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“‘deiivering
diversity'' denotes
the conveyance of
genetic diversity as
well as its rescue
through collection,
storage, and
reaeneration.

CIMMYT's 1987 Annual Report featured our
involvement in strategic planning, an activity
that continued well into 1988. By the middie of
the vear, the work was essentially completed.
The draft plan was endorsed by the Board of
Trustees, used by the External Programme and
Management Review panels to help guide their
deliberations in August of 1988, and
subsequently considered by the CGIAR's
Technical Advisory Committee (TAC). These
reviews and applications resulted in many
useful suggestions for the final version of the
plan, now scheduled for publication later in
1989.

Among the “‘elements of strategic planning””
discussed in the 71987 Annual Report were
issues identified by the CGIAR and TAC as
being especially relevant to the work of the
international centers. One such issue is plant
genetic resources, whose conservation and
utilization are of fundamental importance to
production of the world’s staple foods.

Ot1 Theme for 1€ 3

To evoke the theme of tnis Annual Report, our
front cover features the phrase ‘'delivering
diversity.”” In one sense this phrase denotes
the conveyance of genetic diversity through
germplasm dissemination. In a second sense it
suggests the rescue of diversity, to which the
CG system contributes through collection,
storage, regeneration, and networking activities
in various centers. The phrase thus captures
both the conservation and utilization of genetic
resources.

By plant genetic resources we mean landraces,
obsolete cultivars, and wild relatives—the
earlier definition of the term-—as well as
modern materials emerging from current
breeding efforts-——a recent addition to the
concept. As for the first part of our definition,
we conserve and characterize, ensuring
widespread access to the materials and to
information describing them. Toward the
future, especially if the promise of molecular
biology and new science is realized, these
genetic resources will become ever more
valuable to the global community.
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As for the second aspect of our definition, the
continually emerging products of plant
breeding, we focus on the current needs of
developing countries, again emphasizing
widespread access. These germplasm products
result from the combined efforts of CIMMYT
and colleagues around the world, together
comprising an international network integrating
the energies, expertise, and experience of
hundreds. Within this network each generation
of improved products rests on preceding
generations and to a growing extent on
collections of older materials-—especially for
specialized materials with tolerance to
particular stresses. In this Annual Report we
reflect the two dimensions of our work in
genetic resources—conservation and
utilization—and the growing interaction
between them.

From Controversy to Consensus
The possession and transfer of germplasm
have been tinged with controversy in recent
years. In what has amounted to a discussion of
international equity in germplasm exchange,
held under the auspices of FAO, developing
and developed countries have emphasized
guite different concerns. The former have
expressed frustration over their inability to
exploit sufficiently the plant genetic resources
that evolved largely in what is now the
developing world. The latter have emphasized
the importance of unhindered exchange of
plant materials, which has unquestionably
benefitted plant breeding and seed production
organizations. Such exchange, many agree,
has also contributed greatly to agricultural
development in the Third World.

The controversy surrounding plant genetic
resources has proved divisive, but it has also
had the salutary effect of focusing woridwide
attention on issues related to the conservation
of plant germplasm. And as the discussion of
these issues has progressed, heated debate
has given way to a process of consensus
building. The Keystone International Dialogue
on Plant Genetic Resources, whose first
session was held in August 1988, contributed
significantly to the search for a common
ground. Various publications {among them
Gene Banks and the World’s Food and Seeds
and Sovereignty) have also helped clarify
divergent views as well as compile accurate
information upon which a consensus can be
based.









CIMMYT’s Responsibilities in | |
the Conservation of Plant Genetic Resources

Maize s CIMMYT has taken on new wheat

Wheat
.
- currently maintains
- wheats, triticales, b
‘and wheat wild reta
“storage. The material

~ These serve as a ba up for the ba - ;
collections and are not for distribution or

The CIMMYT maize germplasm bank -
maintains ‘base and active collections of ...

landraces, the former for long term storage

and- the latter (kept in medium term storage)
for:-seed distribution. Each incorporates the
world's largest representation of landraces,
with-emphasis on those originating m the
Western Hemisphere.

CIMMYT's conservation mandate also
includes teosinte and Tripsacum. Seed of .
these ‘wild relatives of maize is keptin base :
and active collections. An active collection
of teosinte is maintained by collecting seed
during in situ-monitoring tours of the
remaining populations in Mexico and
Guatemala. Collection is done in.cooperation
with the national programs.. An active
collection of Tripsacum, representing the
variation in this 'genus, is maintained at one
of the Center’'s experiment stations, and
seed.is available from these plantings.

In addition to conserving landraces; the
maize germplasm bank occasionally. -
augments its collections with seed of elite
populations developed by breeding programs
at CIMMYT-or other institutions: Storage
facilities will be expanded to accommodate
nNew accessions.

Dup tcates of base coliectlons are placed at

use.

