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IMPROVING THE PRODUCTIVITY OF MAIZE AND WHEAT
IN DEVELOPING COUNTRIES:

AN ASSESSMENT

OF IMPACT

CIMMYT's efforts to help
the poor in developing
countries have combined
extraordinarily well with
those of national programs.
Together we continue to
improve the lives of literally
hundreds of millions of poor
people. In this Report, we
look at the effectiveness of
international maize and
wheat research from
several angles.

CoMMENTs FROM MANAGEMENT
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I n 1991, CIMMYT commemorated 25 years of service
to the developing world. We approached that anniversary
confident of past contributions but certain that
daunting challenges remain -poverty, the well-being of
women and children, and protecting the environment.
In anticipation of the event, we focused attention on an
evaluation of our efforts, emphasizing impacts on productivity.
We had two reasons for doing so. One was to develop for
donors and others evidence that investments in CIMMYT have
been well placed; the other was to orient our resource
allocations in the future.
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We initiated our impact study shortly
after International Centers' Week 1989.
At that time, too, we decided to feature
its results in our next presentation to the
CGIAR during ICW '91, and in our
1991 Annual Report.
Having decided to emphasize impact
here, there remain a myriad of new
developments from our research that we

Beyond that we simply could not have
completed the study without the
detailed knowledge and contributions of
national program staff.
Another critical decision was determining the point at which impact should
be assessed. While a range of options
were considered, in the end we agreed
to focus at the level of the farmer,

he poor have been the major beneficiaries of
our efforts, especially from the impacts associated with
germplasm improvement.
cannot describe. Readers should be
aware that the sources of future impact
are under development, that good
progress is being made, and that there
are many new stories to tell.
Recognizing that the assessment of
impact is not a trivial task, we invited
Dr. Jock Anderson, a professional with
considerable experience in this arena, to
comment on the subtleties of such work
(see Point of View, pages 8-15). His
observations will be useful to all readers
of this Report.

AuoUT CIMMYT's
IMPACT STUDY

We are now well along in our study of
impact and it is evident that the benefits
of the undertaking easily justify the
effort. We contemplated the relative
merits of doing the job with our own
staff in partnership with national
programs or through an independent
contractor. The latter might bring more
credibility in some circles but the
former had the advantage of bringing
our own knowledge to bear on the
process, especially the crucial information about germplasm held by our plant
breeders, and of adding to our own
knowledge of what is transpiring with
our products. We chose the first option
and realize now that the knowledge of
CIMMYT staff was crucial to the task.

concluding that only if change occurred
in farmers' fields could we point to
impact. We recognized that many steps
intervene between research results at
CIMMYT and the utilization of those or
related results by farmers, and that the
chain can be broken at many places
along the way because of considerations
well beyond our influence. Nevertheless
we agreed, as we had earlier in framing
our strategic plan, that CIMMYT's
mission requires change to be measured
at the farm level.
In organizing for the study we were
aware of certain critical considerations
in assessing impact. One of these rests
on the problem of attribution (see Point
of View, page 14). While our purposes,
especially those related to our future
priorities, would have been better
served had we been able to isolate the
effects of our own efforts, it was clear
that impact is the joint product of
national programs and of CIMMYT,
and that separation of the effects is
simply not feasible.

We recognized the advantage of
separately assessing impact in each of
several product areas. The most
important was germplasm improvement
and, given the limitations on
attributions, we set out to assess the
broader effects of germplasm
improvement in maize and wheat, but
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concentrated on those materials which
are in some way related to the Center's
work. So, too, with the other dimensions
of our work that were assessed - crop
management research, training,
information, and knowledge generation.
In none of these arenas is the
contribution uniquely CIMMYT's;
indeed, in most cases a worldwide
network of researchers is involved.
We were aware of the importance of
accounting for the ways in which the
poor have benefitted from our work.
While we have not yet done so, our data
will permit us to assess the relative
impact on poorer as distinct from better
off developing countries. However, it
will not permit us to say much directly
about influence on given groups within
countries. We believe, however, that the
comparisons made possible by our
study, coupled with inferences based on
other sources, will reveal that the poor
have been the major beneficiaries of our
efforts, especially from the impacts
associated with germplasm
improvement.
We wanted to ensure that our sense of
impact had a temporal dimension. We
wanted to know the impact of the near
past as distinct from that of our earlier
past. That made it mandatory to date the
results we were studying, adding to the
demands of the effort. Even so, the
findings clearly justify the extra
complications as we have a good sense
of the continuing contribution of
CIMMYT's work and can, in some
cases, be optimistic about what is likely
to occur over the near future as recently
released materials make their way into
farmers' fields.
We would have preferred to see impact
described in terms of the value of the
extra returns as compared with the costs
associated with achieving them. We are
proceeding on the cost side, reviewing
the resources dedicated to maize and
wheat research by each national system.
This information will be the basis for
future reports that focus on the returns
to maize and wheat research in several
developing countries. For now, results
in hand go no further than estimating
the area covered by new materials in the

Comments from Management

case of germplasm improvement and
less far for our other products. We
intend to pursue ever closer
approximations to added returns. We
believe such estimates will be of
importance to donors and will help us as
we shape resource allocations within the
Center. Moreover, it is clear that our
experiences can serve as a basis for
similar analyses by national programs,
with accompanying benefits to their
planning.
We began with a questionnaire sent to
all major maize and wheat producing
countries in the developing world, with
the exception of most of China. For
various reasons, little of our past work
has been directly relevant to their needs.
(I add that more and more collaboration
is emerging with China and that
CIMMYT germplasm, especially
subtropical maize arid spring bread
wheat, is playing an ever expanding role
in breeding work there.) We consider
major producers to be those countries

that produce over 100,000 tons of grain
or at least half of their domestic
requirements. These account for over
95% of the developing world's
production, outside China. We also
obtained information from a number of
private sector maize companies on the.
extent to which their releases included
materials directly related to CIMMYT's
work. We seemed to get reliable
responses (see box, page 20).
Questionnaires were distributed via our
regional staff, who then worked closely
with colleagues in national programs to
assemble the data. While some
information was readily available, much
was not, e.g., while records of varietal
releases were ready to hand,
information on pedigrees frequently had
to be constructed by specialists. Harder
still was estimated areas now under
various varieties. This topic was
approached through reviews of on-farm
studies, through seed sales, and through
the knowledge of those familiar with

activities in the countryside. We noted
that information on wheat is more
readily available than that on maize,
probably because improved materials
are more easily identified and because
wheat has been studied more than
maize.
We also conducted a comprehensive
review of the literature accumulated at
CIMMYT and in national programs,
covering yield gains, on-farm adoption
studies, and so on to support and
corroborate the various analyses being
made. Not infrequently it was
advantageous to go back to our sources
and check, challenge, or reaffirm earlier
information.

RsT AccoMPLISHMENTS
The major results of the effort to date
are reported in the Review of CIMMYT
Programs, pages 16-28. As indicated
there, we have achieved much. There is
ample evidence of the tremendous

K. Elsesscr

The value of CIMMYT's impact study rests on the high quality of the data we gathered. Our staff worked closely with national program colleagues at
all levels, assembling and reviewing information for the study.
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impact of the work on wheat. Beyond
that, and immensely satisfying, our
work continues to be important to
national programs as evidenced by the
new materials incorporating recent
CIMMYT advances. In maize we have
the sense that national programs are
poised to distribute a wide range of
useful materials and can see that, if the
earlier relationship holds between the
release of varieties and their utilization
by farmers, we can expect a notable
increase in farmer applications of our
work on maize.
Less satisfying were the results from
other parts of the study. There was little
evidence of impact via work on crop
management research. A host of
considerations influence the utilization
of such research and virtually none of
those are under the control of CIMMYT
or indeed of the national programs
where most of our work on crop
management has been realized. While
good examples can be found 1 of payoffs
that clearly rest directly on undertakings
involving significant inputs by
CIMMYT, the lines of cause and effect
are notably more tenuous in the realm of
crop management research than in the
domain of germplasm improvement.
This is not surprising - most such
studies have turned up similar results but it is nonetheless discomfiting.

programs on varietal improvement,
testing, and diffusion. Similarly, for
information we can easily summarize
the preparation and distribution of
outputs, but we cannot connect them
directly to results in farmers' fields.
And, finally, our contributions to new
knowledge could be assessed only
through the number of publications and,
perhaps more meaningfully, through the
number of citations. What is evident is
that the numbers of both are rising, and
that conforms well with the course we
laid out in 1988 with our strategic plan.
I add in passing that our continuing
efforts to assess impact will extract
stronger conclusions about these

As for training, results were necessarily
measured through intermediate
products, that is to say we simply report
on the number of participants in our
training programs. We can draw some
inferences about their own contribution
to increasing productivity in agriculture,
e.g., through the work by national

1

See Planned Change in Farming Systems:
Progress in On-Farm Research, ed.
Robert Tripp (Chichester: John Wiley &
Sons, 1991).

One encouraging sign of progress revealed
by our impact study is that national
programs are providing farmers with ever
more productive maize varieties. As those
cultivars spread, they will make a
considerable difference to those "living on
the edge" in rural areas.
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dimensions of our work and will add
assessment of impact on the protection
of natural resources. Indeed, on this last
we are now involved in ascertaining
how we can best approach the theme.
We believe that our donors, in
particular, will welcome the results of
this study. Varieties directly related to
CIMMYT's work account for 80% of
the developing world's wheat
production (outside of China) and over
10% of its maize production, with rising
numbers promised in maize for the near
term given the events of the recent past.
That news must surely gratify those
who have invested in the Center's work.

Comments from Management

INSIGHTS FOR THE FUTURE

Though we can take great pleasure from
the past our major interest is with the
future. I believe that the study is
instructive there, too. First, it offers
CIMMYT management additional
insights into how we should orient our

countries, that improved technologies
will be crucial to that growth, and that
effective research will be critical to the
formation of improved technologies,
then surely all this suggests increasing
budgets for CIMMYT's work. It is more
than ironic, then, that we confront not
increasing but decreasing budgets.

Looking to the future, the elements that led to the
successes of the past are still in place, offering every promise

For the rest, the resolution of
uncertainties with one of our major
donors has settled cash flow problems
that plagued us most of the year. We
ended the year in sound financial
condition and with sufficient reserves to
meet the costs associated with the
downsizing required to meet our new
financial circumstances.

To CONCLUDE

for continued success.

resources. What emerges largely
reaffirms the findings of our recently
updated strategic plan. When we first
prepared the plan, however, we were
looking to a future with more resources.
The reaffirmations are even more
important to us as we look to a future
with fewer resources. It is doubly
important that we assess options well as
the opportunity costs of CIMMYT's
remaining resources, especially our
human capital, will now be even higher
because of their greater scarcity. The
study results will be valuable in that
process. And as donors look toward the
future, they should know that the
elements which led to the successes of
the past - the quality of our people, the
structures for decision making, the
pragmatic culture, and the working
relationships with national programs are still in place, offering every promise
for further successes.

forecasted and we continued the
directed program of belt tightening and
downsizing initiated during the final
days of 1990. We will maintain this
strategy during all of the coming year.

FINANCIAL CIRCUMSTANCES

CIMMYT's spending reached US$35.7
million in 1991. Some $26.3 million
were allocated for essential activities,
$8.09 million for complementary work,
$.94 million for auxiliary services, and
$.36 million as capital funds. These
allocations were derived from $27 .2
million in core funding and $7 .5 million
in special projects, as well as auxiliary
services revenues of $.98 million.
Of continuing concern was the contrast
between Mexico's inflation and its
devaluation of the peso against the
dollar. The result was a CIMMYT-wide
dollar denominated inflation of some
11.6% in 1991. Beyond that, and a
greater threat to our work in the long
run, was the budget shortfall
experienced by the CGIAR. This led to
a further reduction in our 1991 funding.
Fortunately, the two effects had been

To return to the beginning of these
comments, we celebrated CIMMYT's
25th anniversary at the end of 1991. One
of the featured elements of that event
was the recognition of the immense
contributions the Center has made.
Beyond that, discussion turned to the
future, with papers on the interactions
between agriculture and the
environment, the likely course of
science and its implications for our
work, and the probable utilization of
maize and wheat over the next two
decades. Invited guests included some
of those who were with the Center in
1966 and responsible for what have
become the hallmarks of the Center. A
large number of colleagues from
Mexico attended, as did many donor
representatives. What emerged from the
exchanges was the sense that CIMMYT
has played a powerful role in the past
and that the elements are in place for it
to do so through the next decades. I
trust you will find supporting evidence
for that sense of optimism in the pages
that follow.

The evidence cited in this report (and in
many other sources) shows continuing
high returns to the poor through
investment in CIMMYT. If we
juxtapose those findings with a general
awareness that growth in agriculture
will be an imperative for developing

Donald L. Winkelmann
Director General
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MASURING THE EFFICACY OF
INTERNATIONAL AGRICULTURAL RESEARCH

Jock R. Anderson*

Readers of annual reports from the International
Agricultural Research Centers (IARCs) are no strangers to
the roles and functions of the Centers and, accordingly, most
of these are taken as understood in what follows. There are, of
course, many ways of considering what elements are essential in
the purpose and functioning of a modem IARC. A Center is
certainly an intermediary in the flow of scientific information
and materials from many sources, including labs in moredeveloped countries, towards the betterment of life in many
places, most especially in less-developed countries. This aspect
of a Center's work- its role as an intermediary, whereby it
amplifies various inputs into a range of different research
outputs -

"'

is the focus of this essay.

Principal Economist, Agricultural Policies Division, Agriculture and Rural Development
Department, World Bank.
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Rather than try to encompass the
increasingly broad spectrum of
agricultural research activities in the
expanded and probably still expanding
CGIAR System, the intention here is to
focus on the somewhat simpler and
more specialized activities of a Center
that is primarily directed at crop
improvement. CIMMYT is an important
example of a such a Center, and it is
surely appropriate here to draw upon its
experience for illustrative material.

THE KEY INPUTS
The primary "given" for a Center is its
mandate, which has tended to be one of
growing responsibility and something of
a "moving target." Donors, clients, and
Centers themselves change over time in
their perceptions of the importance of
different features of a Center's mandate,
and these changes eventually get
translated into formal and probably ever
more ambitious statements of
fundamental purposes.
Another encompassing input is the
budget. In the early days of the CGIAR,
budgets grew easily and rapidly in
nominal and real terms. That has
usually not been the case in recent
times, and the more "mature" Centers
such as CIMMYT face a special
difficulty: their effectively shrinking
budgets hardly match an enlarged
mandate.

Human Capital
The vital input with which a Center
works - people's productive skills can be summarized in terms that some
may regard as superfluous economists'
jargon. "Human capital" in the present
context logically begins with the
members the governing board. These
people bring their own experiences to
the charge of helping a Center fulfill its
mandate. Wisdom, by definition, is a
scarce commodity, and sometimes,
given the bounded terms of tenure on
boards, it is at least debatable whether
the best available talent always has been
harnessed for the overall governance of
a Center. On the other hand, tenure
seems sufficient to provide linked
continuity of service and guidance. In
this regard, the persistent influence of

the Rockefeller Foundation agricultural
sciences establishment, for instance, is
surely notable in CIMMYT's evolution
for its continuance before and since
CIMMYT came under the CGIAR.
A critical set of human capital
components of a Center is the
internationally recruited staff. They
bring to their work their own informal
experiences in agriculture, formal
scientific training in various parts of the
world's educational systems, and their
own research and other relevant
experiences in other organizations not to mention their personal intuition
and imagination. Typically, a Center's
human resources are admirably diverse,
encompassing a great spectrum of
cultural and linguistic backgrounds and
often, but some would argue not as
much as would be desirable, a wide
range of educational backgrounds.

Materials
The physical materials with which a
Center works deserve special mention.
Depending on the nature of the Center,
the types of materials brought in may be
deliberately highly variable. To fulfill
their mandates, plant breeding centers
such as CIMMYT require the ability to
draw upon the collections of plant
genetic resources that have been
assembled by other agencies in other
places, whether these be gene banks or
breeders' collections from throughout
the world. The Centers thus bring
together new acquisitions and combine
them with externally preserved
materials to select for and stabilize
improved cultivars that reach the lessdeveloped world.

the System is certainly a critical source
of knowledge. The more formal
manifestations of this contact are the
pages of scientific journals and the
scientific press, as well as research
conferences and other forms of research
visitation (which some have unkindly
designated "development tourism").
A further source of advice orchestrated
by TAC is the process of periodic
external review, which most Centers,
especially CIMMYT, complement with
their own internal reviews to make the
external processes more efficient.
The world "priorities" has not yet been
mentioned in this already lengthy list,
but advice on priorities is inherent in the
mandate, the budget, the review
processes, and continuing counsel from
TAC. At best, the many forms of advice
on priorities may be thought of as rather
crude sign posts along the dusty road
towards successful research, on which
the drivers really making the progress
are the research workers vigorously
applying their skill and imagination.

A CENTER'S ROLE IN THE
RESEARCH BUSINESS
Several aspects of a Center's role have
already been implied in the foregoing
discussion. The Center itself formalizes
and embodies the institutional
arrangements that are created to seek
and receive the relevant inputs to be
transformed creatively into novel
products. Center-centric activities can
be considered briefly in two ways, one
relating to organization, and the other to
a Center's style of research.

Knowledge
Of central importance in this
recombination process is the role of
ideas and knowledge. Aside from the
knowledge brought to bear by a
Center's human capital components, the
CGIAR System features other sources
of cogent advice. The Technical
Advisory Committee (TAC) is one such
source (although its other roles
sometimes get in the way of this
particular one). The network of contact
and collaboration with people outside
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Organizational Matters
Myriad organizational arrangements
must be addressed in institutionalizing a
successfully productive research
system. Geographical considerations
arise early in the process. The location
of the headquarters for a research
Center must be decided; for global or
other widespread crop improvement
programs, it is necessary to think of
how and where outreach work can be
facilitated. The physical aspects of a
research complex must also be

Point of View

addressed, although some Centers have
managed to use existing national
program facilities with minimal new
infrastructure.
Management is yet another element of
the research "multiplier" processes that
might be considered in either a policy
analysis of desirable change or an
assessment of the efficacy of the overall
research process. The managerial

national systems as an explicit objective
of international agricultural research.
Whilst this idea is significant for the
long-run development of global
agricultural research, to the extent that it
implies a major commitment to formal
training per se, it is not so obvious that
such an additional objective should be
lightly added to a Center's mandate.
Mandates aside, effective collaborative
arrangements mean that national

Effective collaborative arrangements mean that national
program capacity is fostered through partnership arrangements
wherein joint research ambitions are pursued together.

intensity imposed upon a Center is an
important organizational matter. It has
been claimed that one positive
advantage of a typical IARC is the low
level of bureaucratic inertia - inertia
that might otherwise be imposed
through overweighted managerial
structures. Perhaps such a sanguine
view is no longer so relevant. It is also
conceivable that Centers are now
generally better managed than they once
were under more freewheeling
arrangements.

Style of Research Function
Many elements constitute the "style"
of a Center's research. The one
emphasized here is the intensity of
modes of collaboration with research
colleagues in national agricultural
research systems. Collaborative styles
vary greatly among Centers and
national programs, depending on their
respective stages of development.
Clearly, most Centers (and certainly
CIMMYT) must deal with many
different types of national systems,
whether the differences relate to the size
of a commodity research program or the
scope of the work undertaken.
In recent times, the "mandate-expansion
movement" has tended to acknowledge
the enhancement of research capacity in

program capacity is fostered through
partnership arrangements wherein joint
research ambitions are pursued together.

