 
seking to answer it particularly in 

Caribbean, but also in southern Africa 

andi 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 

M aize 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 fanners 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-fann 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 'anavilia ensifvr'mis and 

Stizolobiun 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-flm 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.deeringutnum) rotation is already practiced and to study the elements 
that nade this system attractive to famers. 

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 

mazmaize-sorghum sy:;tcm. Rather than use crop residues as animal feed or burn them 

before planting, as is commonly (lone 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-terni beneficial effects on yield stability. Where cattle 
graze the stovur, 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 woul seen 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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sociCeconornic conditions conducive to 
tile
adoption Of"minimum tillage by 
faniers ,see box. page 33). 

Our staff inCcil,!dl A merica are also 
coordinating a series of regional trials 
in which legumes are interseeded with 
maize. The legume serves as a living 
mulch, protecting tile soil against 
erosion; it fixes atmospheric nitrogen, 
thus lessening tile need for chemical 
fertilizer in asubsequent maize crop: 
and it reduces certain weed populations 

America on sulfur deficiencies as they 
relate to phosphorus-use eliciency in 
volcanic soils, 

Such research requtires carefil 
monitoring of farm-level trials and helps 
reveal how fanners might be motivated 
to adopt practices that yield long-term 
payoffs. MuIch of this work draws on 
methods developed by CIMMYT over 
the years for conducting on-farn 
research and for monitoring chanes il 
cropping systems. especially tie 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 systerns. 

through shading or allelopathic effects. 
One purpose l'the rcgional trials is to 
compare lie eflects of different 
leguies. Species with particularly high 
carbon-to-nitrogen ratios niay be more 
effective in inil itaininrg anod improving 
the soil, because iore fltie legunre 
binuiass is incorpo rated inttie soil-
hunlius complex uponICeeron]p iiill 
(see bax. page 33). 

(' IMYT stall aworking inibi!ateral 

prrqect in Ghana have also extensively 
researched cereal-Icguie intercropping. 

particilarly tie riai/c-cwpea systein. 
Other irew r:aitC projccls that have a 
bearingin susta inabIe agriclt ure are 
studies ineastern Africa rin the 
,rMilaigCinrt of acidic highland siiIs 
a rrd cririn't~ riIt weed Strigani prh' tsitic 

Ihrrogh crop ianagerent practices. an 
elfrmrt ilr srithern Africa to detennine 
tie climatic aid managemert factors 
resporirisileIfr yiel reductions inlate-

plantd inaize. arid 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 lighlights. pages 56-57). 
FornIal instructiii ranges from entry-
level in-service training incrop 
improvement, crop iianagelent 

research. ari!experiment station 
management. to advanced specialized 

i coursework fOr midcarcer researchers 
ained at refurbishing specific skills. 
Il'rral training also occurs during tire 
course ot various fbonis of collaborative 
research betweeni CIMMYT and 
national prograis. 

Ircreasirgly. these trairiig effort s are 

takingtiL a sustaiiiability perspective. 
Ienctiraging ctrse part ci pants to 

consider tie importance rf sustaining 
agricultural resources over tile long rui. 
Trainces have the r portunity to learn 
how lotols that irrav be new ti tlier. 
such iscorrprlter-based crop tirrrdels 
and certain statistical packages. can 

enhance thcir ability to deal with the 

long-tern experimentation required by 
sustainability research. And we are 
making specific changes in curricula 
and in inl'ornal interactions to reflect 
our growing emphasis onl this theme. 
[or example. pending the availability of 
financial resotirces. we plan to establish 
scvcral loiger term research sites in 
major ecological zones of tileState of 
Mexico. near tie city of Chalco. 
Trainees would be able to cxperiiient 
with tinumher oftreatrirents at these 
sites (including various tillage practices. 
different forms of straw management, 
fertility trials, and a range of weed 
control measures) so itsto gain insights 
into tie effects on productivity of 
different practices. This is one example 

ifotur comimitment 1t ensure that 
trainees are sensitized to enviroirimental 
issues and that they learn about the 
impact ol' 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: agrowing 
interest inhow to increase Third World 
agriculttural productivity inthe near 
tenn. while attending to the quality of' 
tie natural resource base upon which 
lorg-teni productivity depends. 
CIMM'1'T agrees with others who insist 
that sustainable agricultu ralsysteris are 
essential. We believe that much of what 
we do contributes to tiledevelopnenl of 
such systems. We also agree with our 
Point of View authors that there is more 
that CIMMYT staff and their national 
progran colleagues can do. ard we ire 
seeking to identify those opportunities 
and implement aplprpriate activities. 
Persistence. imagination, and close 
integration across disciplines will be 

reqluired tL successfIlllyineet tie 
challenge OI'sIstaiirg agricultural 
productivity. Fortunately. those samre 
traits have corrle to characterize imost of' 
our endeavors during tile past 25 years 
ard will no Lhiut rirlltirLe to do so. 
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Highlights of 1990 Activities 

The preceding pages describe work that 
contributes directly or indircctly to 
sustaining agricultural resoLrces in 
developing countries. CIMNIYT staff 
iare involved in many additional 
uLndertakings as well. some of which are 
highlighted in the pages Ihat follow. 

Our ina*jor act ivilics olen spanu program 
di isitons (see diagrar). For example, 
Ihe main pu rsuil ol"our crop programs 
obviotuly involves geniplasi

RESEARCH PROGRAMS improvenlenl. but lEconomics staff 

Colln iule to this ictivity inl numerous 
ways (see pages 46-501. Our 

G'" p/w i~p v t r 	 increasingly strategic research on crop 
Imanagemielt cts across programs as 
well (see pages 37-50). 

Work related to genetic res(ources is 
C • mmzgcmt" ': N.o "r'c r ,ese :iwell represented in this Repoit. Our&ad p 

'7 '4w~onmaize and wheat banks are described onl 
pages 25-26 and research on wheat 
wide crosses is highlighted on page 44. 

EIpo~c~ 	 Pallologists and entonologist s conduct 
77, G l eucrop 	 protection research ol disease and 

-5 insect pests affecting our crops. The 
4 Wheat Program highlight on developing 

k. 	 resistance to Septori lritici(see pages 
----- i43-44) serves as an example of these 

efforts. Our crop programs also conduct 
Sgrain (Lality research and, through their 

global germplasm testing networks, 
rucdistribute over 3,0(00 nurseries each year 

to parlicipating national programs. 

TimahinlgI Mo ati., andconsuffirig , CIMMYT also pursties training, 
7 	 information, and consulting work. 

Tr'raining ofldifferent kinds is olfered in
RESEARCH SUPORT nearly all aspects of oulr research. 

Publishing by CIMMYT staff and 
informalion work in general is now 
receiving greater attention (see pages 
52-53 and 58-65). A limited amoLmnt o" 
consulting by senior scientific staff is 
also available to national programs. 
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Maize Research
 

CIMMYT'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. 

Nathan Ruswell 
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There is a strong feeling in some decade. Itan effort to Iurther diversity geniplasm at that location. In lhe
 
quarters that the kinds of crop research 
 its ofTerings to developing countries, the I 980S, though. a way was toniid around 
lhatl
have contributed to past gains in Maize Prograin is also generating sone this problem. We are still improving tile 

aite producti on niay not he adetluate new populations and employinrg other subtropical populations at Taltizapiin 
to the lonidable task that lies ahead of' breeding schemes. Meanwhile. the hut incombination with selection at a
 
Lis today. Many people are banking currently available populations continue lowland tropical site during tile
winter 
instead on iew developniits in to be an extremely valuable source ol season and aIhighland site diring the
 
biotcIchnology. wlich should eventually improved geriplasn for national 
 summer, where unil'orm turcicuii
 
lead to miore rapid progress inl programs and, even alter many years of
crop inlection can be achieved through

breeding. Others are counting more on selection, appear to ofter ample scope inoculation. Resistance to this disease
 
crop managenent research that places for further gains in yield and stress 
 as well as connon maize rust (Putcinia
special emphasis on long-lern trends iti resistance. sorghi)has been given particular

the output. resource requirements, ald 
 emphasis during tire later cycles of
 
environmental impacts of crop produc-
 A case in point is tle Program's group selection.
 
lion. The CIMMYT Maize Program is of advanced populations for subtropical

aggressively pursuing both these lines 
 areas, which are quite extensive iii The effectiveness of this strategy was
 
ol work illtile
belief that they are Brazil, Egypt, India, Mexico, Pakistan, confirned recently by tileresults of a 
essential for naintaining an adequate southern China, and tihe midaltitude nmltilocational evaluation of cycles of
 
pace of development in maize while 
 areas of eastern and southern Africa. By selection in four advanced subtropical
conserving tileresources upon which the early 1980s, it had become abun- populations. The gains per cycle for
 
production depends. At tle same time. 
 dantly clear to us that the subtropical grain yield ranged from 3.8 to 4.6%, andwe remain strongly committed to more materials would not be ,cry widely all populations showed improvement tor 
convenional approaches incrop accepted until tiley hao good resistance resistance to turcicurn. Three of them
 
research and are eatLuring some of them to turcictii leaf bliglit, a disease that 
 also registered gains iii resistance to
 
inthis report on recent developments in thrives under conditiois of high coiinion rust and two to ear rots caused
 
our work. humidity and low temperatures, giving by Fusarium ntionilifinte and
 

tle maize plant a burned appearance Gibherella ea' (Table 3). We iow

We believe that, far fron having and reducing its yield drastically. consider Population 44 to ha .'e a high

exhausted its useulIlnes.. this research 
 level of resistance to tiletwo leaf dis­
will account for a large share otffuture Turcicuni resistance was initially not eases and Population 45 an interniediate
 
gains iir yield and in ieure efTicient use improved ill
our subtropical gerinplasni level. It is parlicularly noteworthy that
 
offfariiers' resources. We are also because of limitations inherent in selec- this resistance was achieved in
 
convinced that the more successful this tion at CilMMYT's experiment station relatively few cycles of selection and
 
work is in the near terin. tlie greater will inrTlaltizapiin, Mexico. Although this thait it is polygenic or quLrant itative.
 
be the eventual impact of newer re- site qualifies as subtropical in most Unlike tile
nionogenic or major gene

searcii initiatives of the sort mentioned respects, it lacks tile
conditions needed type, polygenic resistance is effective
 
above. Alter all, tile for development of the leaf blight against various races of the pathogen
best candidates for 
collaborative research oi restriction pathogen, Ex.ero/ltinl turcicum. In tile and is fIairly durable over time as the 
fragnlent length polynrorphisi (RFLP) absence of disease pressure, we pathogens evolve. 
technology will be tliose national naturally made little or no progress in 
research programs talt have already improving the resistance of our lii addition to helping us document
 
fielded successful improvcd varieties 
 progress troni selection for yield and 
and hybrids, and our most likely disease resistance, the cycles-of­
partners in tire development of Table 3. ains per cycle for yield selection study demonstrated rather 
sustainable cropping systeis will be and disease resistance in CIMMYT's convincingly that our breeding 
countries that have already brought advanced subtropical maize methodology is very eftective. One keyaotsbtniliprvrirtiipopulations 

about substantial inlprovement in feature of tiris scheme (which is appliedtarners' crop management. Percent gain in: both to tilesubtropical and all of our 
other advanced populations) is that

Population Improvement (rain Reduction (if: during each two-year cycle of
orltionSubropies t Pop. yield Turcicum Rust 
 iriprovenienrt progeny are sent forfor the Subtropics evaluation illtip tiofive locations around 

33 4.0* -3.0** -- the developing world. A primary
CIMMYT maintains a wide array of 44 4.i -4.0 -4. I advantage of this approach is that it 
iniprovc( maize populations, some of 45 3.8* -3.8 -3.o allows miany cooperators to sanlple tile 
which have been tindergoing full-sib 48 4.0* -1.9 -- populations under different types and 
recurrent selection or well over a 

*,** Significant at tile 0.05 and 0.01 
levels, respectively. 

37 



(IMMYTI99t0g Annual Report 

levels of stress and to identify progeny the femnale floral parts gain the upper growth near flowering, which lmeals 
that are well suited to those conditions: hand, showing, in Oie parlance of that more plants achieve a iniiinmum ear 
based on cooperators' progeny selec- physiologists, greater -sink strength." dry weight required to produce viable 
tions we develop experimental varieties These plants channel enough silks. 
for turther, more widespread evaluation. pholosynthate into the ear, perhaps at 
A potential disadvantage of this the expense of stem growth, to ensure Data on Tuxpefio Sequfa also suggest 
approach is that the diversity of tie test that, even under droughi stress, the car that changes in the partitioning of' 
sites may contribute to a1large genotype accumulates the required allOUlt of phottosynthate are quite independent of 
x environment interaction, which could bioiass witlhin a short enough time enviroiment. Ani importalt imiplication 
limi progress from selection. It* that is after antliesis to produce viable silks of this findinig is tihat genetic gains 
tie case, however. it is not apparent and fertile seed. But a substantial achievcd in stressed civironnients 
[ron tile results of this study, in which number of' plants give the feniale flower apparently translate into irloved 
the average improvement in grain yield short shrift, causing a high degree of' perforniance under more favorable 
of four subtropical populations wits barren plants and thus greatly reduced conditions as well. The lik between 
4. 1'4 per cycle or about 2.07, per year. grain yields. ASI and grain yicld has been further 
This is a quite respectable rate of gain confiniid by other CIMMYT studies of' 
and coincides with the experience of' This hypothesis would be of' little value a wide array of cniplasm, ranging in 
other researchers, for the purposes of naize improvenent level of inprovenienit from handraces to 

if it did not have some outward single-cross hybrids. There is evidently 

Improving Maize expression in crop devclopmcnt that we 
eal easily nCasure and manipulate 

considerable variability for ASI in 
lowland tropical niaize. and it is 

through selection. The most visible sign Iortunately a highly heritable trait that 
Drought that tropical Imaize is guilty of iale responds readily to selection. 