The CIMMYT wheat germplas

collections: one consists.
screening and vield nurse
winter crossing block
progeritors, and interspe
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conservation responsibilities under-a-recent
agreement with- ICARDA in ¢consultation with
IBPGR. ICARDA will be.responsible for
maintaining. a base collection for durum
wheat and the wild relatives of wheat;
CIMMYT will maintain a base collection for::
bread wheat and triticale. Each center's
base collections {in long term storage) will- -
be duplicated in the other center for-safety.
Seed collection will-be done in coopera'ﬂon
with national programs. Active collections in’
medium term storage will-be formed for
evaluation and seed-distribution,

As part of its base collection:responsibilities,
CIMMY-T will-actively seek:all- commercial
varieties and obsoleté cultivars of bread
wheat. it will also maintain-a representative
collection of landraces.

To fulfill.its new mandate, CIMMY T will

-expand-its facilities to include a lohg term
- -seed storage facility for base collections of

bread wheat and triticale.

 Distribution of Bank Holdings

s Requests for seed and information from the

maize and wheat germplasm banks are filled '

- from"active collections 10 any bona fide

researcher free upon request. First priority in

~ seed dtstnbunon is given to nancmat

tatement of CIMMYT’s responsibilit
mnhes their appropnateness for othe
_public.
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ric
resources have
become the
subject of political
and economic
controversy,
remote from the
conservation
issues that
motivated the

‘genetic resources’
movemeaent,

Perspectives
on Genetic Resources

Sir Otto Frankel, Honorary Research Fellow,
Division of Plant Industry, Commonwealth Scientific
and Industrial Research Organization (CSIRO), Australia

Today plant genetic resources stand in the
forefront of public interest, especially in the
USA. Globally they have become the subject of
political and economic controversy, remote
from the issues of conservation and use which
have motivated the ‘genetic resources
movement’. But the beginning a hundred years
ago was modest enough. Germplasm
collections started as plant breeders’ working
collections consisting of successful cultivars,
breeding lines, and introductions obtained from
anywhe

A new dimension was added in the 1920s by
Vavilov's discoveries of geographical centres of
genetic diversity; and by the large and widely
representative germplasm collections which
Vavilov established and subjected to intensive
study. Vavilov’'s discoveries failed to stimulate
widespread activity elsewhere until it was
realized that the introduction of modern
cultivars as part of the rapid agricultural
development since the second world war was
rapidly displacing the multitude of traditional
landraces that Vavilov had discovered.

Widespread scientific concern and, incidentally,
the term ‘genetic resources’ started with a
Technical Conference at the Food and
Agriculture Organization (FAO) in Rome in
1967 which brought together scientists from
many countries. It resulted in the formulation
of scientific principles, methodologies and
strategies of exploration, conservation,
evaluation, and documentation. The books that
resulted from this and a follow-up conference
in 1973 (Frankel and Bennett 1970; Frankel
and Hawkes 1975) laid the foundation for
developments in the next decade. The
establishment of the International Board for
Plant Genetic Resources (IBPGR) by the
CGIAR’s Technical Advisory Committee (TAC)
and the assumption by the international
agricultural research centers (IARCs) of
responsibility for genetic resources of their
mande | crops, and the widespread
participation of national institutions provided an
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Sir Otto Frankel, CSIRO, Australia.

organizational framework which has proved
reasonably effective. IBPGR has a wide range
of solid achievements: encouragement and
support for collecting on an unprecedented
scale, establishment of a world-wide system of
seed conservation, promotion of research, a
veritable library of useful publications, a wide
range of technical consultation and
cooperation, and many more.

In recent years, as already mentioned, the
performance of the genetic resources system
has been subjected to criticism at the
administrative-political level. Particular issues
raised are the participation of national and local
organizations, and the ownership of and access
to genetic resources in both developing and
developed countries. In an attempt to reconcile
the different viewpoints which have come to
the fore in this controversy (Kloppenburg
1988), the Keystone Center convened a
Dialogue among representatives of the genetic
resources community and commentators and
critics in social and political spheres. The report
from this r  ting is drawn on in the discussion
which follows (Keystone Center 1988). This

e views expressed here are tnose or tne autnor
and do not necessarily reflect the views of the
CGIAR Secretariat or CIMMYT.









National Collections

National collections are, or should be, the
backbone of the system. They should have
links with other active collections concerned
with the crop {(or crops) with which they are
concerned. They should give prominence to
the characterization of their accessions,
cooperate with scientific specialists and plant
breeders in evaluation {see the next section),
and maintain a database. While participation in
the international system is of mutual benefit,
national centres should regard the support for
plant breeders in their country or region as a
foremost responsibility. This may include the
introduction of materials required by plant
breeders in their programmes and the
maintenance of indigenous materials at a level
of representation in excess of that appropriate
for a world collection.

This outline of the national collections is in
general agreement with that given in the
Keystone Report (Keystone Center 1988),
except for one important issue. The Report, in
accord with the spirit of the FAO's International
Undertaking (see beiow), stipulates that ‘every
nation should have a well-defined national plant
genetic resources policy and an effective and
adequately supported instrument...”. This
would seem of doubtful value for nations
without an active plant breeding programme. It
would seem rather purposeless to devote
scarce technical personnel to assembling
genetic resources for which there is no current
application. The Keystone Report recognized
this difficulty and proposed that “support for
genetic resources conservation should be
supplemented by support for plant breeding
activities’. But to develop a strong plant
breeding base takes time, especially if technical
staff are to be shared with genetic resources
activities. In such circumstances it would seem
sensible to give priority to developing the plant
breeding base. Threatened resources requiring
urgent collecting could be salvaged with the
help of neighbours or of international agencies.
Genetic resources activities should be a
national requirement, not a status symbol.