OuTPUTs: THE SUBJECT OF
EFFICACY AND IMPACT

the work of the Center as it builds upon
its source germplasm and combines
serendipitous selection, insight,
imagination, and sheer hard work into
products judged to be superior in some
way or variously assessed as
"improved." Whether or not a cultivar
really is improved in a particular
circumstance is a further subtle question
that must be addressed in any
evaluation that pretends to be complete.
It turns out, however, to be a rather
tricky "judgment call" in most cases.
Under irrigated conditions of production
with fairly benign climatic variation, it
may be fairly easy to assess a degree of
improvement in yield, quality, and
disease resistance. Under non-irrigated,
sometimes semi-arid, or at least variable
rainfed conditions, such an appraisal is
a non-trivial exercise. It probably takes
at least several cropping seasons of
careful comparison to produce results
with any low level of ambiguity.
Farmers naturally have to make their
own judgments about such matters
before they take up newly released
cultivars in any significant manner, and
so several groups of people involved in
the process are obliged to make
somewhat analogous judgments.

ASSESSMENT
Any comprehensive discussion of the
efficacy of the production of research
outputs relative to inputs can best be
addressed through a series of topics that
reflect the range of research products
that must be considered in a decent
documentation of performance.
Although it is tempting to employ the
frequently used word "impact" as
shorthand for the fruits of international
agricultural research, the word has so
many unfortunate connotations that this
temptation is largely resisted here.
Indeed, it was resisted almost
comprehensively in the 1984-85
"Impact Study" of the CG System
(Anderson, Herdt, and Scobie 1988) that
this commentator had the dubious good
fortune to direct (see box, page 13).

Materials
In the case of CIMMYT, improved
cultivars are, unsurprisingly, the
foremost outputs to assess. They
constitute the living materialization of
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The most l'ainless way of dealing with
this question is to stand back from the
process and observe what farmers
themselves do. To the extent that they
quickly and widely take up new
materials, all parties concerned,
including both research and extension
services, can feel comfortable that they
have indeed achieved a worthy degree
of improvement in the cultivars offered
to the farming community.
Cultivar releases are, in principle, the
most straightforward elements of an
impact assessment to describe. It will be
clear already, however, that even this
assessment is not particularly
straightforward. The IARCs share plant
materials at different stages of genetic
development with national programs.
Another complication is the dispersed
nature of the information on who uses
the improved materials once they are
released, at what intensity, and under
which circumstances. The costs of
gathering such information, particularly
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on any wide geographical scale, are
considerable. Any careful impact
assessment is thus potentially a costly
affair, and when donors and others call
for documentation of research efficacy,
they need to be alert to the diversion of
scarce financial resources from other
research activities towards a formalized
account of research consequences. The
same point applies naturally to all types
of assessment and to the performance
elements mentioned below, although for
brevity it will not be emphasized
further.

Methods and Management
Counting new cultivar releases and
measuring areas sown to specific
cultivars is awkward enough. The

difficulties are greatly compounded
when comparable assessments must be
made of methods, say, of crop
husbandry, that may be traceable to the
research activities of a Center. Many
agents are involved in advising farmers
how better to manage their farm
resources, including new cultivars; for
one thing, the private sector is often
heavily involved in such work through
its desire to sell inputs to farmers.
Perhaps these difficulties explain the
limited documentation of the
effectiveness of work described under
the broad heading of "crop management
research." This is not to say, however,
that such documentation will be
unimportant. Indeed, some have argued
that crop management research will be

the major means of technological
advance in the post-Green Revolution
era - in addressing "secondgeneration" problems.
The difficulties become even greater
when estimating and assessing the
effects of crop management research on
the underlying productivity of the
agricultural resources base. To see this,
one has only to reflect, for example, on
the technical difficulties of measuring
soil loss under alternative cropmanagement practices, or the pollution
of groundwater and downstream flows
through inappropriate use of agricultural
chemicals.

Human Capital Increments
Moving up the scale of difficulty of
research product measurement, it is
appropriate to consider the surely
significant way in which a Center's
activities impinge upon the human
capital of many agents, including
collaborative scientific workers in
national programs, as well as through
increasingly experienced and more
knowledgeable Center staff themselves.
The measurement challenges are
profoundly great in assessments that
properly go beyond mere headcounts of
involved individuals and formally
trained participants in the many
different training activities organized
by Centers.
Consider, for example, the way in
which CIMMYT might work towards
building up the human capital in the
wheat research program of a particular
country. The national research staff in
the country will have had their own
formal training in both national and
foreign universities, as well as possible
formal training visits to CIMMYT and
other IARCs. They will also have
interacted professionally with a wide
range of kindred scientific souls, both

Human capital - the fusion of each
person's individual experience and
training - is a "vital input" for effective
agricultural research.
S. Pasten
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within CIMMYT itself and in other
agencies. To ask then what CIMMYT
has done for national capacity today or
tomorrow in such a country is a highly
sophisticated question to which there
could not possibly be a good and ready
answer. An example of the
supplementary questions one would like
to ask is: How much better is the
national program now able to function
compared with how it would have
functioned without the various contacts
with the Center? This kind of
counterfactual question is at the heart of
any assessment of human capital
development and does not get any
easier to answer, which is why only a
paucity of material on this matter is
available. The costs of such careful
analysis will be significant indeed,
surely rivalling the costs of some
training activities themselves.

Knowledge Increments
The contribution made to human
knowledge through investment in a
Center is doubtless the most difficult
output to measure. Contributions to
knowledge are sometimes measured in
the crudest form by numbers (or word
counts and other attributes) of
publications offered to posterity in the
scientific literature. A large and
complex scientific literature must be
confronted in this work. Scientific
journals vary greatly in the rigor of their
standards for assessing and accepting
works for publication. Some would
argue that any given piece of
"scientific" writing can be published,
providing that the quality of the journal
is not a severely binding constraint.
Even if an assessment were restricted to
more formally evaluated contributions
to knowledge, it would still provide a
narrow view indeed of the knowledgeincrementing processes with which all
actors in the international and national
research communities must work. The
difficulties here are sufficiently obvious
for this commentator to leave their
resolution to those possessing either the
bibliometric inclination or scientific
perspicacity to judge how such contributions might usefully be measured.

CGIAR IMPACT STUDY
The 1984-85 Impact Study of the CGIAR System was conceived by a group of proactive CG donors as one way of addressing concerns expressed in some quarters about
what the investment in the System had achieved and whether it was a Good Thing.
From its inception, the study was ambitious. It was to include all of the (then) 13
Centers (that is, irrespective of age and maturity); to span past, present, and future
"impacts"; and to cover all effects on all affected people, wherever they were. In the
end, however, many selective judgements had to be made about the study's contents.
Considerable effort went into dealing with thematic issues cutting across the work of
several Centers, including plant genetic resource management and exploitation,
agricultural engineering, biological nitrogen fixation, and similar scientific matters, as
well as the wider economic consequences of research, such as the adoption of modem
crop varieties.
Some Center products are not as readily measurable as the spread of "new" cultivars.
Accordingly, special attention was given to assessing work oriented toward
agricultural policy or agricultural research organization. As noted in the present text, a
great many other actors are involved in these activities, making any assessment of
"impact" intrinsically difficult.
There was an overarching desire that the Impact Study should take a client-oriented
view of Centers' work. Much effort went into conducting case studies in some 30
individual countries, looking at what all of the elements of the CG System had
achieved through their respective collaboration with agencies in each country. Some
general findings supported by the study:*
• The CG System was instrumental in helping many developing countries reap high
returns from research.
• Benefits from adopting modem varieties were remarkably evenly distributed among
farmers differing in size of holding and land tenure status.
• Through their training programs, the Centers raised the capabilities of thousands of
developing country researchers.
• Emphasis on the human aspects of technological advances grew along with farming
systems research; nevertheless, important areas such as the participation of women
farmers and women researchers needed attention.
• Research on policy issues promoted policy decisions that positively affected food
production and consumption.
• The challenges facing many Centers were so exacting that it was too soon to expect
impressive returns from their work. However, it was noted that, "at almost every center,
if just one major project meets expectations, it will generate returns far exceeding the
cost of the Center."
Was the study worthwhile? Certainly many points emerging from the study- for
example, the need for a more client-oriented, responsive, and diverse approach to
collaboration from the Centers, the need to cover important gaps in commodity and
other research of the System, and the need for sustained, effective investment in
international agricultural research have been taken up through various developments in
the System. Again, many persons were involved in bringing about those changes;
those who worked on the Impact Study would be appropriately humble about their
contributions to them.

' See Summary of "International Agricultural Research Centers: A Study of Achievements and
Potential" (Washington, D.C.: CGIAR, 1985). See also Anderson, Herdt, and Scobie (1988).
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Productive Effects
All the elements of agricultural
development discussed above have real
value only to the extent that they can
contribute to enhanced productivity and
welfare in farming systems and among
those who consume their products, most
specifically in the less-developed parts
of the world. To link these several
products in a consistent framework for

here, may best be regarded as a nonproblem because it probably need not be
squarely faced. The virtues of avoiding
direct confrontation with the issue are
discussed below.

Attribution
I would argue (Anderson 1987) that,
without extremely careful and thus
expensive individual case-study

of acknowledging this "roll over" in
cultivars is to recognize their finite life
and thus the confined period over which
the productivity benefits of their spread
are realized. This distinction has not
always been carefully made in some
adoption studies, which have focused
on comparing only the incidence of
improved versus traditional cultivars.

Productivity Changes

To assess the productivity implications of [using improved
cultivars], it would be necessary, in principle, to take
account of all changes in the productive environment, including
changes in factor-use intensity and mix, as well as the changes
related to use of the new cultivars themselves.

measuring productivity is challenging
enough. To go further and quantify the
welfare implications through the way
such products are used and played out
in development is quite another matter,
which, to the best of this commentator's
knowledge, has not been fully explored
and may never be. Economists refer to
some of these considerations as dealing
with the "equity issue," for which the
efforts of Lipton with Longhurst ( 1989)
provide a significant illustration. We
need to be quite humble about the actual
possibilities of assessing "research
impact" holistically and to be modestly
realistic when considering what
information may turn up through any
such formal assessment.
PARTITIONING THE
CONTRIBUTIONS TO RESEARCH
PERFORMANCE
The question of how to partition the
contributions to research performance
- to determine who did what to whom
and how - is intrinsically difficult to
address and, for reasons to be advanced

analysis, it is simply impossible to
determine the relative contributions of
collaborators in research activities that
are intrinsically joint. One can perhaps
make a case that, to the extent that
improved access is provided to
international collections of germplasm,
the international dimension of the effort
is important - but just about the same
case can be made for nearly every
aspect of subsequent innovative
activity, whether it be selection, testing,
or release. Thus the assessment of
impact in this respect necessarily must
deal with the gross effects of the
collaboration and regard the research
performance linked to a Center as also
representing the contributions of the
national partners in the collaboration.

Displacement Accounting
It is salutary to reflect on what happens
when a new and improved cultivar is
adopted. Something gets pushed out,
and increasingly these days, it is quite
likely to be a cultivar that was already
regarded as improved. The importance
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Production is an intrinsically multifactor phenomenon. The production
function that comprehensively ties
together the contributions of the many
factors such as land, labor, capital,
technology, etc., is seldom if ever
clearly known. If one is focusing on the
consequences of having improved
cultivars available, and is endeavoring
to assess the productivity implications
of this, it would be necessary, in
principle, to take account of all changes
in the productive environment,
including changes in factor-use intensity
and mix, as well as the changes related
to use of the new cultivars themselves.
Again, even in some of the most careful
studies, these types of analyses have
seldom been attempted, let alone
successfully accomplished.

~he Role of Policy
Yet another complicating difficulty of
assigning effects to particular causes
when several are potentially involved
relates to the policy environment in
which agriculture takes place. Policy
makers have many opportunities to
influence the profitability of particular
technological practices, so when it
comes to assessing who did what, and
how, and when, it is arguable (at least in
some cases) that changes in policy may
have been even more significant than
the technological research itself in
engineering particular technological
adjustments. Within the broad policy
arena, there are also many actors at
several levels of national systems as
well as those in extra-national bodies,
whether these be international research
Centers themselves or other concerned
international agencies (such as
development banks, trade-liberalization
organizations, or whatever).

Point of View

CoNcLUSION

This catalogue of difficulties is intended
to depict the many intrinsic problems
that need to be overcome in assessing
the efficacy of a Center's productive
enterprise. It might be interpreted as
implying that such assessment is so
difficult and expensive that it is hardly
worth undertaking. This may well be
true, but the political reality of
contemporary funding mechanisms
means that such a divorced position
cannot be maintained. There are so
many seemingly imperative needs for
"impact assessment" that some
investigations of this type must perforce
proceed.
Just who should do the work is
something of an open question.
Tradeoffs must be made between the
plausibility that should accompany
"independent," detached external
assessments and the cost-effectiveness
of more informed, targeted, and less
detached internal assessments
(Anderson and Herdt 1990). At what
stage this work may best be done is
another question that probably has no

really defensible answer. Each research
product has its own life cycle, and a
study at any given time will identify
different impacts at different stages of
evolution. The purpose of any impact
study must thus be well articulated to
guide choices as to stage, product
emphasis, geographic scope, precision
of measurement, and other parameters.
Amongst the present community of
IARCs, CIMMYT has shown a
remarkable willingness and even
enthusiasm in confronting these
difficulties and documenting important
aspects of what has in many cases been
clearly a successful activity. Its critics
will say that, at least for parts of its
mandate, CIMMYT has had an "easy
row to hoe," and that in some sense it is
not "fair" to crow too loudly. The user
and donor communities, however, can
be thankful that CIMMYT has taken
such leadership in this work and has
thus helped to ease the path for others
who must also go down it. The
information assembled elsewhere in this
Report attests to a laudable degree of
impact and efficacy that, in the grand
scheme of things, has come at a

remarkably small social cost yet with an
impressively large social gain.
Information of this kind will be crucial
in underpinning arguments in the halls
of power and - one hopes - will bring
enduring funding for the long-term
processes of discovery which will, in
tum, help achieve global food security
in the decades and centuries to come.
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I MPROVING THE PRODUCTIVITY OF
MAIZE AND WHEAT IN DEVELOPING COUNTRIES:
AN ASSESSMENT OF IMPACT

"The biggest impact ... for its development dollar,
bar none." So said the late Dr. Frank Meissner,
creator of the Inter-American Development Bank's Agricultural
Marketing Section, about the return to their investment in
international agricultural research. His generous endorsement is
carried in the Bank's 1991 publication, Seeds of Change. The
following pages lend support to that assessment with clear
evidence of the impact of maize and wheat research
for developing countries.
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In 1990, CIMMYT began a long-term
study of its impact in developing
countries. That effort started producing
results in 1991, some of which are
highlighted here. 1 The survey and
evaluation methods used and some of
the challenges associated with such
work are described elsewhere in this
Report (see Comments from
Management, pages 2-7, and Point of
View, pages 8-15); here we focus
mainly on outcomes.
The results reported here, however,
should not be seen as the last word on
impact, but rather as preliminary data
that will undergo revision and
refinement over time. We now have a
comprehensive database on the use of
germplasm related to the Center's work,
which we call "CIMMYT germplasm"
for the sake of brevity, while
recognizing that many others especially our colleagues in national
programs and, of course, farmers contribute to its development and
eventual use. This database also
includes information on farmers'
adoption of varieties based on
CIMMYT germplasm and other
materials. We still lack adequate
information and methods for the much
more difficult task of accurately
gauging benefits and estimating their
economic value. Even so, information
from a wide variety of sources suggests
a sizeable payoff from our work and
that of national programs. And while we
believe that all our major activities
produce useful results, we still have
much to do before we can make clear
and objective assessments of crop
management research, and of our work
in training and information (see
Comments from Management, page 6).
This Report therefore focuses on the

impact of germplasm improvement
research, by far CIMMYT's largest
enterprise.
Maize and wheat improvement research
is now characterized by a high degree of
international cooperation, and progress
at the farm level reflects the success of
a truly collaborative effort. That close
collaboration - so essential to success
- often makes it difficult to separate
the results of CIMMYT's work from
that of our colleagues in national
programs. Still, we can assess the
broader effects of germplasm
improvement in maize and wheat, and
in some cases draw conclusions about
the impact of materials that are in some
way related to the Center's work. We do
this, however, only to get a sense of the
returns to investment in CIMMYT.
Farm-level success with improved
maize and wheat varieties still hinges
on close collaboration with national
programs.
In determining where particular
varieties came from, we saw reason to
be conservative. This is especially true
in the case of maize, whose ability to
outcross makes it difficult to establish
how much CIMMYT germplasm is in a
given open pollinated variety (OPV) or
hybrid. With a self-pollinating crop like
wheat, on the other hand, genealogies
are more transparent. We start here by

pointing out patterns in the release of
varieties (regardless of source) and then
go on to indicate trends in the use of
CIMMYT germplasm.

R TTERNS IN THE
RELEASE OF MAIZE AND WHEAT
VARIETIES

Maize
We know from our study that just over
1,000 OPVs and hybrids have been
released by national programs since
1965. With each five-year interval since
then, the number of releases has risen
steadily (Figure 1). Two noteworthy
patterns:
• Among materials released by publicsector institutions, OPVs have
predominated, accounting for about
60% of the total. The remainder are
hybrids. A little more than half of all
released materials are adapted to the
lowland tropics and the rest to the
subtropics, midaltitudes, and
highlands.
• There is considerable variation
among countries in the number of
releases, ranging from 4 in Togo and
Uganda to 85 in Mexico. Still, the
number of maize varieties released
apparently has little to do with the
strength of the national program.
Some of the most accomplished in

Number of varieties released
350 ~~~~----------------------

c::JMaize

200 - - - - - - - 150 - - - - - - - 1

The information presented here is drawn
from A New View of the Impact of
Technological Change in Maize and
Wheat in Developing Countries (Mexico,
D.F.: CIMMYT, 1991), which synthesizes
major conclusions from several draft
papers prepared during the year. Two
detailed technical bulletins on the impact
of CIMMYT's maize and wheat research
will be published in the near future.
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Figure 1. Trends in the number of maize and wheat varieties released, all countries
in survey, 1965-89.
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maize breeding (Brazil and India, for
example) have released the fewest
varieties per million hectares of
maize area.
Wheat
Our inventory of wheat cultivars
includes more than 1,300 varieties
released by national programs, nearly
all of which have entered the market
since 1965. Since then, the number of
releases has risen steadily (Figure 1).
Notable patterns:
• Over 80% of released varieties are
spring bread wheats, which account
for 77% of total wheat production in
the developing countries included in
our study.
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• The number of varieties released is
not closely related to wheat
production. National programs in
Latin America released nearly half
the varieties included in our database,
even though the region accounts for
only 10% of total production in
developing countries.
• The proportion of varieties developed
for rainfed areas is clearly increasing,
and by now some 50% of all new
releases are aimed at non-irrigated
environments.