I'avoritisi in partitioning carbohydrates 
Maize is unique aniorg cereals in being is the pheloienon of a widened 'l'uxpefio Seqtitfa is now av ailable to 
highly susceptible to stress at flowering. anithesis-silking interval (ASI) undcr natiunal naize research programs, aid 
If the crop is short of moisture then. as drought. Increased ASI results from i ii tie next I'e years we will be pro­
is all too comnmon in imany parts of tlie 
tropics, farmers can expect yield losses 

postporienicnt of silking, which ii turn 
is aconsequence 0it i ullacqlttcsupply 

viding additional improved piopulatiois
that our cooperators in dveloping 

of rore than 501," tinless they are of' photosyrithate to the car. For each countries canl emlloy iis sources of 
aniong tlie f'ortunate few in developing diy rif delay beyond the rorrnal ASI ol drought tolerance. Perhaps cven riore 
countries that can irrigate riaize. riore or less two days, grain yield per important, though. we can now reconl­

plant drops by about 1(7 for tip to eight mend with cnfidence the technique of' 
According to CIMMYT physilogists, or nine days. We now know that it is selecting f'or reduced ASI tider severe 
tie daimage seems to result frori possible to reverse this trend by stress as an efficient means of iii­
competition between tile plant's miale selecting plants that show a narrower proving imaize perlirrirance. certainly 
ail f'eia Ici lowers (the tassel and car). ASI under severe drought stress at under drought but evidently under riore 
Under fiavorable conditions the two flowering. The survivors oL'this ordeal l'avrablc conditions as well. At it 
exist ir harmony. becaLsC tlie plant is hiave improved partitioning of' iiiniim the lproducts of' this a proach 
able to produce enough carbohydrates carbohydrates to tile developing car, will not iierely survive drotghlt but 
ithrougr photosynlicsis L easily Iicct i resulting in f'cwcr barren plants and survive to prioducc extra grain. 
tie requirements of buti tassel and ear higher yields under stress. 
(developinrt.Th[siLiwvithini abouit tIxvdcvc~pmnt.bouttwoHybrid hus witin Maize Development 
days al'tcr (lie tassel begins to shed The effectiveriess oft Iis approach has H 
pollcii at antlsis, tile car will normally been borne out by recent studies I )ecveloping superior maize hybrids For 
have exposed silks to capture lie pollen conducted by Maize 'Prtgran the lowlad Iropics is ill iuibition ti 
for fertilization and odevelopicnt of' physiologists vitli tile population which ii growi g nuLmIber Lfnatiol 
secd. Tuxpcfio Seluia. Largely as i result of imaizc research programs aspire. Their 

eight cycles oLselectior for reduced chances o1 sliccess are good ill countries 
Under drought (or high dcnsity). ASI under drought stress. this tiat have viable seed firoduction 
however. this fine tuld systei goes population now shows a grain yield iindustries anrd sizeaible areas where 
awry: The supply o phnrtrsynthate is advantage ii f'sorne 31( over grrwing criditis Ire Iavorable and 
drastically reduced, triggering a battle nontolerant genotypCs un er a drought whre tarrers" crp rianagerient is 
oftie sexes over control of dilinished severe enough it fir wering to reduLce better than avxcrage. -yen iroer thbose 
supplies rft his resrurcc. ii genetically yield frilernitaI by about Iwo-lhirds. The circumstances. hiwever. hybrid 
variable populations of tripici iaize, it data furthr indicate that the improved dcvlopncint can be seriously hindered 
is apparent that at least iii soiie plants perft'rniince ot' thc popttion's later by tire relative scarcity of vigorrts 

cycles resilts from a higher rate if e'ar 
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inbred lines (which are primary 
comlponenls in the most common types 
of hybrids) developed rrom tropical 
germplasn. 

inbreds are so scarce. some hybrids 
availahle in developing countries, while 
perl'onning well compared with released 
varieties, are composed of lines whose 

Apart from standing lip under prolonged 
inbreeding, it is extremely important 
thai source populations employed in 
hybrid development show a high degree 

This is not much of aproblem w%.ith 
maize or lemperate adaptation, since 
researchers have been inbreeding it and 
fittin, the inhreds into hybrid 
combinations for some 70 years. 
Tropical maize, in contrast, has a 
shorter history of science-based 
improvement. and eli orls have generally 
been oriented toward the development 
of open-pollinated varielies (OlPVs). 
which are more suitable than hybrids For 
lie harsh conditions o imany tropical 

low vigor and yield. among other 
problems, make cost-ellective seed 
produtlioii almost impratlicable, 

Recently [he CIMMYT Maize Program 
has taken various steps to reduce the 
requency or such cases by providing 

breeders with a much wider range of 
options in hybrid development. One 
move ill this direction was to initiate 
projects For generating what we tenn 
"'hybrid-oriented source germ plasm.'" A 
key requirement o lhis iaterial is that 

or helerosis, or hybrid vigor, with one 
anolher. In an effort to provide such 
materials, we ire further improving the 
cross performance of two populations. 
Tuxpeio- I and To Blanco, that 
already fit a well-known lieterolic 
pattern. After improving the inbreeding 
tolerance or these materials. by growing 
ot S, liies and recombining the 
superior ones. we placed Iheii in an 
interpopulation improvenent scheme, in 
which lines from each population are
selected partially according to their 

envirolinlts. l)uring recent years 
maize scientists in the lowland tropics 
have generated only a relatively small 
niifl ber o1 l ines that can survive beyond 
tle initial cycles or inbreeding. This has 
grcatly limited their chances of 
identifying comi bi nations oF lilnes mhat 

it have all improved abilily to villistaid 
successive generatiois of ilbreed ing. 
We have*,just corplelted two cycles of 
improvement in several iropical iand 
subtropical poptIations Ior tlie various 
trails (including yield, vigor. and 
disease resistance) that contribute to 

perfhrmance when crossed withI a tester 
'rom Ic (itier population. While 
attempting to make better use of known 
heterolic groUps, we are also seeking to 
develop new populititis tial cornmbine 
well with each other. Toward thal end 
We have coiidUcted a Mil Ilti ocatiounalI 

oler a distinct yield ad'antage il tie inbreeding tolerance and vill study evaluation oF test crosses and on the 
more I'avorablc tropical eivironrnte[s 
and show promise for coriiercial 
hybrid development. Because superior 

changes in tile inbreeding behavior of' 
this gernplasln over cycles. 

basis of cormnbining ability data will 
recombine selecled liles during 1991 to 
I'-ri two tropical and two subtropical 

helterotic groups. 
j 

]]llIllma,Lubla 

leocadio Martinrtz.. ai/e Program tchnicim indicates lile marked dilFrcnce hewe-'rr ears trom drought sutsceptihle and tolerant lines. Low grain
yield under ibis stres resuilts from tierce c(unlpetilio belw''i tli' nale anld 'emate flowers (i.e.. the tia~si,l and ear). A selection techniiqu' dtexehviped
by ('IMMYTI hyith ogiisi lils ilis bat tg leof Itbe sexes iniIa sor ot tIe eInal flower, resulling ill higher grain YieVlds uunde r stress5. 
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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, tie Maize 
Program has also taken measures 
(particularly tie . .option of , and S, 
selection schemes) that over the long 
ten will enhance the utility of our 
genuplasni for both OPV and hybrid 
development programs. By these 
various means, we hope to ensure that, 

Zimbabwe and Zamrbia. 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 sniallholder farmers, using ox tillage, 
in these countries' suhhunid areas. 
Though responsible for large reductions 
in grain yield each year-anywhere 
front a quarter to a hallf million tons in 
Zimbabwe and Zambia-late planting 
has not yet been thoroughly resevrched. 

uxpefio Sequfa is now available to national maize 

we will be providingresearchers, and in the next few years 

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 inldeveloping, more 
productive genotypes for fanineis. 

agofMaize in
Southern Africa 

Adopting a new variety is usually a 
laniicr's First step toward increasing 
yields, but this seldom brings marked 
improvement unless accompanied by 
.;'e,:i.1c modifications ili crop ian age-
ment. In many niaize production 
systems, it is still far froi obvious what 
those changes should be. And this fact 
is symptomatic of the continuing iieed 
throughout tile developing world for 
research ainmed at assessing agroiom ic 
problieis, identifying their causes. and 
generating effective solutions that are 
within the faniier's reach. 

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

Previous work has concentrated on 
devising ways to bring fanuers' planting 
dates forward, since it is well known 
that earlier sowing gives better yields in 
tile subhuriid areas undel study. But this 
effort has foundered on several facts 
about fanners' circuin stances that are 

difficult to alter: labor and seed are in 
short supply at thie start of the growing 

season ill inid-November: many f'anicrs 
cannot obtain oxen for plowing until 
well after the optinlii planting date: 
and growers pursue adeliberate strategy 
of staggering maize plantings, delaying 
sonic by a Ionthi or iore, to manage 
tile risk associated vitl unreliable 
raiiifall. That late planting invariably 
translates into vie ld loss (at a rate of 
about 3.71Y( per day according to one 
study) is (Iile to a Collbination (f 
envir(mntal arid crop maiagenent 
factors. On- of tile flurnicr is that late 
plantirgs are deprived of a nitrogen 
mineralization flush, or release of 
nitrates, which coincides with tihe onset 
of tile rains and then rapidly Ilimin ishes. 
Other env ironiierial factors are lower 
irradiance ard shorler daylengths, 

40 

Iwaterlogging during crop establis lent, 
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 problen is 
based on a different assumption froni 
previous work. imely that, rather than 
changing the circumstances that account 
for late planting, I'arners are better off 
trying to make tilie most of them. In 
accordance with this more realistic 
approach, agronomists have begun 

research aimed at reducing the negative 
eTlffects of late planting on nlaize yields. 

agronoii1 nioriing was conducted in 

Zimbabwe to better characterize this 

practice and its causes. More recently, 
widespread surveys of l'ners were 

carried oult in Z'amh ia and Z/jinhabwe to 
determine tie extent of Ille problel, and 
aii experimentt wa, plhaited at 
CIMMYT's experiment station in 
Harare to ex.amine eilvironli ri a 
elects on late plantings. 

Based on the monitoring and survey 
results, further research has been 
planned by Center stafl'and cooperators 
iil Zinbabwe; the work will also be 
relevant toI fariiers in Mozanibique and 

Zambia. First. agronomiists will 
concentrate oildistinguishing the 

erivironnicrial effects oi crop 
performiance in late pantings f'roni the 
managemniit effects. Then. they will 
begin seeking improvelints in farners' 
crop managcncnt., viih e phasis ( 
nilodifications ill plant density and ill 
fertilization and weeding practices. 
Within a few years, new, early and 
intermedi ate maLurity varieties should 
be available. and these will be tested 
on-farm unler improved managenient 
practices for late pla ntings. While 
generating tccliob(igics thfat proiise 
almost iiilediate gains, researchers 
will also examine longer terri 
alternatives for enhancing soil fertility. 
such as rotat ions of gr lits. 
sunflower, and olher crops with late 
planted ma ize and tile incorporation of 
agroforestry species into this system. 



W heat Research
 

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. 

Th41as Luba41
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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 addre .s 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 
roiation in South Asia, soybean-wheat 
in South America, cotton-wheat in 
Egypt, and maize-wheat in the high-
lands of Mexico. We arc beginning to 
invest resources in research , pecifically 
aimed at such systems. One new 
collaborative pioject investigates the 
extent to which tile 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 inlducing 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 (ICARDA), for work on 
spring and facultative bread wheat and 
durum wheat for the dryland areas of 
West Asia and North Alrica; and tile 
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 
locused on wheat and one in September 
focused on rice. The surveys occurred 
in thrc,. 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 include 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 represcnted a 
unique cross section oftdisciplincs, 
including agricultural anthropology, 
agronomy, economics, engineering, 
entomology, extension, pathology, soil 
physics, water management. and weed 
science, 

During the surveys inlerviews with 
farmers indicated that wheat tends to 
yield better after sugarcane than after 
rice. This may be because cane 
culfivation improves soil fertility due to 
the relatively high levels of fertilizer 

and farnyard 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 tie survey teams that nutrient 
defic'-ncies current'y do not restrict 
wheat or rice yields as long as zinc is 
included in tile fertilizer package. 
Several farmers stated that they apply 
more fertilizer now than previously to 
get tile same yield. Data from longer 
term rice-wheat trials at Panmagar 
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 
(luring the surveys on problems affect­
ing rice and wheat productivity in tile 
tarai.The survey teams assigned lenta­
live 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
nent--or near tern-meaning they can 
be fairly well analyzed within a crop 
cycle. Two long-term ststainability 
issues were identified in these surveys: 
an increasing limit on the yields of 
wheat and rice due to nutrient deficien­
cies :rid an increasing reduction in rice 
and wheat yields (tie to pests, diseases, 
and weeds. Ncar-term problems cited 
For wheat include yield reductions due 
to late planting or late harvesting, the 
weed Plalhrisminor. waterlogging and 
excess moisture, and poor plant stands. 
For rice, near-tern problems include 
infestations by brown planthoppers, 
bacterial leaf bliphlt, and delayed 
transplanting. For both crops, near-term 
di Ificubltics incltde rats, inefficiet use 
of'nitrogen. sheath NIight, and soilborne 
pathogens. The survey teams generated 
ideas for research directed at each of the 
pro-bleis listed above. Foi example, 
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for the problem of yield reductions due region and at other key sites. But the in large portions of the environments 
to late wheat planting, suggested data obtained from such work will characterized as temperate, high-rainfall 
avenues of research include: prove invaluable in assessing the areas: the Mediterranean Basin: the 

sustainability of this important cropping highlands of East Africa, Mexico, andDesigning improved tractor-drawn system. the Andean region; and the Southern
implements that allow reduced or Cone of South America.
 
zero tillage (e.g., cultivators using

horizontal sweeps, shallow 
 mproved Resistance to Crop residues can play an important
rotovators, or specialized equipment Septoriatritici role in the survival of the pathogen from
for zero tillage) and more efficient one wheat crop to the next. Such
handling of rice straw residues. In the late 1960s, when semidwarf cultural practices as burning the stubble 

wheat germplasm was first introduced break the disease cycle, but these
" Developing establishment proce- to the rainy coastal areas of Turkey and 
 conflict with desirable practices, such asdures for rice that reduce puddling or North Africa, including Tunisia, retaining stubble for erosion control.
its deleterious effects on soil Algeria, and Morocco; most of it was Fungicides can provide effective control 
structure and plow-pan formation, found to be extremely susceptible to and are used in Europe, but few farmers 

leaf blotch caused by the fungus in developing countries can afford" 	 Identifying wheat varieties for late Septoria tritici. Epidemics were so them-not to mention the potential

planting (heat tolerance during grain 
 severe that some researchers felt there environmental costs associated with
filling will be an important trait of was a genetic linkage between their use. CIMMYT's primary control
these varieties), susceptibility to the disease and reduced strategy is to breed for resistance. 

plant height.
" 	 Identifying earlier maturng rice During the last 18 years, our breedersvarietie!; for late rice planting. Favorable environmental conditions have developed materials that combine
 

(splashing rain and moderate reasonably good levels of septoria leaf
The fimi! report on the surveys' findings temperatures) and additional fertilizer, blotch resistance with high yield poten­
(Hobbs et al. 1991) indicates that one combined with susceptible varieties, tial, broad adaptation, and resistance to

challenging aspect of the rice-wheat 
 caused yield losses of up to 50% in other diseases. The best sources for
collaborative 	project will be to establish farmers' fields. Today, septoria tritici resistance to date have been the spring x
long-term monitoring in the Pantnagar blotch is an important disease of wheat winter crosses (e.g., Bobwhite, Bagula, 

and Milan) and germplasm emanating 
from the shuttle breeding project 

Gene tlietl 	 between Brazil and Mexico (e.g., 
Frontana-derived lines and Thombird). 
Recently, germplasm derived from ourpartnership with China to develop 

fusarium head scab-resistant germplasm 
aid from our wide cross program has 
given a boost to the search for genetic
variability for resistance to septoria 
diseases. 

