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Dr. Guy Vallaeys (Chairman), France
Advisor to the Director General
International Center for Cooperation

in Agricultural Development

Research (CIRAD)

France

Dr. Doris H. Calloway, USA

Provost, Professional Schools and
Colleges, University of California, Berkeley
USA

Dr. Peter Day, England
Director, Plant Breeding Institute (PBI)
England

Dr. Walter P. Falcon, USA
Associate Dean of Humanities and
Sciences, Stanford University
USA

Dr. Ahmed Goueli, Egypt
Governor, Province of Damiett

Egypt

Dr. Phaitoon Ingkasuwan, Thailand
Professor, Kasetsart University
Thailand

Dr. H.K. Jain, India

Deputy Director General for Research
International Service for National
Agricultural Research (ISNAR)

The Netherlands

Dr. James R. McWilliam, Australia
Director, Australian Centre for
International Agricultural

Research (ACIAR)

Australia

Dr. Joseph M. Menyonga, Cameroon
International Coordinator of the
Semi-Arid Food Grain Research and
Development Project (SAFGRAD)
Organization of African Unity

Burkina Faso

Jesds Moncada de la Fuente
Chief Executive, National Institute of
Forestry, Agriculture, and Livestock
Research (INIFAP)

Mexico

Dr. Stachys Muturi, Kenya
Director of Agriculture
Ministry of Agriculture
Kenya

Mr. Eduardo Pesqueira Olea, Mexico
Secretary of Agriculture and

Water Resources (SARH)

Mexico

Dr. Lucio Reca, Argentina
Secretary of Agriculture and Livestock
Argentina

Dr. Antonio Turrent Fernandez, Mexico2
Chief Executive, National Institute of
Forestry, Agriculture, and Livestock
Research (INIFAP)

Mexico

Dr. Donald L. Winkelmann, USA
Director General, CIMMYT
Mexico

Dr. Hikoyuki Yamaguchi, Japan
Professor, Faculty of Agriculture
University of Tokyo

Japan

Dr. Zhuang Qiao-sheng, China
Research Professor and Deputy
Director, Institute of Crop Breeding and
Cultivation, Chinese Academy of
Agricultural Sciences (CAAS)

China

' EX-OMTICIO position, througn June 1986.
2 Ex-officio position, beginning July 1986.



Donald L. Winkelmann, USA, Director General

Robert D. Osler, USA, Deputy Director General
and Treasurer

W. Clive James, Canada, Deputy Director
General—Research

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

Norman E. Borlaug, USA, Consultant

Hicnara L. cirrora, usA, rinancial Officer
Homer M. Hepworth, USA, Training
Coordinator* *

José Ramirez S., Mexico, Administrative Officer

Alejandro D. Violic, Chile, Training Coordinator

Linda Ainsworth, USA, Head, Visitor Services

Hugo Alvarez V., Mexico, Purchasing Officer

Alfredo Cedillo S., Mexico, Head, Human
Resources

Javier Eissa O., Mexico, Administrative Computer
Specialist

Susana Eng, Mexico, Supervisor of Accounting
Services

José Luis Fonseca, Mexico, Head, Goverment
Documents

Carlos Garcia P., Mexico, Head, Food and
Housing

Yolanda Guerrero L., Mexico, Assistant Supervisor
of Personnel Services

Armando Kegel S., Mexico, Superintendent of
Services

Gilberto Lugo A., Mexico, Head, Building
Maintenance* *

Roberto Martinez L., Mexico, Head, Building
Maintenance®

. wunuwn, JSA, Director
R.L. Paliwal, India, Associate Director
James B. Barnett, USA, Training Officer
Magni S. Bjarnason, Iceland, Breeder, Quality
Protein Maize
James A. Deutsch, USA, Breeder, Advanced Unit
Dana Eaton, USA, Breeder, Advanced Unit
Gregory Edmeades, New Zealand, Physiologist
Brhane Gebrekidan, Ethiopia, Breeder
David C. Jewell, Australia, Breeder, Wide Crosses
James E. Lothrop, USA, Breeder, Highland Maize
John A. Mihm, USA, Entomologist
Hiep Ngoc Pham, USA, Breeder,
International Testing
Bobby L. Renfro, USA, Pathologist
Margaret Smith, USA, Breeder, Backup Unit
Suketoshi Taba, Japan, Breeder, Germplasm Bank
Surinder K. Vasal, India, Breeder, Hybrid Maize
Willy L. Villena O., Bolivia, Training Officer
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Visiting Research Fellows
H. Garrison Wilkes, USA, Germplasm Bank*®*

Associate Scientists
José Luis F. Crossa, Uruguay
H. Renée Lafitte, USA

Pre- and Postdoctoral Fellows
Narceo B. Bajet, the Philippines
David L. Beck, USA

Wolfgang Drepper, West Germany*
A. Michael Foster, UK**

Steven J. Gulden, USA*

Jens Hock, West Germany

Karim Meridia, India*

Andean Region

Wayne Haag, USA (based in Colombia)
Edwin B. Knapp, USA (based in Colombia)
Shivaji Pandey, India (based in Colombia)

Asia Region

Carlos de Ledn G., Mexico (based in Thailand)

Gonzalo Granados R., Mexico (based in Thailand)

Richard N. Wedderburn, Barbados (based in
Thailand)

Eastern Africa Region

Bantayehu Gelaw, Ethiopia (based in Kenya)
A.F.E. Palmer, UK (based in Kenya)

Joel K. Ransom, USA (based in Kenya)

Mexico, Central America,

and Caribbean Region

Hugo Cérdova, El Salvador (based in Guatemala)
Federico Kocher, Switzerland (based in Mexico)
Alejandro Ortega C., Mexico (based in Mexico)

North Africa/Middie East Region
Sutat Sriwatanapongse, Thailand* (based in
Turkey)

Southern Africa Region
Stephen R. Waddington, UK (based in Zimbabwe)

CIMMYT/IITA Cooperative Program

Yoel Efron, Israel (based in Nigeria)

Alpha O. Diallo, Guinea (based in Burkina Faso)
Ching-Yan Tang, Hong Kong (based in Nigeria)
Richard W. Ward, USA (based in Zimbabwe)

Ghana
Francisco R. Arias M., El Salvador
Michael D. Read, USA

Pakistan
E. John Stevens, New Zealand



DYIU L. LUILD, UOA, Director

Arthur R. Klatt, USA, Associate Director

Osman S. Abdalla, Sudan, Breeder

Maximino Alcala S., Mexico, Head, International
Nurseries

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

Girma Bekele, Ethiopia, Pathologist

Pedro Brajcich G., Mexico, Head, Durum
Wheat Program

Peter A. Burnett, New Zealand, Pathologist
Gerbrand Kingma, The Netherlands, Head,
Wheat Training* *

A. Mujeeb Kazi, USA, Head, Wide Crosses
Program

Matthew A. McMahon, Ireland, Head,
Agronomy Progam

Wolfgang H. Pfeiffer, West Germany, Bread
Wheat Breeder

J. Michael Prescott, USA, Head, Seed Health

Sanjaya Rajaram, India, Head, Bread Wheat
Program

Ricardo Rodriguez R., Mexico, Head, Special
Germplasm Development

Kenneth D. Sayre, USA, Agronomist

H. Ayla Sencer, Turkey, Head, Germplasm Bank

Ravi P. Singh, India, Pathologist/Breeder

George Varughese, India, Head, Triticale Program

Reynaldo L. Villareal, the Philippines,

Training Officer

Associate Scientists

L.T. van Beuningen, The Netherlands (based in
Paraguay)

Daniel Danial, The Netherlands (based in Kenya,
East Africa Region)