T uE

ORIGIN OF

MAIZE AND

WHEAT VARIETIES

Maize
On the basis of survey results, we were
able to divide maize varietal releases
into the following categories:
1) those containing no CIMMYT
germplasm, 2) those containing some
germplasm from the Center, 3)
materials from our international trials
that have undergone selection for local
adaptation, 4) direct introductions of our
experimental varieties, and 5) varieties
with germplasm developed by
CIMMYT in cooperation with the
International Institute of Tropical
Agriculture (ITT A). These categories
were further simplified for graphical

-

presentation (Figure 2). We also
attempted to gauge the use of our
materials by the private sector through a
limited survey of seed companies in
developing countries (see box, page 20).
Major conclusions from our analysis:
• The proportion of commercial maize
varieties related to CIMMYTs work
rose steadily from 1970 to 1989.
Seventy-five percent of the varieties
released by national programs during
1985-89 contained our germplasm
(Figure 2). Of all the varieties and
hybrids released in developing
countries since 1965, about half now
contain the Center's germplasm.
• Our materials have been used quite
extensively to develop OPVs (Figure
3). Among releases containing
CIMMYT gern1plasm, materials
adapted to the lowland tropics
predominate. Superior materials are
now available for other gennplasm
categories, as well, and their use by
national programs - and eventually
by farmers - is expected to increase
significantly.
• CIMMYT maize germplasm has been
used most intensively by national
programs in Latin America and least
by those in the West Asia/North
Africa (WANA) region.

·.

1965-69 70-74 75-79 80-84 85-89
Considerable CIMMYT gennplasm

Nonconventional
hybrids (10%)

Some CIMMYT germplasm
No CIMMYT gennplasm

Midaltitude
(6%)

Figure 2. Use of CIMMYT maize
germplasm by national programs in
developing countries to produce
commercial varieties, 1965-89.
Note: Most materials developed at the
International Institute of Tropical
Agricultural (IITA) were classified as
having some CIMMYT germplasm. A few
of those materials, however (such as the
TZPB-SR series developed from our
Tuxpeiio Plwta Baja population), were
classified as containing a considerable
amount of CIMMYT germplasm.

Subtropical
(17%)

Type of material

Ecological adaptation

Figure 3. Ma ize releases containing CIMMYT ger mplasm , by type of material
and ecological adaptation.
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• How national programs use our maize
gennplasm is clearly related to
breeding capacity. Whereas the
stronger programs tend to carry out
further improvement of our materials,
others are likely to release it with
little modification.

figured most importantly in the
WANA region, where over 75% of
the varieties released contain
materials generated at Center
headquarters or in our cooperative
program with the International Center

Seventy-five percent of the maize varieties released by
national programs during 1985-89 contained CIMMYT
germplasm. Varieties related to our work now occupy about
30% of the total maize area planted to improved cultivars.

Wheat
In documenting the use of CIMMYT
wheat gennplasm, we divided all of the
released varieties into three categories:
1) those based on Center lines or
selections from our nurseries, i.e.,
gennplasm resulting from crosses made
by our staff, 2) crosses made by national
programs, in which at least one of the
parents was obtained from us, and 3)
crosses made by national programs,
without using CIMMYT gennplasm as
one of the immediate parents. (Often,
however, our materials occupy a more
distant place in the genealogy of these
varieties.) Major findings include:
• The proportion of commercial wheat
varieties related to CIMMYT's work
(categories 1 and 2) increased
steadily from 1965 to 1980, levelling
off at about 75% for all wheats
(Figure 4). During the 1980s nearly
half the varieties released were based
on crosses made by Center staff in
Mexico.

for Agricultural Research in the Dry
Areas (ICARDA). CIMMYT wheats
are used least in sub-Saharan Africa;
still, over half the varieties released
there contain our gennplasm. The
generally strong national programs in
Asia draw heavily on our materials,
but are more likely to employ them as
parents in their own crosses than to
use crosses made by Center staff.
• In every region there is a distinct
tendency for smaller programs to
base their released varieties more on
our materials or those from other
countries than on their own crosses.
As expected, stronger programs rely
more on their own capacity to
develop commercial varieties.

UsE OF CIMMYT MAIZE GERMPLASM

BY THE PRIVATE SECTOR IN DEVELOPING COUNTRIES

CIMMYT is committed to expanding the options of resource-poor farmers in
developing countries, and we pursue this commitment through national agricultural
research systems, especially the publicly funded research programs that we view as
our primary clients.
Private companies, however, also open options for farmers. Such companies,
especially those dealing with seed, are alternative suppliers of improved gennplasm.
To the extent that their objectives coincide with ours, we attempt to honor their
requests for gennplasm.
In meeting seed requests, we give first priority to publicly funded national programs in
developing countries, followed by private cooperators, national private seed
companies, and multinational private seed companies. When national programs wish
it, we channel our deliveries to private companies through them.
From our limited survey of private seed companies in developing countries, it appears
that more than 25% of the materials they have released (all hybrids) contain CIMMYT
gennplasm (see table). The companies that use the Center's materials most extensively
include those located in. some of the largest maize producers among developing
countries, such as Brazil, India; Mexico, and Thailand.

• Some 90% of all spring bread wheat
varieties released in the 1980s are
semidwarfs, nearly all of which have
CIMMYT gennplasm in their
backgrounds.

Developing country private sector maize releases containing CIMMYT gennplasm

• In the development of spring bread
wheat varieties, our gennplasm has

Number
of companies
responding

Number
of
releases

Sub-Saharan Africa
Asia
Latin America

6
IO
18

92
58
141

11
55
28

Total

34

291

28

Region

20

Percent
withCIMMYT
germ plasm
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• The most popular recent CIMMYT
cross is Veery, which was released at
least 36 times in developing countries
during the 1980s, more than double
the number of releases for 118156, the
cross that spearheaded the Green
Revolution in the 1960s. Large-scale
crossing of spring with winter wheat
(of which Veery is a product) led to
the release of 72 varieties during the
1980s. Their importance will become
evident in the 1990s, as they are
distributed more widely among
farmers and as the stronger national
programs use them more extensively
as parents in crosses.
• Though the Center has worked
intensively on improving winter
wheats, per se, only since 1985, over
a quarter of the varieties released
during the 1980s (not including those
in China) are based on our
germplasm.
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IMPROVED VARIETIES

Given the often formidable obstacles to
varietal adoption in developing
countries, it is rather remarkable that
improved varieties are so widely grown.
Poorly conceived agricultural policies,
ineffectual seed industries, and weak
extension services are among the factors
that can impede adoption, and changing
these factors is well beyond the purview
of CIMMYT and most other suppliers
of improved germplasm. And yet,
improved maize varieties increasingly
find their way into the hands of farmers,
and modern, semidwarf wheats have
spread very rapidly during the past 25
years.
Spread of the Semidwarfs
By 1969, just a few years after
CIMMYT's founding, semidwarf wheat
varieties occupied over 8 million
hectares in developing countries, or
some 15% of the total area devoted to
wheat at that time. Since then,
semidwarfs have spread steadily at a
rate of about 2 million hectares per year
(Figure 5). In the 1980s alone, an
additional 20 million hectares were
planted to these varieties by developing
country farmers. By 1990, nearly 50
million hectares, over 70% of the

developing world's wheat area (not
counting China), were planted to
semidwarfs. If we include China, which
used dwarfing genes from sources other
than CIMMYT, the estimated area
planted to semidwarfs rises to about 70
million hectares.
Semidwarfs have been most successful
where spring bread wheats are grown.
Of the total area covered by spring
wheat in developing countries
(excluding China), over 80% is planted
to semidwarf varieties (Table 1),
accounting for more than 90% of the
developing world's entire production of
spring bread wheat (again, excluding
China). For other categories of wheat,
especially winter-habit materials, the
area occupied by semidwarfs is notably
less.
Much of the developing world's
production of spring bread wheat takes
place in irrigated environments, about
which we note:
• By 1980 practically all of South
Asia's irrigated spring bread wheat
area (a sizeable share of the
developing world's total) was sown
to semidwarfs. In 1990 these
materials covered more than 28
million hectares of irrigated land in
the region.
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Figure 4. Use of CIMMYT wheat
germplasm by national programs in
developing countries to produce
commercial varieties, 1965-90.
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Figure 5. Trend in the adoption of semidwarf wheat varieties, developing world.
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• Across all irrigated wheat
environments, farmers have replaced
earlier generations of semidwarfs at
least once and usually twice, though
rather slowly in some areas.
In general, semidwarf wheats have been
adopted to a lesser degree in rainfed
than in irrigated environments. Still,
there is evidence that since the 1970s
semidwarfs have advanced slowly but
steadily into drier areas. The pattern that
emerges is one of semidwarf wheats
spreading from higher rainfall,
temperate locations to drier and often
colder or hotter rainfed areas. It is
primarily in these more difficult
environments, where winter bread
wheats or durums often predominate,

that adoption of semidwarfs is still
limited.
In the rainfed (i.e., non-irrigated) areas
of Pakistan, for example, farmers first
began to adopt semidwarfs around
1975. By the late 1980s, farmers had
taken them up quite widely in mediumto high-rainfall areas, but less so in lowrainfall environments (Figure 6). It
seems likely, however, that even the
frontier of very dry wheat areas will
gradually be occupied by semidwarfs.
In Pakistan's low-rainfall environments,
Pak 81 (a Veery cross) is now being
adopted. Similarly, varieties of bread
wheat and durum wheat, based on
germ plasm supplied by the CIMMYTI
!CARDA breeding program, have been

Table 1. Percentage of wheat area planted to semidwarfs for different regions and
wheat classes, 1990
Spring
bread

Spring
durum

Winter
bread

Winter
durum

Sub-Saharan Africa
W. Asia/N. Africa
South and S.E. Asia
Latin America

46
69
89
81

18
50

17

14

64

100

Total

83
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All
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75
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released in the W ANA region and are
showing promise in dry areas. In time
these relatively recent products should
be taken up on a fairly large scale.
Even so, evidence from other countries
suggests that the adoption of
semidwarfs in rainfed areas remains
incomplete. In Syria and Tunisia, for
example, where these varieties have
spread gradually in the 1980s, about
30% of the rainfed area is still planted
to tall varieties.
Use of Wheat Varieties
Related to CIMMYT's Work
Though not the only source of
semidwarfs, the Center is undoubtedly
an important one in developing
countries. This fact is clearly reflected
in the area planted to varieties derived
from our germplasm:
• Overall, varieties to which CIMMYT
has contributed directly cover some
36.8 million hectares in the
developing world, plus another 10.6
million occupied by semidwarf
varieties carrying our germplasm in
their ancestries (Table 2). Of the
resulting total, nearly 23 million
hectares are occupied by varieties
based on crosses made by Center
staff.
• Apart from Veery, no recent bread
wheat crosses have been adopted
over a large area (Table 3). The
tendency now is for more numerous
varieties from various crosses to be
taken up over more limited areas. It is
unlikely then that a single cross will
come to dominate wheat production,
as was the case in the early years of
the Green Revolution.
Obviously, farmers are happy with the
improved wheat varieties resulting from
our combined efforts with national
programs. However, while older
varieties are being steadily replaced by
new ones, the rate of turnover appears
to be slow. This is particularly true
among the larger wheat producers of
Asia, where the average age of a variety

1967

71

75

79

83

Figure 6. Trends in the adoption of semidwarf wheat varieties in Pakistan's
irrigated and rainfed environments.
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and limits vulnerability to disease
epidemics and other stresses.

is more than 12 years. Given that it can
take 8 to 10 years to develop and
release an improved variety, the overall
lag between peak expenditures on
varietal development and widespread
adoption in the region can reach 20
years. Such a slow rate of replacement
hinders efforts to maintain disease
resistance and reduces the benefits of
wheat breeding considerably (Brennan
and Byerlee 1991).

In the early years of the Green
Revolution, this vulnerability was very
real. With surprising speed a small
number of semidwarf varieties, having
a relatively narrow genetic base,
displaced existing varieties over large
areas. Since then, however, many new
semidwarfs with broader genetic
backgrounds than the original Green
Revolution varieties have entered the
field. This fact combines with the
marked tendency toward adoption of
greater numbers of genetically distinct
varieties over smaller areas to create an
important and healthy trend toward
greater genetic diversity in farmers'
fields.

Slow varietal turnover in key wheatproducing regions of the developing
world reinforces CIMMYT's strategy of
exploring all possible sources of genetic
diversity as improved materials are
developed. Doing so contributes to
genetic diversity in wheat production

Table 2. Area in developing countries planted to CIMMYT-based wheat
germplasm, 1990 (million ha)
No immediate
CIMMYT parent
Semidwarf'B
Tall

CIMMYT
cross

Immediate
CIMMYT
parent

Spring bread
Spring durum
Winter bread
Winter durum

20.6
2.1
0.0
0.0

12.9
0.1
1.1
0.0

9.3
0.0
1.1
0.2

7.9
2.8
8.9
0.9

50.7
5.0
11.1
1.1

All

22.7

14.1

10.6

20.5

67.9

Wheat
class

All

47.4Mha
a Nearly all with CIMMYT ancestry.

Table 3. Area in developing countries under popular CIMMYT crosses, 1990-91
Cross
Sonalika
Veery
118156
Marcos Juarez
Bluebird
Anahuac
Cisne (durum)
Frigate (durum)a
Bittern (durum)
Others

First released

Area (000 ha)

1968
1981
1965
1971
1970
1975
1971
1983
1979

6,250
3,370
1,070
860
840
800
460
480
400
8,170

Country/region
All South Asia
Pakistan, Turkey, Iran, Chile
India
Argentina
Saudi Arabia, Egypt
Brazil
Morocco, Turkey
Syria, Algeria
Morocco, Turkey

a CIMMYT/ICARDA.
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Use of Maize Varieties
Related to CIMMYT's Work
The danger of genetic uniformity in
the maize production of developing
countries is far less grave than in wheat.
Populations from which CIMMYT
generates maize germplasm products
are already quite diverse, and our maize
scientists, like their counterparts in
wheat, actively seek new sources of
diversity for key traits. A further
consideration (one that will eventually
change, however) is that unimproved
local varieties continue to predominate
in many areas of the developing world.
As recently as 1985-87, some 70% of
the maize area in sub-Saharan Africa
was planted to such materials, 50% in
the WANA region, 40% in Asia, and
50% in Latin America, excluding areas
that lie in the temperate zone.
Based on survey results provided by
national programs in 45 countries
(encompassing more than 95% of the
developing world's maize area outside
the temperate zone), we draw the
following conclusions about adoption of
varieties based on our materials:
• Overall, nearly 8 million hectares or
13% of the maize area in developing
countries (excluding the temperate
zone) is planted to varieties
containing CIMMYT germplasm
(Table 4). This area comprises a
significant proportion (about 30%) of
the area planted to improved
varieties.
• CIMMYT maize germplasm has so
far had the greatest impact in the
lowland tropics; fully 85% of the area
planted to varieties derived from our
materials lies within this zone.
Excellent materials are now available
for other major ecologies, however,
and should enjoy wide use during the
1990s.
• Even though national programs in the
WANA region have employed our
maize germplasm least extensively
(as a percentage of varieties
released), CIMMYT-based varieties
have been most widely adopted there
(as a percentage of the region's total
area).
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While the data behind these conclusions
are considered reasonably accurate, we
suspect they understate the adoption of
improved maize germplasm. Why?
Because in estimating varietal coverage
we used a very restrictive definition of
what constitutes an improved variety.
Maize outcrosses readily, so in our
study we counted only those areas
planted to improved OPV seed
purchased within the last three years;
for hybrid seed the limit is one year. In
other words, the estimated total includes
only those areas planted to improved
seed that is true to type. It does not take
into account the many genotypes in
which improved germplasm has
assumed a kind of disguise by mixing
with local materials.
T uE P AvoFFs FROM
IMPROVED VARIETIES

From the evidence given above, we can
draw two fairly obvious conclusions
about the payoff from improved
varieties. First, it has so far been greater
for wheat than for maize. And second,
well-watered environments have
benefitted more than drier rainfed areas,
although gains to farmers in the latter
appear to be growing.
W heat
The yield advantage of improved wheat
varieties, their efficiency, and their
built-in resistance to major diseases go
far in explaining their appeal to farmers.
Most of the wheat yield data available
come from irrigated areas, about which
we observe:
• The adoption of semidwarfs in
irrigated environments during the
early years of the Green Revolution
gave average yield gains of 35-40%
(under moderate levels of fertilizer)
over the tall varieties they replaced
(Dalyrymple 1986; Sidhu 1974; Nagy
1984; Byerlee and Siddiq 1990). Less
well known is that during the two
decades since then the yield potential
of semidwarf varieties under
irrigation has continued to grow at an

average rate of about 1% per year, or
some 20% since 1970 (Figure 7).
• It appears that farmers in irrigated
areas have captured a large share of
the gains in yield potential. Their high
levels of crop management and slow
but steady replacement of old
varieties with new ones have helped
ensure this outcome.
• Yield progress has perhaps not been
as rapid where wheat is planted late.
This practice is common in many
cropping systems, particularly in
South Asia, where nearly half of the

irrigated wheat is sown after
December l, usually following rice or
cotton.
Information on yield gains in marginal
environments is less plentiful but
provides evidence of progress. It
appears that even there farmers tend to
capture a sizeable share of the yield
advantage offered by new wheat
varieties (see box, page 25).
Resistance to major diseases affecting
wheat - especially stem, leaf, and
stripe rust - has long been seen as a
vital complement to high yield

Table 4. Area in developing countries planted to maize varieties and hybrids
containing CIMMYT germplasm, 1990
Area under CIMMYT-related varieties

Maize
area in 1990
(000 ha)

(000 ha)

Sub-Saharan Africa
W. Asia/N. Africa
South and S.E. Asia
Latin America

14,427
1,224
19,038
23,807

1,460
476
1,776
3,884

10
39
9
16

Total

58,496

7,596

13

Region

(%of maize area)

Note: Temperate zones excluded.

Yield (t/ha)
7.0 . . - - - - - - - - - - - - - - - - - - - ---- - - - - - -.....
Yield potential
6.0 - - - - - - - - - - - - - - - --5.0 - - - -· ·- - - - - - - - - - - '1'"------~,....i=.,,.....-----t

3.0 i---------. --------------------------------------.1

•

1-------------------.
.80. . - - - . .85. .----"I90
70
65
75

2.0
1960

Year of release
Figure 7. Yield gains in popular wheat varieties, 1964-86 (data from northwest
Mexico).
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potential, and for that reason has always
received considerable attention by
CIMMYT wheat researchers. The
combination of better disease resistance
and higher yield potential in the early
semidwarfs contributed to their
widespread adoption. Built-in protection
against rust epidemics provided farmers
with a kind of agricultural insurance,
reducing the risk that they would lose
their investments in the new seed and
other inputs. More recently, CIMMYT
researchers have been working on other
diseases as well. It is too soon to assess
the impact of these efforts, however;
resistant materials are either still at the
experimental stage or only now
reaching farmers in varieties develope.d
by national programs.

W

The conclusions drawn here have to do
with the benefits of germplasm resistant
to the rusts of wheat, particularly leaf
rust, which is a severe and widespread
hazard to the crop. Efforts to contain the
threat have been complicated by rapid
evolution of the pathogen, which greatly
shortens the useful life of varieties with
race-specific resistance. In the past, we
focused on developing new generations
of germplasm with different
combinations of race-specific resistance
genes, a task often referred to as
"maintenance research" and one aimed
at providing national programs and
farmers with new sources of resistance
to the mutating leaf rust pathogen.