4/ 
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 
confiti it 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 

J.S. Chatraverdi. Paninagar University extensionist (left), and Dennis Lawn, CIMMYT useful for combining and incorporating
pathologist (right), discuss possible soilborne disease problems in the field of small-scale Indian 
farmer during the February diagnostic wheat survey near Pantnagar, India. 
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into superior wheat phenotypes. So far, 
it appears tile sources of resistance 
derived from the winter wheats and the 
Brazilian gemiplasm are quite different 
in their genetic backgrounds. 

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

T 

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 

. ..... 

n 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 confirn 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. triticipathogen can be 
differentiated more precisely. For 
example, they are looking at tile 
possibility of using micro-viruses found 
in the cytoplasm of tile pathogen as 
markers to distinguish one isolate from 
another. If a specific pathogen or isolate 
carries tile same virus all tile time, 
technicians will be able to determine the 
isolate by identifying tile virus that 
afflicts it. Our colleagues are also 
developing restriction fragment length 
polymorpiisiis (RFLPs) for use iii the 
identification of specific isolates, 

Wheat-Maize Crosses in 

RFLP Work 

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

c tproduced 
. . ... . ... . 

genomic loci for traits of interest, an 
application that can greatly improve the 
efficiency of selection in conventional 
breeding (see Research Support, page 
53). [-lence, the focus of the Cornell-
CIMMYT collaboration on the 
development of RFLP maps for wheat 
and barley. However, tie genetic 
material that CIMMYT provides to 
Cornell for trait mapping mlust be 
homozygous. The haploids generated by 
wheat-maize crossing shortens the time 
required to obtain honiozygosity, since 
a homozygous plant results when a 
haploid's chromosomes are doubled. Up 
to now, researchers have relied mostly 
on more cumnbersome anther culture and 
crosses with the perennial barley 
relative Ilordeun hllosum to produce 
haploids of Triticeae species. Both 

techniques have constraints of 
genotypic specificity that wheat-maize 
crossing does not have. 

Researchers in tile 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 
obtilincd 58 embryos from about 200 
maize-pollinated wheat f]oret';. Of these 
embryos. 81 % resulted in haploid 

plants, which translates to a23% 
recovery rate of haploids from the 
original pollinations. This recovery rate 
is considered tc 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 duruni wheat and the 
wild relative Aegilops squarrosa). We 

then pollinated tile F,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. 
Hiomozygous individuals will be 

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, tile Asian Sub­
continent, and tile Andes of South 
America-are cultivated by these 
regions' farmiers on about I I million 
hectares. About 70% of this durum area 
is dryland and concentrated in WANA. 
Our major objective is to increase the 
efficiency with which durum wheat is 
grown, both in favorable and iun­

favorable environments, by supplying 
improved germplasm to national wheat 
research programs. In Mexico, our 
durum breeding emphasizes tile 
development of high-yielding materials, 

as well as improved disease resistance 
and better grain quality. The CIMMYT/
ICARDA breeding effort in Aleppo. 

Syria, focuses on greater tolerance to 
abiotic stresses, particularly drought and 
cold. 

Since the 1950s. as Figure 5 shows, 
duruni varieties released in Mexico 
have exhibited steady progress in yield 
potential, by which we niean the yield 
of these varieties under irrigation and 
good management. Yield potential is an 
important meastire of progress because 
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numerous studies with both CIMMYT Farmers there and in other irrigated in breeding for areas subjected to

durum and bread wheats reveal that areas like central Chile and Egypt (not 
 drought and other abiotic stresses
increased yield potential is associated to mention developed countries like associated with dryland condition,,, we
not only with more efficient land use Spain and the USA) are adopting these are making good progress. For example,
(yield/day), but also more efficient use varieties. However, what is less well after the release of the outstanding
of specific inputs of solar radiation, of understood, although derived from the drought-tolerant line, Korifla, in Syria
nutrients (see Review of CIMMYT efficiency considerations above, is that (as Chain 3) and Jordan (as Petra), our
Programs, page 30). and of water-both the outstanding Mexican varieties like joint program has recently identified anwhen present at optimal or sub-optimal Cocorit 71, Mexicali 75, and Yavaros even better genotype, Omrabi 17, which
levels. The progress achieved with 79 or their very close relatives dominate demonstrates the successful combi­
durum wheats derives from both 
 among the improved modem durum nation of drought tolerance and
increased biomass as well as increased varieties occupying more than hall of responsiveness to favorable conditions.
harvest index (Figure 5). The 9.0 and the durum area grown under rainfed Omrabi 17 has yielded significantly
9.4 t/ha yield potentials of the Mexican conditions in the developing world; the more than Haurani, a widely grown
varieties, Altar 84 and Aconchi 89, remainder are mostly landraces. landrace in the dry areas, in both

during the 1989-90 cycle at our 
 favorable (by as much as 59%) andnorthwestern Mexico station are the With the joint CIMMYT/ICARDA unfavorable (by 14%) growing seasons.
highest ever measured at this location. durum breeding effort underway since Omrabi 5. a sister of Omrabi 17, is
We expect to improve yield potential the early 19 80s and specifically targeted performing very well in western North
 
even further, in particular by increasing 
 to the dry WANA region, it remains to Africa and in northwestern Mexico,
the harvest index from its current level be seen whether the Mexico-derived where we use it as a check for drought
of about 42%. germplasm and the landraces will tolerance in reduced irrigation trials.
 

continue to prevail in dryland areas.

In irrigated locations like northwestern This effort in the WANA region, in fact, 
 Aggressive, highly virulent, and durum
Mexico's Yaqui Valley, it is obvious emphasizes the utilization of landraces wheat-specific races of stem rust

that higher yield potential will be 
 as parents in crosses with improved (Puccinia graninis) are found in the
reflected in higher on-fam yields even high-yielding types. Fhe joint program 
 durum areas of Ethiopia and Kenya. The
though the general level of durum yields also selects for specific traits associated evolution of stem rust races in these

obtained by progressive farmers may be with stress resistance and uses multilo-
 highlands is favored by the climatic

25% below those quoted above, 
 cation testing. In spite of the difficulties 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.Yield and biomass (t/ha) Harvest index (%) In 1984, we entered into a collaborative30 arrangement with the durum research 

team at the Debra Zeit Agricultural 
Experiment Station of Alemaya 

dex 40 University. The project has involved 
crossing Mexican and Ethiopian

20 gernplasm (landraces and improved 
Biomass 30 lines) and shuttling the segregating 

populations between the two countries 
for selection. This shuttle breeding work 

20 	 has enabled the incorporation of stem 
rust resistance genes into tileMexican 

durunlgeniplasm. This collaborative 
Grain yield effort is continuing and has alreadystarted to show dividends. During the 

1987-88 cycle, only 3% of the advanced 
lines tested at Debra Zeit were found to 

0 be resistant to prevalent races of stem
1950s 1960s 1970s 1980s rust. By 1989-90, in contrast, 20% of 

the lines were resistant, in addition toFigure 5. Progress in grain yield (f/ha), biomass (t/ha), and harvest index (grain yield/ having high yield potential and good
biomass, %) for selected Mexican durum wheat varieties over the last four decades. agronomic type.
Source: CIANO 1989-901 optimum agronomy, results for eight varieties averaged by 
decade of release. 
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Economics Research
 

' owhere is the need for 

sustainable systems 

more readily apparent than 

in marginal areas. In these 

increasingly fragile 
1.,
 

environments, people 

living at the edge of 

subsistence often depend 

on several enterprises to 

maintain themselves 

on their land. 

KathrinE.e,4er
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Each crop grown requires numerous and 
often difficult decisions fron Caners. 
Decisions about what it plat. where to 
plant, and when are iii turn often 
affected by unseen, unimagined events, 
such as the miutation of apathogen: may 
be threatened by unpredictable and 
variable weather, and may suffer at 
different stages of the growing cycle 
from fanniers' lack of resources needed 
to perforn agricultural operations. 

Under alolst any conditions, the 
complex of factors affecting agriculture 

is imposing. especially considering that 
one cannot predict all of the consequen-
ces of technologica l change. For this 

reason, social scientists at CIMMYT 

focus Much of their research, from 

farnm-level studies to global analyses, on 
developing niethods for understanding 
the results of teclnologica change and 
detennitiing 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 envirolineiits. 


Designing and Evaluating 
New Technologies at the 


Farm Level 


During 1990, the Economics Program, 

working with researchers from national 

prograis and colleagues in CIMMYT's 

Maize and Wheat Programs, assisted in 

monitoring maize and wheat production 

at the farm level il many settings, 

Social scientists in Pakistan continued 

to aillass dala oi tile production of' 

maize. wheat, and other crops. thereby 
adding to al already detailed set of da a 
spanning several years. For example, a 
survey ill the reniotle Illtiillio(l's arera 
of Gilgil recorded an increase in 
farnlcrs' use of iiprovcd wheat vari- I 
etics, which were disseminaled through 
a non-governmental organization thai 
had conducted on-farm research (OFR1 
in Gilgit. Some 631/ (If the wheat area 
ii tlie double cropping zone was planlted 
to seidwarf wheats in 1988-89 (lostly 
Pak-8 I ), compared with 361/ three 
years earlicr. The change froli local to 
scmridwarf varieties has probably 

increased alnual wheat production by 
over I,000 metric tons on the 5.00(0 ha 
sown to wheat in the double cropping 
zone. The additional wheat produclion 
raised net income by about 10(. a 
sizeable increment given that wheat 
represents about 40, of fari incole, 

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 iniproved
gerniplasm ad thc low use of 

commercial maize seed as a share of all 
maize seed planted. The share of to1tal 
maize area in Pakistan planited to 
improved opeln-pollinated mnaize and 
hybrids was 261/, fairly low compared 
to the 1985-86 average of 51 for all 
developing countries. Furthermore, only 
about 10% (If the maize area has beeii 
planted with commercial maize seed iii 
recent years, coitipared with ain average 
of 43% for all developing countries, 
Olher survey results should help guide 
the work of breeders, agronomists, and 
social scientists by clarifying faniers' 
requireient:, Ior mnaize varieties (for 
example. their need for dual-purpose 

maize for grain and fodder produemion.or their need for earlier maturing or 
drought resistant nmize). Survey results 

may also alert research managers to 

(thier problems, such as the 

unavailability of improved maize seed, 

that riiust be addr -ssed by policy 

makers. 


In two other Countries where CIMMYT 
social scientists have long worked with 
nati onal research teais-Ghana and 
1ndonesia-adoption surveys provided a 
way to incasure tlie efficacy of OFR . 
The objective of tie Ghanaian survey, 

which covered about 40( farmlers in six 
riize-growilrg areas ofthe cointry. 
was to assess the degree (If adoption 
and difilsion of rec(ninendations 
developed through OFR. The results 
will be pu lished in 1991, hillt 
preliminary evidence shows a steady 
increase in the use of iiiproved maize 
varieties (about 51/ ol"tolal area) and a 
growing knowiedge and use of 
improved n.anageent practices, 

Preliminary results of the survey in 
Malang, Indonesia are also positive. 
The Malang Institute f i)r Food Crops 
(MARIF) started OFR in I984 iii al 
area characterized by extremely small 
farms, where people relied in maize as 

staple food and their major source of 
inconle. The OFR progranildeveloped 
recomn iemnda iols to cope with insect 
pests (shoolliv. .Ath'rigola spp.) ;aid to 
encourage better planting practices. In 
April 1990, MARIF stalf conducted a 
fornial surve, inl 20 villages: t"e 20 
villages. six never participated i the 

OFR progran. Most of the fairmers 
surveyed had taken il the recoli­
llended planing practice and shoottly 

conntrol imcthod. 

Still other work began in 1990. 
including a survey ill Ethiopia to gather 
inforniation ol durtli wheat produc­
titn. Duriin 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 
agrononic and quality characteristics 
farmers seek in durun varieties. 

The denamnd for different maize types is 
the subject of a study ill Malawi, where
national program arid CIMMYT staff 

are synthesizing live years' data oil 
slnallholder maize production ill the five 
important niaize-producing areas of the 
country. The analyses will look at 
factors affecting flriiers' demand for 
flint maize varieties compared to dent 
types, and for open-pollinated varieties 
versus hybrids. Other research with a 
liilaize componeni t started iil Brazil in 
1990. '['his work, which focuses ol the 
potential Ccollnomics of using quali ty 
protein niaize as arn aninal feed, will be 
expanded to El Salvador in 199 1. 