Lucy Gilchrist S., Chile

Ménica Mezzalama, Italy*

Mahmood O. Osmanzai, Afghanistan™*

Javier Pefia B., Mexico

Elizabeth J. Warham, UK

Masao Yoshida, Japan™*

Pre- and Postdoctoral Fellows

Robert Asiedu, Ghana*

Thomas C. Barker, USA

Mark Bell, Australia®

Robert Raab, USA

Tony B. Ramey, USA**

William Raun, USA*

Lesley A. Sitch, UK**

John Stapleton, freland™*

Maarten Van Ginkel, The Netherlands”®

And Region
Paul N. Fox, Australia {based in Ecuador)
Patrick C. Wall, Ireland (based in Ecuador)

_.st Africa Region
Douglas G. Tanner, Canada (based in Kenya)
Enrique Torres, Colombia (based in Kenya)

North Africa and lberian Peninsula
Santiago Fuentes F., Mexico (based in Portugal)

South Asia Region
H. Jesse Dubin, USA (based in Nepal)

Southeast Asia Region

Christoph E. Mann, West Germany (based in
Thailand)

David A. Saunders, Australia (based in Thailand)

Southern Cone of South America
Man Mohan Kohli, India (based in Paraguay)

CIMMYT/ICARDA Cooperative Program

M. Miloudi Nachit, West Germany (based
in Syria)

Guillermo Ortiz Ferrara, Mexico (based in
Syria)

Bangladesh
Larry D. Butler, USA
Mengu Mehmet Guler, Turkey™*

Pakistan
Peter R. Hobbs, UK

Peru
Gregorio Vazquez G., Mexico

Turkey

Hans-Joachim Braun, West Germany
Eugene Saari, USA

Bent Skovmand, Denmark

NUUGIL L. TP, wom, ..u.ning Officeﬂ
James L. Longmire, Australia, Economist

Associate Scientists

Beatriz Avalos, Mexico™

Ousmane Guindo, Canada, (based in Haiti)

Paul W. Heisey, USA (based in Pakistan)

Gustavo E. Sain, Argentina (based in Mexico,
Central America and Caribbean Region)

Postdoctoral Fellows
Rigoberto Stewart, Costa Rica™*



Central America and Caribbean Region

Juan Carlos Martinez S., Argentina (based
in Mexico)

Michael Yates, USA (based in Haiti)

South Asia Region
Derek R. Byerlee, Australia (based in Pakistan)

Southeast Asia Region
Larry Harrington, USA (based in Thailand)

Eastern and Southern Africa Region

Ponniah Anandajayasekeram, Sri Lanka (based
in Kenya)

Malcolm Blackie, Zimbabwe* (based in Malawi}

Michael P. Collinson, UK (based in Kenya)

Allan R.C. Low, UK (based in Zimbabwe)

Mexico
Alberic C. Hibon, France

tvangelina Villegas M., Mexico,
Head, General Laboratories

Enrique |. Ortega M., Mexico,
Associate Scientist

Reynald Bauer Z., West Germany,
Laboratory Supervisor

JuUIIl A. owewart, un, nicad Of Stations
and Executive Officer

Armando S. Tasistro S., Uruguay, Agronomist
Hannibal A. Muhtar, Lebanon, Training Officer

Roberto Varela S., Mexico, Coordinator

José Luis Feregrino, Field Superintendent,
Poza Rica Station

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

José A. Miranda, Mexico, Field Superintendent,
Toluca Station

Gonzalo Suzuki, Mexico, Field Superintendent,
Tlaltizapan Station

Reyes Vega R., Mexico, Field Superintendent,
CIANO Station

Daniel Villa H., Mexico, Workshop Head

wanus M. Jgulizarse 1., viuyuay, Head,
Data Processing

Russel Cormier, Canada, Software Development
Coordinator

Neal Bredin, Canada, Associate Scientist

Marco van den Berg, The Netherlands,
Associate Scientist

Jorgen Andersen, Denmark, Associate Scientist

Julio Cesar Ovalle, Mexico, Operations
Coordinator

Jesus Vargas G., Mexico, Systems Manager

littin L. Harns, USA, Head, Information Services

Eugene P. Hettel, USA, Science Writer/Editor*®

Nathan C. Russell, USA, Science Writer/Editor

Kelly A. Cassaday, USA, Associate Editor*

Edith Hesse de Polanco, Austria, Head, Scientific
Information Unit

Miguel Mellado E., Mexico, Publications
Production Manager

AcCLNyg vireCior ol e cCconorics
Program.
Appointed during 1986.

** Left during 1986.



Accomplishment and progress on many fronts
ch. cterized 1986 for CIMMYT. To mention
but a few highlights: The Maize Program
increased its commitment of resources to
Africa with the creation of two additional
positions in the eastern and southern regions.
The Program made significant progress toward
documenting maize germplasm bank
accessions through a new computerized data
management system. We also made rapid
progress toward the goal of identifying
heterotic patterns in CIMMYT maize
germplasm, information that should prove
useful in national hybrid development
programs. And significant levels of insect
resistance were made available to national
programs through the newly organized Multiple
Borer Resistance (MBR) maize pool.

Many national programs continue to employ
advanced CIMMYT bread wheat, durum, and
triticale germplasm in their research programs.
Of particular note has been the release of
numerous varieties having CIMMYT germplasm
in their backgrounds and the rapid increase in
area devoted to Veery-based varieties. The
Wheat Program initiated a new international
research effort (based in Turkey) focusing on
winter wheats and concluded an agreement
with Poland that will expand our ability to
effectively develop ftriticale.

In Economics a new Director was selected (Dr.
Derek Byerlee, Australia) who will assume the
position in 1987. Steps were taken to
strengthen data analysis capabilities at
headquarters with the addition of two associate
staff, and a new on-farm research program in
Malawi was initiated.

The year was significant in other ways as well.
In September CIMMYT marked the beginning
of its third decade. The occasion was
celebrated with old and new friends alike in an
atmosphere charged with appreciation for the

past and anticipation of the future. Indeed, the
inauguration of the newly completed Norman
E. Borlaug Training, Conference, and
Information Center was itself a rededication to
the traditional values, the guiding principles of
our organizational culture. The subsequent two
days were devoted to an international
symposium entitled Future of Maize and Wheat
in the Third World; in-depth discussions were
held among a group of key individuals from
around the world who share a common interest
in CIMMYT's future. A wide range of themes
were touched upon during the symposium,
from the more technical to the more
inspirational, but all had in common a view
toward new challenges on the Center’s
horizon.

The 20th anniversary, however, as well as an
internal review of the maize program held last
spring, were but a prelude to an even larger
process of reorientation and renewal. It is this
theme that will serve as the focus of the 1986
Management Review and one that will be
revisited in years hence. It is given added
significance in that during 1987 CIMMYT
begins in earnest its strategic planning efforts.
As currently envisioned, this will be an open
and dynamic process drawing upon the talents
and energies of numerous staff representing all
facets of the Center’s professional life. One
end product of the process, of course, will be
a long-term plan, but much more will be
gained from the effort. The activity will be of a
recurring nature, such that the Center can
periodically reevaluate its medium-term plans in
the light of changing opportunities and
constraints.
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CIMMYT's Board of Trustees:

Guy Vallaeys (France), a member of the Board
since 1984, was elected Chairman, replacing
Virgilio Barco who gave up many of his other
commitments to assume the presidency of
Colombia. Dr. Vallaeys, who specialized in
tropical agriculture on the Faculty of
Agronomy, Gembloux (Belgium}, currently
serves as Advisor to the Director General of
France’s International Center for Cooperation in
Agricultural Development Research (CIRAD).
Dr. Vallaeys and the rest of the Board, along
with all CIMMYT staff, wish Dr. Barco the very
best in meeting the challenges of Colombia’s
presidency.