HEAT Y mLD GAINS IN MARGINAL ENVIRONMENTS

The benefits of the early Green Revolution wheat varieties, so obvious in favored
environments, once eluded farmers living in marginal areas. Only with the
development of hardier plant types (many from the spring x winter crossing program
initiated by CIMMYT in the mid-1970s) did more suitable materials begin to make
their way into those areas. There is now growing evidence that farmers in marginal
areas, both in developing and developed countries, are beginning to reap their fair
share of the benefits of improved wheat varieties.
In the drier areas of Pakistan, modem wheat cultivars have only recently offered
farmers a sufficient yield advantage to compensate them for the lower price offered for
grain produced by these varieties and for a perceived loss of straw. New materials,
derived by combining spring and winter wheats, promise to alter this equation
significantly (Ahmad et al.1991 ). It has been estimated that in mountainous areas the
Veery-based variety Pak 81 gives farmers a yield gain of 35% over the tall local
variety and nearly 15% over previously released semidwarfs. Elsewhere in the country,
farm surveys have consistently shown that Pak 81 outperforms other semidwarfs by
some IO to 20%.
Notable progress has also been achieved in warmer regions, where conditions are
generally far from ideal for wheat production. Results from trials conducted in Brazil
and Paraguay indicate that gains in fairly warm, rainfed environments are on the order
of those achieved in more favorable areas under irrigation. In Bangladesh the variety
Kanchan, a cross made by Indian scientists using a CIMMYT parent line, consistently
outyielded Sonalika, the variety most Bangladeshi farmers grow, by some 17% in
3,000 on-farm demonstrations over a five-year period.
And while CIMMYT does not work for developed countries, per se, further evidence
of the improved hardiness of semidwarfs related to our work comes from W estem
Australia, where modest jumps in yield of 5 to l 0% over the performance of local tall
varieties are being obtained under that region' s very harsh dryland conditions.
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The importance of such maintenance
research can be clearly seen in Figure 8,
a highly simplified representation of the
benefits of this work. When the variety
Siete Cerros was released in Mexico in
1966, it had a yield potential of about
6.1 t/ha and was resistant to the
prevalent forms of leaf rust. Since then,
its resistance has broken down and its
ability to yield has declined. On the
other hand, the recent variety Opata 85
is resistant to the leaf rust pathogens
prevalent today and also has a higher
genetic yield potential than Siete
Cerros. By growing Opata 85 (and other
new varieties), Mexican farmers gain in
two ways: they avoid the yield losses
inflicted on older varieties like Siete
Cerros by evolving pathogens, and they
enjoy the fruits of higher yield potential.
It can also be argued that farmers in
Mexico and elsewhere benefit from the
positive contribution of genetic disease
resistance to the health of the
environment (see box, page 26).
We can estimate the benefits to developing country farmers of maintaining
leaf rust resistance by projecting yield
losses that would have occurred if
resistant germplasm had not been
available. Studies indicate that the
disease can cause losses of 25-45% at
specific sites during years when
conditions are right for an epidemie

Yield (t/ha)

8.8

Opata8S Q
Gain in
potential

6. 1·

3.0

1966

I

--------Loss
pathogens I

to l ·

'

1990

Figure 8. Schematic showing the
effects of mutating pathogens and gains
in yield potential over time.
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(Dubin and Torres 1981; Kohli 1985;
Bajwa et al. 1986). Average losses in
fanners' fields are much lower, ranging
from 5 to 20% in favorable environments. If one assumes that average yield
losses without resistant germplasm
would be 10% and that the expected life
of a variety is ten years, then the yield
losses avoided through maintenance
research would amount to at least 1%
per year. In the developing world's
favorable wheat areas alone, the annual
value of this contribution would be some
US$150 million at current prices.
While largely successful, the
maintenance breeding approach left us
on a kind of "wheat rust treadmill,"
racing to stay just ahead of evolving
pathogens. In recent years, however, our
fundamental resistance breeding
strategy has changed. We now
emphasize combinations of genes that
provide "partial resistance" to leaf rust.
While some rusting still occurs, the
progress of the disease is slowed such
that yield is largely unaffected. The
really good news, however, is that this
resistance has proven to be quite

durable. Why this is the case is still
something of a mystery, though some
theorize that instead of trying to slam
the door shut on the pathogen, as is the
case with race-specific resistance,
partial resistance enables a form of
coexistence that reduces pressure on the
organism to mutate into more virulent
forms. For more on this, see Wheat
Research, pages 35-39.

Maize
Achieving durable resistance to major
diseases is less problematic in maize
than in wheat, and many of CIMMYT' s
advanced materials have strong
resistance to diseases prevalent in our
target areas.
As for yield potential, we have less
concrete data than for wheat. Even so,
we are convinced that the modem maize

varieties now being distributed in
developing countries have considerably
higher yield potential than do the local
alternatives. Supporting evidence can be
divided into two categories: data from
on-fann trials managed by researchers
and from experiments under fanners'
management. The former are often
conducted under different levels of
fertilizer, including none or very little,
the treatment that is most representative
of conditions in fanners' fields. While
the results of these studies are rather
variable, reported yield gains are
significant. In trials managed by
fanners, yield gains tend to be smaller
than those obtained in researchermanaged on-fann experiments.
Commonly, improved varieties show a
yield advantage of 5-15%, which
approximates that of semidwarf wheats
in rainfed environments.

ENVIRONMENTAL B ENEFITS OF I MPROVED VARIETIES

The now widespread adoption in developing countries of improved wheat cultivars and
the rapidly growing use of improved maize varieties confers significant environmental
benefits. One of the most important of these results from increased production per unit
of land in favorable environments where agriculture is already practiced. Increased
productivity there has reduced pressure on tropical forests and marginal lands that may
be rapidly degraded when brought into production. In India, for example, fanners
produced 48 million tons of wheat and rice on 54 million hectares during 1965. By
1990 they were able to grow more than two and a half times that amount on only about
25% more land. Think of the impact on India's forests and hillsides iffanners had to
produce today's harvests with late 1960s yields! Much the same thing has happened in
other developing countries where improved varieties are being widely used.
A second important environmental benefit of modem cultivars derives from their
fortified genetic resistance to diseases and insects. CIMMYT maize and wheat
researchers give considerable attention to building such resistance into the genetic
makeup of improved materials - with marked success (see Maize and Wheat
Research, pages 30-39). Their success helps poor fanners increase the stability of
maize and wheat yields without resorting to potentially hannful chemical treatments,
which they can ill afford and in fact rarely have to apply. The environment gains
because fewer noxious chemicals are released into the biosphere.
Direct injection of individual plants with leaf
rust inoculum is a painstaking and timeconsuming process, but it gives wheat
breeders the uniform disease pressure they
need to evaluate resistance and, in the end,
helps protect farmers from costly losses to
the disease.

Finally, because it severely limits the choices available to farmers and to others,
poverty itself has been cited as a root cause of environmental degradation in developing
countries. Thus to the extent that modem agricultural technologies can improve the
welfare of poor producers and consumers, and at the same time provide fanners choices
that favor environmental health and resource conservation, we will all benefit from the
results of agricultural research.
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characterized by drought, soil problems,
and other stresses. Nonetheless,
adoption of these varieties is far from
complete. In numerous places, including
Ethiopia, dry areas of the W ANA region

The variability of yield data, combined
with the difficulty of detennining
accurately the area planted to improved
maize, points to the obvious need for
additional analysis before average
annual rates of gain in yield can be
estimated with confidence. We believe
that such an analysis will show
significant yield gains over traditional
varieties.

benefits from semidwarf wheats.
Subsequent research demonstrated that
this was not the case (Lipton with
Longhurst 1989). Although larger-scale
farmers tended to adopt the new

Another way of looking at the benefits
from improved maize varieties, though,
appears in a recent study on Latin
America by a research team
representing three CGIAR centers
(Janssen et al. 1992). They estimate a
production increase for 1990 alone of
1. 7 million tons from the CIMMYTderived varieties released in the region.
The value added of this extra maize is
calculated at about US$200 million,
clearly a significant return on the
research investment of CIMMYT and
national programs.

countries were devoted to CIMMYT-related wheats, accounting

A s of 1990, over 47 million hectares in developing

for over 70% of total wheat area and about 80% of total
production (not counting China).

W uo B ENEFITS?

varieties first, small-scale producers
joined soon afterwards. There were
large discrepancies in the rates of
adoption, but studies showed that they
were related to agroclimatic and other
differences among environments, not to
farm size.

As the Green Revolution gained
momentum in the late 1960s, a vigorous
debate ensued in which critics
proclaimed that relatively well-to-do
farmers received the lion's share of the

Even the large imbalance between
optimum and less favorable
environments seems to have diminished
since the 1970s, as semidwarfs have
slowly but steadily advanced into areas

1988 Rs/lOOkg
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Figure 9. Trends in the price of wheat (Punjab, India).
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and of central and southern India, and
highland zones from Turkey to
Afghanistan, farmers have yet to enjoy
the benefits of wheat research. The
difficult circumstances of these people
call for a continuing commitment to the
development of hardier genotypes and
to improved management of crops and
agricultural resources.
Even though adoption was slow in
some areas, consumers across all
environments benefitted tremendously
from the spread of semidwarf wheats.
India, for example, has remained
roughly self-sufficient in wheat
production, despite large increases in
utilization. Real wheat prices paid to
Indian farmers have fallen by more than
3% yearly since 1970, and prices paid
by consumers have dropped at an
annual rate of over 2% (Figure 9). This
trend has helped the poor in particular,
since they spend a sizeable proportion
of their income on wheat products
(about 20% in the Indian Punjab, for
example). A similar situation has
prevailed in Pakistan, though increases
in real land prices there have enabled
farmers to make up for some of the
losses in real grain prices (Renk.ow
199la). In smaller countries that import
large quantities of wheat, producers
(and in some cases, taxpayers) have
probably been the major beneficiaries.
Regardless of overall trends in producer
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and consumer prices, it is important to
remember that many small-scale
fanners must purchase wheat once their
homegrown supplies have been
exhausted. As net consumers of this
commodity, fanners in any region, but
particularly in the marginal environments, can capture some of the benefits
generated by technological change in
favored areas (Renk.ow 199lb).
We need to look beyond production and
consumption, however, and view the
consequences of technological change in
a broader context. At root, improved
technologies can be seen to have two
major effects. One of these occurs via
producers. More effective agricultural
technologies increase the incomes of
those who hold agricultural resources.
That in turn leads to an increase in
demand for goods and services, which
increases the incomes of others and
contributes to widening rounds of

demand. In this way, agriculture serves
as an engine of growth.
The second and more universal effect
of technological change is made
manifest through declining prices for
basic foodstuffs, which have major
implications for real wages, savings,
investment, and overall economic
growth. Indeed, throughout most of
human history economic development
has been associated with lower real
food costs, which serve to expedite the
development process.
CLOSING

The foregoing clearly demonstrates
some of the more important payoffs
associated with maize and wheat
research. It is worth emphasizing again
that the returns to this work - judged
to be extraordinarily large by those
familiar with the effort - are the result
of close collaboration with national

programs throughout the developing
world. Moreover, substantial benefits
stemming from the use of new products
only now becoming available to fanners
will accrue in the near future. This is
especially true in the case of maize.
Success, however, will depend on wider
recognition of food as the means for
dealing with the primary concerns of
developing countries - the welfare of
women and children, the environment,
and population growth itself. Without
abundant, low-cost food, progress in
each of these realms is much more
difficult; food remains the linchpin for
progress. Developing countries must
have productivity increasing maize and
wheat technologies and will count on
research to provide them. And
CIMMYT, with its inspiring record and
its proven capacity to adapt to new
opportunities, will - in concert with
national programs - continue to play a
major role.

Having enough to eat can make the difference between living and merely subsisting. Effective agricultural research increases the chances that people
will have enough food to thrive - not just survive.
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HIGHLIGHTS OF

1991 ACTIVITIES

CGIARand
the Technical
Advisory
Committee (TAC)

I

Deputy DG/Researcb

I

C1MMYT is organized

to undertake a wide range

Deputy DG/Administration

of research and related
RESEARCH PROGRAMS

I

I

Germplasm improvement research
• Lowland tropical maize
• Subtropical, midaltitude,
and highland maize
• Source and stress
resistance germplasm

I

•
•
•
•

Bread wheat
Durum wheat
Triticale
Barley (through !CARDA)

I

I

I

• Methodologies

I

I

• Germplasm bank
• Wide crosses

• Germplasm bank
• Wide crosses

Economic analysis

I

I

left). The pages that follow
give evidence of progress

G...tn quality research

I

in selected areas.
I

I
I

I

International testing/distribution

I

I

I

Training, Information, and consulting

RESEARCH SUPPORT
Biotechnology laboratories
Biometrics
Crop modelling and GIS
Experiment stations

maize and wheat
technologies (see diagram at

• Pathology
• Entomology
• Virology

• Pathology
• Entomology

in developing countries -

with ever more effective

• Technology design
and evaluation
• Research resource
allocations and impacts
• Commodity sector
and policy analysis

I

Crop protection research

and

through them, farmers

• Strategic crop management
• Agronomy
• Physiology

Genetic resources

national programs -

• Information and analysis

Crop management and physiology research

• Physiology
• Agronomy
• Strategic crop management

activities aimed at providing

En mom ics

\\heal

\la ill'

General laboratories
Information services
Seed health
Systems and computing services
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AIZE R ESEARCH

o

f all the cereals, maize

has traveled farthest afield
from its center of origin.
The crop is grown from
northern Asia to the Southern
Cone of South America, from
below sea level on the
Caspian Plain to over 3,000
meters above in the Andean
highlands. Not surprisingly,
maize is cultivated in a
multitude of ecologically
diverse niches, exposing it
to many biotic and
abiotic hazards.

K. Elsesser
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Highlights of 1991 Activities: Maize Research

CIMMYT's maize improvement
research was initially concentrated in
Mexico, the crop's center of genetic
diversity. Work there has allowed the
Maize Program to endow its improved
populations with resistance to some of
the principal diseases of maize, such as
the rusts and the leaf blights. The
variety of environments in which maize
is grown, however, has slowly led to a
strategy of more decentralized research,
with our scientists located in key maize
producing regions and focusing on
prevalent maize types or stresses. In the
highlights that follow, we describe work
on three such stresses - downy mildew
in Asia, maize streak virus in Africa,
and com stunt in Central America. In
addition to research concerning these
regionally important diseases of maize,
the reader will learn of our efforts to
control other intractable parasites of the
crop: insects of the moth group, which
attack maize worldwide. It is hoped that
by depicting the variety of organisms
which derive sustenance at the expense
of maize yields, these reports will also
furnish an idea of the complexity of
maize farming in developing countries
and the challenges we face in providing
superior germplasm.
OLD LIFE FORMS,
RECENT FOES: DOWNY MILDEW
AND MAIZE

When European explorers reached the
shores of Mesoamerica, the stage was
set for an unprecedented blending of
cultures and life forms from distinct
hemispheres. Often the ensuing
interactions have proven contentious.
Such is the case between maize, an
increasingly popular crop in the warm,
humid climates of Asia, and downy
mildew, a fungal pathogen native to the
continent. With the rise of maize
farming in the region, serious epidemics
of the disease have been reported in
India, Indonesia, the Philippines, and
Thailand.

Thailand and a Rockefeller Foundation
initiative, the Inter-Asian Com Program
(IACP). Over the years, Maize Program
staff in Asia have worked closely with
national programs, especially those of
the Philippines and Thailand, shuttling
promising germplasm back and forth
between sites in Asia for screening
under artificial infestation with the
fungal pathogen. This approach was
instrumental in the development of
improved, downy mildew resistant
maize now used region-wide.
Activities since then have included
improvement of four broad based
populations assembled in 1986 to
provide clients with a range of grain
color and maturity types in downy
mildew resistant maize. Our progress
with these materials was examined in a
recent study by staff in Asia. Remnant
seed from successive cycles of selection
of each population was grown at sites in
the Philippines and Thailand under both
disease free conditions and disease
pressure to measure improvement for
agronomic traits and disease resistance.
The data (Table 5) suggest that it is
possible to make simultaneous progress
on yield and resistance to downy
mildew. In another useful result of the
study, our breeders noted that
improvement for downy mildew
resistance can be hastened by selecting
in the Philippines, where the fungal
species is more virulent.

In addition, we have received requests
from Asian national programs for maize
tolerant to the acid soils characteristic of
nearly 300 million hectares in the
region. To begin addressing this need,
our staff have crossed sources of downy
mildew resistance with acid soil tolerant
maize developed by CIMMYT
scientists in Colombia and will select
progeny in trials under both acid soil
and downy mildew stress.
HELP FOR AFRICAN
FARMERS: RESISTANCE TO
MAIZE STREAK VIRUS

Nearly unknown outside of Africa,
maize streak virus is among the most
serious disease problems of the crop on
this continent. Its destructive potential
was fully manifest during 1983 and
1984, when outbreaks seriously affected
maize production in several countries of
West Africa, and again in 1988 in a
severe epidemic in Kenya. Despite this

Table 5. Progress in breeding for resistance to downy mildew in Thailand and
the Philippines

Population

Cycle

Early white

co
C3

co

Early yellow

C3
The Maize Program undertook breeding
for resistance to downy mildew in 1975,
establishing a regional program that
built upon the pioneering efforts of
agricultural research institutions in

Much of the present work by our staff in
the region is aimed at incorporating a
range of useful traits, including downy
mildew resistance, into improved
germplasm for Asian environments. In
conjunction with headquarters, for
instance, they are working to improve
resistance to downy mildew in
CIMMYT tropical maize that already
possesses acceptable resistance to
multiple insect species.

co

Late white

C3

co

Late yellow

C3
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Grain yield
(kg/ha)

( % infection)

5,171
6,110

59.7
24.4

4,638
6,510

75.0
18.4

5,770
6,724

63.8
16.9

.5,152
7,113

53.1
15.9

Disease score
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menacing power, the virus would be
helpless were it not for leathoppers,
insects of the genus Cicadulina which
transmit the pathogen while feeding on
maize plants.
Practices such as timely planting and
treatment of seed with systemic
insecticides can help control yield
losses, but a more effective and
practical solution for subsistence
farmers of streak-threatened regions is
high yielding, disease resistant maize.

An innovative feature of this enterprise
is the breeding methodology used. The
central strategy of the Maize Program
has involved improving a more or less
fixed set of populations over a long
period of time. Harare staff devised a
new approach in which they continually
created and screened new breeding
populations drawn from large
collections of elite gennplasm, thereby
heightening opportunities for tapping
useful genetic diversity. National
programs have played a vital role in the

the virus, are high yielding and adapted
to midaltitude conditions, and combine
well with hybrid materials used in most
breeding programs of southern Africa
(where hybrids are traditionally
preferred to open pollinated varieties).
Work also continues to ensure that all
CIMMYT lowland maize gennplasm
targeted for Africa features streak
resistance among its qualities.
TEAMWORK IN CENTRAL
AMERICA AND THE CARIBBEAN:
BREEDING TO A VERT
CORN STUNT

Advanced inbred lines now possess excellent resistance to
maize streak virus ... and combine well with hybrid materials
used in most breeding programs of southern Africa.