Technolgical Change 

in Favored and Marginal 
Areas 

Researchers charting the progress of 
technological change ii tlie wake of the 
Green Revolution have observed that, 
although science has furthered 
agricullural productivity tremendously 
over the past 25 years, new technologies 

47
 



CIMMYT 199(Annual Rcqwr 

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, tileEconomics Program 
finished a case study of how the 
benefits of past and potential 
technological change (such as the 
adoption of new sernidwarf 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 
consuniers through influences on grain 
markets anid labor markets. 

InPakistan, wheat production has 
predictably risen faster in favorable 
irrigated areas than inmarginal rainfed 
areas. Rural incomes, on the other hand, 
have generally grown more in rainfed 
areas than inirrigated ones, particularly 
since the mid- 1970s. (As explained 
below, this trend is more tlie effect of 
changing (pporttnitics in labor markets 
than of changes in whit prodLction 
technology.) In both rain fed and 
irrigated areas, large-scale farliers have 
consistently enjoyed the highest 
income s froiiall sources (including 
crop production. agricultural labor, and 
nonagricultural employment). 

Nevertheless, during the past 25 years. 
poorer small-scale laniers and landless 
households registered faster real income 
growth (Figure 6). Particularly striking 
is the rapid growth of the incomes of 
poorer households in rain fed areas. 

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, nt 
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 faniiers) 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 
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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 agreater extent than the 
more well-to-do. 

As well as affecting yields and prices, 
the adoption of modern technologies 
can ipfluence 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 tipagricultural 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. 

76/82 84/87 1965 66171 76/82 84/87 

households Large-larin households 

Figure 6.Relative real incomes in the Punjab, Pakistan, 1963-67. 
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In Pakistan. real agricultural wages in the setting of research priorities. the are irremediable when the costs of
 
rainfed and irrigated areas have Economics Program regularly 
 ameliorating them are prohibitive.)

increased steadily, supporting the idea assembles and analyzes data on tile 
 Severe drought stress, often exacerbated 
that the increased labor reqLirements of production, trade, and utilization of by extreme heat or cold, is the major
Green Revolution technologies maize and wheat throughout tile world. constraint on wheat and barley yields in 
benefited agricultural laborers in both Much ol this inlfonation is contained in marginal areas. Average rainfall during
fiavorable and marginal production the Program's growing database an(d the growing season does rot surpass 
environments. However. wages in published in tie Facts and Treuls 350 mn and may be far lower: in some 
nearly all sectors of Pakistan's economy series. locations wheat and barley grow on 
have risen dranatically since liei id­
l 97,,when large-scale inigration to
 
tle Niddlc East began, creating labor
 
shortages in many key sectors ofe 
Pakisian's economy (including B ecause marginal environments present a special
 
agriculture). That the rate of income

growth has been greater in rainfced areas
grthhas bgen greater rhinfed eas challenge to 	research, a careful assessment of the possibilities 
than iii irrigated areas over filie past 15
 
years indicates that those
 
nonagricultural opportunities proved to 
 for success is warranted.
 
be even inore reniunerative than
 
agricultural opportunities in the irrigated
 
areas. Ai interest ing implication of this
 
tiiding is that di'fIcrences in wheat
 
production aci'ss environments may For example, in 1990 CIMMYT and the 
 residual moisture alone. Average yields
actually have provided astrong itol:-ational Center for Agricultural in marginal areas reniain relatively low,
incentive for ptople living in Pakistan's Research in the Dry Areas (ICARDA) while the rate of yield improvement

less productive rainfed areas to broaden 
 initiated a study of wheat and barley consistently lags behind the rate at
 
their incoric-generating activities production in the rainfcd marginal 
 which yields have grown in favored
 
outside of the agricultural sector. environments of West Asia and North 
 areas.
 

Africa (WANA) and South Asia (Morris

The results of this study suggest that et a!., forthcoming 1991 ). Two 
 If more resources are allocated to
 
continued ivet in research for compelling reasons prompted CIMMYT 
 research aimed at marginal areas, where 
favored areas is a reasonalble strategy to and ICARDA to take acloser look at will future gains in productivity cone
 
pursue. However, the study does not production trends as well as research 
 froti? Given that moisture is the key

imply that research in marginal areas 
 and policy options for improving wheat constraint, three strategies offer the 
should be ignored. Given that people in and barley production in rainfed most hope for increasing and stabilizing
marginal areas may not benefit indef- marginal areas. First, millions of poor yields: I ) irrigation to improve the
 
initely from employment opportunities people subsist on 
 the products of supply of water, 2) practices that
 
off of the farni, it is important to agricultu rc in rain fed marginal areas, 
 conserve moisture, and 3) practices that
 
investigate priority research issues in and research institutions are naturally use moisture rrore efficiently. India has

marginal environments. committed to improving the 
 long adopted tie strategy of expanding 

productivity of rainfcd cropping. irrigated area, and more recently Syria
A Closer Look at 	 Second, because marginal environments and Turkey have tld lowed suit. But thepresent a special challenge to develop two remaining strategies should not beMarginal Environments production technologies that will not overlooked: converting rainfed to 

ror Wheat further deplete the resource base, a irrigated land is costly, and even where 
careful assessment of the possibilities irrigation is successful, its sustainability

As the Pakistan study indicates (see for successful research is warranted, to may be doubtiul, depending oni 
preceding section), agriculture is avoid expending scarce resources on groundwater supplies. 
influenced not only by localized events problems that ultimately prove 
at the farm level but also by the more intractable. As for breeding research, although
unsettling changes brought on by improved gerniplasni may help raise 
upheavals in the larger maize and wheat Marginal environments for wheat and wheat and barley yields in marginal
economics. To understand how trends in barley were defined as areas where areas. improvements in crop and soil 
the world miaize and wheat economies irreiiediable climatic or soil conditions management practices will oflten prc­
influence or manifest events at the fIaroi limit potential yields to less than 40% of cede changes in variety (as has already
level, and how those trends might affect the potential yields as deternmined by happened in Turkey). Traditional 

available solar radiation. (Conditions 
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research prograns focusing exclusively 
on cereal crops may not be is success-
ful in marginal areas as in favorable 
locations, because intercropping, crop 
rotations and fallowing, and crop-
livestock interactions are so important. 
Instead, a niore 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 agroclilatic 
variability neans that fanners must be 
able to select anong an array of techno-
logical options to nicet the requirements 
of a specific field or season, 

Likewise. appropriale policies are 
needed to encourage tanners to adopt 
improved crop and soil nanagemient 
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 reforns 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 
climiatic variability. rain fed inarginal 
environments will require a stronger 
technology/policy effort if cereal 
production practices are to change 
significantly. 

M onitoring Trends in
 
National Maize and Wheat
 

Economies
 

Other commodity sector and policy 
studies in 1990 einphasized inaize and 
wheat production al the national rather 
than the global or regional level. In 
Sudan. an intensive survey of wheat 
producers elicited datla for an analysis of'" 
the tradeoffs likely to be involved in 
devoting more resources to improving 
doilestic wheat production. The 
Sudanese government has determined to 
raise local wheat self-sufficiency 
because of linited donestic supplies of 
wheat, serious shortages of foreign 
exchange for importing wheat. and 

reductions in food aid. This is an 
ambitious goal in acountry which, aside 
from being tei warmest place in the 
world where wheat is grown coil-
nercially, 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 far 
encouraging domestic wheat production 
and self-sufficiency throughout eastern 
and southern Africa, and for dieter-
nining how much emphasis should be 
given to wheat research. 

In Paraguay. apreliminary study of the 
maize sector was completed (Morris et 
il. 1990). Results of the study 
highlighted issues in niaize production 
and marketing that require further 
investigation. In 1991, a nore extensive 
national survey of nmaize 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 soutllen 
Africa designed to address tie needs of 
the region's growing number of social 
scientists. Two networks of social 
scientists were also formed, one in 
Central America and the Caribbean and 
the ot'ier 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 
anmong 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. 

Kathryn, E ,lesr 

Research to improve crop and soil Inanagenelli praclices in inarginal as well as favored areas can 
henefil from asysielnis approach thai considers factors such !is crop-livestock interactioils, 
iritercropping. and crop rolalions and fialowing. 
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Research Support
 

Our research support 

staff assist scientists 

and decision makers at 

CIMMYT and elsewhere 

with products and services 

designed to help then 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. 

Aia Maria Sdincht 
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Information Services 
......... 


A noted thinker about trends in infor-
miation management recently wrote 
about "information anxiety"-Ihe stress 
caused by a constant bombardment of 
seemingly important yet elusive or 
unintelligible information (Wunnan 
1989). Agricultural researchers in 
prosperous, industrialized countries 

experience this apprehension as they 
soil through a deluge ol'journals, 
reports, and personal communications 
in search of results relevant to their 
work. But infonmation anxiety carries a 
different connotation for scientists in 
developing countries, who often face a 

lack of current scientific Iformation, 
along with difficulties in disseminating 
resuts from their work. CIMMYT 
Information Services staff are striving to 
aid both groups of researchers, as well 
as kev decision makers in governments 
and the donor community. to overcome 
these problems. They are doing so 
through tile selective application of new 
electronic tools that help manage more 
inl'oniation more eflcctivcly3 , and 
through a better conceptualization 
and targeting of inl'ormation intended 
for those who can truly gain from 
receiving it. 

To facilitate the production of1 
('I MMYT publications, for example. 
the Center recently invested ini a 
"desktop" system that allows staff to 
explore quickly and inexpensively a 
broad range of possibilities for merging 
fnor withi unction. We have changed 
our production procedures to fit tile 
system. bringing writers, editors, and 
designers together as creative "'project 
teamlS," and the result is more appealing 
and accessible iublications produced 
more swiftly and at lower costs. New 
informalion technologies are yielding 
other bcnel'its as well, such as the 
capacity for rapidly generating altrac-
live support imaterials for presentations, 
again at lower cost, andi a computer-
based 'image bank" iliat will permit tfie 
efficient retrieval oftihe over 3,000 
color transparencies and black and 
white prints in CIMMYT's collectiou, 

As our production tools and methods 
have evolved, so too has the array of' 
inloniation 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 tile science that underlies 
our germplasm research is leading to 
more publishing by CIMMYT staff, 

especially in refereed journals (see 
pages 58-60). Likewise, anmong the 
roughly 50 CIMMYT imprimatur 
publications produced each year our 
emphasis has shif'ed from general 
inl'ormation 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. I. "Accclerating tile 
Transfer of Wheat Breeding Gains to 
Farmers: A Study of the Dynamics 
of' Varietal Replacement in 
Pakistan," was released in late 1990 
and contains inolrmation 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, aniong other topics. 

Another new series is entitled 
CIMMYT Economics Papers, which 
are written by our FEconomics 
Program staff and are intended 
primarily for their colleagues in 
developed and developing countries, 
These publications cover work by 
our staff alone ot in collaboration 
witli others, and focus on 
methldohlgies or empirical results 
that hear on the Cenlcr's research 
priorities. 'Fle first two in this series, 
which treat [lhe tIheie s of dolnestic 

resource cost analysis and triticale 
ulilization, are now available, 
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A series of TrainingWorking 
Documents, designed for training 
course participants and researchers, 
has been slarled to encourage the 
timely distribution of training-related 
materials developed by Center staff 
and colleagues. The first six of these 
documents focus on tile application 
of' stalistical melhods to agricultural 
research and were prepared by Dr. 
Roger Mead, professor of applied 
statistics at tile University of 
Reading, UK, (luring a 1990 
consullancy and wilh tie help of 
several CIMMYT staff. The next in 
the series focuses on conservation 
tillag, methodologies for maize. 

Finally, we are implemnicting a 
public awareness strategy thai 
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 Anual 
Repmrts. 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 thlis approach to annual 
reporting wilh a series of 
inexpensive fIacl sheets that describe 
individual Center activities a.ind 
subprograms. We are also stepping 
up el'forts to reach tlie "'general 
public," by placing interesting stories 
about CIMMYT's work in various 
mass muedia. 

These information products and 
delivery stralegies are intended to make 
tie results of ('IMNYT's efforts more 
accessible to external clients of the 
Center. Biit ('enter stalT themselves, is 
well as their developing country 
co lleiguies, ire concerned ahoul access 
to inlformation relevant to their work, In 

this regard. our scientific inlormation 
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unit (SJJ) applies selected Coilpulter- being made available to inlerested Seed I lcahth personnel are examiningbased tools and systenls to otier a rane developing country libraries incither the eflect ofsurl'ace disinl'cstation withof'services once uninagi lable in electronic or printed fornl. Tbis catalog sodium hypochlorile on tilestorage life
traditional libraries. Tlhcse include will aI low users of those libraries to of seed ofInmize and vheiatl. It isbibliographies. abstracts, tables of request copies of'specil'ic articles that expected that the removal of'patthogens
contents. I'uill-lext copies of articles, can be provided by tilein ternatitonalI fron tlie seed coat will improvc
scarclics trough more than a score of' centers. viaility after Iong-teri storage il tiledatabases oincorlpact discs. and tile case o Ihot Illa ze and wheat. The work
nlonthlv aulornlaltic dissemination of Seed Health is especially signilicalit for wlhcat, since
il'ornilation oin specif'ic topics, among Ilost bank maiterial s are grown oLl on
other services. Line scientists and Gerniplasn ilprovemletit research at experilent Staitioinis in tlil south of
developingiCoultry libraries provide the CIMMYT (epenids upon the interna- Mexico, where wet conditiol.i favor
foeis for tliese services. tional exchange of. ma ize and wtheat pathogen developmilent. 

seed. The Seed Health Unit w',s
ITO
ensure that potential uisers are 
Iii ndlulI of those olf'erirns, SIL staff 
coiclltict "awareless" selirnr for St gtrairices. visitin,, scienlists. aItl in 1990, Seed Health staff began exploring new ways to 
administrators. and have developed av'arietv of nstrtuctiona ndll romotionalmateris.Onei9t pro ject, lotr guarantee the health and long-term viability o1seed 

e\ alnpI , \ hich was produced wit tie
help 0f 1consuLint aneldother in CIMMYT germplasn banks, including washing and 
liftorrntion Services sltal'l',involved tie 
creationof an atdioviSnual presentation
deScribingi tile laboratory testing of samples for storage and the inspectioninl'orniatioin resources of 
2 intcrnltiorial altricullural research 
center,. irrCluding ('IMNIYT. Entitlcd 
SXeds o/'nfK nh'dge, this prograri id of current bank contents. 
it,,
accomlpal ving infornmatio packet ............ .. .
. .... . ..
... ...... .. .. 
.. .. . 
are airlied atl visitors. trainees. students 
ill ciniin tnicaliii. rid tileIac uItlics 0if 
agericultural universitics vorldwide. The 
SIU is also parr icipating intie 
de C%, pnilicnit of I' ull-tcxt Conlmpact 
agriculural library o cumpact discs 
coritairiri soic 3.)(0 documcnits Irori 
throse ceiters. including books, serials, 
aid ioifere rce proceedings. 

institute(] i 1989 to help augrni t 
tundamental health standards inCenter 
operations. In this way, we prolect 
agriculture in host countries and ensure 
our gerinplasri tiicIrnCUibercd transit 
worldwide. 