Ahmed A. Goueli (Egypt), former Professor
and Chairman of the Department of Agricultural
Economics, Zagazig University and now
Governor of Damiett Province, came to the
Board last year as well. Dr. Goueli received his
Ph.D. in agricultural economics from the
University of California, Berkeley (USA), after
which he joined the Egyptian Ministry of
Industries as an Economic Expert. From 1966
to 1971, he served as an Assistant Professor
of Agricultural Economics on the Faculty of
Agriculture, University of Ain Shams, and then
assumed his position at Zagazig University. Dr.
Goueli has served on a number of noted
national and international committees, and has
worked as a consultant dealing with a range of
agricultural issues for the Food and Agriculture
Organization (FAQ), United Nations
Development Programme (UNDP), and Ford
Foundation.

Hikoyuki Yamaguchi (Japan), Professor of
Radiation Genetics at the University of Tokyo,
also joined the Board in 1986. Dr. Yamaguchi
has extensive research and teaching experience
in genetics and plant breeding, and brings to
the Board a special perspective on the
application of new science to our more
traditional disciplines. He spent nearly 12 years
on research activities related to the
International Atomic Energy Agency and in the
late 1970s served as Director of the Research
Center for Nuclear Science and Technology at
the University of Tokyo.

CIVIIVIT | 5 wdl Tevenues increased by
$2,217,000 or 7 percent from 1985 to 1986
The largest portion of this increase was in
grants, particularly those from extra-core
donors. This is a reflection of increased
activities in selected regional and national
programs funded by these donors, and the
completion of the Norman E. Borlaug Building,
which was funded as an extra-core project by
the Government of Japan and the Japanese
Shipbuilding Industry Foundation (see page
47). Revenue from CGIAR donors to the
Center's core program increased by only 4
percent, reflecting the diminishing growth of
the core program. One new member of the
CGIAR, the government of Austria, contributed
to our core program. We recognize that these
core donors represent the backbone of
CIMMYT's research and training programs, and
we are continually seeking to strengthen our
relationships with them.

Inflation and exchange rates continued to play
an important role in the Center’'s management.
Their eventual values played an important role
in determining annual revenues, wage
adjustments, and major expenses for the
renovation and maintenance of the physical
plant. In general, the weakness of the dollar
resulted in higher dollar revenues from
donations denominated in other currencies.
Unfortunately, the timing of some payments
resulted in smaller gains than hoped. Still,
CIMMYT did benefit from the shift in the value
of the dollar. In Mexico itself, where inflation
was over 100 percent, the devaluation of the
peso permitted the investment of somewhat
more funds in our research and training
programs.

CIMMYT’s externally audited financial
statement is presented later in this report
(pages 69-82). It shows the Center’s financial
condition at year end and the effects of
financial flows during the year. Most pleasing is
the significant increase in the value of property,
plant, and equipment. This reflects the
completion of the Borlaug Building and the
remodeling of portions of the main building.
Both these moves gave the Center much
greater capacity for handling staff, visitors, and
trainees, and permitted the installation of new
electronic data processing networks and
graphic design facilities. All these will add
greater efficiency and effectiveness to our
operations. Less promising was a markedly
reduced interest income during the year. Most
CIMMYT funds are now received in the latter
half of the year and a relatively large portion of
these in the final three months. Not only does
this make cash management difficult, but it
also reduces interest income. Over the last
three years income from these investments
was two to three times as high as for 1986,
the difference being a consequence of lower
interest rates and later payments by donors. In
1987 we will focus more attention on cash
management and work with donors to find a
more favorable solution to this problem.

The 1986 financial statement follows the
recently adopted CGIAR accounting guidelines
and reporting formats. We hope this gives a
clear and concise view of CIMMYT's finances.
One noteworthy new item is the capital
development fund, which we intend to use as
a basis for the medium- and long-term
assessment of capital and maintenance needs.
This will give a financial foundation for
planning equipment needs and undertaking



preventive maintenance, and will help to
forecast future cash requirements. As the
Center’s physical plant grows oider and the
equipment and facilities required to undertake
agricultural research become more
sophisticated and costly, the prudent
management of capital development funds will
be ever more vital for the Center and for the
CGIAR.
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CIMMYT launched its strategic planning
process in 1986 with an internal review of the
Maize Program; the 20th anniversary
celebration and symposium were organized
with that objective in mind as well. Directing
staff and others also began the task of
identifying the critical dimensions of the
planning process. These events, combined with
an internal review of the Wheat Program in the
spring of 1987, will serve to underpin much of
the analysis that will occur in the months
ahead.

Strategic planning is a complex process,
involving a comprehensive analysis of the
major facets of an organization. These various
facets are themselves complex and nearly
always highly interrelated, adding to the
difficulty of the task. By virtue of the activities
required, strategic planning is at once
introspective and outward looking. It is
introspective to the extent that detailed
assessments are made of key managerial,
scientific, and support program components.
The process is outward looking to the extent
that much energy is devoted to understanding
and anticipating changes in the broad
environment within which the organization
must operate, with particular emphasis on the
future needs of clients and alternative ways to
satisfy those needs.

CIMMYT’s future operating environment is
made up of a number of key elements. The
framework created by the CGIAR and TAC
helps to delineate our perceptions of research
opportunities and constraints. Among such
considerations are the CGIAR’s recent
reaffirmation of the system’s focus on
foodstuffs and low income groups, along with
the relative priorities given by the TAC to
various commodities, the importance of
assessing the environmental impacts of new
technologies, of sustaining yields, of engaging
in more strategic research at the Centers, and
of the attendant devolution of certain Center
activities to advanced national programs.

Beyond that, we give heavy emphasis to
evaluating the future needs of our clients,
which will serve to orient much of what we will
be doing in the next decades and how we will
be doing it; in this context, we must also
assess the potential of various other suppliers
to meet our clients’ needs. Long-term trends in
the production, consumption, and trade of
maize and wheat also figure prominently in the
evaluation, as do changes in science, with their
implications for our work and that of others.

In the light of this environmental assessment,
then, wz will go on to determine more clearly
the mission of the Center, which enterprises
we should be involved in, what the product
mix and the relative priorities given to each
should be, and which strategies are needed to
achieve desired results. All of this will then be
compared to a current profile of the Center and
its strategies and activities, with an eye to
determining whether and how that profile
needs to change in order to remain viable in
the future. At this point, too, financial and
budgetary considerations come into play in
determining the feasibility of proposed
changes.

External participation in our efforts will
characterize CIMMYT's strategic planning
endeavors. The thinking of representatives from
national agricultural research programs will be
actively solicited, the Center's Board of
Trustees will be mobilized to participate, and
various outside consultants who are noted for
their vision will be invited to share their
perspectives. These contributions will be added
to those of staff from all levels within the
Center, giving a well-rounded thoroughness to
the process and its eventual results.

Although it is premature to comment in detail
on probable outcomes of the process, a few
observations can be made as to the major
areas that will receive attention; within each of






whether relative priorities should be adjusted.

In a broader context, we need to evaluate how
we are assigning our resources among
competing demands. New forms of
collaboration are also in the offing, such as
innovative types of networking, and we need to
thoroughly evaluate their potential.

Germplasm products—A number of interesting
questions confront us here, and it is likely that
more will surface in the course of discussions.
Among them are the role of agroecological
zone delineation (to indicate what we refer to
as mega-environments) in priority setting and
orienting germplasm development efforts,
general versus specialized germplasm, broad
versus narrow adaptation, the extent to which
we decentralize our breeding activities, and the
amount of resources we should be allocating to
genetic conservation.