From 1980 to 1988, CIMMYT pooled
its efforts toward that end with those of
the International Institute of Tropical
Agriculture (IIT A). Through resistance
"conversion" of superior materials by
backcrossing and recurrent selection in
tropical populations, the CIMMYT/
IITA team generated a sizeable
collection of improved, streak resistant
gennplasm of lowland adaptation for
use by national programs throughout
sub-Saharan Africa (CIMMYT 1985).
We continued this work under a project
launched in southern Africa in 1985.
With support from the government and
the University of Zimbabwe, CIMMYT
established a research station near
Harare to develop gennplasm for
eastern and southern Africa's
midaltitude ecologies, which account
for some 6 million hectares of maize
production. Once primarily a concern of
lowland farmers, maize streak virus is
now a major constraint in midaltitude
environments of Africa and has
appeared lately even in highland fields.
The station's facilities for mass rearing
Cicadulina leathoppers pennit
screening under maize streak virus
pressure at all stages of gennplasm
development.

research, providing source gennplasm
and helping to screen materials under
development. Progress in streak
resistance has come rapidly; so much so
that our researchers have also been able
to concentrate on other important traits,
such as yield and resistance to leaf
blight and common rust, in the
midaltitude materials. A regional testing
network was started in 1989 for these
products, and national programs in the
region are using them extensively in
their breeding activities. A list of the
streak resistance gennplasm we offer is
now available to interested clients.
The above approach is presently giving
way to a reduction in the volume of
materials under development, as staff
focus exclusively on the most elite
midaltitude gennplasm. From 36
populations at various stages of
breeding in 1990, scientists have fonned
6 broad-based, streak resistant
groupings: 2 of intermediate maturity, 2
of late maturity (these first 4 of opposite
heterotic groups), and 2 developed with
drought tolerance in mind and also
drawn from materials of diverse
heterotic patterns. Advanced inbred
lines from population ZM607, for
example, possess excellent resistance to
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For the past 14 years, the Swiss
Development Corporation has funded
joint research by CIMMYT and nine
countries of Central America and the
Caribbean. The project's contributions
to maize research and productivity are
well documented, including improved
varieties, hybrids, and crop management
practices, advances in seed production
and distribution, and a strengthened
capacity in national programs to
conduct relevant research. One of its
finest achievements, though, has been
work on resistance to com stunt, a
serious constraint to maize production
in some nations of the region.
Caused by micro-organisms akin to
bacteria known as mollicutes, com stunt
can reduce yields by 60 to 100% in
areas where low rainfall, high
temperatures, and low relative humidity
favor development of the leathoppers
that transmit the pathogen. Data from
Nicaragua describe losses from com
stunt of as much as US$7 .5 million in
that country during the 1986-87 crop
cycle.
CIMMYT began breeding for stunt
resistance in 1975, collaborating with
researchers from El Salvador and
Nicaragua. By 1980 high yielding, stunt
resistant varieties were released in
several countries. One product of joint
research with national programs, the
variety NB-6 released in Nicaragua,
gave yields of 3.5 t/ha in this country in
1987 under disease intensities that
reduced the output of a susceptible
hybrid to 1.5 t/ha. Figure 10 illustrates
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results of recent trials comparing the
performance under disease attack of
NB-6, the popular commercial hybrid
H-5, and another maize genotype
derived more recently from the project.
Stunt resistant varieties and hybrids
developed through our efforts with
national programs are now sown on
more than 100,000 ha throughout the
region, practically eliminating the threat
of the disease there. Project researchers
nonetheless expect to advance both
disease resistance and yield by some
10% over the next five years.

MoTHS THAT EAT MAIZE:
DEVELOPING RESISTANCE TO
INSECT PESTS

The number-one insect enemies of
maize farmers are moth larvae known as
"borers." True to their name, these
insects voraciously chew their way
through leaves, tassels, stems, and ears.
If unchecked, their aggressive feeding
habits leave behind a stunted,
unproductive plant riddled with holes
and tunnels. In developed world maize
production, borer damage is held down
through integrated pest management
and insecticide use. Farmers in
developing countries often lack access
to similar controls or simply cannot
afford them, and may lose a third or
more of their harvest annually to borers
and their leaf- and ear-feeding moth
relatives, the armyworms and com
earworm. An obvious remedy is maize
that can withstand or resist borer,
armyworm, and earworm attacks.

Developing and disseminating stunt
resistant maize is not the only
accomplishment of this work, though.
Whereas project activities were first
coordinated by CIMMYT staff, as of
1985 El Salvador and Nicaragua
assumed leadership for breeding
research on stunt resistance, with
assistance on international aspects from
our scientists. Products are shared
among all nations participating in the
project, and much of the joint research
is organized and conducted by national
programs themselves. The success of
this approach has demonstrated the
possibilities of a more dynamic role for
national programs in shaping CIMMYT
germplasm to regional requirements.

Meaningful progress toward that goal at
CIMMYT first came in the early 1980s.
Maize Program scientists at that time
implemented practical techniques for
mass rearing insects and delivering
them to maize in the experiment field,
thereby creating the artificial
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Figure 10. Means of results from recent trials under natural incidence of corn stunt at
seven sites in Central America. The materials compared include a synthetic (SC3
P73) and Nicaraguan variety (NB-6) developed under the Central America and
Caribbean collaborative project and a popular commercial hybrid (H-5).
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infestations necessary to identify
resistant plants. Along the way, our
researchers devised some innovations
now widely used in research on insect
resistance. An example is the
"bazooka," an insect applicator that
allows an experienced worker to spread
uniform batches of larvae on 1,500
plants per hour.
Innovation, though, was also required in
our breeding philosophy. Up to this
point, the focus had been to improve
insect resistance in broadly adapted,
general maize populations, an approach
rewarded by slow gains. With the
entomological underpinning in place,
our staff put into practice a new strategy
involving special purpose populations
assembled and improved mainly for
insect resistance; and to not just one,
but multiple maize pests.
Efforts with the first such set of
materials, multiple borer resistant
(MBR) Population 590, have brought
encouraging results. In multilocation
testing during 1989-90 in Canada,
Mexico, and the USA, experimental
varieties developed from Population
590 showed yield reductions on the
order of 10% under intense artificial
infestation with each of four major
insect pests. Satisfied for the moment
with that level of resistance, we have
recently begun work on other traits that
should make Population 590 more
useful to our clients. Foremost is
improving its resistance to leaf blights
and the rusts. Another goal is to be able
to offer white grain maize with insect
resistance. Breeding for these and other
characteristics will be performed under
heavy insect pressure to maintain or
improve pest resistance.
Encouraged by progress with the first
special purpose population, which
comprises largely temperate and
subtropical maize, we established a
second, multiple insect resistant tropical
(MIRT) Population 390, using materials
adapted to the lowland tropics and
including sources of resistance to maize
streak virus and downy mildew.
Population development involved
selection at our primary tropical
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experiment station in Mexico, where
disease pressure is heavy. In
preliminary results of 1990-91
international trials, several lines from
Population 390 appear to possess both
high levels of resistance to the major
tropical borers and armyworms, along
with acceptable resistance to maize
streak virus, a critical pathogen of the
crop in Africa. The next challenge is to
increase yield potential in the
population and improve resistance to
other important diseases, such as downy
mildew.
Future research will also focus on the
factors and genetic control of insect
resistance in CIMMYT materials. We
have generally pursued "antibiosis,"
i.e. any plant factor (toxic substances,
nutrient imbalances, or tough plant
tissue) that kills the larvae or impedes
development in survivors. We are
beginning collaborative work with
scientists in Canada to obtain basic
information about the factors involved,
in hopes of breeding resistant maize
more efficiently and making better use
of the final product.

With the same goal in mind, CIMMYT
is well along in studies using restriction
fragment length polymorphisms
(RFLPs), molecular markers that can
help locate areas on the genome that are
associated with resistance. As part of
our contribution to the European
research network, EUREKA, our
scientists have already employed 25
RFLP probes to analyze a segregating
population developed from susceptible
and resistant parents. These and
previous studies signal some 11 areas
on the genome as ostensibly responsible
for resistance in CIMMYT materials to
southwestern com borer, one of the
most aggressive feeders on maize.
Research will continue until we have
utilized at least l 00 probes, providing a
clear notion of the number and location
of resistance genes. We hope eventually
to be able to preselect for resistance
using DNA markers, thus permitting
more efficient and effective selection
for a variety of traits under artificial
infestations.
Another issue to which CIMMYT
scientists are turning their attention is
second generation borer attacks. As a

rule, the first generation of larvae in the
crop cycle begin feeding in the whorl of
the maize plant, later assaulting the
tassel and eventually penetrating the
stem, where they pupate. The female
adults of this brood lay their eggs on the
tissue near the ear zone of the growing
maize plant. Second generation
hatchlings launch their attack on the
sheath, collar, or husk leaves and later
chew into the ear or stalk, where they
tunnel extensively. Damage often
causes the plants to break off at the
stem and, at the very least, facilitates
the entry of pathogens which further
reduce yield and can contaminate the
grain.
The complexity and labor requirements
of screening for second brood resistance
have led us to concentrate initially on
leaf feeding resistance, an effective
defense inasmuch as it reduces the
number of second generation pests. First
generation moths, though, may come in
from neighboring fields of maize or
other hosts and lay eggs on plants at
flowering. To begin dealing with this
problem, our staff will undertake
comparative studies on screening
methods involving second generation
borers.
Finally, given that developing world
maize ecologies are intricate systems
that present an array of opportunistic
organisms, our research has not
confined itself to pests from the moth
group. We can also offer germplasm
with acceptable levels of resistance to
maize grain weevil (Sitophilus spp.) and
com rootworm, and are collaborating
with scientists from Texas and Colorado
to improve CIMMYT maize for
resistance to spider mites.

Stem borers (like this larva) belong to the
Lepidoptera, an insect order whose species
comprise fully 10% of those known in the
animal kingdom. Most are green leaf feeders
and can thus pose a serious threat to
agriculture.
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H

igh yield potential and

host plant resistance to biotic
stresses in CIMMYT's wheat
gennplasm have contributed
much to the abilities of
farmers in developing
countries to improve and
sustain their productivity.
Disease and insect resistance
have been as important as
yield potential in determining
the impact of our gennplasm
in the developing world.

J.L.Castillo
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In 1991, there were a number of
significant developments involving
some old biotic enemies and a few new
ones. Reason enough to devote this
year's highlights to our past and present
work with biotic stresses. Nearly 80
projects involving more than a dozen
diseases and pests (Fischer and Hettel
1991) are currently underway within our
crop protection subprogram. Host plant
resistance is our major armament in
integrated pest management because it
stabilizes yield for many small, poor
farmers. In those few circumstances
where developing country farmers use
pesticides, disease-resistant gennplasm
obviates the need for their use, thus
reducing environmental pollution.
SEEKING RESISTANCE TO
RUSSIAN WHEAT APHID
Historically, we have not worried much
about insects in wheat. Many of the
major pests (e.g., Hessian fly, sawfly)
are found in West Asia and North
Africa, and our sister center, the
International Center for Agricultural
Research in the Dry Areas (ICARDA),
has been giving attention to these. But
now, a small, pale green menace has
suddenly added to the headaches of
wheat and barley farmers in several
developing and developed countries
around the globe. The Russian wheat
aphid (RW A), Diuraphis noxia, from
Asia Minor is finding its way into new
areas at an alarming rate. Finding hostplant resistance in the accessions of
gennplasm banks at CIMMYT and
other institutions may be the only
practical way to stop this voracious
insect's onward march (Burnett et al.
1991). The aphids feed- and do their
damage-deep within a plant's leaf
whorl where the leaves are tightly
rolled, which makes it difficult for
natural predators or contact insecticides
to reach them.

bordering the Mediterranean, Ethiopia,
the Middle East, Pakistan, and
Afghanistan. It has the uncanny ability
to colonize environments very different
from its center of origin - it can
survive a winter in western Canada and
a summer in Yemen and seems to thrive
best in dry environments.
With the search for RWA resistance
underway, our breeders are tapping into
the vast genetic variability available in
the thousands of small grain accessions
stored in our wheat gennplasm bank.
We have screened several thousand
spring wheats, triticales, ryes, barleys,
and wild relatives of wheat for
resistance. Triticale and rye genotypes
in the CIMMYT collection and barleys
from the ICARDNCIMMYT program
have been identified as having useful
levels of resistance to R WA under field
conditions.
Although there are many apparent
sources of R WA resistance in our
bank's tetraploid Triticum dicoccum
accessions (wild wheats), we have so
far found only a small number of
resistant lines among the wheats
themselves, most of which can be traced
to the geographic origins of the aphid
itself - southern Russia, Iran, and
Turkey. These resistances and those
from winter wheat genotypes selected
elsewhere are now being incorporated
into the CIMMYT spring wheat
gennplasm. Our wide cross researchers
are working on the introgression of
resistance from the wild species. Such
transferred resistance will help avert
disasters in countries where the RWA
has been identified as a pest and
perhaps prevent the aphid from ever
reaching pest status in countries where
it has yet to be recorded (Hughes and
Maywald 1990).
DuRABLE RusT RESISTANCE IN

CIMMYT GERMPLASM
Originally recorded in 1900 in the
southern Soviet Union and in Spain in
1945, RWA did not reach pest status
anywhere until 1978 when it was
identified as the causal agent of a wheat
leaf streak in South Africa. Since then,
the pest has spread to the Americas and
has been recorded in most countries

As described in CIMMYT's new
manual on The Rust Diseases of Wheat
(Roelfs et al. 1992), the three rust
diseases (leaf, stem, and stripe) have
plagued wheat farmers over the
centuries and are still considered
diseases of major significance where
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wheat is grown. In the past, rust
resistance in improved wheat cultivars
was commonly based solely on major,
race-specific genes that often
succumbed to mutant virulent strains
within five to seven years. However,
since the early 1970s, our breeders have
been emphasizing what is called a
"slow-rusting" type of resistance that
usually thwarts the development of new
pathogen races and slows down
inoculum build-up of the pathogen.
Slow rusting occurs when a cultivar
displays a susceptible response, but
with slower disease progress than in a
susceptible check cultivar. The
effectiveness of this slow rusting can be
enhanced by identifying other genes
influencing the phenomenon. For
example, leaf rust resistance gene Lr34
alone in a cultivar will cause slow
rusting, as will gene Sr2 for stem rust.
However, by combining two or three
additive genes (that also convey slow
rusting) with Lr34 or Sr2 for the
respective diseases, a durable resistance
(lasting many years) of high
effectiveness can be obtained where
disease progress is retarded to the extent
that pathogen development by harvest is
negligible.
Thanks to such durable resistance, the
threat of stem rust (Puccina graminis)
has been contained globally for the last
30 years by the Sr2 gene complex.
Similarly, no major epidemics of leaf
rust (P. recondita) or stripe rust (P.
striiformis) have been reported for the
last 11 years on CIMMYT-derived
cultivars identified to have slow rusting.
Even though our breeders have
achieved much regarding durable
resistance, we must continl•.e efforts to
maintain and improve resistance levels
to avoid a resurgence of the diseases.
CIMMYT wheat pathologists and
geneticists are identifying and
classifying durable resistance genes,
which will help our breeders in their
maintenance and improvement efforts.
Leaf rust is the most widespread disease
affecting spring bread wheat production
and is particularly prevalent in irrigated
areas. On the experiment station at
Ciudad Obreg6n in Mexico's Yaqui
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Valley, we compared 16 CIMMYTderived bread wheat cultivars - with
release dates spanning 24 years - from
Sonora 64 to Angostura 88. The
cultivars were grown under heavy leaf
rust infection, both with and without
fungicide treatment. We found that, in
the absence of chemical control,
cultivars released before 1973, such as
Sonalika, Inia 66, and Yecora 70
(resistance attributed to race-specific
genes at the time of release, but
susceptible now), suffered losses of
nearly 50% compared with virtually
none for more recent cultivars, such as
CIANO 79, Oasis 86, and Angostura 88
(resistance based on effective racespecific genes that may succumb to new
pathogen races in the future).
Interestingly, cultivars determined to be
partially resistant (slow rosters), such as
Cocoraque 75, Pavon 76, and Opata 85,
yielded almost as well as the resistant
cultivars (Sayre et al. 1991).
Using this same set of historical
cultivars, we determined that the overall
annual average gain over the last three
decades through breeding for both yield
potential and leaf rust resistance was
2.9%. When the cultivars were treated
with fungicide, we observed a 1%
average annual rate of gain in yield
potential over the years. Obviously, leaf
rust resistance accounts for the
remaining - some two-thirds - of the
overall gains (Figure 11 ). In terms of
impact, had this bread wheat germplasm
not been available over the years to
national programs, we estimate that, on
average, at least 5% of the developing
world's wheat crop in areas where leaf
rust is a factor would have been lost due
to effects of the disease alone - a total
of 5 million tons annually or some
US$750 million each year at today' s
prices.
In many developing countries, stripe
rust presents the greatest potential threat
to spring bread wheat production. To
get an historical perspective of our
battle with P. striiformis, our breeders
computed the percentage of CIMMYT
advanced lines expressing resistance (an
average coefficient of infection, ACI, of
5 or less as recorded by cooperators and
unlikely to cause yield loss) over more

than 20 years of the International Bread
Wheat Screening Nursery (IBWSN).
This information reveals that, until the
mid-1970s, resistance to the disease in
our germplasm was low. Then the first
advanced lines involving genes
introgressed from the winter wheat gene
pool were sent to our cooperators. Quite
rapidly, resistance increased as we
moved into the early 1980s. Then a
period of instability ensued that we
attribute to resistance gene Yr9 being
effective in Mexico, but ineffective in
certain other parts of the world. By the
mid- l 980s resistance was high again
(van Ginkel and Rajaram, 1992).
While the instability has been obvious,
the proportion of lines expressing high
levels of resistance has remained above
20%. The mean annual rate of increase
has been 2.4%. We are optimistic that
the base of general stripe rust resistance
can be further strengthened by
accumulating durable resistance genes
from different sources dispersed
throughout our program and other
known sources. Our work with stripe
rust also currently involves a five-year
Dutch-funded collaborative project with
the Wageningen Agricultural University
in the Netherlands to identify,
characterize, and evaluate durable
resistance to the disease.

To date, some 128 resistance genes
have been identified by wheat
pathologists and geneticists worldwide
- 62 for stem rust, 44 for leaf rust, and
22 for stripe rust (Roelfs et al. 1992).
Most of these, so far, have been found
within wheat itself, but 32 (20 for stem
rust and 12 for leaf rust) are derived
from near and distant relatives of wheat
like Triticum turgidum, T. monococcum,
and Agropyron e/ongatum (Skovmand
and Rajaram 1990).
Since many of the known genes are
race-specific and have been rendered
ineffective by new virulences, the
search continues for more genes to add
to the diversity of the resistance base in
the wheat genepool - like stripe rust
resistance gene Yrl8 identified by our
own geneticists in 1991. The discovery
of Yr 18 hinged partly on the use of two
near-isogenic lines (i.e., nearly identical
genetically), Jupateco 73R and Jupateco
73S. These two lines are reselections
from the cultivar Jupateco 73 and were
selected for leaf rust resistance based on
gene Lr34 (Jupateco 73R) and leaf rust
susceptibility (Jupateco 73S). When
tested for stripe rust in the field,
Jupateco 73R was found to be always
resistant to stripe rust while Jupateco
73S was always susceptible. Using
genetic studies and testing other

Figure 11. Yield of CIMMYT-derived varieties, with and without fungicide
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cultivars that carry Lr34, we were able
to conclude that Lr34 is linked to a gene
conferring durable resistance to stripe
rust, which we named Yr18 (Singh
1992a).
It is not uncommon for there to be
genetic association among various
resistance genes of the three rusts.