Ill1990, Seed I leallh stiaf began to 

CIMMYT researchers have also begun 
laboratory analyses of wheat bank 
holdings to inventory pathogens on the 
seed. This will allow us to certily tie 
health o1 bank accessions, recornicrid 
suitable chemical treatmients where 
necessary, aid assess the e'fect of 
pathogens on tilelong-ernii viability ofI 

But scirit ists of dcVclopirig countries 
Will feel niuc I less anxions lbrtt 
ifl'ormatioll henIhc . ;lcllCount oil 
adequltc suppirt at honie. Toward that 
end. SILI s!a'f participale invarios 
Iiiat iiiri!a. regional. ani1dglobal networks 
Ihatlpronioe tlie growth 'f such 
experise, including tie Mcxicaiir 
National Association of Agricultural 
J.ibrarians (ANIiAGRO . tie Inrer-
ainericai Asociatlion of Agriculttral 
Librarians arid )oLcCniiitalists 
(A,,IB)A) in latin Arncrici and t 
neltwork ir'the ifrrn atiton units 'rin 
20 inienatiinal agriculituraI research 
centers. The Iallter group receltly 

n 

l'octusattention on arlothcr key aspect of 
our breeding programs: tilecollection 
and slorage (f glriplasri. Seed for our 
banks has generally been grown out 
under tie careful observalion of 
breeders and genetic resources strff, 
who culled any si 1)es Slio' i1rgsignl.s 
of possible ini'ection. Now,ispart of an 
initiative cndrsed gencrally by the 
principal CGIAR conuniodity centers 
and IBIPGR, we arc exploring new ways 
to guarantee the health and long-term 
viability Itlthe secd iinCIMMYT banks 
arid. ultilately. ensure the quality and 
Iree noverint worldwide ot the 
gerniphasii we ship. 

seed i1ristorage. Our inelhodology 
involves grouping like iiccessions by 
species, Iocation, arid cycle, bulking 
sialriples t'roleich access iolri. and 
remroving ard testing replicaes I'roitie 
bulk. We arc looking for tungi in 
general, bacteria such ias Xwlu/lhtmona1l.x 
'at1tlwesris pS'. undlosa, anrid barley 

stripe rniosaiic virus. A siriilar study fbr 
maize will take place in tilenear Iture. 

Applied Molecular Genetics 

i classical breeding, plant DNA is 
lalnipulaited arnd viewed "'r(5rni the 

olitside ii."(Observabletraits of whole 
plants illIiassivec nlulmbers and over 

Irouced :aunion catalog o1' vcr 3,0() 
journal holdings at 14 cenlrs, which is 

rliany cycles of"'rossilrg aid(select ing 
are used to evalate changes at tlie 
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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 io track genes 
for trails 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. Ihe 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 wilh leading institutes 
worldwide. Current projects include 
work with Cornell University. USA, to 
develop an RFLPi map for hexaploid 
bread wheat (see page 44); with the 
Mexican Center for Research and 
Advanced Studies (CINVESTAV) of 
tie National Polytechnic Institute (IPN) 
to deternine relhtionships between 
RFLP probes aind geniomic segments 
associated with drought resistricc in 
maize: and with nilinternational group 
studyidg the use of RFLPs in research 
on quantitative trails of maize, such as 
resistance to souIthwcstcrni corn borer 
(litraea qgramliosella). 

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

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 RFL1P 
"maps" to locate specific genonlic 
regions thit control resistance to borers, 
so that the corresponding probes may be 
employed as selection tools. 

An outgrowth of this project is soltware 
developed by our researchers for 
reading and analyzing RFLPs. The 
banding pattents used inRFLP studies 
are normally scored visually, a method 
that can be time-consuming and highly 
subjective. I'oremedy this. molecular 
genetics personnel developed a 
compuiter prograi that allows rapid and 
precise data entry with idigitizing pad 
and expedites the statistical ainalysL, 
crucial to interpreting RFI.P 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 

billions of copies of aselected probe. 
Over 100 diffcrent 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 slep for labeiing. 

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

Randomly amplified polymorphic 
DNA probes (RAPDs). which are 
used for detecting polynorphisms 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 Irom any plaint species, or 
even pests of crops. The technique is 
being explored inia 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 ILPs in 
studying tilepurity of highland 
maize varieties and hybrids produced 
in diffcrenit environments in Mexico. 

DNA fromn a few grams of green leafl 
tissue will later be mixed with an enzyme 
thaIt clips it into millions of f'ragments for , 

RF.lP analyses. 
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Financial Highlights 

I M Major Resource Allocations 

Wheat Program Maize Program 

29.8% 30.5%Economics Program 

8.5% 

Research Sp 

Administration and 
Operations 13.8% 

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

Gcrmplasm Improvement 


Economic Analysis 


Information
 

Genetic Resources
 

Crop Protection
 

Consultingr 

Crop Management & Physiology 

Training 

0% 10% 20% 30% 40% 
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CIMMYT allocates
 

its total resources (CGIAR
 

and special project) among
 

five major units, which in
 

turn 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.
 



inlancilal Ifhghligh11, 

The activities to which each program CIMMYT's ability to fulfill its Donor pledges in currencies other thanl 
allocates resources are detined by the international research and training US dollars are recorded at their dollar 
Technical Advisory Committee of the obligations dcpends on donor fuiding of equivalent on the (late of deposit. In 
CGIAR. Gerinplasm improvement is core and complementary projects. The 1990. the relative weakness of the dollar 
predominant among them, consuming Center derives those funds fron more against other major currencies resulted 
34.7%, ol the Center's resources at this than 28 donors from many ditferent in higher than expected dollar revenues 
time (see diagrams at left). Crop countries around the world, from donations denominated in other 
management, crop protection, and currencies. In Mexico, the combined 
genetic resources activities together Our financial statements for this year effect of exchange rates and inflation 
account for 25.8c of research resources, show an increase in total assets. Cash continue to erode the purchasing power
Training is also a major activity and short-terni investments increased, of our dollar revenues.
 
occupying 23.2%/ of the budget. reflecting the decrease in accounts
 

receivable and the increase in payments 
 These financial highlights describe and 
received in advance from donors, summarize how funds were dissem-
Although total accounts receivable inated by the Center in its continuing
declined, receivables frorn donors effort to effectively meet the objectives 
continue to be higher than in previous of its mandate. 

Donor contributions years due to several major core
 
(includes special projects), donations left outstanding. Property, As in the previous year, CIMMYT's


plant, and equipment increased by 9% complete audited financial statements
 
US $ (0l00s) with replacement of existing fixed have been published as aseparate


assets contributing to most of the document and sent to all donors.

Australia. (overnment of' 889 expenditures made for capital items. It Additional copies of these staternts

Austria. (overnment of' 250 
 should be noted that the apparent are available from the Center upon

etgiumn. (overnnent of 106 growth in capital assets is largely due to 
 request.

(Cana~dian Inthrrra~t
Cnd ianIt oatl 
gencyo(44


IDevelopment Agency 3.644 the CGIAR policy of zero depreciation. 

China. People's Repuhlic of 51
 
Danish International Development
 

Agency 834
 
t-uropean Economic Community 2.504 Balance sheet (US $ O00s)

Finland, Government of 
 818 ... .... ... 
France, Government o5 Year ended December 3 
Germany, Government of (BIMZ) 495
 
India. G(ermemnt of 49 
 1990 1989 
Inter-Amenrican Development Bank 4,370

International Crops Research Assets 
 36,593 33,905 

Institute Semi-Arid Tropics 33(1for ilie 

Islamic Republic of Iran, Cash and sort-tem investments 4,306 2,487
 

(overnment of' 23
 
Intemational Board for plant Accounts receivable 
 7,595 8,790

Genetic Resources 116 Inventories 145 118Italy. Government of 385 Property, plant, and equipment 24,547 22,510
 
Japan. Government of 1.955
 
Norwegian Agency for
 

International )evelopment 261 Liabilities 7,956 8,762 
Spain, Government of' 115
 
Switzerland. Governmeni of 1,0910 
 Accounts payable and other liabilities 1,736 2,960
The Ford FouIndation 100 Accrued staff obligations 882 889 
The Netherlands. Goveronient of 377 
The Philippines, Government of 75 Payments in advance from donors 5,338 4,913 
The Rockefeller Foundation 118 
The United Kingdom Fund balances 28,637 25,143

Government of 1,295
The World Bank 3,888 
United Nations l)evclopment Property, plant, and equipment 24,547 22,510 

Programme 1.005 Capital 3,645 1,980United States Agency for Operating 2,765 2,765
International Development 6.561 Auxiliary services 192 361 

Miscellaneous Training and 
Research Grants 570 Cumulative translation effect (2.512) (2,473) 

Total income from grants 32,835 Total liabilities and fund balances 36,593 33,905 
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The following are selected publications 
released by CIMMYT from May, 1990, to 
April, 1991. A more complete listing is 
available from Information Services. 
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Matthew P3.Reynolds. UK. Physiologist 
Richard Trethowan. Australia. Triticale 
Hie Zhong-hu. China. Breeder* 

Pre- and Postdoctoral Fellows 

D. Steven Calhoun, USA. Breeder** 
Craig A. Meisner, LISA, Agronomist* 
lvin Ortiz-Monasterio, Mexico. 

Agronomist 
Thomas S. Payne. LISA. Breeder 
Madanasin ghage William. Sri Lanka, 

Cvtologist* 

Visiting Research Fellows 

M uhannted Ashraf, Pakistan, Breeder** 


Zahir Eyal. Israel, Pathologist** 

Satvinder Kaur Mann. India. 


Pathologist** 
Lawrence Olugbeni. Nigeria, 

Physiologist* 
Oscar Riera-Lizarazu, Bolivia, 

Cytogeneticist* 
Jonathan Robinson. UK. Entomologist* 

Chien Tianyo1. China. Bread Wheat* 

Economics Program 

Derek Byerlee, Australia. Director 

Robert Tripp. LISA. Associate Director 

Michael Morris, LISA. 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 Anandajayasekeran, Sri Lanka. 

Economist (based in Kenya) 
Paul W. 1isey. UISA. Economist. 

(based in Malawi 
Allan Low. UK. Economist (based ii 

Zimbabwe * 

Wilfred M. Mwangi. Kenya. Economist 
(based in Ethiopia) 

Stheast Asia 

S ast Aia 
Larry Ilarringlln. USA. Ecnomist 

based in Thailand 

Haiti 
Oisian GLindo. Canada. Economist 

Mexico
i 	o . .E ono iAbelardoAlbdricAlMe Iliboi. ':.-nice, Econonmist"* 

Pakistan 
James Longmire, Australia, Economist** 

Associate Scientist 
Migucl Angel L6pez-Pereira. Honduras, 

Economist* 

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

Economist* 
Jose Maria Salas V., Mexico, Economist* 
Daphne S. Taylor, Canada. Econonist** 
Gregory Traxler, USA. Econorist** 

Visiting Research Fellows 

Jose Anchieta. Brazil. Economist** 


Abderrezak Belaid. Algeria. Economist** 

l)aniel Buckles. Canada, Sociologist 


(funded by the Rockefeller 

Foundation )* 


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

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

(funded by the Rockefeller 
Foundation)*" 

A. 
Applied Molecular Genetics 

David I-loisington U"SA, Head, 
Applied Molecular Genetics 

Miriamr Fischer. Australia, 
Molecular Biologist* 

Diego Gonziilez de Le6n, Mexico.Molecuilar Geneticist** 

Biometrics 

Carlos A. Gonzilez. Uruguay, 
Head, Biometrics 

Jose Crossa. Uruguay, Bionietrician 

Experiment Stations 

John A. Stewart. UK, Ilead of Stations 

and CIMMYT Executive Officer 
Hannibal A. Multar. Lebanon. 

Coordinator** 
Roberto Varcla S., Mexico. 

Coordinator** 
Armando S. [asistro. Urugluay. 

Agronomisl/Training Officer 
Ricardo Marques .. Mexico, Field 

Superintendent. El Bain 

lJos.A. Miranda. Mexico. Field 

SLipcrinienden. Toluca 


Rodrigo Rasc6n, Mexico. Field 

Superintendent. Cd. Obreg6n
 
Salazar. Mexico, Field 


Sulrinitendent. Po/a Rica 
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Gonzalo Suzuki. Mexico, Field 
Superintendent, Tlaltizapin 

Juan Garcia R., Mexico, Workshop I lead 

Information Services 

Tilhn I). Harris. LISA. Writer/Editor and 
Ilead, Information Services 

Kelly A. Cassaday. LISA, Writer/Editor 
Eugele P. Hettel, LISA. Writcr/Editor 
Nathan C. Russell, LISA. Writer/Editor 

G. Michael Listman, USA, Editor 
Thomas 1. Luba. USA. AVFraining 

Materials Coordinator 
Alma McNab. Hlonduras. Translations 

Coordinator/Editor 
Edith Hlsse tIe Polanco. Au tiria, Ilead. 