Basic and strategic research—Here, too, there
is no shortage of challenges. Key consid-
erations include the relative need for basic and
strategic versus applied and adaptive research,
and the implications for national programs of
the balance among them, factor versus
disciplinary research, networking in research,
the long-term environmental impacts of the
technological components available to national
programs, and the implications for income of
technological change.

_.op mai |)ement—|ssues of strategic
importance in this area continue to excite
interest within CIMMYT. They include such
considerations as yield sustainability and
environmental impact, crop management in
stress environments, the effectiveness of and
requirements for crop rotations and
intercropping techniques, and the relative roles
of on-station and on-farm research.

Information—Rapid changes in information
technologies have opened new areas for
consideration within the Center. These relate
to, for example, the role of information for
internal and external use, to cost-effectiveness
in satisfying demands, to the potential for inter-
institutional cooperation, and to the roles of
data processing and statistical support services.

wiuen ur wunlYT's energies during the coming
year will be given over to the development of a
strategic plan. The 20th anniversary
symposium and its attendant activities were
really only the first blush of a comprehensive
evaluation and planning process. Although the
energies required by such an endeavor are
notably high, the potential payoffs easily justify
the investment. The Center’'s management and
staff look forward to the challenge of carefully
preparing for our own future, secure in the
belief that CIMMYT will be an even more
effective organization, that national programs
will benefit from our efficiencies, and that
ultimately the farmers and consumers of
developing countries will gain ground toward a
better life.
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The basic task of every CIMMYT scientist is to
identify problems and needs in agricultural
research for the Third World and to seek
effective ways of dealing with them. This
search for practical means toward useful ends
implies much individual effort but also a large
degree of reliance on and accountability to
others. Usually, the research tasks are
complicated enough that they require a
multidisciplinary approach and often call for the
joint participation of numerous groups. Seldom
is the judgment of any single group an
adequate basis for assuming that the most
urgent problems are being addressed or that
they are being dealt with in a cost-effective
manner. A much better guarantee that the
research is well-targeted and efficiently
managed is to maintain strong ties and open
channels of communication with various peer
groups whose opinions have some bearing on
research priorities and plans.

Thorough accountability to our peers in the
agricultural development and scientific
community is especially important in view of
the Center’s mission, which requires prudent
and efficient use of donors’ funds in the
service of maize, wheat, triticale, and
economics research conducted by scientists in
the Third World. The weight of this
responsibility is increased by the considerable
autonomy of the Center within the CGIAR
system, which makes it incumbent on CIMMYT
to have a reliable mechanism for establishing
priorities and enough flexibility to adjust them
according to changing needs and
circumstances in the research programs of
developing countries. Fulfilling that obligation is
a vital part of our trust to a large and diverse
public that includes hundreds of researchers
around the world, the farmers they serve, and
the donors who wish to assist them.

During 1986 various groups examined the
research and training programs of the Center to
consider how its staff should be discharging
their public trust in the coming years. Some of
the observers, including most participants in
the 20th anniversary symposium, were
developing country representatives and other
experts from outside CIMMYT. They were
particularly helpful in calling attention to issues,
such as the application of biotechnology to
crop improvement, that will be central in the
strategic planning process initiated this year.
Much of the scrutinizing, though, was done by
Center scientists themselves and by the Board
of Trustees. In March, for example, the
Program Committee of the Board met at our

headguarters in Mexico for a comprehensive
review of maize germplasm development work.
A similar review of the Wheat Program will
take place early in 1987. In addition, just prior
to and after our 20th anniversary celebrations,
the Maize, Wheat, and Economics Programs
held a series of staff meetings to consider
current research priorities and approaches.
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was CIMMYT’s products and services and its
vehicles for delivering them. The former are of
five main types:

® |mproved germplasm for major production
environments in the Third World, particularly
the less favored ones

e [Efficient procedures for plant breeding, crop
management research, and agricultural
decision making

e Training for agricultural scientists in
developing countries

e Technical consultation and assistance for
national agricultural research programs

Scientific information provided in the form of
publications, collections of abstracts, and
on-line data base searches

Those products and services are provided by
about 80 scientists and other specialists
working in the three main programs—Maize,
Wheat, and Economics—and in various support
units. Roughly half of the scientific staff are
based in Mexico and the rest in regional
programs or bilateral projects throughout the
Third World.
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developing and improving germplasm. This
work is carried out, with assistance from
laboratory and experiment station units, at five
principal locations in Mexico, which represent
different types of production environments
commonly found in developing countries.
Products of the germplasm programs are
distributed to hundreds of locations around the
world through maize, wheat, and triticale
testing networks.

Each of those products is designed for a
particular mega-environment, which is a
subdivision of one of the major agroecologies
found in the Third World (lowland tropics,
subtropics, and so forth). These subdivisions
are distinguished from one another by
differences in availability of moisture during the
growing season, incidence of various diseases
and insect pests, soil types, and other
conditions that determine the characteristics
farmers must have in improved maize, wheat,
or triticale. The areas that make up each
mega-environment are not necessarily
contiguous, or even on the same continent,
but are roughly uniform in their germplasm
requirements.

The relative uniformity of mega-environments
across continents has tremendous implications
for global germplasm development. One can be
reasonably certain that a maize variety, for
example, which performs well at a Central
American location representing a particular
lowland tropical mega-environment will respond
similarly at an African location possessing the
essential features of that same mega-
environment. This ability to transfer results
obtained on one continent to corresponding
locations on another enables CIMMYT to work
at a few representative sites in developing

maize, wheat, and triticale germplasm for most
regions of the world. Because our varieties and
other materials are targetted for broad mega-
environments, they are by definition
intermediate in nature and must often undergo
further refinement by plant breeders in the
Third World before they can be considered
final products ready for release to farmers. We
view this process of refinement as an
indispensable element in the development of
national crop programs, one that contributes
substantially to their research capacity and self-
sufficiency and which, in any case, is quite
properly their responsibility.

Those programs vary greatly, however, in their
level of development and require various forms
of assistance in their breeding and other work.
Our staff at headquarters, for example, are
heavily involved in training programs aimed at
improving the research capacity of their
colleagues in developing countries. Those staff
also devote a considerable portion of their time
to generating technical information, most of
which i1s prepared and distributed by the
Information Services Unit. Conferences and
workshops held at headquarters provide
another forum for the exchange of research
ideas and results. In all of those activities,
scientists and other specialists are ably assisted
by a support staff in Mexico of about 850
people.

1ho vanuus unne ad ncauduarters make up the
core of the Center's research and assistance
program, and in the eyes of some people they
are CIMMYT. But for most of the last 20 vyears,
we have not been the type of centralized
organization that is perhaps implied by the term
center. Since the early 1970s, about half of
the scientific staff have moved into bilateral
projects or set up maize, wheat, and
economics regional programs that touch nearly
all regions of the Third World. Those programs
have proved to be extremely versatile and
useful, performing a number of functions that
could not be done at headquarters.

One of their functions is to offer counsel and
assistance in the use of germplasm and other
products available from CIMMYT headquarters.
As suggested previously, many of those
products are somewhat like partially finished
items from a workshop in that they often
require additional refinement before being
released to farmers. The complicating factor is
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Gene pools—Much of the responsibility for
developing readily usable sources of certain
traits will reside with the backup unit.

The gene pools formed by that unit in the past
were broad-based materials representing most
of the maize types grown in deveioping
countries and possessing reasonably good
agronomic quality and field tolerance to a
number of stresses. In the coming vyears, new
materials fitting that description {which we
refer to as general-purpose pools) will be
developed by the backup unit from the best
germplasm available for specific areas. With
those pools we hope to satisfy the need for a
continuous flow of raw materials that can be
used by developing country breeders in
population improvement and variety selection.