CIMMYT-derived wheats with very
high yield potential carry the leaf tip
necrosis gene, which we have named
Ltn. Now breeders have a visible
marker to confirm the presence of both
durable leaf and stripe rust resistance,
knowing thatLr34 is present as is Yr18
by its linkage to Lr34. This tale of
genetic association may not end here,

In 1991, CIMMYT researchers identified the first gene designated Bdv1 - for barley yellow dwarf tolerance in bread
wheat. It is believed to be a source of durable tolerance to this
ubiquitous viral disease.
However, the Lr34:Yr18 linkage is
significant because Lr34, derived from
the leaf rust-resistant cul tivar Frontana
from Brazil, is an important gene known
to impart durable resistance to leaf rust
and was confirmed in 1991 to be
present in a considerable number of
wheats developed by CIMMYT
breeders and is probably present in
many other wheats. The Lr34:Yrl8
association provides a great advantage
to breeders because when they confirm
the presence of Lr34 in a genotype, it
automatically means a considerable
degree of stripe rust resistance is also
present through Yr18.
Rust resistance genes can also have
genetic association with phenotypic or
visual traits. For example, durable stem
rust resistance gene Sr2 has long been
known to be linked with the presence of
brown necrosis or pseudo black chaff.
Recently, Canadian researchers
indicated that Lr34 might be linked to
leaf tip necrosis in adult wheat plants.
Again using the Jupateco 73
reselections in segregation tests in the
field, our geneticists, in 1991,
confirmed this observation (Singh
1992b) and used it to show the presence
of Lr34 in at least 31 CIMMYT-derived
wheats that were thought to carry the
important gene. Even though leaf tip
necrosis may not be an attractive trait,

which will become apparent in the
discussion on barley yellow dwarf
below.

A GENE FOR TOLERANCE TO
BARLEY YELLOW DWARF IN
BREAD \VHEAT

Incorporation of tolerance to barley
yellow dwarf (BYD) has been an
objective of our breeders because the
disease is the most economically
important and widespread virus disease
of small grains in the world (Burnett
1990). Losses range from 1 to 3%
annually, although in some years and
locations, losses may be as high as 2030%. Since 1984, our work on BYD has
been a restricted core project funded by
the Republic of Italy, involving
collaboration with a network of centers
of excellence including various Italian
and U.S. universities, the Ministry of
Agriculture, Fisheries, and Food
(MAFF) in Great Britain, Agriculture
Canada, and institutions in some
developing countries.
The luteoviruses, known as barley
yellow dwarf viruses (BYDVs), are
persistently transmitted by a variety of
aphids to all common small grain
cereals. The presence of BYD can be
masked either by abiotic stresses, such
as nitrogen deficiency and water-
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logging, or by other diseases such as the
rusts or foliar blights. However, the
effects of BYD are becoming more
obvious in the field as more resistances
to the foliar diseases are incorporated
into wheat germplasm.
Several BYD-tolerant CIMMYT bread
wheats have been available, but until
1991, we still did not grasp the genetics
of tolerance in these wheats. Single
genes, Ydl and Yd2, conferring
tolerance to BYD are known to occur in
barley, but only after crossing tolerant
(Anza and high yielding CIMMYT
advanced lines) and susceptible
(Bobwhite and Bagula) parents, have
we been able to identify the first BYD
tolerance gene in bread wheat. We have
designated this gene Bdvl ).

Bdvl could have been introduced into
the CIMMYT germplasm from the
BYD-tolerant cultivar Frontana from
Brazil, which was used in the MexicanRockefeller wheat breeding program
during the 1940s and 1950s for its
outstanding resistance to rusts (which
we today recognize as durable). For
more than 40 years CIMMYT breeders
and their predecessors have been
discarding plants showing excess
yellowing at our Toluca Station near
Mexico City. Because of this heavy
selection pressure for such a long
period, we believe that Bdvl now occurs
frequently in CIMMYT wheats. It could
be classified as a durable tolerance
source because it has maintained partial
effectiveness despite large-scale
deployment in the U.S. and other
countries and confers tolerance to all
known serotypes of BYDV. Since leaf
rust gene Lr34 is also derived from
Frontana, we will be looking at the
intriguing possibility that Bdvl, like
Yr18, is genetically linked to Lr34. If so,
leaf tip necrosis becomes an even more
important phenotypic marker for
breeders.
GAINING DISEASE RESISTANCE
FROM ALIEN SOURCES
An excellent example of acquiring
disease resistance from a distant relative
of wheat (by way of intergeneric
crosses) is that recently obtained for
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spot blotch (Helminthosporium sativum
syn. Cochliobolus sativus). Our wide
cross researchers have obtained
encouraging results crossing the wild
grass Thinopyrum (Agropyron)
curvifolium with three blotchsusceptible bread wheats. Spot blotch is
an important disease that limits wheat
production in many nontraditional warm
areas, such as Paraguay, parts of Brazil,
Bangladesh, the tarai of India and
Nepal, and other tropical countries
(Hetzler et al. 1991 ). Five years ago,
nearly all wheat pfanted at our tropical
lowland station in Poza Rica, Mexico
(a hot spot for H. sativum) succumbed to
the disease. Now however, advanced
derivatives from the wide cross remain
lush and green while susceptible wheats
in adjacent plots tum brown and die.
The best resistance to H. sativum found
to date anywhere comes from these Th.
curvifolium-derived lines. The resistant
selections have good agronomic types,
variable maturity, and satisfactory grain
finish. Yields of this material in the hot,
humid Poza Rica environment are
approaching 3.0 t/ha without fungicide,
whereas susceptible wheats yield
nothing. These selections are being
incorporated into our mainstream
breeding program and distributed to
countries where H. sativum is a
constraint, such as Nepal. The material
is performing well in field tests there. In
an attempt to widen the diversity of H.
sativum resistance, we have also
crossed some resistant synthetic wheats
(durum wheat x Triticum tauschii) with
susceptible bread wheats. Some
selections from the early segregating
populations of this interspecific work
look promising.

were shown to negatively correlate with
wheat yields and to contribute to an
overall model describing yield for the
Valley (Meisner et al. 1992). The
survey results demonstrate the need for
more research into nematode populations in the Yaqui Valley and the effects
of crop rotations on these populations.
Kamal bunt (KB) ~s a seedbome disease
caused by the fungus Til/etia indica. Its
severity is usually low to moderate in
India, Pakistan, Nepal, and Mexico.
However, it is a quarantinable disease
that can seriously affect germplasm
movement globally as well as within
our breeding program in Mexico. We
have identified numerous resistant lines
in bread wheat, durum wheat, and
triticale in the Kamal Bunt Screening
Nursery, which we are sharing with
collaborators in KB hot spots. In

addition, our wide cross researchers are
developing resistant material derived
from Triticum tauschii.
Our research on bacteria, supported by
the Belgian Administration for
Development Cooperation, is aimed
primarily at bacterial leaf streak
(Xanthomonas campestris pv.
undulosa). This disease is increasingly
affecting bread wheat, durum wheat,
and triticale grown in high rainfall,
warm environments. In 1991, we
developed and refined new foliar
disease scoring scales for the three
crops and made progress in finding
resistance in CIMMYT germplasm.
Finally, our collaborative work with the
fungus Septoria tritici has been producing good results. Those interested in
more details should see our annual
report for 1990 (CIMMYT 1991 ).

OTHER BIOTIC NEMESES

Neither a disease nor an insect, the
lesion nematode (Pratylechus thornel)
is a tiny worm reported to parasitize
wheat roots in Australia, the Middle
East, North Africa, the United States,
and Mexico. We are trying to determine
the extent it affects wheat productivity.
In a diagnostic survey conducted by our
agronomists of 52 randomly selected
farms in the Yaqui Valley of northwestern Mexico, nematode populations

Brown and dying wheat susceptible to helrninthosporiurn spot blotch - an important disease
limiting wheat production in warmer areas - is surrounded by lush, resistant lines descended
from a wide cross with Thinopyrum (Agropyron) curvifolium, a wild distant relative of wheat.
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Wtiat are the benefits of
new technology? How can they
be measured? How are they

distributed? These questions
conceal a host of issues, some
of them quite complex,
explored in studies ranging
from an ambitious analysis
of the impacts of maize and
wheat research in the
developing world to more
specific investigations of
technology adoption and
returns to research.

T.Luba
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Our study of global research impacts,
conducted in collaboration with the
Maize and Wheat Programs, began with
a questionnaire soliciting information to
develop a compendium of the number
of maize and wheat varieties released
by national programs. To extend the
evaluation of impacts beyond previous
analyses, we requested information
about the type and germplasm source of
those varieties, the agroclimatic zone(s)
for which they were targeted, and the
approximate area planted to them in
1990. Our survey included all countries
harvesting more than 100,000 ha of
maize and/or wheat, as well as many
countries with smaller areas, to develop
a comprehensive database on the use of
CIMMYT germplasm in national
programs and on farmers' adoption of
varieties based on CIMMYT
germplasm and other materials.
The resulting impact study reflects the
contributions of CIMMYT's Maize and
Wheat Programs, hundreds of national
program researchers, and some private
companies. Although our information
on germplasm utilization is fairly
complete, more precise information on
the economic benefits attributable to the
dissemination of improved maize and
wheat awaits additional data and more
extensive analysis. However, some
results of this work are available in this
report (see pages 16-28), and more
detailed analyses will become available
in two publications later this year.
AnoPTION STUDIES AND THE
IMPACT OF

OFR

The broad picture of research impacts
acquires greater depth when complemented by information from adoption
studies. By indicating whether or not
research objectives mesh with farmers'
needs, adoption studies provide
information for redirecting research, if
necessary. They may also reveal
institutional conditions, such as input
supply policies, that affect farmers'
ability to take up new practices.
Unfortunately, the small number of
well-documented cases in which onfarm research (OFR) has fostered
positive change in farmers' practices

has made it difficult to judge the success
of this kind of research. A new book,
Planned Change in Farming Systems
(Tripp 1991 ), brings together nine case
studies of demonstrably successful OFR
conducted by a variety of organizations
on different agricultural systems in
developing countries. The studies four of which involved CIMMYT
research - provide a concise review of
progress in OFR to date, serving as a
guide to conditions that contribute to
effective OFR.
One chapter highlights work in which
CIMMYT participates in Ghana. The
Ghana Grains Development Project
(GGDP), a national commodity research
program, has used the OFR methodology to generate widely applicable
recommendations for Ghana's major
maize producing environments.
Following up on adoption information
gathered in the course of the research
described in the case study, a 1990
survey showed that Ghana's maize
farmers - women as well as men are increasingly familiar with the
recommendations and use them in their
fields. About 48 % of the maize area
covered in the survey was planted in
improved varieties released by Ghana's
Crops Research Institute. However, the
level of success achieved through OFR
in Ghana has not been equalled in many
other places. This fact points to the need
for more documentation of the impact of
OFR - and hence more accountability
to farmers and to funding agencies - so
that the efficiency of OFR can be
assessed and improved.

~SEARCH IN NATURAL
RESOURCE MANAGEMENT

Adoption studies are all too often
thought of as the "last word" in the
research process. This perception is not
quite accurate. As research proceeds,
adoption studies help monitor progress,
synthesize accomplishments, and
highlight future challenges. And in
1991, the Economics Program initiated
two adoption studies that can be thought
of as a prologue to research - certainly
not an afterword.
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These studies are being done with the
assistance of national programs and nongovernmental organizations in two
locations that share an unusual characteristic: poor smallholders have adopted
resource-conserving technologies that
are not part of the traditional system. In
both places most farmers grow maize on
steep hills susceptible to erosion.
Farmers in a small area of western El
Salvador have practiced conservation
tillage for 10-15 years. Along the
Atlantic coast of Honduras, farmers
follow a maize-Mucuna rotation.
(Mucuna, or velvet bean, is a leafy,
rapidly growing leguminous plant that
not only provides nitrogen to the soil,
but also helps control erosion, preserve
soil moisture, and discourage weeds.)
The studies in El Salvador and
Honduras will elicit farmers' perceptions about resource-conserving
technologies and reveal the technical
and institutional factors which shape
those attitudes. That information will be
valuable in designing OFR specifically
directed toward improving natural
resource management in smallholders'
farming systems.
On-farm research is already being done
to understand and evaluate practices
used for natural resource management
in southern Veracruz, Mexico. Like
their counterparts in Honduras, the
indigenous farmers living near the Santa
Marta Mountains have developed a
maize-Mucuna system without technical
assistance. Mucuna is sown on fallow
fields to improve soil fertility and inhibit
the growth of tough grass that farmers
usually clear by slashing and burning. A
typical fallow plot can take one person
12 days to clear, compared to four days
for a fallow plot the same size but sown
toMucuna.
In addition, some farmers use Mucuna
to produce two maize crops instead of
one. In October or November, farmers
clear the Mucuna fallow and plant
maize. The cut Mucuna is used as mulch
for the emerging maize crop, adding
nutrients and holding moisture in the
soil during the relatively dry winter
months. Farmers also sometimes grow
maize and Mucuna together during the
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rainy summer cycle, a practice which
may become more important as the
amount of fallow land diminishes and
recuperative fallow cycles become
shorter.
This and other information on farmers '
use of Mucuna was used to design
on-farm experiments to assess the
agroeconomic limitations and
advantages of the Mucuna practices and
to encourage farmers' experimentation.
Results of this work, which should be
available in 1992, will be linked with the
research in Honduras.
Obviously, OFR on natural resource
management in smallholder maize
farming systems of Mexico and Central
America must consider longer term
effects, such as changes in the amounts
of soil nutrients or in soil erosion. This
challenge is not unique to Latin
America. For example, OFR conducted
by the University of Southern Mindanao
Agricultural Research Center,
Philippines, in collaboration with
CIMMYT highlights the need to account
for longer term effects resulting from the
use of different weed control strategies
in maize. The choice of weed control
practice not only influences weed
species and populations over time; it
may also influence rates of soil nutrient
depletion, soil erosion or conservation,
and the incidence of diseases or insects.
Researchers have realized that, without
better information gathered over a longer
period, they cannot quantify the
carryover effects of weed control
strategies with sufficient precision.
Depending on the particular strategy that
is being studied, different data collection
methods are needed, including longterm trials (some managed by farmers,
other by researchers) and long-term
monitoring of farmer groups.

research aimed at enhancing or maintaining the productivity of agricultural
resources. The Economics Program is
developing guidelines for ex-ante
evaluations of resource-conserving
technologies and for improving farmers'
involvement in research on such technologies. In addition, we are examining
methods for the economic analysis of
experimental data encompassing effects
over several years.

FARMERS'

ADOPTION OF MAIZE

IN MALAWI AND DURUM WHEAT
IN ETHIOPIA

For the farmers who have adopted them,
the conservation tillage and maizeMucuna technologies in Central
America obviously offer specific
advantages, which researchers seek to
understand through farmer interviews.
The same technique helped researchers
to unravel farmers' various motives for
producing different types of maize in
Malawi and to document farmers'
criteria for adopting different varieties
of durum wheat in Ethiopia.
Malawi is described as "a nation of
maize farmers" because more than 75%
of its cropped area is sown to maize.

T. Luba

The work described above shows how
researchers ' repertoire of methods is
expanding to meet the demands of

A farmer (right) tells an Ethiopian researcher
why he grows an improved durum, Boohai.
"These farmer surveys are very important,"
the researcher later observed, "because
we serve the people - we have to
understand their needs."
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But it might be more to the point to call
Malawi a "nation of maize consumers."
Malawi's per capita maize consumption
is among the highest in the world.
Moreover, farmers' acceptance of
improved maize varieties available in
Malawi is conditioned by consumption
preferences related to the way that flinty
maize varieties are traditionally stored
and processed.
National program and CIMMYT staff
have documented the adoption of
different maize types (local maize,
open-pollinated varieties, and hybrids)
and fertilizer use, and they have
analyzed factors affecting farmers'
demand for flint maize varieties
compared to dent maize. Consumption
preferences alone do not dictate which
maize technology farmers choose, since
farmers seek to attain a variety of
objectives under a variety of constraints.
But even farmers who adopt improved
maize technology on some of their land
still sow flinty local varieties to meet
their requirements for food and satisfy
strong consumption preferences. This
information points to the need for
developing a more flexible approach to
promoting the adoption of improved
maize in Malawi, through policies that
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are more attuned to farmers' reasons for
using both local and hybrid maize as
well as different levels of inputs on each.
Near Debre Zeit, Ethiopia, about 150
farmers in three durum wheat producing
areas participated in a survey designed
to document which durum varieties
farmers grew and why. One curious
finding of the study was that two of the
"durum" wheat varieties identified by
farmers are actually improved bread
wheat varieties that meet some of
farmers' standards for good durum
wheat, such as large amber grains and
early maturity. Given that improved
durum wheats were introduced in the
survey areas over 20 years ago, it was
not surprising that only 6% of the
farmers surveyed still grew local
unimproved durum varieties.
(Elsewhere in Ethiopia, local durum
cultivars predominate.) The survey
confirms that several durum wheat
characteristics valued by farmers are
already being incorporated into
improved durums by Ethiopian breeders
but also reveals additional characteristics which breeders may wish to
emphasize.

THE ECONOMICS OF QPM FOR
ANIMAL FEED
Several countries have developed open
pollinated maize varieties and hybrids
based on quality protein maize (QPM)
germplasm from CIMMYT. Although
QPM was promoted as a source of
protein in food for human consumption,
for a number of reasons QPM has yet to
be adopted widely for that purpose. The
potential uses of QPM for animal feed
have received little attention, however,
and in 1990 the Economics Program
initiated a study in Brazil and El
Salvador to examine the economics of
QPM as feed for pigs and chickens.
These two countries offered contrasting
settings for the study: the Brazilian pig
and poultry industries are large and
sophisticated, and most ingredients for
animal rations are produced
domestically; the Salvadoran pig and
poultry industries are still developing,
and El Salvador imports many of the
ingredients required for animal feed.
These differences apart, both Brazil and

El Salvador have strong seed industries,
and the production and distribution of
QPM seed in either country does not
pose a problem.