Is there a real need for every nation to have a
programme of its own? Australia has six
States, the smaller ones of the size of an
average European country, but one genetic
resources programme. The European countries
have joined in one cooperative programme. A
single well-staffed and funded institute serving
neighbouring countries might be a good deal
more effective than several separate second-
rate ones. Funds no doubt are helpful; but
what is most essential and scarce and can’t be
readily bought is the quality of the staff.

Evaluation

Characterization and evaluation resutt in the
information required hy plant breeders and
other users to select accessions for use in their
work. Characterization is a record of the plant’'s
morphology which, together with ‘passport
data’ on origin, goes a long way towards
identifying an accession. Evaluation gives
account of the plant throughout its life cycle,
including its interactions with other organisms,
and its performance. The environment in which
the tests take place is of crucial importance; it
is doubtful whether a breeder would be helped
by comparative climate data as suggested by
IBPGR {Williams 1989). Ideally, evaluation for
characters strongly affected by the environment
should be carried out in the plant breeder’s
own environment, as is, of course, the case in
IARCs. As a rule, however, breeder and curator
are separated. Breeders insist that curators are
responsible for the evaluation which is needed
to make collections accessible for users.

In fact, evaluation is, and needs to be, a
cooperative, multidisciplinary exercise involving
specialists in various fields—cytogenetics,
physiology, pathology, entomology,
biochemistry, and agronomy—co-ordinated by
the curator who is also responsible for the
resulting database. All too often, the essential
link with application is missing—the plant
breeders. Their role should be to point the
direction, the purpose of the exercise, and to
ascertain the validity of the information in their
programmes and in their environments.

That such procedures are not only feasible but
practicable and successful is demonstrated by
the 1ARCs, to the great advantage of breeders
in developing countries, especially where
outreach programmes bring the results into
their own environments. However, they appear
too costly and elaborate to some private
breeders who regard evaluation as a
responsibility of public institutions. Yet the lack
of breeder participation is responsibie for the
only moderate extent to which collections are
used in breeding practice. It would seem
reasonable to expect larger breeding concerns
to make their contribution to R and D, as is the
case in other industries. For a fuller discussion
see Frankel (1989).
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Evaluation of
genetic resources
should involve
specialists in
various fields,
including plant
breeders, who are
the essential link
with application.



Widespread
public awareness
and support are
essential if the
international
genetic resources
movement is to
‘take off’. It can’t
develop in a social
vacuum.

Core Collections

The larger size of existing collections of crop
species has already been mentioned. Even the
largest ones will have gaps that justify
attention; but for most of the major and many
minor crops, alleles that are not extremely rare
are likely to be represented in accessions now
in colléctions. (A major gap, as pointed out
previously, is an adequate representation of
wild relatives.)

While this is a comforting thought, it has been
suggested that it is these very large numbers
that inhibit rather than facilitate the close study
needed for effective utilization of a collection.
The problem is how to reduce numbers while
holding the loss of genetic information within
tolerable limits. We have proposed a ‘core
collection’ consisting of some 10% of
accessions in a collection. It should be as
representative as can be contrived on the basis
of available information—passport data used in
the IBPGR system, biogeographical information,
characterization data, and if possible genetic
markers. The core collection would be available
for detailed evaluation and research; the rest of
the collection would be retained as a reserve to
follow-up leads, and to search for rare alleles
(Frankel and Brown 1984).

The idea has been further elaborated (Brown
1989). It has aroused a good deal of interest,
but as far as is known only limited practical
application; a core collection of okra was
established by Hamon and von Sloten (1989).
It is to be hoped that experimental core
collections will be set up in collections, or
sections of collections, for which there are
extensive passport data. Once credible core
collections emerge these could be distributed
to any country or institution concerned with
research or plant breeding, giving direct access
to genetic resources that now are
geographically, and probably ecologically,
remote.

Minor and Subsistence

Crops: Local Action and
Germplasm Conservation

In countries, and in crops, where modern plant
breeding or introductions from elsewhere have
not replaced the traditional landraces, the
genetic resources for plant improvement are
landrace populations and their components.
This is relevant for the composition of national
{versus global} germplasm collections (see
above). It is also relevant for local communities
which may be directly involved. ‘Local action’
has been discussed as an important
component of genetic conservation in the
writings of P.R. Mooney, and is rationalized in
the Keystone Report {Keystone Center 1988).
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It is necessary to define the material that is
involved. Let us first consider staple crops like
the cereals. The Report includes ‘free
landraces’ and locally adapted ecotypes, with
emphasis on disease resistance; such material
‘may well be able to compete with modern
high-yielding varieties’. This may indeed be the
case if the introductions are not locally
adapted, and/or there is an inadequate nutrient
supply; but yields are likely to be low.
Distinctive landraces of major food crops
should certainly be included in a national
collection, but the subtle differences of local
variants do not generally justify preservation
measures since they could not be identified in
a plant breeding programme.