A greater portion of the unit’s efforts, however,
is now being devoted to another category of
germplasm complexes that we term special-
purpose pools. These are agronomically
acceptable materials into which we are
incorporating genes for tolerances to one or a
few biotic or abiotic stresses, such as stalk
borers and drought. Our work with those
materials represents quite a departure from
previous stress-tolerance breeding in the pools.
Selection for resistance to fall armyworm, for
example, used to be conducted simultaneously
with selection for many other traits. Since all of
them were emphasized equally, progress in
some, such as fall armyworm resistance, was
extremely slow. We expect to make more rapid
progress by assembling all the materials we
can find that have shown resistance to a given
stress and in the pool so formed to select
intensively for this trait.

Selection for most traits (particularly those
requiring laboratory support or precise
environmental control) will be conducted at
CIMMYT headquarters, assuming that the
appropriate selection environment can be found

or created there. If conditions are not right for
selection in Mexico, it will have to be carried
out elsewhere under cooperative arrangements
with other institutions. In any case, because of
the complex nature of many of the traits that
are needed, selection in the special-purpose
pools will inevitably be a long-term endeavor,
but one that within a reasonable time will
provide breeders with valuable sources of
stress tolerance.

Several steps toward that objective were taken
this year, including important decisions as to
what traits are needed for particular mega-
environments in the Third World. In addition,
work was initiated with a drought-tolerant pool
and with materials showing resistance to stalk
borers. Much of this early work is intended to
identify and group sources of resistance for
more convenient handling. In that and other
current and projected activities, the Backup
Unit will require close cooperation with virtually
every other unit in the Maize Program as well
as with our regional staff and colleagues in
national programs.

Insect resist :es—Entomology is one unit
that is already well along in the development of
special-purpose pools. This work was begun in
1984 with the formation of a multiple-borer
resistance pool (MBR) from seed of all maize
that had been reported to be resistant or was
being selected for resistance to borer species
that attack the crop. In subseguent evaluations
the pool showed sufficient resistance to the
southwestern corn borer, sugarcane borer, and
fall armyworm that by 1986 it was ready for
international testing to determine its potential
usefulness in other countries and to obtain data
that would assist us in further improving the
pool and in developing new products from it.

Superior families from the pool were distributed
for testing at 10 sites in six countries (Kenya,
Mexico, Nigeria, South Africa, Turkey, and the
USA) where facilities are available for mass
rearing of and artificial infestation with various
borer species. Although not all the test results
are in yet, it appears from the data we have
that a significant number of families are
showing at least intermediate resistance to five
borer species. We can be fairly confident,
therefore, that selecting for resistance to the
borer species prevalent in Mexico gives us a
good chance of obtaining germplasm with
resistance to species found in Africa and Asia.






The aim of this two-stage, two-location
selection and testing procedure is to provide
breeders in developing countries fairly soon
with elite germplasm showing reasonably good
drought tolerance.

The long-term approach, begun this year, is to
develop a pool characterized by unique drought
tolerance. The main building block of this pool
is cycle 8 of selection in Tuxpefio Drought; it
also contains materials from the US Corn Belt,
drought-resistant Mexican landraces, and a
hybrid derived from Thailand’s Suwan 1
germplasm. Other germplasm possessing
drought tolerance characteristics will be added
as it is identified. At present the pooal is less
agronomically desirable than elite germplasm,
but we expect that over time it can be made
into @ more readily usable source of drought
tolerance.

Several valuable contributions of the physiology
unit so far in its work on drought have been to
assemble sources of tolerance, find new
selection techniques and criteria, and
demonstrate that progress can be made
through recurrent selection. The unit is
accomplishing essentially the same objectives
in its efforts to improve nitrogen-use efficiency
in maize grown under low nitrogen supply. This
is a much-needed trait in the many developing
countries where nitrogen fertilizer is not widely
available to farmers.

A program of recurrent selection for improved
performance under low nitrogen levels was
initiated this year and a trial of 16 elite
materials and two landraces conducted to
identify useful selection criteria. It appears from
the results of that trial that several traits are
correlated with grain yield at low levels of
nitrogen. One of those, leaf chlorophyll content
(which is an indirect measure of nitrogen status
in the leaves) should be particularly useful,
since it can be gauged rapidly in the field with
a portable photometer. Using that and other

criteria, we will continue selecting under
different nitrogen levels in promising materials
such as the variety Across 8328, which has
performed well across nitrogen levels.

Disease resistances—With some notable
exceptions, these traits have proved to be less
elusive than insect resistances and tolerance to
abiotic stresses, and for some time the Maize
Program has had in place several effective
strategies for developing disease resistances.
One of them is selection for multiple
resistance, often under artificially created
disease pressure, at experiment stations in
Mexico. That approach has led to reasonably
good protection against ear and stalk rots and
leaf blights and rusts in a range of pools and
populations, which are being channeled
through the advanced unit and international
testing program to researchers in developing
countries.

For the several important diseases that do not
occur in Mexico, we have set up various
cooperative arrangements with institutions in
other countries. Breeders in Thailand’s maize
program, for example, this year completed
their fourth cycle of recurrent selection for
downy mildew resistance under the direction of
our regional program in Asia. At lITA in
Nigeria, a CIMMYT maize breeder continued to
incorporate maize streak resistance into
superior experimental varieties and to improve
Population 43 and Pool 16 for resistance to
this disease. Under another cooperative
arrangement (for development of resistance to
the stunt diseases), the first cycle of selection
was completed in four populations. Two of
those are being handled by the national maize
program of the Dominican Republic and the
other two by breeders in El Salvador under the
coordination of our pathology unit.

Corn stunt and bushy stunt {which are
prevalent throughout the lowland tropics of
lLatin America, particularly in Mexico and
Central America) are somewhat more
complicated than some of the diseases for
which the Maize Program has already
developed good resistance. Much remains to
be discovered about the relative importance of
the stunt diseases in particular regions, about
any differences in virulence that may exist
within and between the mycoplasmas that
cause them, and about the mechanisms and
inheritance of resistance. As a start toward
elucidating those issues, the Maize Program
participated during 1986 in a cooperative
project with The Ohio State University and









coordinate the diverse operations carried out by
various groups in the Maize Program to
develop and improve resistant materials? Even
more important, how exactly will those
materials reach maize breeders in developing
countries?

Accomplishing the first task has required that
the backup unit adopt a role it has not
generally performed in the past. One of its
main functions, beginning this year, is to
deploy resistance developed by other units,
along with that already available in our
germplasm, among special-purpose pools that
are adapted to the particular mega-
environments for which those resistances are
needed. Another of its functions will be to
coordinate the breeding efforts required to
maintain or raise resistance levels in those
pools, while improving them for agronomic
traits.

Once the agronomic quality of the resistant
materials is considered satisfactory, they will
either serve as sources of traits to be
introgressed into advanced unit populations or
will become advanced populations in their own
right. Those materials will be further refined
and prepared for distribution through the
population improvement and variety
development scheme that continues to be the
core of our maize breeding program.

The advanced unit, which has primary
responsibility for that work, improves the
populations for a wide range of traits (yield,
husk cover, and resistance to certain diseases,
for example). The unit also conducts trials to
determine the degree and nature of progress in
population improvement, as illustrated this year
with studies of materials that have undergone
many cycles of selection for early maturity and
others for drought tolerance. In addition, the
advanced unit is providing guidance to the
backup and other units concerning germplasm
needs in developing countries.