In both countries, QPM shows greater
potential as a substitute for normal
maize in pig rations than in chicken feed
(Figure 12). Quality protein maize can
constitute 80% of the optimal pig feed,
replacing all of the normal maize,
synthetic lysine, and 40% of the

soybean meal. Including QPM in feed
could reduce the cost of producing pig
and chicken feed in each country
(Figure 13), but these savings are
significant only as long as the price of
QPM is the same as that of regular
maize.
Given that the Salvadoran feed industry
is still developing, QPM may have more
potential among small-scale farmers as
feed for their own animals than among

QPM in feed ration(%)
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Figure 12. Content of quality protein maize in pig and chicken feed at different ratios
ofQPM price to regular maize price, Brazil and El Salvador.
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Figure 13. Cost savings from using quality protein maize in pig and chicken feed in
Brazil and El Salvador, at different ratios ofQPM price to regular maize price.
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fanners growing maize under contract
for the feed industry. The possibility
that QPM could be used by the
commercial feed industry is much
greater in Brazil. It remains to be seen
whether QPM will actually be adopted
as an animal feed component in either
country. However, this study indicates

wheat breeding research from 1960 to
1990 is estimated to be 75% - within
the range reported for other developing
country breeding programs. The
implications of these findings extend
beyond Nepal to other small countries,
which may consider supporting modest
wheat breeding programs if they can

Aside from evaluating the impacts of past research, researchers
and policy makers are often concerned with determining the
likelihood that future research will efficiently produce results.

that some potential exists for adoption,
even though fanners would most likely
have to sell QPM at the same price as
regular maize.
AssESSING RETURNS TO WHEAT
BREEDING RESEARCH IN NEPAL

Another aspect of the Economics
Program's work related to impact is the
study of returns to particular research
investments at the national level. In
1991, we collaborated with the Nepali
national program and CIMMYT's
Wheat Program to assess returns to
wheat breeding research in Nepal.
Two conditions influence how one
measures the benefits of wheat research
in Nepal. First, India's large national
wheat breeding program produces improved wheat varieties that disseminate
from fanner to fanner across the border
to Nepal, where they grow well.
However, the wheat breeding program
in Nepal accelerated the diffusion of
modem wheat varieties (MVs) based on
germplasm from India and elsewhere.
Second, although the MVs do not yield
much more in fanners' fields than the
varieties they have replaced, they resist
disease far better and have prevented
yields from declining.
When these conditions are taken into
account, the internal rate of return to

benefit from germplasm developed by
national programs in larger countries.
CAN WHEAT WORK IN SUDAN?
A STUDY OF COMPARATIVE
ADVANTAGE

In some instances, national researchers
and policy makers are less concerned
with evaluating the impact of agricultural research than with determining the
likelihood that specific types of research
cm efficiently produce results. In
Sudan, where the government seeks to
improve self-sufficiency in wheat
production, policy makers need to know
whether investing in increased wheat
production will actually produce the
desired results or whether Sudan's resources (and those of its fanners) would
be better invested in other enterprises.
In 1990, the Economics Program
initiated a study of the comparative
advantage of wheat production in
Sudan's Gezira irrigation scheme. The
study, based partly on an extensive
survey of wheat producers in Gezira,
examined the efficiency of producing
wheat under three levels of technology
compared to producing alternative
crops, especially cotton. At present, it is
more efficient for Sudan to produce
wheat in Gezira using a full
complement of improved technologies
than to produce long- and medium-
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staple cotton. Producing wheat using the
traditional practices followed by most
Gezira fanners, as well as producing
wheat with an intermediate improved
technology, is highly inefficient
compared to growing cotton.
These results imply that, to make wheat
fanning in Gezira efficient, Sudan must
overcome some serious obstacles.
Increasing fanners ' yields - not just the
area sown to wheat - is imperative.
Furthermore, the gap between fanner's
wheat yields in Gezira and potential
yields needs to be closed. This may be
difficult, given that it is not yet certain
whether the improved wheat technologies will be so successful in parts of
Gezira where water shortages are
severe. The technology will therefore
have to be more widely tested on
Gezira' s fanns. Sudan will have to promote adoption of the improved wheat
production practices quite vigorously,
not only through extension but also
through policies designed to reduce the
heavy tax on agriculture and foster an
efficient allocation of resources,
especially agricultural inputs.
AooPTION AND IMPACT:
SHARING WHAT WE HAVE
LEARNED

Aside from generating information
useful in specific countries or regions,
the research described above has added
to our understanding of how to conduct
studies of research impacts at different
levels and for different purposes. To
consolidate part of our experience with
this work, we are developing a guide to
conducting adoption surveys. The guide
will focus on ways of designing studies
that describe patterns of adoption and
also indicate whether a technology is
suited to fanners' objectives and
resources. Attention will be given to
understanding the various institutional
factors (such as extension, input supply
policies, seed production systems) that
may strongly condition the adoption of
new technology. By sharing our
experiences in this area with other
researchers, we believe we can make a
positive contribution to achieving our
common goals.

R ESEARCH SUPPORT SERVICES

Until fairly recently,
agricultural research took
place in a relatively open
environment. Germplasm,
new technologies, and
information were rather
freely exchanged within the
global, public sector
research community. New
technologies, however, are
themselves changing the
nature of cooperation.
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The high cost of cutting edge technologies and their apparent profitability
have given impetus to concern about
ownership of associated products and
processes. Science is increasingly
influenced by patents and other legal
restrictions, a change that could have
important consequences for developing
countries and for CIMMYT.

susceptible inbred line. In addition,
various regions of the maize genome
were found to be associated with other
morphological traits measured in the
same cross. Ongoing tests will
determine whether the same genes for
southwestern com borer resistance are
present in other segregating maize
populations.

The fast pace at which modem science
develops technologies with potential
applications in agricultural research is
providing a rapidly evolving array of
new options for CIMMYT and other
international research centers. We are
approaching this treasure trove of new
tools applicable to plant breeding with
care, first testing, then selecting, and, in
some cases, developing those techniques best suited to our needs and
those of our clients, the national agricultural re-search systems in developing
countries. Here we highlight
CIMMYT's application of three such
techniques: genetic transformations in
maize, geographic information systems,
and a pedigree management system
for wheat.

Genetic transformation - the physical
insertion of alien genes into regenerated
plant cells - may provide a method of
introducing desirable agronomic traits
into maize. Although efforts to
genetically transform temperate maize
are already underway in the private
sector, it is unlike! y that private
companies will invest in similar work
with the types of tropical and
subtropical maize that predominate in
developing countries. In an effort to
satisfy the needs of its clients,
CIMMYT has started preparatory work
on a special project to be funded by the
United Nations Development
Programme (UNDP) that will develop
genetic transformation protocols for
enhancing insect resistance in tropical
maize and facilitate the transfer of this
technology to selected developing
countries. The results of this research
would ultimately provide farmers in
developing countries with maize

UsING GENETIC
TRANSFORMATIONS IN MAIZE

Of the range of biotechnologies with
potential applications in plant breeding,
CIMMYT has initially concentrated on
the use of restricted fragment length
polymorphisms (RFLPs) (CIMMYT
1991) for making the crop programs'
efforts more efficient. In wheat, for
example, RFLPs are being applied to
pinpoint the genes that control durable
rust resistance in bread wheat. RFLPs
are also being used to determine which
genes are responsible for drought
tolerance and Russian wheat aphid
resistance in barley, a crop that is easier
to analyze molecularly than wheat.
Because the wheat and barley genomes
are very similar, results obtained in
barley are applicable to wheat as well.
In maize, RFLP mapping has made it
possible to identify nine regions of the
genome that contribute to southwestern
com borer resistance in a large
segregating population derived from a
cross between one resistant and one

Advances in tissue culture research now
allow us to obtain fertile progeny from
embryogenic calli of tropical maize; these
small plants later developed normal tassels
and ears.
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varieties that will better resist the attack
of insect pests, thus reducing production
losses.
The major insect pests attacking maize
in the field and in storage are
lepidopteran insects such as
southwestern com borer, fall
armyworm, and com earworm. Despite
the economic importance of
lepidopteran insects, few developing
country farmers attempt to control them,
either because their access to
appropriate control measures is limited
or because they lack confidence in their
effectiveness. Farmers who do combat
the pests, however, usually apply
chemical pesticides that can have longterm deleterious effects on the
environment. A viable alternative would
be control measures that are
environmentally sound and pose no
danger to human health as, for example,
genetically engineered tropical and
subtropical maize varieties with durable
insect resistance.
The project's approach to developing
improved insect resistance in maize
through gene transfer involves various
steps. The basic objective will be to
insert a gene from the soil bacterium
Bacillus thuringiensis (B.t.) into cells of
receptive maize genotypes. The B.t.
gene codes for a protein that is toxic to
specific lepidopteran insects, and maize
plants possessing it could thus be
expected to have the same poisonproducing capability. Although some
B.t. genes have already been identified
as having high levels of toxicity to
lepidopteran insects pests of temperate
maize, additional tests will be necessary
to determine whether any of them
possess adequate toxicity to the
lepidopteran insects that attack maize in
the tropics.
The preparatory phase of the project
aims at identifying tropical maize
genotypes capable of generating
complete, fertile plants from immature
embryos. Testing was initiated in 1991
by the tissue culture unit of CIMMYT's
Biotechnology Laboratory. The unit is
presently staffed by one senior scientist
and two laboratory assistants. They
have progressed to the stage where a
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small quantity of seed produced by
regenerated plants has been harvested
and is waiting to be tested in the field.
The first step in testing the regenerative
capacity of maize genotypes involves
removing immature embryos from ears
harvested 18-20 days after selfpollination and placing them in a culture
medium containing a mixture of

of at least one million hectares, but the
territory it covers is not necessarily
contiguous and may be located on more
than one continent. Inclusion in a
particular mega-environment is
determined by the uniformity of such
factors as climate, types of stress, grain
preferences, and production systems; a
specific genotype should thus perform
similarly anywhere within it. Aided

C1MMYT approaches the new tools applicable to plant

breeding with care, first testing, then selecting, and
sometimes developing techniques best suited to our needs and
those of our clients.
nutrients and plant hormones that
promote the formation of an
embryogenic callus. The resulting calli
are subcultured on a medium that
encourages regeneration, and the
number of plantlets generated is
counted. The plantlets are transferred to
small pots containing specially prepared
soil and grown under controlled
conditions; later they are replanted in
the greenhouse. If all goes well, in due
time they produce seed. The seeds are
planted in the field to determine
whether the regenerated material is fully
fertile and whether its morphological
and agronomic traits have been altered.
Finally, cells of genotypes that have
demonstrated their embryogenic capacity both in the laboratory and in the field
would receive the toxin-encoding B.t.
gene. The transgenic lines thus obtained
would ultimately be incorporated into
CIMMYT's breeding programs and
those of national programs working
with tropical germplasm.

CIMMYT's GEOGRAPHIC
INFORMATION SYSTEM (GIS)
Essential to our strategy for developing
improved maize and wheat germplasm
is the concept of mega-environments.
Each mega-environment spans an area

by this concept, crop programs at
CIMMYT are able to focus their
breeding activities on the specific germplasm needs of each mega-environment.
One versatile and promising method for
fine-tuning and updating the
demarcation of mega-environments is to
use a Geographic Information System
(GIS) such as the one that began
operating at CIMMYT in 1991. A GIS
facilitates the collection, storage,
retrieval, transformation, and display of
spatial, or geographic, information. Its
database contains information that may
be derived from sources as diverse as
maps, aerial photography, farm-level
surveys, space platforms, census results,
field observations, and variety trials. As
a result, a GIS can match a given
location to its corresponding megaenvironment, even in areas with highly
variable soil, climatic, and topographic
conditions, thus making valuable
contributions to the delineation of maize
and wheat ecologies throughout the
world.
Based on quantitative data, a GIS
generates more complete descriptions of
environmental factors that are critically
important to crop improvement
research. CIMMYT's GIS can also
provide a quantitative description of
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specific locations by drawing upon
global environmental data sets, trial
performance data, crop environment
models, and long-term daily
meteorological information. In another
application, a GIS brings together
results from crop models based on daily
meteorological data and extrapolates
them, for example, to describe potential
crop production risks in remote areas.
In the short time since its inception,
CIMMYT' s GIS has made significant
contributions to our research activities.
Its two major applications have been to
help determine maize megaenvironments within Mexico and to
provide a more accurate delineation of
wheat mega-environments in Southeast
Asia. In addition, the GIS's
agroclimatologist is collaborating with
the International Maize Testing
Program to identify test sites that best
represent a given set of environmental
conditions and match collaborator test
sites to their corresponding megaenvironments. CIMMYT's Economics
Program has called upon the GIS to
provide support in assessing farmer
adoption patterns as part of a study
being conducted in the southern
Veracruz, Mexico. The study's
objective is to determine where and why
farmers have adopted Mucuna, a
nitrogen-fixing leguminous plant used
to upgrade soil fertility and control
erosion. A GIS 's ability to pinpoint
differences in soil and other conditions
within small areas makes it an
invaluable tool for this type of research.
The same type of support is proving
extremely useful in another Economics
project, this one related to maize
farming systems in Kenya, in which the
GIS is helping to design a maize survey
that will include environment types
among the parameters used in the
sampling strategy. After the survey, it
will assist in relating farming practices
to specific environments. Based on the
results of this activity, a GIS can make
extrapolations that allow farming
practices used for solving a problem at a
specific location to be targeted to
environments with similar problems
anywhere in the world. Because of the
enormous amounts of data involved,
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such extrapolations would be very
difficult to do without a GIS.
Essential to implementing CIMMYT's
GIS is establishing links with
institutions that build spatial databases.
Another challenging task will be to
contribute to the integration of crop
environment models with GIS
databases. Finally, plans to expand GIS
activities at CIMMYT and perhaps to
other CGIAR centers are going forward
based on the potential that the system
has demonstrated during its first year in
operation.

SoFrwARE

DEVELOPMENT

The principal functions of the software
development unit are to design and
develop new software systems for
handling highly specialized tasks,
enhance existing systems, and give
corrective maintenance to operational
systems of varying size and complexity.
Design and development are by far the
most demanding tasks, for they involve
analyzing needs; designing, developing,
and testing new programs; and training
potential users. Most software programs
developed by the unit are institution
specific and require not only skilled
programming, but also agricultural
insight.

integrated information system that
would include a component for
managing pedigrees (the WPMS), one
for organizing germplasm descriptions
and information, and one for managing
data. Through this integrated system the
Wheat Program hopes to bring together
information from different sources, such
as national and international trials,
laboratories, and germplasm banks. To
facilitate information exchange among
crop breeding sections, the system's
three components will use the same
identifiers.
At the core of the integrated system is
the WPMS. It is a repository of
information on genealogies and
selection histories that provides a
uniform and user-friendly identification
mechanism to store data on germplasm
in terms of parental relationships in a
cultivar or line's genealogy. Systems
used in the past were cumbersome and
made it very difficult to unequivocally
identify specific germplasm and,

In response to this perceived need, the
Wheat Program moved to create an

Other functions of the WPMS involve
generating field books for the wheat
breeding sections and producing reports
on such things as cross expansions,
dendrograms (Figure 14), and wheat
abbreviations. Yet another valuable
activity of the system will be to
determine the genetic contribution of
any line, variety, or landrace to a
particular pedigree. By comparing sets
of landraces in family trees of modem
varieties, breeders will be able to trace
useful traits to specific landraces and
identify the ones that have not as yet
been used in improvement programs.
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Both these elements came together in
the wheat pedigree management system
(WPMS), recently completed in close
collaboration with CIMMYT's Wheat
Program. The WPMS is part of the
integrated wheat information system, a
larger project that aims at unifying the
wide range of information available on
wheat germplasm (Skovmand et al.
1992). Over the years, various systems
have been used to identify and describe
both the original and the evolving
materials with which the Wheat
Program works. As the volume of
materials increased, it became clear that
a new system would be needed to
integrate these systems, organize the
vast amount of germplasm data, and to
make the germplasm itself more readily
accessible to breeders.

ultimately, to share information about it.
Germplasm could be identified by
cultivar name, breeder name, crosses,
cross number, or selection history. For
example, spring wheat variety Seri 82 is
also known as Veery #5, KVZ/BUHO//
KAL/BB, and CM33027-F-15M-500YOM. The WPMS, however, willfacilitate positive identification by
indicating that all these descriptors refer
to the same material.

MARIA ESCOBAR
SUPREM0211
YAXTANA54

NORIN IOBREvOR
YAQUl54

YAQU148
TIM.<rEIN
XENYA3l4
R!ONTANA

~~
-

::
lllATCHEl SINVALOCID PATOARGENTlNO
INIAF66

KENYA JI
GAB0'4
NElll1JOIT
BEl.OSI AJE 4
u.rre.saNS 17
SKOROSPEIJCA 2
CL\NOF67
SONORA64

KUilN RENDIDOR

::
-

BLUFBIRD
FKN

NORIN 10 BREVOR
TIMSraN
KENYA'8
GAB0'4
ClANOF67

I

('»)

Soviet Union
Kenya
Italy
Japan
Brazil
Poland

7
3
8
2
4
2

I
4
3
I
I
2
1
2
I
2
I
1
I
1

16.35
12.85
9.02
7.19
5.82
5.15
5.42
5.19
5.17
4.35
4.02
3.46
3.12
2.95
2.28
2.10
1.80
1.24
0.70
0.39
0.32

49

99.49*

l

Austtalia
Argentina
India
South Africa
Egypt

- Peru
Netherlands

Canada
- France

-

- Total

I
1

11
j

JUP
LR64
LR
NOR

I
I

= ~y

"'" :-

INIAF66
INIAF66

1-lrMw

- pam
- Uruguay
- Great Britain
- USA

LERMA ROJO 64

or Kauz

Gallle

- Morocco

FKN

NORIN IO BREVOR
TIMSTEIN

the 1enealogy

I

I
I

I

SN64
Y54
17PP

PL
BJY
PJ
7C
LUIBSCENS 314 H 14
KVZ
BEZ!
I

I
SR

I

BUHO

I

PJ
KAL

:: • Nol 100'/li dueio rounding.

SONORA6'
KLEIN RENOOXJR
PENJAMOT62

GBSS

I

GAllOS>

KAUZ

GB55

BB
8156

Figure 14. One product of CIMMYT's new Wheat Pedigree Management System is the sort
of dendrogram shown here (for the bread wheat variety Kauz), which enables wheat
researchers to trace the genealogy of individual cultivars and determine the theoretical
genetic contributions of parental landraces.
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C1MMYT's strategic
plan calls for increased
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Maize
(33.1%)

improvement, strategic crop
management research
(including work on natural

Research Support
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Administration and Operations
(13.7%)

work relative to other
activities. These trends are
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Financial Highlights

These financial highlights summarize
how funds were distributed by the
Center in our continuing effort to
effectively fulfill our mission. During
1991, germplasm improvement utilized
38.9% of the Center's resources allocated to research (see diagrams at left).
Crop management, crop protection, and
genetic resources activities together
accounted for 27.4 % of these resources.
Training occupied 20.2% of the budget.
Information, consulting, and economic
analysis made up the rest of the
allocations at a combined 13.5%.
CIMMYT's ability to fulfill its international research and training obligations
obviously depends on funding. In 1991,
we received funds for essential and

Donor contributions
(includes special projects)
Australia
Austria
Belgium
Brazil
Canadian International
Development Agency
Danish International Development
Agency
European Economic Community
Finland
France
Germany (BMZ)
India
Inter-American Development Bank
International Crops Research
Institute for the Semi-Arid Tropics
Islamic Republic of Iran
International Board for Plant
Genetic Resources
International Development
Research Centre
Italy
Japan
Mexico
Norwegian Agency for
International Development
OPEC Fund for
International Development
People's Republic of China
Republic of Korea
Sasakawa Africa Association
Spain
Switzerland
The Ford Foundation
The Netherlands
The Philippines
The Rockefeller Foundation
The United Kingdom
The World Bank
United Nations Development
Programme
United States Agency for
International Development
Miscellaneous Training and
Research Grants
Total Income from Grants

US$
(OOOs)

complementary work from more than
34 donors around the world.
During the year, the Center's total
assets decreased. Cash and short-term
investments were down substantially,
with corresponding increases in
accounts receivable and decreases in
payments received in advance from
donors. Accounts receivable from
donors continue to be higher than
historical levels because of several large
core donations outstanding at year end.
As a result of a change in CGIAR
policy in 1991, we began to recognize
depreciation on fixed assets in full
compliance with accounting principles
accepted in the USA for nonprofit
organizations. Accordingly, the value of
property, plant, and equipment has been
adjusted by the new Accumulated
Depreciation account in 1990 and 1991

674
220
209
30
5,096

Balance sheet (US $ OOOs)

728
2,126
904
493
505
52
2,805

Assets

122

5
230
2,428
30

Donor pledges in currencies other than
US dollars are recorded at their dollar
equivalent on the date of deposit. In
1991, the renewed strength of the dollar
against other major currencies resulted
in lower than expected dollar revenues
from donations denominated in other
currencies. In Mexico, the combined
effect of exchange rates and inflation
continued to erode the purchasing
power of dollar revenues received by
the Center.
CIMMYT's complete audited financial
statements are published as a separate
document and sent to all donors.
Additional copies of that document are
available from the Center upon request.