However, local variants, produced by ‘iocal
action’ for local consumption can have a
significant place. Where local, and indeed
family selection is likely to make a contribution
is in satisfying taste preferences. Our taste
buds are a great deal more sensitive than our
balances, and taste choices in staple foods,
especially of rural populations, have a
considerable social value. Thirty years ago |
was told by the Botanical Survey of India in
Poona that they were collecting family rices
selected on taste preferences. But these are
transitory treasures. One wonders whether they
survived the advent of the high-yielding
semidwarfs. Indeed, in spite of food
preferences for indigenous cultivars, high-
yielding wheats and rices have all but replaced
them.

The position is different with respect to the
‘life-sustaining’ species of tropical horticulture
which are grown for home consumption or the
local market. Here yield is of secondary
importance to flavour, appearance, keeping
quality, time of maturity, and many more. They
are readily observed and some are strongly
heritable. Such selections reflect the
individuality of families, possibly going back for
generations. They provide interest and
satisfaction. Altogether they are of social value.
Such endeavours expose genetic differences
which are worth preserving in national gene
banks for direct use and for plant breeding if
and when it eventuates. But the elaborate
arrangements proposed in the Keystone Report,
such as seed storage, training courses,
seminars and workshops, etc. seem somewhat
exaggerated. |t seems doubtful whether people
who have the will and the competence to
conduct an effective selection programme
would enjoy or profit from formalization, or that
the product would be greatly enhanced; or that
presumably scarce technical personnel would
be best employed in guiding such activities
rather than in formal plant breeding.









(i) Wild species will take over from landraces,
especially in the much explored cereals. This
will be facilitated in the first instance by
extensive prebreeding (‘enhancement
libraries’), in the second by transformation. Ex
situ collections will be needed for research and
breeding; large collections of wild species are
expensive to maintain and unnecessary. Does it
matter if an odd endangered relative is lost?
But in situ conservation of all lifeforms is
important: valuable genes have come from
micro-organisms.

(iii} Scientific discovery is advancing at
breathtaking speed. The real future of genetic
resources and their application is being
determined in laboratories far removed from
the germplasm collection. The use of genetic
resources may be enhanced, as it has been by
recombinant DNA; or they may become
altogether redundant.
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One important element that has not been very
evident in the recent debate about plant
genetic resources is an awareness of the
complementarity between this theme and many
others that are equally relevant to sustained
agricultural development. In stressing the need
to preserve germplasm for future generations,
participants in the debate have largely
neglected the point that human welfare is just
as dependent on the resoiution of a forbidding
array of agronomic and economic problems.
For that reason the Center’'s work, though it
strongly emphasizes germplasm improvement,
embraces other types of investigations as well.

development, CIMMY T has come to place more
emphasis on helping national programs increase
the productivity of agricultural resources in
research and on the farm.

The Structure

Behind the Strategy

CIMMYT's strategy for meeting challenges in
germplasm improvement (as outlined in the
Report From Management} and in other areas
of research is reflected in its organizational
structure. The Center contains three research
programs—Maize, Wheat, and Economics—
together with various research service units.
These groups are staffed by about 140
scientists and other specialists, who are ably
assisted by a local support staff of about 850.
Some 30% of the Wheat Program, 40% of
Maize, and more than 50% of Economics staff
work out of offices at 17 locations around the
Third World, while the rest are stationed at our
headquarters in Mexico and periodically consult
with clients in other regions. Most of the staff
in Mexico are engaged in germplasm
improvement and related activities. Those
stationed abroad provide support to national
researchers within the framework of regional
programs or bilateral projects and conduct
germplasm improvement, crop management,
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and economics research that complements the
work at headquarters. Of the total number of
researchers at headquarters and abroad, 70%
concentrate on aspects of germplasm
improvement and the remainder on problems in
agronomy and economics.

The results of their work take the form of five
products and services for researchers in
developing countries:

¢ improved maize and wheat germplasm for
major production environments in the Third
World (as well as unimproved accessions
from germpiasm banks}

e FEfficient methods for plant breeding, crop
management research, and agricultural
decision making

e New scientific knowledge stemming from
the Center’s own research and from the
work of others
Training of various types
Consulting services

Although these categories have not changed
much over the years, the offerings within each
have been amplified, and recently we have
reinterpreted our overall aim in providing them.
For most of its 22 years, the Center has
concentrated on increasing crop production
because of worldwide concern about rapid
population growth and precarious food supplies
in the Third World. However, as agriculture has
taken on a more forceful role in development
(being viewed increasingly as an '‘engine of
growth”’), CIMMYT has come to place more
emphasis on helping national programs
increase the productivity of agricultural
resources in research and on the farm.