Much of the information on which we are
basing decisions about priorities in germplasm
development has been generated by the mega-
environments study begun in 1985 by the
international testing program. By the end of
this year, we had received responses for about
80 percent of the developing countries that
produce significant amounts of maize. Starting
with sub-Saharan Africa, we began organizing
the information and presenting it in the form of
maps and accompanying tables for immediate
use by Maize Program staff. This year we also
initiated a related study in which we are
collecting data from experiment stations in sub-

Saharan Africa on rainfall, temperature, amount
of sunlight, soil types, and a number of other
conditions over the past five years. Taking into
account the marked differences in many
respects between experiment stations and
farmers’ fields, we will use that information to
check the impressions about maize production
that were conveyed to us by our maize special-
ists and their colleagues in national programs
as part of the mega-environments study.

Though extremely important, this effort to
characterize maize-production environments in
developing countries is secondary to the main
task of the testing program, which is to provide
a channel for distribution of experimental
varieties and the elite fractions of populations.
The program’s main vehicles for disseminating
that germplasm are International Progeny
Testing Trials (IPTTs), in which full-sib families
from a particular population are evaluated at up
to six locations, followed by Experimental
Variety Trials (EVTs) and Elite Variety Trials
(ELVTs}, which test varieties formed on the
basis of IPTT results sent to us by trial
cooperators in developing countries {see
Appendix | for details on trial distribution).

As greater volumes and more varied types of
germplasm are made available by our breeding
units and regional programs, the international
testing system will be called upon to provide
other avenues for the free exchange,
evaluation, and use of improved materials. The
program’s involvement this year in international
testing of the MBR pool developed by the
entomology unit is one illustration of how such
new arrangements for testing are being made.

Wit U uie ey uonar e v ouol FEQUIre

international testing is being generated by the
several groups in the Maize Program that are
handling special categories of germplasm. To
accommodate the influx of new materials, the
international testing program anticipates an
expansion in its activities and is currently
developing various trial types in addition to the
ones already in use.
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temperate highland maize, occupying 135,500
hectares between 1000 and 2500 meters.
These categories of maize are further
distinguished by a number of other factors,
including daytime and nighttime temperatures
during the growing season, disease pressures,
and so forth.

The program has already begun developing
pools and populations for all three main types
of highland maize environments. Most of our
resources, however, will be committed to
germplasm for the tropical highlands, since
they are the most extensive of the three
environments, occupying 63 percent of the
world total.

Mexico contains a quite large share of the
world’s tropical highlands, so naturally we are
developing close relationships with highland
maize breeders in our host country and are
concentrating heavily on its germplasm needs.
Our primary aim will be to supply breeders with
materials that respond well to nitrogen fertilizer
and in other respects are better suited than the
currently available germplasm to more inten-
sive, mechanized maize production. The new
genotypes will need to be shorter and more
tolerant of high plant densities and have better
root and stalk quality than materials now being
cultivated. By crossing exotic with Mexican
germplasm, we hope to develop more efficient
plant types with those traits, while retaining the
outstanding cold tolerance, partial tolerance to
hail damage, and other useful traits present in
the tropical highland germplasm.

A substantial part of the highland maize
breeder’s time was devoted this year to
training and to consultation with maize
breeders from areas that show high potential
for production of highland maize. We are
hopeful that those contacts and others made
by our regional staff will lead to cooperative
arrangements in which national scientists can
assume the leadership in highland maize
improvement for key regions.

Midaltitude maize—Maize of this type {which,
like highland maize, is widely grown in eastern
and southern Africa, but at 900 to 1500
meters above sea level) is the focus of a new
germplasm development program initiated in
1985 under a cooperative agreement between
CIMMYT, the University of Zimbabwe, and
[ITA. During 1986 the breeder and
entomologist working at the Midaltitude Maize
Research Station at Harare, Zimbabwe, divided
their time among five main activities: 1)
becoming familiar with the region’s midaltitude

environments and visiting the breeding
programs that are developing germplasm for
them, 2) designing and constructing research
facilities, 3) hiring staff, 4) initiating the maize
breeding program, and 5) laying the
groundwork for mass rearing of and artificial
infestation with the vector of streak virus.

Good progress was made in all of those
activities, including the evaluation of a quite
large collection of germplasm in hundreds of
trial plots. Within a fairly short time, we expect
this station to become a major tributary feeding
improved midaltitude germplasm into our
international testing program, which in turn will
distribute the material to eastern and southern
Africa and other regions of the world where
this type of maize is grown.

Hybrid maize—In addition to distributing
improved germplasm, CIMMYT provides much
information about these materials that
enhances their value to breeders in developing
countries. Generating such information is an
especially important task of our hybrid maize
program, which was established in 1985 to
meet the growing demand for assistance in
hybrid breeding. During 1986 the program was
engaged in a number of activities that are
leading to the development of new germplasm
products and information about them or about
other materials already available.

One of those activities is to provide data on the
combining ability of our germplasm that will
give breeders some indication about its utility in
hybrid formation. For that purpose the various
pools and populations were divided into eight
groups during 1985, diallel crosses made
within each one, and the diallels evaluated in
1985 and 1986. From the results of those
evaluations, we now have a general idea of
which materials combine well and will publish
that information during 1987. In an effort to
improve the cross performance of some of
those materials, we shifted Populations 21 and
32 from the advanced unit into the hybrid
program where they will undergo interpopu-
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fation improvement. From those and other
pools and populations, the program is also
attempting to develop source germplasm that is
tolerant to inbreeding depression, so that
breeders employing these materials will stand a
better chance of extracting good inbred lines
from them.

In more or less the same set of pools and
populations, we continued a project begun in
1985 for developing our own early generation
inbred lines. Some of the most promising ones
identified so far are being screened for insect
resistance by the entomology unit and for
drought tolerance by the physiology unit, while
others are being evaluated and further inbred
by researchers in developing countries. We are
taking a number of the inbred lines and other
materials a step further by forming single-cross
hybrids {(whose performance enables us to
predict good combinations for three-way and
double-cross hybrids, among other purposes).
We also developed and evaluated various types
of nonconventional hybrids, in which by
definition at least one of the parents is not an
inbred line. Because the nonconventional types
are somewhat simpler and less expensive to
produce than the conventional ones, we
consider them a good intermediate step for
maize programs that have only recently
initiated hybrid breeding.

rne viaize Program’s efforts are divided more
or less evenly between generating research
products and strengthening the capacity of
maize scientists in the Third World to employ
these and other resources effectively. One of
our primary means of accomplishing the latter
objective is to offer various training programs
at Center headquarters, including in-service
courses and fellowships for predoctoral
candidates, researchers who have just received
their doctorates, visiting scientists, and
associate scientists (see Appendix Il}).

Completion this year of the Borlaug Building
and the donation of several grants has enabled
us to open up new maize training
opportunities. With funds from various
governments and from private seed and
chemical companies, we are providing
approximately 45 new one- to four-month
visiting scientist fellowships from 1986 through
1988 for senior researchers in Third World
countries. In addition, we are expanding our in-
service maize breeding and production
agronomy courses to include training in the use
of microcomputers for data analysis, with
equipment provided by a private company.

Several other adjustments were made in those
courses to improve the quality of instruction.
Starting in 1987, for example, the six-month
courses will be offered in only one language
during a given cycle (one cycle taught in
Spanish for every two in English), a change
that will double classroom time and greatly
simplify field activities. The scheduling of the
cycles is also being altered in such a way that
trainees will receive more experience in
planning on-farm research. Finally, for the first
time since maize training was initiated at
CIMMYT, a breeder will be devoting full time to
the course in crop improvement, a
development that should greatly enrich the
training experience of participants.