Year ended 31 December
1991
1990

1,321

4,306

7,122
1,247

6,569
1,026

152

145

430
25,022
(12,834)

24,547
(11,954)

22,460

24,639

Accounts payable and other liabilities
Accrued staff obligations
Payments in advance from donors

1,875
818
2,859

1,736
882
5,338

Total liabilities

5,552

7,956

Property, plant, and equipment
Capital Fund
Subtotal

12,188
264
12,452

12,593
12,593

Other Funds
Operating
Auxiliary services
Cumulative translation effect
Subtotal

3,965
2,765
234
(2,508)
4,456

3,645
2,765
192
(2,512)
4,090

16,908

16,683

22,460

24,639

Cash and short-term deposits
Accounts receivable
Donors
Other
Inventories

298
95

and is reflected in the balance sheet
below. A new Capital Fund account was
created in 1991 as a reserve for the
future replacement of physical facilities
and equipment.

Prepaid fixed assets,
Property, plant, and equipment
Accummuiated depreciation
Total Assets
Liabilities and Fund Balances
Liabilities

318
12
50
60
33
100
914
100
717
50
232
1,297
4,430
1,964
6,642
111
34,080

Fund Balances

Total Fund Balances

Total Liabilities and Fund Balances
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CIMMYT STAFF
JOURNAL ARTICLES,

S ELECTED C IMMYT PuBLICATIONS
The following are selected publications released
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available from Information Services.
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Manuel Terrazas M., Mexico, Internal
Auditor
MAIZE PROGRAM

Ripusudan Paliwal, India, Director
Richard Wedderburn, Barbados,
Associate Director
David Beck, USA, Breeder, Lowland
Tropical Germplasm
Magni Bjarnason, Iceland, Breeder,
Subtropical Germplasm
Patrick Byrne, USA, Breeder and
International Testing
James A. Deutsch, USA, Breeder,
Lowland Tropical Gennplasm and
Stress Tolerance Research
Dana L. Eaton, USA, Breeder, Population
Improvement**

Trustees and Principal Staff in 1991

Gregory Edmeades, New Zealand,
Physiologist/Agronomist
David Jewell, Australia, Breeder, Wide
Crosses and Molecular Genetics
Renee Lafitte, USA, Physiologist/
Agronomist
James Lothrop, USA, Breeder, Highland
Germplasm
John A. Mihm, USA, Entomologist
Bobby Renfro, USA, Pathologist**
Suketoshi Taba, Japan, Breeder,
Germplasm Bank
Surinder Vasal, India, Breeder, Lowland
Tropical Germplasm and Hybrid
Research
Willy Villena, Bolivia, Breeder and
Training Officer
Jonathan Woolley, UK, Agronomist and
Training Officer
Andean Region
(staff based in Colombia)
Hernan Ceballos, Argentina, Breeder
Edwin Knapp, USA, Agronomist
Shivaji Pandey, India, Breeder
Asia (staff based in Thailand)
Gonzalo Granados R., Mexico,
Entomologist
Carlos de Le6n G., Mexico, Pathologist
Michael D. Read, USA, Agronomist
Eastern Africa (staff based in Kenya)
Francisco R. Arias M., El Salvador,
Agronomist
A.F.E. Palmer, UK, Agronomist
Joel K. Ransom, USA, Agronomist
Central America and Caribbean
(staff based in Guatemala)
Hector J. Barreto, Colombia, Agronomist
Jorge Bolaiios, Nicaragua, Agronomist
Hugo Cordova, El Salvador, Breeder
William Raun, USA, Agronomist**
North Africa/Middle East
Sutat Sriwatanapongse, Thailand, Breeder
(based in Turkey)
Southern Africa (staff based in
Zimbabwe)
Brhane Gebrekidan, Ethiopia, Breeder
Bantayehu Gelaw, Ethiopia, Breeder
Hiep Ngoc Pham, USA, Breeder
Kent Short, USA, Breeder
Stephen Waddington, UK, Agronomist
Cooperative Program with IIT A in
West Africa
Alpha 0. Diallo, Guinea, Breeder
(based in Cote d'Ivoire)

* Appointed in 1991
**Left CIMMYT in 1991

Ghana
Roberto F. Soza, Chile, Agronomist
Associate Scientists
Julien Berthaud, France, Geneticist
Daniel Jeffers, USA, Pathologist
Yves Savidan, France, Cytogeneticist
Pre- and Postdoctoral Fellows
Marc Barre, France, Geneticist*
Scott Chapman, Australia, Physiologist*
Keith Ess, USA, Breeder
Islam Faridi, Bangladesh, Geneticist*
Antonella Furini, Italy, Tissue Culture**
Fernando Gonzalez C., Mexico, Breeder
Arne Hede, Denmark, Breeder*
Olivier Leblanc, France, Geneticist*
Susan Miller, USA, Entomologist*
Kevin Pixley, USA, Breeder
Eric Scopel, France, Agronomist
Ganesan Srinivasan, India, Breeder

WnEAT PROGRAM
R.A. Fischer, Australia, Director
George Varughese, India, Associate
·Director and Leader, Genetic
Resources
Osman S. Abdalla, Sudan, Head, Durum
Wheat
Edmundo Acevedo, Chile, Leader, Crop
Management and Physiology
Maximino Alcala, Mexico, Head,
International Nurseries
Arnoldo Amaya C., Mexico, Head, Wheat
Quality Laboratory
Peter A. Burnett, New Zealand,
Virologist/Entomologist**
Paul Fox, Australia, Breeder/Statistician,
International Nurseries
Lucy Gilchrist S., Chile, Pathologist/
Trainer
Maarten van Ginkel, The Netherlands,
Bread Wheat Breeder
A. Mujeeb-Kazi, USA, Head, Wide
Crosses
Wolfgang H. Pfeiffer, Germany, Head,
Triticale
Sanjaya Rajaram, India, Leader,
Germplasm Improvement, and Head,
Bread Wheat
Ricardo Rodriguez R., Mexico, Head,
Germplasm Enhancement**
Eugene E. Saari, USA, Leader, Crop
Protection
Kenneth D. Sayre, USA, Agronomist
Ravi P. Singh, India, Geneticist/
Pathologist
Bent Skovmand, Denmark, Head,
Germplasm Bank
Reynaldo L. Villareal, The Philippines,
Head, Training, Germplasm
Improvement
Hugo Vivar, Ecuador, Head, ICARDN
CIMMYT Barley Program
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Andean Region
Santiago Fuentes, Mexico, Pathologist
(based in Ecuador)**
East Africa
Douglas G. Tanner, Canada, Agronomist
(based in Kenya)
South Asia (staff based in Nepal)
H. Jesse Dubin, USA, Pathologist/
Breeder
Peter R. Hobbs, UK, Agronomist
Markus Ruckstuhl, Switzerland, Predoctoral Fellow
Southeast Asia
Christoph E. Mann, Germany, Breeder
(based in Thailand)
Southern Cone of South America
(staff based in Paraguay)
Girma Bekele, Ethiopia, Pathologist**
Man Mohan Kohli, India, Breeder
Patrick C. Wall, Ireland, Agronomist
CIMMYT/ICARDA Cooperative
Program (staff based in Syria)
Byrd C. Curtis, USA, Breeder**
M. Miloudi Nachit, Germany, Breeder
Guillermo Ortiz F., Mexico, Breeder
Bangladesh
Sufi M. Ahmed, Bangladesh, Breeder
CIMMYT/Turkey Facultative/Winter
Wheat Program (staff based in Turkey)
Hans-Joachim Braun, Germany, Breeder/
Pathologist
Thomas S. Payne, USA, Facultative
Wheat Breeder, Joint CIMMYT/
ICARDA Program
Associate Scientists
Leon Broers, The Netherlands,
Pathologist/Breeder
Etienne Duveiller, Belgium, Pathologist
Guillermo Fuentes D., Mexico,
Pathologist
Getinet Gebeyehu, Ethiopia, Bread
Wheat**
Sirkka Immonen, Finland, Triticale
Anatole F. Krattiger, Switzerland, Small
Grains Biotechnology**
Dennis Lawn, USA, Pathologist**
Craig A. Meisner, USA, Agronomist
Alex Morgunov, Russia, Breeder*
Ivan Ortiz-Monasterio, Mexico,
Agronomist
Roberto J. Pefia, Mexico, Cereal Chemist
Roberto Ranieri, Italy, Virologist/
Entomologist**
Matthew P. Reynolds, UK, Physiologist
Jonathan Robinson, UK, Entomologist
Richard Trethowan, Australia, Breeder**
He Zhong-hu, China, Breeder
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Postdoctoral Fellows
Jon Ame Dieseth, Norway, Breeder*
Peter Stefany, Germany, Physiologist/
Agronomist*
Madannasinghage William, Sri Lanka,
Cytogeneticist

Nabil Habashy, Egypt, Economist*
K.B.L. Jain, India, Wheat Breeder*
Mahmoud Ragheb, Egypt, Maize
Agronomist*
Muhammad Shafiq, Pakistan, Economist*

CROP MODELLING AND
GEOGRAPHIC INFORMATION
SYSTEMS

John D. Corbett, USA, Agroclimatologist
BmTECHNOLOGY LABORATORIES

Visiting Research Fellows
Oscar Riera-Lizarazu, Bolivia,
Cytogeneticist**
S. Nagarajan, Pathologist, India**
Chen Tianyou, China, Bread Wheat**
EcoNOMICS PROGRAM

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

Central America and the Caribbean
Gustavo E. Sain, Argentina, Economist
(based in Costa Rica)

INFORMATION SERVICES

David Hoisington, USA, Head,
Biotechnology Laboratories

Associate Scientists
Natasha Bohorova, Bulgaria, Cell
Biologist*
Miriam Fischer, Australia, Molecular
Biologist

Visiting Scientists
Susana Aspiroz, Mexico, Molecular
Biologist
Hector Guillen, Mexico, Molecular
Geneticist
Edgar Haro, Mexico, Wheat Breeder**

Eastern and Southern Africa
Ponniah Anandajayasekeram, Sri Lanka,
Economist (based in Kenya)**
Paul W. Heisey, USA, Economist, (based
in Malawi)
Wilfred M. Mwangi, Kenya, Economist
(based in Ethiopia)

South and Southeast Asia
Larry Harrington, USA, Economist
(based in Thailand)

Pre- and Postdoctoral Fellows
Francisca Acevedo, Chile, Molecular
Geneticist
Flor Dorregaray, Peru, Molecular
Geneticist
Sergio Feingold, Argentina, Molecular
Geneticist*
Mireille Khairallah, Lebanon, Molecular
Geneticist*
Michel Ragot, France, Molecular
Geneticist**

Haiti
Ousmane Guindo, Canada, Economist**

Associate Scientist
Miguel Angel Lopez-Pereira, Honduras,
Economist

Pre- and Postdoctoral Fellows
Daniel Buckles, Canada, Sociologist
Michael Collins, Peru, Economist*
Rashid Hassan, Sudan, Economist (based
in Kenya)
Piedad Moya, The Philippines,
Economist*
Laura Saad, Mexico, Economist
Maurice Saade, Syria, ICARDN
CIMMYT Economist (based in
Tunisia)*
Miriam Sagamaga V., Mexico,
Economist
Jose Maria Salas V., Mexico, Economist
Melinda Smale, USA, Economist

Visiting Research Fellows
Zulfiqar Ahmad, Pakistan, Economist*
Colleen Clancy, USA, Economist*
Ahmed El-Agami, Egypt, Maize
Agronomist*
A.R.M. El-Tohami, Sudan, Economist*
Hamid Faki, Sudan, Economist*

BIOMETRICS

Tiffin D. Harris, USA, Head, Information
Services
Kelly A. Cassaday, USA, Writer/Editor
Eugene P. Hettel, USA, Writer/Editor
Nathan C. Russell, USA, Writer/Editor**
G. Michael Listman, USA, Writer/Editor
Thomas H. Luba, USA, AV!fraining
Materials Coordinator**
Alma McNab, Honduras, Editor and
Translations Coordinator
Edith Hesse de Polanco, Austria, Head,
Scientific Information Unit
Miguel Mellado E., Mexico, Publications
Production Manager
Fernando Garcia P., Mexico, Supervisor
of Scientific Information Services
Lourdes Romero A., Mexico, Supervisor
of Library Services
GENERAL LABORATORIES

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

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

Carlos A. Gonzalez, Uruguay, Head,
Biometrics**
Jose Crossa, Uruguay, Biometrician
ExPERIMENT STATIONS

John A. Stewart, UK, Head of Stations and
CIMMYT Executive Officer
Mark Bell, Australia, Agronomist/
Assistant Head of Stations
Armando S. Tasistro, Uruguay,
Agronomist/Training Officer
Ricardo Marques L., Mexico, Field
Superintendent, El Batan
Jose A. Miranda, Mexico, Field
Superintendent, Toluca
Rodrigo Rascon, Mexico, Field
Superintendent, Cd. Obregon
Abelardo Salazar, Mexico, Field
Superintendent, Poza Rica
Ismael Toledo, Mexico, Acting Field
Superintendent, Tlaltizapan
Juan Garcia R., Mexico, Workshop Head

SvsTEMS AND COMPUTING
SERVICES

Russell Cormier, Canada, Head, Systems
and Computing Services
Guillermo Ibarra B., Mexico, PC Support
and Integration Manager
Hendrik van Oosten, The Netherlands,
Software Development Manager
Henrik Schou, Denmark, Associate
Scientist, Software Development
Jesus Vargas G., Mexico, Systems and
Operations Manager
Marco Galicia 0., Mexico, Project
Leader, Financial/Administrative
Systems
Nohemi Ramos A., Mexico, Project
Leader, Scientific Systems
Maria Luisa Gomez B., Mexico,
Production and Key Entry Supervisor
Hector Sanchez V., Mexico, Database
Specialist

*

Appointed in 1991
**Left CIMMYT in 1991
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CIMMYT ADDRESSES

HEADQUARTERS
CIMMYT
Lisboa 27, Apdo.Postal 6-641
06600 Mexico, D.F.
MEXICO
INTERNET:
CIMMYT@CGNET.COM
E-mail (DIALCOM):l57:CGU01
Telex: 1772023 CIMTME
Telefax INTL:(52-595)4 l 069
Telefax NATL:(91-595)41069
OTHER

CIMMYT

OFFICES
CIMMYT
c/o The Canadian High Commission
House 16, Road 48
Gulshan, Dhaka
BANGLADESH
Telefax:(8802)-8835 l 6 PSU/
CIDA,DHAKA
CIMMYT
c/oCIAT
Apdo. Aereo 67-13
Cali
COLOMBIA
E-Mail: 157:CGI077 (CIMMYT
MAIZE)
Telex: 5769 CIATCO
Telefax: (57-23) 647243
CIMMYT
Apartado 55
2200 Coronado
San Jose
COSTA RICA
E-Mail: 57:CGI066
Telex: 2144 IICA
Telefax: (506) 29-4741

(as of April 1992)

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

CIMMYT
P. 0. Box 16333
Nakuru

KENYA
E-Mail: CGI017 ILRAD
Telex: 33029 TUSKER
Telefax: (254) 37-42848
CIMMYT
P. 0. Box677
Njoro
KENYA
Telex: 33075
Telefax: (254-37) 61527

CIMMYT
c/olLCA
P. 0. Box 5689
Addis Ababa
ETHIOPIA
E-Mail: 157:CGI070 ILCA
Telex: 21207 ILCA ET
Telefax: (251-1) 611 892
CIMMYT
Crops Research Institute
c/o Canadian High Commission
Box 1639
Accra
GHANA
Telex: 2024 DOMCAN GH or 3036
BTHlO
GH (Kumasi)
Telefax: (233-21) 772562
CIMMYT
12 Calle 1-25 Zona 10
Torre None, 16 Nivel, Of. 1606
Apdo. Postal 231-A
Guatemala City
GUATEMALA
E-Mail: 157:CGI080
Telex: 6215 (ANA VI GU)
Telefax: (502) (2) 353407

CIMMYT
P. 0. Box 30727
Lilongwe 3
MALAWI
E-Mail: CGI177 Rockefeller-MW
Telex: 43055 ROCKFND MI
Telefax: (265) 731014
CIMMYT
P. 0. Box 5186
Kathmandu
NEPAL
E-Mail: 157:CGI089
Telex: 2276 HOSANG NP
Telefax: Shangri La Hotel
977 (1) 414184 - Att'n. CIMMYT
CIMMYT
C-C 1170
Asunci6n
PARAGUAY
E-Mail: CGI076 (CIM-Paraguay)
Telex: 44164 PY CIMMYT
Telefax: (595-21) 445-048

CIMMYT
P. 0. Box 25171
Nairobi
KENYA
Telex: 22040 ILRAD
Telefax: (254-2) 631499

63

CIMMYT
Cereal Improvement Program
c/oICARDA
P. 0. Box 5466
Aleppo
SYRIA
Telex: 331206 ICARDA SY
Telefax: (963-21) 213490
CIMMYT
P. 0. Box 9-188
Bangkok 10900
THAILAND
E-Mail: 157:CGI205
Telex: 84478 INTERAG TH
Telefax: 561-4057
CIMMYT
c/oICARDA
P. 0. Box 84
2049 Ariana, Tunis
TUNISIA
Telex: 040914066 ICARDATN
Telefax: (216) 1 711 741
CIMMYT
P. K. 39 Emek
Ankara
TURKEY
E-Mail: 157:CGI071
Telex: 42994 CIMY TR
Telefax: (90-4) 287-8955
CIMMYT
P. 0. Box MP163 or MP154
Mount Pleasant
Harare
ZIMBAbWE
E-Mail: 157:CGI237
Telex: 22462 CIMMYT ZW
Telefax: 263 (14) 35559

C1MMYT

AND THE

CIMMYT is an internationally funded,
nonprofit scientific research and
training organization. Headquartered in
Mexico, the Center is engaged in a
worldwide research program for maize,
wheat, and triticale. We emphasize
improving the productivity of
agricultural resources in developing
countries while protecting the
environment. The Center is one of 16
nonprofit international agricultural
research and training organizations
supported by the Consultative Group for
International Agricultural Research
(CGIAR).
The CGIAR was established in 1971 as
an informal association of public- and
private-sector donors interested in
supporting international agricultural

CGIAR

research. The group is sponsored by the
Food and Agricultural Organization
(FAO) of the United Nations, the
International Bank for Reconstruction
and Development (World Bank), and
the United Nations Development
Programme (UNDP). CGIAR
membership now includes some 40
donor countries, international and
regional organizations, and private
foundations.
The CGIAR seeks to ensure that the
best international agricultural research
expertise is brought to bear on the
problems of the world's disadvantaged
peoples. In addition to research, CGIAR
centers also provide uaining for
agricultural scientists from around the
world, with an emphasis on improving

the capacity of developing country
researchers. During the past 20 years,
over 45,000 scientists have participated
in CGIAR-sponsored training. Many
scientists from developing countries
who were trained at CGIAR centers
now form the nucleus of and provide
leadership to national agricultural
research systems in their own countries.
Programs carried out by CGIARsupported centers fall into six broad
categories:
Productivity Research
Creating or adapting new technologies
to increase productivity on farmers'
fields (such as the semidwarf varieties
of wheat and rice that brought about the
Green Revolution in Asia).
Management of Natural Resources
Protecting and preserving the
productivity of natural resources on
which agriculture depends.
Improving the Policy Environment
Assisting developing countries to
formulate and carry out effective food,
agriculture, and research policies.
Institution Building
Strengthening national agricultural
research systems in developing
countries.
Germplasm Conservation
Conserving germplasm and making it
available to all regions and countries.
Building Linkages
Helping to create or strengthen linkages
between developing country institutions
and other components of the global
agricultural system.

Location of CGIAR centers.
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