Scientific Inlformation Unit 

Miguel Mcllado E.. Mexico, Publications 
Production Manager 

Fernando Garcia P., Mexico. Supervisor 
of Scicnti lie Infornlt ion Services 

Lourdes 	Romero A., Mexico. Supervisor 

of Library Services 

Laboratories 

Reynald Baucr Z.. Germany, Supervisor. 
Cereal Chnleistry** 

Jaime L6pez C.. Mexico. Supervisor. 
Soils and Plant Nutrition Laboratory 

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

Seed Health 
Larry D. Butler. USA. Head. Seed Healhh 

Elizabeth Warham, UK. Plant Pathologist 

Systems and
 
Computing Services
 

Russell Cormier, Canada, Ilead, Systems 
and Compuling Services 

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

Hendrik van Oosten. The Netherlands. 

Software Development Manager* 
Jestis Vargas G., Mexico. Systems and 

Operations Manager 

Marco Galicia 0.. Mexico. Project 
Leader, inancia l/Adiini stralive 

Systems 

Nohenii Ranmos A.. Mexico. Project 
Leader. Scientific Systenis* 

Maria Luisa (hiniez B.. Mexico, 

ProducLtion and Key Enlry Supervisor* 
Hector Siinchcz V.. Mexico, Database 

Specialist 

* AppointeLd in I tl)(I 

** Left CIMMYT in I))(0 



CIMMYT Addresses (as of April 1991)
 

Headquarters 

CIMMYT 


Lisboa 27, Apdo. Postal 6-641 

06600 M xico D.F. 

BITnet:CGi2O0%NSFMAIL@ 
INTERMAIL.ISIEDU 

E-mail (DIALCOM): 157:CGI201 
Telex: 1772023 CIMTME 
Telefax INTL: (52-595) 41069 
Telefax NATL: (91-5) 9541069 

OtherCIMMYT Offices 

CIMMYT 

c/o Canadian High Commission 

House 16, Road 48 

Gulshan, Dhaka 

BANGLADESH 
Telex: 64L892 ASTDK BJ 

Telefax: (880-2) 813401 


CIMMYT 
c/o CIAT 

Apdo. Afreo 67-13 

Cali 

COLOMBIA 

E-mail: 157:CG1077 (CIMMYT 

MAIZE) 

Telex: 5769 CIATCO 

Telefax: (57-23) 647243 


CIMMYT
Apartado 5 
2200 Coronado 
San Jo 
COSTA RICA 
E-mail:157:CG066 
Telex: 2144 IICA 

Telefax: (506) 294741 

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

CIMMYT 

c/o ILCAP.O. Box 5689 
Addis Ababa 

ETHIOPIA 


E-mail: 157:CGIO70 ILCA 

Telex: 21207 ILCA ET
 

Telefax: (251-1 

CIMMYT 

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 23 1-A 

Guatemala City 

GUATEMALA 
E-mail: 157:CGIO80 (CIAT) 

Telex: 6215 (ANAVI GU) 

Telefax: (502-2) 353407, 353418,
 
353428 


CIMMYT 
P.O. Box 25171 
Nairobi 
KENYA 
E-mail: ILRAD BT Gold 74:CGUO05 
Telex: 22040 ILRAD 
Telefax: (254-2) 593499 

CIMMYT 
P.O. Box 30727 
Lilongwe 3 
MALAWI 
E-mail: CGI 177 Rockefellcr-MW 
Telex: 43055 POCKFND MI 
Telefax: (265) 731014 

CIMMYT 

P.O. Box 5186
 
Kathmandu
 
NEPAL 
E-mail: 157:CGI089 

Telex: 2262 NARANI NP 

CIMMYT01892 

C-C 1170
 
Asunci6n
 
PARAGUAY 
Telex: 602 PY CIMMYT 

Telefax:(595-21) 445048 

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

CIMMYT 
P.O. Box 9-188 
Bangkok 10900 
THAILAND 
E-mail: 157:CG1205 
Telex: 84478 INTERAG TH 
Telefax: (66-2) 5794377 

CIMMYT 
P.K. 39 Emek 

Ankara 
TURKEY 
E-mail: 157:CG107 
Telex: 42994 CIMY TR 
Telefax: (90-4) 2213208 

CIMMYT 

P.O. Box MP163 or MP154 
Mount Pleasant 
Harare 
ZIMBABWE 
E-mail: 157:CG1237 
Telex: 22462 CIMMYT ZW 
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de la Plata 48 
Colonia Cuauhtemoc Telex 1772579 
NAO Telefono 211-7883 

PICOME
06500 Mdxico, DF Te!icopier 2866248 

Picewaterhouse
 

M6xico, D. F., February 20, 1991
 

To the Boards of Trustees of
 
Centro internaciciial de Mejoramiento
 
de Maiz y Trigo, A. C. and of Centro
 
Internacional de Mejoramiento de Malz
 
y Trigo, International
 

1. We have examined the combined 
statements of 
financial
 

condition of 
 Centro Internacional 
 de Mejoramiento
 
de Maiz y Trigo, A. C. (CIMMYT) and of Centro Interna­
cional de Mejoramiento de 
Malz y Trigo, International
 
(CIMMYT, INT.) (See Notes 1 to 3 to the combined
 
financial statements) at December 31, 
 1990 and 1989,
 
and the related combined statements of activity,
 
and of cash flows, expressed in United States dollars,
 
for the years then 
ended. Our examinations 
were
 
made in accordance with generally accepted auditing
 
standards and accordingly included such 
tests of
 
the accounting records and other
such auditing
 

procedures 
 as we considered necessary 
 in the
 

circumstances.
 

2. As described in Note 
3 to the financial statements
 

CIMMYT follows the "write off, then 
capitalize" me­
thod of recording purchases of 
property and equipment
 
and therefore depreciation is not 
provided. However,
 

since January 1, 1990, accounting principles generally
 
accepted in the United 
States of America require
 
the recognition of depreciation by not-for-profit
 

organizations. 
 The accompanying financial 
statements
 
do not include the recording of depreciation, and
 
it was not practical to determine 
the effects of
 

this omission.
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3. In our opinion, except for the effects of the account­

ing practices described in paragraph 2 above, the
 

combined financial statements examined by us present
 

fairly the combined financial position of Centro
 

Internacional de Mejoramiento de Malz y Trigo, A.C.
 

(ZIMMYT) and of Centro Internacional de Mejoramien­

to de Maiz y Trigo, International (CIMNYT, INT.)
 

at December 31, 1990 and 1989, and the combined
 

results of their operations and their combined cash
 

flows for the years then ended in conformity with
 

accounting principles generally accepted in the United
 

States of America, consistently applied.
 

4. Our examinations were made primarily for the purpose
 

of forming our opinion on the combined financial
 

statements taken as a whole. We also examined the
 

additional information presented in Exhibits 1 to
 

4, expressed in United States dollars, by similar
 

auditing procedures. In our opinion, except for
 

the effects of the accounting practices described
 

in paragraph 2 above, this additional information
 

is stated fairly in all material respects in relation
 

to the combined financial statements taken as a whole.
 

Although not necessary for a fair presentation of
 

financial position this information is presented
 

as additional data.
 

PRICE WATERHOUSE
 

C.P. Ignacio V6lez
 



Combined Statement of Financial Condition 
Centro Internacional de Mejoramiento de Mafz y Trigo, A.C. 
Centro Intemacional de Mejoramiento de Mafz y Trigo, International. 
(Notes 1 to 3)
 

Assets, Liabilities, and Fund Balances 


Assets 

Cash and short-term deposits 


Accounts receivable
 
Donors 

Others 


Inventories 

Property, plant, and equipment 

Total assets 

Liabilities and fund balances 

Liabilities 

Accounts payable and other liabilities 

Accrued staff obligations 

Payments in advance from donors 


Total liabilities 

Fund balances 

Property, plant, and equipment 

Capital 

Operating 

Auxiliary services 

Cumulative translation effect 


Subtotal 

Total fund balances 

Total liabilities and fund balances 

Note 


3 

7 
7 

3 

3 

3 
7 

3,5 

5 

5 

5 


4,5 


NVea 

9M 


4,306 

6,569 
1,026 

145 

24,547 

36,593 

1,736 
882 

5,338 

7,956 

24,547 

3,645 
2,765 

192 
(2,512) 

4,090 

2P,,637 

36,593 

US dollars (000s) 

a ended December 31 

1989 

2,487 

8,025 
765 

118 

22,510 

33,905 

2,960 
889 

4,913 

8,762 

22,510 

1,980 
2,765 

361 
(2,473) 

2,633 

25,143 

33,905 

aThe attached zotes numbered I to 7 form an integral part of these financial statements. 
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Combined Statement of Activity
Centro Intemacional de Mejoramiento de Mafz y Trigo, A.C.
 
C,!ntro Internacional de Mejoramiento de Mafz yTrigo, International.
 
(Notes I to 3) 

Revenue and Expenses 

Revenue 

Grants 

Sale of crops 

Interest on short-term investments 

Auxiliary services 

Other income 


Total revenue 

Operating expenses 

Research programs 

Conferences and training 

Information services 

General administration 

Plant operations 

Capital acquisitions 

Auxiliary services 

Staff obligations 


Total operating expenses 

Excess of revenue over operating expenses 

Allocated as follows:
 
Capital and operating equalization fund 

Major repair/renovation fund 

Capital fund 

Auxiliary services fund 


Translation effect for the year 

Net excess of revenue over expenses 

Opening fund balances 

Closing fund balances as per statement
 
of condition 


US dollars (O00s) 

Year ended December 31 
Note' 1990 1989 

6 

32,835 33,570 
41 55 

281 294 
767 740 

5 2 

33,929 34,661 

6 

19,607 19,324 
4,012 4,635 
1.167 1,217 
2,020 2,547 
1,826 1,835 
2,474 3,186 

929 851 
398 310 

32,433 33,905 

1,496 756 

5 1,471 
5 194 
5 880 
5 (169) (124) 

4,5 (39) 15 

1,457 771 

2,633 1,862 

4,090 2,633 

The attached notes numbered I to 7 form an integral part of these financial statements. 
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Combined Statement of Cash Flows 
Centro Inernacional de Mejoramiento de Mafz y Trigo, A.C.
 
Centro Intemacional de Mejoramiento de Mafz y Trigo, International
 
(Notes I to 3) 

Operating Activities 

Note 

Cash flows from operating activities: 
Grants from donors 6 
Other 6 

Subtotal 

Translation effect for the year 4,5 
Capital fund 5 

Subtotal 

Cash used in: 
Salaries and allowances 
Travel 
Training, conferences, and publications 
Field and laboratory 
Office and vehicle 
Others 

Subtotal 

Cash flows from operating activities 

Cash flows (used in) from other activities: 
Additions to property, plant, and equipment 3 
Accounts receivable from others 7 
Accrued benefits 3 
Inventories 3 
Payments in advance from donors 3,7 
Accounts receivable from donors 3,7 
Accounts payable and other liabilities 

Cash used for other activities 

Increase (decrease) in cash and short-term deposits 

Cash and short-term deposits at beginning of year 

Cash and short-term deposits at end of year 

US dollars (000s) 

Year ended December 31 
1990 1989 

32,835 33,570 
1,094 1,091 

33,929 34,661 

(39) 15 
1,665 880 

35,555 35,556 

16,343 17,196 
2,334 2,151 
4,489 4,506 
2,807 3,483 
2,719 2,482 
3,369 3,395 

32,061 33,213 

3,494 2,343 

(2,037) (1,572) 
(261) 352 

(7) 291 
(27) 14 
425 112 

1,456 (7,158) 
(1,224) 2,242 

(1,675) (5,719) 

1,819 (3,376) 

2,487 5,863 

4,306 2,487 

The attached notes numbered I to 7 form an integral part of these financial statements. 
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Notes to the (ombined Financial Statemenis 
Centro Intemacional de Mejoramiento de Mafz y Trigo, A.C. 
Centro Intemacional de Mejoraniento de Mafz y Trigo, International 

December 31, 1990 and 1989 
US Dollars 

Note I: Statement of Purpose 
The Centro [nlernacional de 
Mejoramiento de Mafz y Trigo, A.C. 
(CIMMYT, A.C.) is a private, autono-
mous. not-for-profit, scientific and 
educational institution chartered under 
Mexican law to engage in the improve-
ment of maize and wheat product;on 
everywhere in the world, with emphasis 
on developing countries. 

Note 2: Creation of Centro Inter-
nacional de Mejoramiento de Maiz y 
Trigo, International (CIMMYT INT.) 
CIMMYT INT. was formally created 
through an agreement signed by the 
United Nations Development Programme 
and the International Bank of Recon-
struction and Development, both 
cosponsors of the Consultative Group on 
International Agricultural Research 
(CGIAR). A Headquarters Agreement, 
signed by the Government of Mexico on 
May 9, 1988 and ratified by the Mexican 
Senate on December 22, 1988. recog-
ni7ed CIMMYT INT. as having the 
status of an international organization. 

CIMMYT INT. began operations in 1989 
with apartial transfer of personnel from 
CIMMYT A.C. The transfer of the 
remaining personnel was completed. All 
funding in 1990 was channeled to 
CIMMYT INT. 