One beneficiary of those training activities is
the Maize Program itself. Visiting scientists and
course participants have much to teach us
about maize research challenges in their
countries, and in doing so they provide us with
valuable guidance in setting priorities. Another
group that contributes substantially to the
Program is pre- and postdoctoral fellows and
associate scientists, of whom there were eight
during 1986, conducting research on nitrogen-
use efficiency, various diseases, hybrid
development, and analysis of yield stability.

oeveldl sidil Ghianyges 100k place, and one
important adjustment in organization was made
this year in the maize regional programs, of
which there are currently six: 1) Andean
region, 2) Asia, 3) eastern Africa, 4) Mexico,
Central America, and the Caribbean, 5) the
Middie East/North Africa, and 6) southern
Africa. The Asia and Andean regional programs
each acquired one extra specialist, and a new
staff member joined us from Thailand’s
national program to take the place of a
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and other locations, has proved to be an
extremely effective breeding strategy for bread
wheat, durum wheat, and triticale
improvement.

The shuttle breeding technigue that has proven
to be so effective in Mexico is also working
extremely well on an international basis. The
best example has been CIMMYT's 13-year
collaboration with Brazilian scientists to develop
high-yielding wheat varieties with tolerance to
the problems of acid soils. In 1986, CIMMYT
began a small-scale shuttle breeding project
between Mexico and China to develop scab-
resistant spring wheats for the Yangtze River
Valley. International shuttle breeding projects
were also expanded to include Kenya and
Ethiopia (resistance to the rusts), and Nepal
(helminthosporium resistance).

In 1986 the process of identifying and
describing the mega-environments {agro-
ecological zones) for which the Program
develops its materials continued. Through the
years this task has been an evolving process as
more information has become available on the
predominant characteristics, such as moisture
availability, biotic and abiotic stresses, and soil
types, that differentiate one mega-environment
from another. As a result of this ongoing
exercise, the mega-environments discussed
below, as they relate to the crop improvement
programs, have been and will continue to be
refined.

Bread wheat improvement— The bread wheat
program is the largest of CIMMYT’s small
grains improvement efforts, a priority that is in
keeping with the fact that about 61 percent of
the developing world’s wheat area is devoted
to spring bread wheat. The Center maintains a
broad genetic base in its bread wheat
germplasm for such traits as yield, wide
adaptation, resistance to the major diseases,
and milling and baking guality. In addition, the
germplasm base contains subsets of materials
having especially desirable traits, such as

resistance to ‘‘minor’’ diseases of wheat and
tolerance to such stresses as drought and the
problems of acid soils.

In 1986 the bread wheat program continued to
refine the identification and description of the
five mega-environments for which it has
devised different research agendas to support
national programs.

Well-watered environments with no obvious
soil problems occupy approximately 60 percent
of the Third World's spring bread wheat areas.
Rusts, powdery mildew, and in certain cases,
septoria tritici blotch are prevalent.

More than 20 million hectares (about 20
percent) of the developing nations’ spring
bread wheat areas are found in high-
temperature environments, including rice-wheat
rotation areas. In 1986 the bread wheat
program continued its research on the
problems encountered in attempting to produce
wheat in warmer, more tropical production
environments. In addition to focusing on the
development of greater resistance to certain
diseases, this breeding effort is giving attention
to improving tolerance to heat stress, which
can adversely affect tillering and grain filling
abilities of wheat grown in warmer
environments. Helminthosporium, fusarium
head scab, and the rusts are the main disease
constraints in this environment.

Semiarid environments occupy about 15 million
hectares of developing country bread wheat
areas. Drought resistance and heat tolerance
are major breeding constraints. Some spring x
winter materials are showing improved
tolerance to drought and may be a promising
avenue of exploration. Advanced lines are now
being selected under reduced moisture
regimes, and the best of these lines are
distributed through the international nursery
program for additional testing.

Mineral toxicities/deficiencies associated with
acid soils are a problem on less than 5 percent
of the Third World's spring bread wheat areas.
Aluminum toxicity is usually the main problem
in this mega-environment. In order of
importance, the rusts, the septorias, head
scab, helminthosporium, and barley yellow
dwarf virus (BYDV) are the main disease
constraints. A number of high-yielding bread
wheat lines with tolerance to the problems of
acid soils and with improved resistance to the
diseases found in these environments are being
developed through the shuttle breeding
program with Brazil.









variability through interspecific crossing and the
production of primary triticales. In addition, 21
percent of the crosses (compared to 6 percent
in 1984) were between spring and winter
triticales. This shift in emphasis will continue,
and the expansion of the genetic base shall be
treated as a principal objective for the
foreseeable future.

Two major target areas identified for triticale
improvement are acid soils/tropical highland
environments and semiarid conditions. Well-
watered areas have been identified as a third
mega-environment of lesser importance in the
triticale program. Now that these areas have
been targeted, strategies are being designed
for enhancing the potential adaptation of the
germplasm to each of them.

From a breeding standpoint, tropical highlands
and the acid soils with aluminum toxicity have
many characteristics in common, and hence
they are treated as a single mega-environment.
Free aluminum ions (toxicity), unavailability of
phosphorus, insufficiency or toxicity of minor
elements, high humidity during the crop
ripening phase, and presence of numerous
diseases are typical of this mega-environment.
The adaptation of triticale to these conditions is
probably due to the presence of the rye
genome. Resistance to sprouting and the
capacity to maintain good smooth seed after
the ripe crop is subjected to excessive rainfall
are important characters for the acceptability of
triticale.

Tolerance to head scab, helminthosporium spot
blotch, and septoria nodorum biotch and
resistance to stripe rust, stem rust, and leaf
rust are also important for the viability of the
crop in this mega-environment. The germplasm
development activity of the triticale program
attempts to incorporate variability for all these
diseases from bread wheat, durum wheat, and
rye.

Stability of yield and test weight under drought
conditions are the two prime considerations in
developing material for semiarid conditions.
Diseases are not considered a major factor;
however, care is taken so that the material is
fairly broad based for resistance to the rusts
and septoria.

Major dryland areas in the developing world
with potential for triticale cultivation are in
North Africa and the Middle East, parts of
China, central India, the dry areas of
Afghanistan, and parts of Sind and Baluchistan
Provinces in Pakistan.

Segregating populations based on lines and
varieties showing high test weight and vyield
under drought environments in Mexico are
shuttled three times through Huamantla, a
drought-prone location with sandy soils, and
Ciudad Obregon under limited irrigation (no
irrigation results in total crop failure). During
each cycle populations are eliminated based on
the mean value of all the plots for yield and
test weight. Populations selected under drought
stress are then planted at the Fg stage under
optimal conditions to identify plants with higher
genetic yield potential. Plants so selected are
reevaluated under various drought situations
before they are included in international
nurseries, which are sent to many drought-
prone areas. In 1986 the first group
undergoing this selection procedure was at the
Fg stage.

Yield levels of triticale in well-watered areas are
comparable to those of durum and bread
wheats. Lower test weight and lack of a
market discourages expansion of triticale in this
mega-environment. However, under special
circumstances in some of the high-production
environments, such as the areas in Mexico,
India, and Pakistan with Karnal bunt, triticale
might be a good alternative to wheat.

Germplasm under development for the acid
soils/tropical highland and semiarid mega-
environments is cycled through, and evaluated
at, various stages in high-production
environments. This permits the program to
identify lines having potential for the well-
watered areas. In addition, a small portion of
time is devoted to developing substituted
triticales with high yield potential, rust
resistance, and industrial quality.

Winter wheat improvement—Large areas of
the developing world depend on winter wheat,
and improved germplasm could contribute
significantly to increased production. CIMMYT
initiated its winter wheat program in 1985-86,
and it is still quite small with only two core-
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funded staff members assigned and with
limited input from national and regional
program staff. Current financial resources
allocated to winter wheat research represent 2
percent of the base budget and 14 percent of
the total outreach budget. This 14 percent is
primarily the costs of the two staff members in
Turkey and the Turkish bilateral program.
Winter wheat research currently commands 7
percent of the total budget.