Broadly Adapted Germplasm

for Diverse Environments

Long before major responsibility for plant
breeding was assumed by scientists,
germplasm of our major food crops was
steadily, but slowly and sometimes
haphazardly, improved by farmers and
transferred beyond its centers of origin. With
the advent of modern plant breeding, chance
hybridization in farmers’ fields was
complemented by controlled crosses at
experiment stations, and the pace of
improvement increased. But until recent
decades, scientific breeding programs seldom
reached beyond national horizons, and
consequently their products were adapted to
the relatively narrow range of growing
conditions found within individual countries, as
were many of the original races developed
























Germplasm Improvement

at Headquarters

As Sir Otto has mentioned in the Point of View
section of this Report, the evaluation of genetic
resources should be a multidisciplinary
exercise, with plant breeders making the
‘essential link with application’’ or utilization. [t
is evident from the foregoing report on support
of germplasm development that various groups
of specialists in the Maize Program are
examining and finding uses for germplasm
bank accessions and materials from other
sources. These activities are also on the rise in
the breeding subprograms, being occasioned
by our adoption of a wider variety of breeding
methods and by the creation of new
germplasm complexes.

Their involvement in the European RFLP network

will put CIMMYT staff in a good position to advise
developing country clients on appropriate uses of

the new gene technologies.

Lowland tropical gene pools—In the work on
early and intermediate maturity materials, we
screened germplasm from numerous sources,
including other Maize Program units, national
programs, and private seed companies. We
examined more than 700 accessions from the
maize germplasm bank, selfed the most
promising materials, and crossed them to an
elite early maturing experimental variety. Bank
accessions also proved useful in the formation
of new extra-early germplasm complexes. In
addition, we continued recurrent selection in
four early pools, proceeded with the formation
of a series of synthetics targetted for specific
mega-environments, and screened various
materials for drought tolerance.

A key event in the work on late maturing
tropical germplasm was our development of
the “‘minipool’’ approach, which can be
applied to elite or germplasm bank materials.
With the latter we form a pool from crosses
between a bank accession and a
complementary variety or a tester. After
selection for disease resistance and reduced
plant height, we test Sq progeny and from the
superior fraction form a variety. Toward this
end we evaluated 400 bank accessions in
1988, topcrossed 90 to an elite population,
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and evaluated them for yield and anthesis-
silking interval. Accessions that performed
better than the check are now being handled
as minipools. In addition, we took the initial
steps toward formation of two new general
purpose pools, evaluated lines for general
combining ability, and employed single crosses
of the four best lines as testers for germplasm
bank accessions.

Subtropical gene pools—To identify sources
for new pools, we regularly evaluate a wide
range of materials, with a view to broadening
the genetic base of our germplasm. This
provides us with new opportunities to select for
disease resistance and other traits and
increases our chances of finding valuable and
previously unknown gene combinations. This
year we observed and introduced into our
program bank accessions from Brazil as well as
commercial hybrids and breeding populations
from Brazil, Turkey, and various countries of
eastern and southern Africa. In the
improvement of current pools, we continued to
concentrate on resistance to diseases and
lodging, screening various materials under
disease inoculation and evaluating them at
three sites in Mexico. We also proceeded with
the development of some new germplasm
complexes, whose composition will be based
on results from various evaluations of lines and
crosses among them.

Highland maize —A basic assumption of this
program in recent years has been that marked
improvement of highland maize requires an
influx of exotic germplasm. Thus, in the
mid-1980s we introgressed temperate and
subtropical germplasm into Mexican highland
materials to form the semident pools and
populations that are the current focus of the
highland program. Some of the germplasm
incorporated into our early maturing tropical
highland materials came from an unexpected
source—New Zealand. In the mid-1970s a
breeder there (Dr. Howard Eagles, who spent
several months at our headqguarters in 1988 as
a visiting scientist) obtained seed of a CIMMYT
highland pool for its cold tolerance and
subjected it to inbreeding in his improvement
program. In 1985 a Maize Program staff
member brought back from New Zealand seed
of some hybrids formed with inbreds from this
highland pool and others developed by crossing
the inbreds with US Corn Belt material. The
introduction of the New Zealand hybrids into
our program helped enhance the highland
adaptation of the early materials and gave
them some of the high vield potential of

Continued on page 30






















































Nigeria, Zambia,
Burma, Thailand,
Brazil, and
Paraguay have
released varieties
that yield up to 3
t/ha in rainfed,
warmer marginal
environments.

Winter and facultative wheats (Turkey)—
There are currently two independent projects
for these crops: the CIMMYT/Turkey winter
wheat and facultative breeding project and the
ICARDA high elevation breeding project. We
recognize that winter and facultative wheats
form part of a continuum and that it will be
important to integrate the Turkey based and
ICARDA projects. For the duration of the
CIMMYT/Turkey agreement, we will continue
to develop true winter wheats and distribute
germplasm from nurseries in Turkey.
Afterwards, in consultation with Turkey’s
national program, an integrated joint project
involving ICARDA will be developed for all the
high elevation areas of West Asia and North
Africa. In 1988 the CIMMYT/Turkey project
concentrated on the introduction and
evaluation of winter wheat germplasm, which
was obtained from 11 programs outside
Turkey involving about 4,000 lines. The bread
wheat and durum wheat crossing programs in
Mexico expanded their efforts to include
special winter x spring crosses for the
CIMMYT/Turkey project. F1s from these
crosses were planted at lzmir, and topcrosses
to selected lines were made. These materials
are now being advanced and evaluated.