Note 3: Summary of Significant 
Accounting Policies 
CIMMYT follows accounting policies 
recommended by the CGIAR. In 1986 
these policies were revised and a 
standard presentation was adopted for all 
research centers supported by the 
CGIAR. These policies are in accor-
dance with accounting practices gener-
ally accepted in the United States of 

America for not-for-profit organizations, 
except for the no recording of deprecia-
tion mentioned in paragraphs f and g, 
and are summarized be!ow: 

a. The financial statements of CIMMYT 
A.C. and CIMMYT !NT. are combined 

for reporting purposes since their 

activities constitute asingle operation 

(CIMMYT). 


b. CIMMYT uses the accrual method of 
accounting for transactions and its books 
of account are kept principally in US 
dollars. Transactions in other currencies 
(mainly Mexican pesos) are recorded at 
the rates of exchange prevailing on the 
dates they are entered into and settled, 
Assets and liabilities denominated in 
such currencies are translated into US 
dollars applying Statement No. 52 of the 
Financial Accounting Standards Board of 
The United States of Americ. (FAS 52; . 
As required by that statement. CIMMYT 
has adopted the US dollar as its "func- 
tional currency" considering that the 
Mexican economy has been hyperinfla-
tionary, i.e., with acumulative infflarion 
rate for the three last years greater than 
100% as measured by the National 
Consumer Price Index, published by 
Banco de Mexico. 

c. Purchase orders issued prior to 
December 31 are treated as operating 
expenses of the year in question and are 
shown on the statement of condition 
under vouchers payable. This is in 
accordance with guidelines issued by the 
CGIAR. 

d.During periods of cash surplus, 
CIMMYT makes short-term investments 
in marketable securities. Those denomi­
nated in dollars are transacted in the US 
money market. Interest is credited to 
income when the security matures or is 
sold. The security is recorded at cost, 
which approximates market, and any 
gain or loss from its s.Je is recorded at 
that time. Investments in pesos are held 
in a short-term intetest-bearing account 
in a Mexican bank or in government 
securities. Interest is credited to income 
as accrued. 

e. Inventories are stated at cost (first-in. 
first-out method), which is not in excess 
of market. 

f. Fixed assets are stated at acquisition 
cost. Until 1971 all purchases of property 
and equipment were recorded as 
expenses. In 1972 the CGIAR requested 
that the International Agricultural 
Research Centers change to the "write 
off, then capitalize" method of recording 
purchases of property and equipment. 
Accordingly, all propery and equipment 
pt;,chased under capital grants as from 
January I, 1972, was recorded as an 
asset ani credited to capital grants. Prior 
to 1980, replacements of capital items 
were recrc rded as expenditures of the 
related programs, and in no way formed 
part of CIMMYT's capital grants, shown 
in the statement of condition. In 1980, 
that policy was revised to conform with 
the accounting policies of the CGIAR. 
Under this set of guidelines, the incre­
mental value of a capital replacement 
item, i.e. the anount by which the 
historical cost of the replacement item is 
greater (less) than the historical cost of 
the item being replaced, is credited 
(debited) to capital grants fully expended 

6
 



on fixed assets. In this way, the state-
ment of condition reflects the historical 
cost of the fixed assets actually in use. In 
accordance with accounting principles 
generally accepted in The United States 
of America commencing January 1, 
1990, not-for-profit organizations must 
recognize the cost of using up the future 
economic benefits or service potentials 
of their long-lived tangible assets 
(depreciation). This accounting principle 
has not been followed by CIMMYT and 
its effect has not been determined. 

CIMMYT's buildings at certain locations 
in Mexico are constructed on land owned 
by the Mexican government, and will be 
donated to the government when 
CIMMYT ceases operations in Mexico. 

g. Depreciation - In accordance with the 
"write off, then capitalize" method, no 
depreciation is provided since the assets 
have already been written off at the time 
of purchase (see paragraph 1). 

I.Seniority premiums, to which 
employees are entitled upon termination 

of employment after fifteen years of 

service, are recognized as expenses as 

such premiums accrue. The estimate of 

the accrued benefit, determined on the 

basis of an actuarial study as of the year 
end, amounted to $143,(-X) in 1990 
($322.(XX) in 1989). and CIM.MYT has 
recorded a liability of$258,(X) in1990 
($233,(XX) in 1989). The charge to 
income for the year amounted to $98,()0 
in 1990 ($50,000 in 1989). 

Other compensation based on length of 
service to which employees may be 
entitled in the event of dismissal or 
death, in accordance with the Mexican 
Federal Labor Law, is charged to income 
in the year in which it becomes payable. 

Since 1985, CIMMYT has recorded an 
accrual for certain obligations to staff 
such as leave time. That amounted to 
$623,000 in 1990 ($657,000 in 1989). 

I. Revenue Recognition - Core unre-
stricted grants are given annually and are 
charged to accounts receivable when the 
amount of the donation becomes known, 
The receivable is cancelled when the 
funds are received. Any uncollected 
portion of the pledge applicable to the 
current year remains charged to accounts 
receivable and forms part of the institu-
tion's income in that year. If the pledge 
is later judged to be uncollectible it is 
written off ngainst incone of the year in 
which it is cancelled. 

Pledges in currencies other than US 
dollars :ire recorded at their dollar 
equivalent at the date of deposit. 

Core-restricted and extra-core pledges, 
which are often for more than one year, 
are treated somewhat differently. Inthese 
cases the amount recognized as a 
receivable is equal to the expenses 
incurred under the grant. Tle uncollected 
portion of :thepledge is not recognized as 
areceivable and consequently does not 
contribute to income. Only when 
expenses aie incurred under the grant is 
an account receivable created and 
income recorded. This treatment matches 
revenues and expenses in accordance 
with the level of activities carried out 
under tite grant. 

This accounting policy permits 
CIMMYT to distinguish between income 
and amounts pledged in core-restricted 
and extra-core grants. This is necessary 
since these grants often cover more than 
one year's activities or contain carry-
forward provisions in cases of underex-
penditure. Recognizing the total pledge 
in agiven year as income could result in 
an overstatement of income. Core-unre-
stricted grants do not require this 
treatment since they are given annually 
and the amount pledged represents 
income of that year. 

Note 4: Mexican Peso Transactions 
The foreign exchange system existing in 
Mexico permits the parallel existence of 
acontrolled market and a market handled 
through exchange brokerage houses with 
rates in the latter case set on the basis of 
supply and demand. 

At December 31, 1990, CIMMYT had 
Mexican peso (Ps) assets and liabilities 
amouatijg to Psi,017,742,(KX) 
(-'s672,564,(XJ in 1989) and Ps 
:1,617,941,000 (Ps 3,442,739,00 in 

1989) respectively which were inc:nded 
in the statement of condition at their US 
dollar equivalents resulting from 
applying the year-end rate of Ps 2,930
 
per dollar.
 

In1990, the value of the Mexican peso 
compared to the dollar fell from Ps 2,675 
to Ps 2,930 to the dollar (Ps 2,270 to Ps 
2,675 in 1989).This devaluation gave rise 
to a translation effect aggregating a loss 
of $39,(X)0 (again of $15,00) in 1989).
 
In accordance with FAS 52, when an
 
entity is judged to be operating in a
 
hyperinflationary environment and the
 
dollar is judged to be the functional
 
currency, the translation effect in each
 
year is charged to current income.
 

At February 20, 1991, the date of
 
issuance of the Financial Statements, the
 
free exchange rates with the US dollar
 
were Ps. 2,951 (buy) and Ps. 2,981 (sell). 

Note 5: Fund Balnces 
The CGIAR permits CIMMYT (and all 
other international agricultural research 
centers funded through it) to maintain 
certain fund balances. The largest of 
these is the total investment in property, 
plant, and equipment. By the end of 
1990, that had reached $24,547,000. The 
Capital Development fund has been 
modified as follows: 



Capital Development (CD)Fund: 

Additins fromaoperation0 
Witinrawals (to C&OE fund) 1,174 
Wilthdrawals (to M R fund) 80674 

Ending balance 0 

Major Repair/Renovation (MR/R)Fund: 

Beginning balance 0 


Additions from operations 194 

Additions from CD 806 

Ending balance 1,000 


Capital and Operating Equalization (C&OE)Fund:
Beginning balance 0 

Additions from operations ,471
Additions from CD !, 1740Ending balance 2.645 
Ending balance(2.645' 

189
(000s) 

11() 
0 
0 

1,980 

0 

0 
0 
0 

0 

0 

0 

An Operating Fund may also be kept for the purpose of smoothing out cash flows and 

(000) 

Ope.rating Fund: 
Beginning balance 
Additions 

2,765 
0 

2,765 
0 

Withdrawals 0 0 
Ending balance 2,765 2,765 

The surplus from CIMMYT's auxiliary services, such as food and housing, of $192,0X)O 
is shown under fund balances. 

Auxiliary Services Fund: 
Beginning balance 
Additions 
Withdrawals 

Ending balance 

(0001) 

361 485 
0 0 

169 124 
192 361 

The accumulated effect of the translation of Mexican pesos and other currencies is 
listed under fund balances and hi 1990 amounted to $2,512,000. 
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Note 6: Revenue and Expenses 
A. Re,,enue - CIMMYT's revenues are 
grouped into five categories: 

i) Grants. These are funds received from 

donors and are used to support two types 
of progratros at CIMMYT: core and extra­
core. Core prtcgrams must fall within themandate of the center and be approved bythe Board of Trustees. These must also be 

approved by the members of the CGIAR, 
who then provide the funding (see Exhibit 

2). Core programs are divided into two 
groups: unrestricted and restricted. 
Unrestricted grants come with only onerequirement: that the funds be used to 

support core activities. 

Restricted grants also support core
activities, but they must be used for an 

activity mutually agreed upon by 
CIMMYT and the donor. 

Extra-core programs must also fall within 
CIMMYT's mandate and also must beapproved by the Board of Trustees. They 
tall outside of any direct lunding through
the CGIAR and may be consideredI related, but distinct sets of activities fom 

the core program. 1ingeneral. they are of 
four types: 1) direct assistance (i.e., 
posting of staff) to national programs, 2) 

training at CIMMYT for persons from a 
specific country, 3) collaborative research 
arrangements with other institutions, and 
4) special exploratory research activities.
Coordlination of this type of funding takes
placdibetien MM and td er 

place between CIMMYT and the donor. 

ii) Sale of crops. CIMMYT operates four
experiment stations in Mexico. Grain and 
other produce tot required for continu­

ance of the research programris is sold 
from time to time, depending on availabil­
ity and quality, and revenues received are 
recorded as income for the period. 

iii) Interest on short-term investments. 

Surplus cash is invested in short-term 

-erest-bearing securities and any interest
earned is recorded as income. Similarly,
eres ecen asinom Sorer 

interest expense arising from short-term 

borrowing to cover cash deficit positions 
is charged to this account. 

1 



iv) Auxiliary services. These comprise Note 7: Accounts Receivable and Payments In Advance 
revenues from the following areas within 
CIMMYT: Cafeteria, Laundry, Guest 
House, Dormitories. and Staff Resi-
dences. As a whole, they are intended to 
be self-supporting. 

v) Other income. This is a grouping of 
miscellaneous revenues received from 
the sale of surplus items such as used 
tires and other small pieces of equip-
ment no longer needed by CIMMYT. 

B. Expenses - The breakdown of 
CIMMYT's expenses as shown in its 
statement of activity is largely self-

explaatory. Included under Researchexlntr.IcuedudrRsacOted 
Programs. the largest single expenditure, 
are the expenses of the Maize, Wheat. 
Economics. Exp_ ricneat Stations, 
Laboratories, and Systems and Cornput-
ing Services units. In 19t) and 1989, 

their expenses were as follows: 

1990 1989 
(000s) 

Maize 7,250 7.365 
Wheat 6.980 6.623 
Economics 1,8i 4 1.831 
Experiment Stations 2.318 1,071 
Laboratories 381 464 
Systems and 

Computing Services 798 1.070 
Others 76 

Total 19,607 19,324 

ii) Indirect costs. CIMMYT recovers 
indirect costs on restricted and extra-coire 

gratis. This permits CIMMYT to oitset 
the cost of administering these grants 
which by design only fund specific 
research activities, In 1990 and 1989. the 
indirect cost rate was generally 15%. 
althouzh for some on-canpus activities i 
was 25%. 

Accounts receivable from donors 1990 1989 

(000st 
Canadian International Development Agency 19 173 
European Econncic Community 822 1,752 
France, Government of 400 397 
Cermany, Goveminient of(BMZ) 28 79 
Intenalional Crops Research Institute 

for the Semi-Arid Tropics 16 122 
lnter-Amnirican lDvelopment Batk
OPEC Fund for International l)evelopment
Switzerland, Govemment of 

4,421 4,610 
15 
21 

The Netherlands, Government of 105 
The Philippines. Government of 33 
The Rockefeller Foundation 13 10) 
United Nations Development Programme 31 448 
United Slates Agency for International Developmenttes Agnyfo3nemtoa Dvlpmn24
Other donors 

648 
33 

386 
12 

Total 6,569 8,025 

Payments In advance from donors 
1 

Australia, Goverinient of 
Austria, (overnment of 

(46) 
(00) 

(135) 
(10) 

Belgium, Glovemment of 
('anadian hntermational I)evelop ment Agency
Danish Intematiocni I)evelopnment Agency 

(124)
(51)

(30) 

(43) 
(293)

(72) 
Finnish Inte mal i n)evelopinentl Agency 
France, Goveninient of 

(25) 
(3) 

(15) 
(4) 

Gem may, ( ;ovennient of (B NIZ) (18) (222) 

I 
Intenational ),.velopnment Research Centre 
Ino. (!;oversinieit (ifal.Governent of 

(7) 
(19)8)(298) 

(I) 
(222)(42) 

Ita, (overniet of (1,177) (083) 
Norwegian Agency for International Development (224) (245) 
Switzeiland, Govemmecit of (113) (40) 
The Ford Founudation 
The NetherlanK (;oveninient of (523) 

( I(W) 
(716) 

The Rockefelie Foundation 
The World Bank 
United Nations Development Programme 

(160) 
(1077) 

(701) 

(45) 
(9(X)) 

United States Agency for International Develo-iment)the: donors (27)(73) (l09)(276) 

Total (5,338) (4,913) 

Other receivahles (pamyihlie:;) 

iPersonal charges to emplyees 98 92Official expenses advances 696 541 
Emplhyee credit union (96) (54) 
Miscellaneous debtors 63 70 

Total 1,026 765 

* A programi of [oacis to senior staff, mcainly to provide partial financing for housing purchases. 
was initiated in 1982. Tlcese loans carry an interest rate of prime plus 1.75%. 
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Combinecl Detailed Statement of Activity 
For the period from January 1 to December 31, 1990.
 
Centro Internacional de Mejorainiento de Mafz y Trigo, A.C.
 
Centro Internacional de Mejoramiento de Mafz y Trigo, International.
 
(Notes I to 3)
 

Exhibit 1 

Core 
Note Unrestricted 

Revenue 6 

Grants 22,499 
Sale of crops 41 
Interest on investments 281 

Auxiliary services 
Other income 5 

Total revenue 	 22,826 

Expenses 	 6 

Research programs 13,492 
Conferences and training 1,607 
Information services 1,167 
General administration 2,020 
Plant operation 1,826 
Capital acquisitions 1,897 
Auxiliary services 
Indirect costs (1,246) 
Seniority premiums 98 
Accnual benefits 3W) 

Total operating expenses 	 21,161 

Excess of revenue over operating expenses 1,665 

Allocated as follows: 
Capital and operating equali7ation fund 5 1,471 
Majox repair/renovation fund 5 194 
Auxiliary services lund 5 

Translation effect for the year 4,5 (39) 

Net excess (deficit) or revenue over expenses 1,626 

US dollars (000s) 

Core Extra Core and Auxiliary 

Restricted Cooperative Services Total 

4.217 	 6,119 32,835 
41 
281
 

767 767
 

5 

4,217 6,119 767 33,929 

2,944 3,171 19,607 
651 1,754 4,012 

1.167 
2,020 
1,826 

35 535 7 2,474 
929 929 

587 659 0 
98 

300
 

4,217 6,119 936 32,433 

(169) 1,496 

1,471 
194
 

(169) (169) 

(39)
 

(169) 1,457 
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Sources of Income from Grants 
For the period from January 1 to December 31, 1990.
 
Centro Internocional de Mejoramiento de Mafz y Trigo, A.C.
 
Centro Internacional de Mejoramiento de Mafz y Trigo, International.
 
(Notes I to 3)
 

Exhibit 2 


Unrestricted 

Australia, Government of 750 
Austria. Government of 250 
Belgium. Govem:nent of 
Canadian International Development Agency 1,524 
China. People's Republic of 50 
Danish International Development Agency 792 
European Economic Community 2.504 
Finland, Government of 748 
France, Government of 
Germany. Government of (BNIZ) 475 
India. Government of 49 
Inter-American Development iknk 4,370 
International Crops Research Institute for 

the Semi-Arid Tropics 
Ishunic Republic of Iran. Government of 
International Board for Plant Genetic Resources 
Italy, Government of 
Japan, Government of 
Norwegian Agency for International Development 229 
Spain, Government of 115 
Switzerland. Government of 
The Ford Foundation 100 
The Netherlands, Government of 
The Philippines, Government of 75 
The Rockefeller Foundation 
Tihe United Kingdom, Government of 1,295 
The World Bank 3,888 
United Nations Development Programme 
United States Agency for International Development 5,285 
Miscellaneous Training and Research Grants 

Total Income from grants 22,499 

Restricted 

541 

256 
1,800 

458 

157 

1,005 

4,217 

US dollars (000s) 

Extra Core 
and Cooperative Total 

139 889 
250 

106 106 
2,120 3,644 

50 
42 834 

2,504 
70 818 
31 572 
20 495 

49 
4,370 

330 330 
23 23 

116 116 
129 385 
155 1.955 
32 261 

115 
632 1,090 

100 
220 377 

75 
108 108 

1,295 
3,888 
1,005 

1,276 6,561 
570 570 

6,119 32,835 



Core-Restricted Pledges and Expenses 
For the period from January I to December 31, 1990 

Centro Internacional de Mejoramiento de Mafz y Trigo, A.C. 
Centro Internacional de Mejoramiento de Mafz y TRigo, International. 
(Notes 1 to 3)
 

Exhibit 3 


Govemment of France 
Collaborative Highland-Maize 

Bread Wheat 

Triticale 

Economics 


Genetic Tripsacum 

Phnt Protection 


Total 


Government of Italy
 
Barley Yellow Dwarf Virus, Phase I 


Government of Japan 
Wheat Crop Management 
Wheat and Maize Plant Pathology/Protection 
Wheat Plant Protection Southern Cone 
Wheat Seed Health 

Total 

Government of Switzerland 
Central America & Caribbean-Maize 
Central America & Caribbean-Economics 

Total 

' For i~forrnation purposes -nly
hEquivalent to IF 2"900,(X;O
 
cEquivalent to YEN 235.890.000
 
dIncludes US$10.979 of intercst earned in 1990
 

Equivalent to 1Ft. 300,000 
N/A = Not applic.ble 

GrantPeriod' 
(mo/day/yr) 

01/01/90-12/31/90 

01/01/90-12/31/90 
01/01/90-12/31/90 
01/01/88-12/31/91 
01/01/88-12/31/91 
01/01/90-12/31/90 


1/01/88-10/31/91 

01/01/90-12/31/90 
01/01/90-12/31/90 
01/01/90-12/31/90 

01/01/90-12/31/90 

01/01/90-12/31/91 
01/01/90-12/31/91 

Grant 
pledged* 

5 72 b 


922 


i,800c 


714 

201 


915 d 


US dollars (000s) 

Expenses 
Prior This 
years year Total 

252 252
 
76 76
 
76 76
 

96 79 175
 
28 28
 
30 30
 

96 541 637
 

276 256 532
 

628 628
 
651 651
 
145 145
 

376 376
 

1800 1,800 

332 332
 
126 126
 

458 458
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Core-Restricted Pledges and Expenses

For the period from January 1 to December 31, 1990
 

Centro Intemacional de Mejoramniento de Mafz y Trigo, A.C.
 
Centro Intemacional de Mejoramiento de Mafz y Tigo, Iri.emational.
 
(Notes 1 to 3)
 

Exhibit 3 (continued) IJS dollars (000s) 

Expenses 
Grant Period' Grant Prior This 

(mo/day/yr). pledged' years year Total 

Government of The Netherlands
 
Economics Thailand-Ethiopia 01/01/90-12/31/90 157 e 


57 157 

United Nations Develkpment Programme 
Developmenit of Wheat Varieties Fr
 

Marginal Areas 
 07/01/87-06/30/90 2,467 1,872 595 2,467 
Increasing Wheat Production in Wanner 

,and Stressed Environments 07/01/90-06/30/93 3,415 410 410 

Total 5,882 1,872 1,005 2,877 

Total Core Restricted 10,248 2,244 4,217 6,461 

aFor information purposes only 
b Equivalent to FF 2'900.000 

Equivalent to YEN 235.890.000 
d Includes US$10,979 of interest earned in 1990 
e Equivalent to DFL 300,000 
NIJIA - K13 

.L2. 



Extra-Core Pledges and Expenses 
For the period from January I to December 31, 1990 
Centro Internacional de Mejoramiento de Mafz y Trigo, A.C. 
Centro Intemacional de Mejoramiento de Mafz y Trigo, International. 
(Notes I to 3) 

Exhibit 4 US dollars (000s) 

Grant Period 
(mo/day/yr) 

Grant 
pledged' 

Prior 
years 

Expenses 
This 
year Total 

Government of Australia 
Wheat RFLP Map Development 
Development of Karnal Bunt 
Boron Deficiency in Cereals 

04/13/89-12/31/90 
03/01/89-03/01/90 
01/01/90-12/31/91 

119 b 

75c 
ol d 

36 
23 

83 
52 
4 

119 
75 
4 

Total 295 59 139 198 

Government of Belgium 
Wheat Bacterial Disease Project 11/01/87-12/31/91 714 404 106 510 

Canadian International Development Agency
Haiti-Economics 01/01/90-02/2h,191 
East Africa Cereal Program, Phase II 05/20/88-05/19/92 
Ghana Maize, Phase H 10/01/83-03/31/90 
Ghana Maize, Phase III 07/13/90-07/12/95 
Bangladesh Wheat 04/01/82-06/30/91 

1220 
4,0601 
4,3959 
7,040h 
3,832i 

1,284 
3,859 

3,236 

91 
947 
536 
231 
315 

91 
2,231 
4,395 

231 
3,551 

Total 19,449 8,379 1,120 10,499 

Danish International Development Agency 
DPS Associate Scientist 04/24/89-04/23/91 126 39 42 81 

Finnish International Development Agency 
Wheat Genetic Resourses 03/30/89-03/09/92 271 72 70 142 

Government of France 
Maize Associate Scientist 
FRANCE/IRAT/MRT Pre-Doc 

09/02/87-02/28/90 
11/01/89-10/31/91 

60 
64J 

59 
3 

1 
30 

60 
33 

Total 124 62 31 93 

Government of Germany (BMZ) 
African Students Post Graduate Fellowships 01/09/87-07/31/90 120 82 20 102 

Government of Islamic Republic of Iran 
Improvement of Maize and Triticale GI/01/89-08/01/91 744 27 23 50 

Government of Italy 
Barley Yellow Dwarf Virus 01/01/88-10/31/91 428 131 129 260 

Government of Japan 
Fellowships Program 
Cafeteria, Building 

09/01/86-12/31/92 
09/01/87-12/31/90 

1,288 
325 

280 
2 

155 435 
2 

Total 1,6 13k 282 155 437 
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Extra-Core Pledges and Expenses
For the period from January I to December 31, 1990
 
Centro Intemacional de Mejoramiento de Mafz y Trigo, A.C.
 
Centro Intemacional de Mejoramiento de Mafz y Trigo, International.
 
(Notes 1 to 3)
 

Exhibit 4 (contii-,ed) US dollars (000s) 

Grant 
pledged' 

641 
238m 

302 

497n 
399n 
254 
151 

1,301 

1,0000 

700P 

9 1q 

1,791 

73 
80 

300 
94 
95 
96 

738 

3,517' 

6,500 


56 


10,073 

413' 

5 54t 
300 
142u 

26v 
150 

1,585 

Expenses 
Prior This 
years year Total 

30 30 
15 32 47 

45 32 77 

260 260 
244 244 

117 111 228 
17 17 

117 632 749 

17 27 44 

107 102 209 

91 91 

124 220 344 

37 36 73 
6 34 40 

7 7 
10 10 

3 3 
14 18 32 

57 108 165 

3,256 437 3,693 
3,980 823 4,803 

40 1'., 56 

7,276 1,276 8,552 

284 129 413 
432 122 554 
300 300 
142 142 
26 26 

150 150 

1,184 401 1,585 

Grant Period' 
(mo/day/yr) 

Norwegian Agency for International Development
Predoctoral Fellowship 

Training Wheat & Maize 


Total 

Government of Switzerland 
Central America & Caribbean-Maize 

Central America & Caribbean-Economics 

Biotechnology Science 

Associate Expert Nepal 

Total 

Government of The Netherlands 
Durable Resistance in Wheat 
Wheat RFLP Map Development-Maize

RFLP Network 
Pathogenicity of Yellow Rust isoletes from 
Third World 

Total 

The Rockefeller Foundation 
Social Science Research Macro-Level 
Social Science Research Fellowship Kenya 
Social Science Research Fellowship Malawi 
Research Fellowship 
Research Fellowship 
N.E. Borlaug 

Total 

United States Agency for International Development
Pakistan Agricultural Research Council: 
Wheat, Maize and Economics 10/01/84-09/30/91 
Africa Farming Systems Research, Phase II 01/01/86-09/28/92 
Maize Insect Pests 09/30/87-05/31/89 

Total 

Biotechnology Laboratory
Government of Germany (BMZ) 01/01/88-12/31/90 
Government of Japan 01/01/88-12/31/90 
Government of Italy 01/01/88-12/31/89 
Canadian International Development Agency 01/01/88-12/31/89 
Government of Belgium 01/01/89-12/31/89 
Governmeswt of France 01/01/90-12/31/90 

Total 

15 

01/01/88-01/31/89 
01/01/88-12/31/91 

01/01/90-12/31/91 
01/01/90-12/31/91 
06/13/88-06/30/91 
09/01/90-08/01/93 

03/03/89-03/04/94 

01/01/89-12/31/92 

01/01/90-12/31/90 

10/15/88-10/14/90 
11/01/89-11/01/91 
11/01/89-10/30/92 
10/01/90-09/30/92 
11/01/90-10/31/92 
11/01/89-10/30/91 



Extra-Core Pledges and Expenses

For the period from January I to December 31, 1990
 
Centro Intemacional de Mejoramiento de Mafz y Trigo, A.C.
 
Centro Inlernacional de Mejoramiento de Mafz y Trigo, International.
 
(Notes I to 3)
 

Exhibit 4 (continued) US dollars (000sk 

Expenses
Grant Perlod" Grant Prior This 
(nio/day/yr) pledgedn' yart year TOW~ 

Miscellaneous Training and Research Grants w N/A 169 169 

Cooperative Projects

IBPGR-Regearch Associate 01/01/90-12/31/91 59 
 22 22
MPGR-Latin America 01/01/90-12/31/90 68 68 68
IBPGR Global Passport Database for Maize 04/06/89-12/31/91 78 24 26 50
ICRISAT-Sorghum Project 01/01/90-12/31/90 330 330 330 

Total 535 24 446 470 

Total Extra Core 18,364 6,119 24,483 
£ For Inforniation purposes only Equivalent to NOK 400.000 
b Equivalent to AD 137.000 m Equivalent to NOK 1,500,000, 
C Equivalent to AD 100.000 plus US 12,556 earned interest 
d Equivalent to AD 127.800 n Includes US 10.979 of interest earned in 1990 
e Equivalent to CA 142,365 0 Equivalent to DFL 1.936,000 
f Equivalent to CA 4,765,000 P Equivalent to DFI. 1,400,000 
9 Equivalent to CA 5.681,400 q Equivalent to DFL 190.000 
h Equivalent to CA 8,167,514 r Includes RPs 29,844.206 equiv. US 1,642,910


Equivalent to CA 4,900,000 
 Equivalent to DM 600,000 plus US 59.844
 
Equivalent to FF 344,000 
 Equivalent to YEN 76,183.304

k Equivalent to YEN 229,085,506 u Equivalent to CA 180,000 
plus US 53.537 of interest earned in 1990 v Equivalent to REF 1.000,000

N/A = Not applicable w Grant period not applicable 
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