Warmer marginal environments—The
widening gap between wheat consumption and
production in the warmer regions led to the
initiation of this United Nations Development
Programme (UNDP) sponsored research in
1982. Now midway through its second phase,
the project has made substantial progress in
the development of germplasm and crop
management practices for the warmer,
marginal climates. Nigeria, Zambia, Burma,
Thailand, Brazil, and Paraguay are some of the
countries that have released varieties through
our international testing system. With
appropriate cultural practices, these varieties
yield up to 3 t/ha in certain rainfed areas.

New drought tolerant germplam was identified
and selected in Bolivia and Paraguay and will
be combined with previous selections for
further testing. Scab screening under field and
semicontrolled conditions in Brazil and
Paraguay again demonstrated the superiority of
germplasm for this trait coming out of the
China/CIMMYT partnership. Advanced lines
selected for powdery mildew, spot blotch, and
head scab resistance were distributed for
testing at key locations. We posted an
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agronomist in South America in 1988 to help
national programs better understand and
overcome agronomic limitations to wheat
production and sustainability problems in
warmer areas.

In Southeast Asia 1988 was the first year for
multilocation testing in Vietnam, and the trials
were composed primarily of CIMMYT lines.
Vietnamese breeders face the task of
combining tropical and South China
requirements, which include earliness, early
heat tolerance, and resistance to leaf rust,
Helminthosporium sativum, scab, powdery
mildew, and sprouting. In the Philippines,
where the current aid package includes free or
low priced wheat, prices of white flour dropped
substantially. Under these discouraging
circumstances for local production, it was
decided to continue wheat research at the
current level. In contrast, Thailand’s strongly
supported wheat research efforts received a
further vote of confidence in 1988 from both
the public and private sectors as favorable
prices were fixed and dealers, for the first time,
announced their intention to purchase grain
from farmers. Agronomy research in Thailand
emphasized finding the reasons for low stand
establishment and sterility. Plant tissue analysis
using different varieties, locations, and growth
stages revealed a variable pattern of
deficiencies in both macro- and micronutrients.

East Africa—Our agronomist funded by the
Canadian International Development Agency
(CIDA) worked with scientists in Tanzania,
Burundi, Rwanda, and Uganda but
concentrated on collaborative research with the
agronomy staff of Ethiopia’s Institute of
Agricultural Research (IAR). On-farm orientation
of agronomic research has been particularly
emphasized at |AR’s Kulumsa, Sinana, Holetta,
and Adet stations. Our core funded
pathologist/breeder in Addis Ababa continued
assisting the national program in a variety of
activities including prioritizing diseases as to
prevalence and crop losses, conducting host
and pathogen surveys, and developing a multi-
location germplasm network.

Andean region—Aiming to obtain wider
adaptability and resistance to stripe rust and
other diseases in an overall attempt to sustain
the wheat productivity of small scale farmers in
the region, a shuttle breeding program is now
underway in this European Economic



























Support Services

In this section we briefly portray the support
units created over the years to assist
CIMMYT's three principal programs in
experiment design, data processing and
analysis, experiment station management,
information activities, and laboratory work. A
special report (see page b7) focuses on the
role of a new complex that will house
laboratories dedicated to the unfolding area of
science commonly known as
’biotechnology’’ —which should add
considerably to our efficiency in utilizing plant
genetic resources.

Biometrics

This unit was created in January 1988 to
formalize and augment the mathematical and
statistical support previously afforded crop
program researchers by a single biometrician.
International trials are the cornerstone of
CIMMYT's germplasm distribution efforts and,
in line with observations made by the External
Programme Review panel, we came up with
improved experimental designs and better
methods for analyzing yield stability and
assessing genotype x environment interaction
in the international nurseries. We also assisted
researchers in the design, analysis, and
interpretation of individual trials and series of
trials. An example of this is the promotion of
the alpha-lattice design over the traditional
randomized block design for variety trials.
Besides actually performing statistical analyses
of experimental results, we advised and trained
researchers in the use of statistical software for
this purpose.

In the short span since its creation, the
Biometrics Unit has made key contributions to
the management of genetic resources. Central
to the maintenance of any base collection is
the periodic replacement of seed that loses
viability. Since only a limited sample of a given
population is used to generate replacement
seed, the population’s initial genetic variability
is imperfectly represented in the new seed. By
applying probability models, the Biometrics Unit
produced recommendations for regeneration
sample size that ensure optimum conservation
of original genetic variability. The unit also
proposed a seed regeneration procedure that
mininimizes inbreeding and maximizes the
effective population size.

Data Processing

The importance of database software for
germplasm bank operation has given this unit
an especially significant role in genetic
resources management at CIMMYT. In 1988
we produced a wheat germplasm bank catalog,
finished a maize germplasm bank management
system, and developed a CD-ROM database
(see page 25) that puts key information from
the system practically in the pockets of
developing country users.

Work on software aids to plant breeding
included the completion of a wheat pedigree
management system project—as well as
advances in the preparation of a related
fieldbook system—which allows researchers to
query on the varieta!l ancestry and coefficient
of parentage of bread wheat lines from as far
back as two decades ago (see pages 36-37).
The Maize Program received support in the
form of a documentation system for monitoring
its projects and a seed inventory system for
breeder use.

Several network power and configuration
problems were solved in 1988. We replaced
old VAX hardware with two new microVAX Il
units, greatly enhancing system reliability, and
uninterrupted power supply service was
extended to the entire Data Processing
Services Unit, Information Services, and the
local area network. in 1989 we expect to
increase PC integration into the network,
develop new software tools for the PC
environment, and monitor VAX usage with an
eye toward a possible medium term expansion
in central computing resources.

Experiment Stations

In Mexico the primary responsibility of
experiment station management is to oversee
field operations on some 500 ha of land at
various research stations and other
experimental sites. The unit works closely with
CIMMYT scientists and helps reduce their
burden of day-to-day field supervision by
attending to such routine but critical matters as
land preparation, irrigation and drainage,
applying chemicals, harvesting, seed storage,
equipment maintenance, and personnel and
administrative management. Most of this work
takes place at five stations in Mexico. Of these
four (El Batan, Poza Rica, Tlaltizapan, and
Toluca) are managed directly by Center staff
and the fifth (Ciudad Obregén} by Mexico's
National Institute for Agriculture, Livestock, and
Forestry Research (INIFAP) and the Agricultural
Research and Experimentation Board of the
State of Sonora (PIEAES).

‘
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Notes to the Financial Statements
Centro-Internacional de Mejoramiento de Maiz y Trigo, A.C.

December 31, 1988 and 1987
US Dollars

- Note 1: Statement of Purpose
The Centro internacional de
Mejoramiento de Maiz y Trigo, A.C.
(CIMMYT} is a private, autonomous, not-
for-profit, scientific and educational
institution chartered under Mexican law
to engage in the improvement of maize
and-wheat production everywhere in the
world, with emphasis on developing
countries.

Note 2: Creation of CIMMYT
International (CIMMYT INT.)

CIMMYT INT. was formally created
through an agreement signed by the
United: Nations Development Programme
and-the International Bank of
Reconstruction and Development, both
cosponsors-of the Consultative Group on
- International Agricultural Research
(CGIAR).. A Headquarters Agreement,
signed. by the Government of Mexico on
May 9, 1988, and ratified by the
Mexican Senate on December 22, 1988,
recognized CIMMYT INT. as having the
status.of ‘an international organization.

While CIMMYT A.C. will continue to
exist and to hold the land currently in its
possession and new: acquisitions, all
suchland will be put at the disposal of
CIMMY-T INT. Over time other assets and
personnel will. be transferred from
CIMMYT A.C. to - CIMMYT-INT. When
the-transfer-of assets and personnel is
complete, all subsequent funding will be
channeled to CIMMYT INT.

Note 3: Summary of Significant
Accounting Policies

CIMMYT . follows accounting policies
recommended by the Secretariat of the
CGIAR,. an international association
sponsored by the World Bank, the Food
and ‘Agriculture .Organization of the
United Nations; and the United Nations
Development Programme. In. 1986 these
policies were revised, and a standard
presentation for all research centers
supported by the CGIAR was adopted.
These: policies are in accordance with
accounting practices generally accepted
in the United States of America for not-
for-profit organizations and are
summarized below:

a. CIMMYT uses the accrual method of
accounting for transactions, and its
books of account are kept in US dollars.
Transactions in other currencies {mainly
Mexican pesos) are recorded at the rates
of exchange prevailing on the dates they
are entered into and settled. Assets and
liabilities denominated in such currencies
are translated into US dollars applying
Statement No. 52 of the Financial
Accounting Standards Board of The
United States of America (FAS 52). In
accordance with that statement,
CIMMYT has adopted the US dollar as
its “‘functional currency’’ in consideration
that the Mexican economy has been
hyperinflationary, i.e., with a cumulative
inflation rate for the last three years
greater than 100% as measured by the
National Consumer Price index published
by Banco de Mexico.

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

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

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

e. Fixed assets are stated at acquisition
cost. Up to 1971 all purchases of
property and equipment were recorded
as expenses. In 1972 the CGIAR
requested that the International
Agricuitural Research Centers change to
the “‘write off, then capitalize’” method
of recording purchases of property and
equipment. Accordingly, all property and

equipment purchased under capital
grants as from January 11,1972, was
recorded as an asset and.-credited to
capital grants. Prior to 1980
replacements of capital items were
recorded: as expenditures-of the related
programs and:did not enterin.any -way
to form part of- CIMMYT's capital grants,
shown-on the statement of condition. In
1980 that policy was revised to conform
with the accounting policies of the
CGIAR. Under this set of-guidelines, the
incremental value of ‘a capital
replacement item, i.e.; the amount by
which the historical cost of the
replacement item is greater (less) than
the historical cost of the item being
replaced, is credited (debited) to capital
grants fully expended on fixed assets. In
this way the statement of condition
reflects the historical cost of the fixed
assets actually in use.

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

f. Depreciation—In-accordance with the
""write -off, then capitalize”* method, no

depreciation is provided since the assets
have aiready been written off at.the time
of purchase.

g. Seniority premiums, to which
employees are entitied upon termination
of employment: after 15 years of service,
are recognized- as expenses as such
premiums-accrue. The estimate of the
accrued benefit determined on' the basis
of ‘an actuarial - study as of the year end
amounted to $297,000 in 1988

{$141,000 in-1987), and CIMMYT has

recorded a lability of $216,000 in 1988
{$.153,000 in-1987). The charge to
income for. the year amounted to
$78,000 in 1988 {$50,000 in 1987),
including amortization of past sefrvice
cost over 10 years.

Other compensation based. on length of
service, to-which employees:may be
entitled in the - event-of dismissal.or
death, in accordance with the-Mexican
Federal Labor Law, is'charged te income
in the year in which it-becomes payable:
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Since 1985, CIMMYT has recorded an
accrual for certain unutilized benefits,
such as leave time, by staff. That
amounted to $383,000 in 1988
($314,000 in 1987).

h. Revenue Recognition—Core
unrestricted grants are given annually
and are charged to accounts receivable
when the amount: of the donation
becomes. known. The receivable is
cancelled when"the funds are received.
Any uncollected portion of the pledge
applicable to the current year remains
charged to accounts receivable and
forms part of the institution’s income in
that year. If the pledge is‘later judged to
be uncollectible, it is written off against
income of the year in which it is
cancelied.

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

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

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

Note 4: Mexican Peso Transactions
The foreign exchange system existing in
Mexico as of July 1985 permits the
parallel existence of controlied and free
exchange rates handled through ex-
change brokerage houses with rates in
the latter case set on the basis of supply
and demand.

At December 31, 1988, CIMMYT had
Mexican peso assets and liabilities
amounting to Ps 848,247,000

(Ps 577,776,000 in 1987) and

Ps 1,113,972,000 (Ps 1,014,845,000 in
1987), which were included in the
statement of condition at their US dollar
equivalents, applying the year-end rate of
Ps 2,270 per doliar.

In 1988 the value of the Mexican peso
compared to the dollar fell from

Ps 2,200 to Ps 2,270 to the dollar

{Ps 911 to Ps 2,200 in 1987).-This
devaluation gave rise to a translation loss
aggregating $6,000 {$528,000 in
1987). In accordance with FAS 52,
where the firm is judged to be operating
in a hyper-inflationary environment and
the dollar is judged to be the functional
currency, the translation effect in each
year is charged to current income.

At February 14, 1989, date of issuance
of the Financial Statements, the
brokerage houses’ exchange rates with
the US dollar were-Ps 2,315 {buy) and
Ps 2,375 {sell).

Note 5: Fund Balances

The CGIAR permits CIMMYT. (and all
other international agricultural research
centers funded through it} to maintain
certain fund balances. The largest of
these is the total investment in property,
plant, and equipment. By thé end of
1988, that had reached $20,938,000. A
capital development fund may also be
maintained to help finance future
purchases or maintenance of capital
items. In 1988, CIMMYT placed
$700,000 in this fund. An operating
fund may also be kept for the purpose of
smoothing out cash flows and year-to-
year revenue streams. In 1987, CIMMYT
placed $350,000 in that fund. At the
end of 1988, the Center had
$2,765,000 in operating funds. The
$485,000 surplus from CIMMYT’s
auxiliary services, such as food and
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housing, .is also shown under fund
balances. And lastly, the accumulated
effect from the translation of Mexican
pesos and other currencies is listed
under fund balances and in 1988
amounted to $2,488,000.

Note 6: Revenue and Expenses
A. Revenue—CIMMYT's revenues are
grouped into six categories:

i} Grants. These are funds received from
donors and are-used to support two
types of programs at CIMMYT: core-and
extra core. Core programs must fall
within the mandate of the center and-be
approved by the Board of Trustees:
These must also be approved by the
members of the CGIAR, who then
provide funding. The CGIAR membership
includes governments, government aid
agencies, ‘international and regional
development banks, and private
philanthropic foundations (see Exhibit 2).
Core programs are divided into. two
groups: unrestricted and restricted.
Unrestricted grants come with only one
requirement: ‘that the funds be used to
support core activities.

Restricted grants also support core
activities, but-they must be used for.an
activity: mutually agreed.- upon by
CIMMYT: and the donor.

Extra-core programs must also fall within
CIMMYT’s mandate and also must be
approved by the Board of Trustees. They
fall outside of any direct funding through
the CGIAR and may be considered
related, but distinct, sets of activities
from-the core program. -In general they
are of four types; 1) direct assistance
(i.e., posting of staff} to national
programs, 2) training at CIMMYT for
persons from a specific country, 3)
collaborative research -arrangements with
other institutions, and 4) special
exploratory. research activities.
Coordination of this type -of funding is
done between CIMMYT and the donor.

ii} Administrative fees. These fees are
charged on restricted and extra-core
grants. They permit CIMMYT to offset
the cost of administering these grants,
which by design only fund specific
research activities. In 1988 and 1987,
this fee was generally 15%, though for
some ‘on-campus activities it was 25%.



























Selected CIMMYT Publications

The following are selected publications reieased by
CIMMYT during 1988. A more complete listing is
available from Information Services.
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Maize and Wheat Improvement Center. Mexico,
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__. 1988. CIMMYT Report on Wheat
nnprovement 1985-86. Mexico, D.F.
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