Obviously, winter wheat research deserves a
greater input of ources, but part of this
requirement is being obviated by the
cooperative winter wheat program with Turkey.
This partnership makes available a large array
of scientific and financial resources with which
to meet the needs for winter wheat in
developing countries. Also, considering that a
large portion of the total winter wheat area is
in China, CIMMYT is negotiating with the
Chinese Academy of Agricultural Sciences for
collaboration in the overall winter wheat
research effort.

In addition, a cooperative program on winter
wheat research has been developed with Texas
A&M and Kansas State Universities. These
programs will supply germplasm and training.
Although Oregon State University, formerly a
large contributor of winter materials, is phasing
down on international winter wheat research, it
continues to be a close cooperator with
CIMMYT in germplasm exchange and training
of graduate students. The combined activities
of Turkey, China, the USA, and CIMMYT
should make an impact on winter wheat
production in the near future.

To date, winter wheats originating from the
Turkey/CIMMYT partnership have been
evaluated. Superior lines selected for
international testing in the International Winter
Wheat Screening Nursery (IWWSN) were sent
to 40 locations in 1986.

Also in 1986, a small winter wheat breeding
project in Mexico complementing the larger
program in Turkey was at the Fg level. Some
of these lines will be distributed in 1987-88 for
evaluation.

nproved crop
management will play an increasingly important
role in future gains in productivity and total
production in many developing countries.
Presently, germplasm exists with a yield
potential far exceeding local production
conditions, resulting in a large yield gap in
many countries. To take greater advantage of
the available genetic potential, improved crop
management practices must be adapted.
Certainly, the Wheat Program cannot conduct
all the necessary research, but it can play a
significant role in assisting national programs to
organize research activities that address
problems and reduce or eliminate production
constraints. The input will involve technical
assistance, consultation, and, to some extent,
direct participation to motivate research efforts.
Of course, training will play a significant role in
motivating researchers and increasing the
attention to crop management research needs.

In 1986 crop management represented about
20 percent of the Program’s human and
financial resources. If CIMMYT is to fulfill its
stated mandate, then crop management has a
significantly greater role to play.

Germplasm bank—The wheat germplasm bank
maintains working collections of breeding
materials primarily to support the research of
Wheat Program scientists and national program
collaborators. At the end of 1986, CIMMYT
had 55,763 entries in its small grains bank,
including 11,512 bread wheat, 4,824 durum
wheat, 5,375 triticale, 4,837 barley, and
2,561 alien related species entries; the bank
also contained 26,554 entries from other
international germplasm banks.

hology —The Wheat Program’s pathology
efforts include a seed health unit, a global
small grains disease surveillance program, and
a special project focusing on BYDV (see the
section on extra-core grants).

The seed health unit, established in 1984,
provides a more comprehensive and
coordinated approach to seed health problems
for both the Maize and Wheat Programs. The
unit works in close collaboration with the
Mexican Plant Protection Organization (Sanidad
Vegetal) and is responsible for all standard
tests for seedborne pathogens in germplasm






opportunities of a high recombination status,
this work offers short-term payoffs (7 to 10
years) and, as a result, will now receive about
60 percent of the wide cross program’s efforts.
The more distant alien species contributing to
the intergeneric area fit the long-term goals (15
years) and will now receive 30 percent of the
program’s attention.

Numerous hybrids have been produced and
advanced to field testing. Resistances to
Fusarium and Helminthosporium spp. as well
as to Karnal bunt have been identified. Alien
germplasm with tolerance to aluminum toxic
and saline soils is being used for wheat
improvement, as is alien germplasm with an
efficient uptake of the copper micronutrient in
copper-deficient soils. Callus cuiture is being
used for in-vitro screening, inducing variation,
and for alien gene introgression. Techniques
involving the use of nonradioactive probes for
D genome identification are available, and
probes for other alien species are being
developed. These will substantially aid the
program in making alien gene transfers. Other
diagnostic probes may be of value and will be
assessed through future collaborative research.

New areas of research being considered
include resistance to BYDV, septoria diseases,
leaf rust, and powdery mildew. it is hoped that
collaborative research will be developed in the
following areas: isozyme analyses (USA and
Australia); restriction fragment length
polymorphism probes (USA and UK}; and
nonradioactive probes (USA). The technigue
employing nonradioactive probes for D genome
applications in interspecific hybridization has
been developed and will be transferred to
CIMMYT.

civeivir 1 wheat training programs are
characterized by close working relations
between the Center’s senior scientists and a
limited number of trainees from national crop
improvement and crop management programs
in the developing world (see Appendix V).
Although trainees learn firsthand about the
Center’'s methods and materials, the purpose of
this training is not to transplant CIMMYT
methodologies into national programs. Rather,
the intention is to allow each national program,
through the trainees that come to to the
Center, to borrow as much of the research
approach as is useful.

Wheat improvement—The main objectives of
the wheat improvement training program are to:

° Impart to trainees the research skills and
knowledge used at CIMMYT to develop
improved germplasm

° Encourage and develop the trainees’
ability to synthesize new forms of wheat
technology

° Foster specific types of attitudinal change

among trainees

Each trainee is assigned to a work team with a
crop interest (bread wheat, durum wheat,
triticale, or barley}. With the objective of
turning trainees into an "‘army’’ of crop
improvement specialists, ali trainees, regardless
of their areas of specialization, are given the
opportunity to work across disciplines at the
field level. This process of integration includes
all phases of germplasm development research,
the theory and practice of cereal pathology,
and important aspects of crop management.

From 1971 to 1986, CIMMYT has trained 335
scientists from developing countries in wheat
improvement (breeding and pathology). The
impact of this training on human resources in
the developing world has been substantial.
Today, breeders and pathologists trained by
CIMMYT are active in over 100 national
programs. Many of the research leaders in
national programs today are former CIMMYT
trainees and visiting scientists.

Production—The objective of the production
training program is to develop an agronomist
conversant with all aspects of crop
management. Trainees are generally young
wheat scientists from developing countries and
generally have very little experience in
research. ldeally, after the six-month course,
trainees return to their research programs to
execute a research program in wheat
agronomy that is relevant to the agronomic and
economic circumstances of their countries.

Trainees work on the experiment station and in
farmers’ fields. On-farm research is emphasized
to maintain a high level of consciousness of
the relevance of agronomic research to
farmers’ problems. Interdisciplinary
competence is achieved through trainees’
exposure to a wide range of field problems and
through field and classroom lectures by
CIMMYT staff from many disciplines. All steps
in the research process are taught in a
sequence ranging from problem diagnosis to
research planning, field execution, agronomic
and economic analysis, and extension.









developing complementary durum wheat
research at both institutions, coordinating
germplasm distribution, and working closely
with national programs.

In 1986 the Center laid the groundwork to
create a new program in North Africa and by
1987 expects to have a specialist based in
Morocco, where there will be special emphasis
on triticale improvement.

Southern Cone of South America ts

W er m marginal environments)—
The regional program for developing wheats for
the warmer and more marginal areas in South
America was initiated in 1886 and now has
staff based in Paraguay. They are
concentrating their efforts on developing
wheats and technologies for the more tropical
areas of Paraguay, Brazil, Bolivia, and
Argentina. They will also give limited input to
germplasm development for other countries of
the Southern Cone. The challenge lies in
identifying and screening appropriate
germplasm that can adapt and produce under
the high, dynamic disease and insect pressures
at an economic level. Regional staff are
working with the national programs to identify
problems, set up priorities and goals, and
assist in developing appropriate research
strategies.

Snutheast Asia (wheats for warmer and more
n jinal ironments)—This regional
program is based in Thailand and concentrates
on developing germplasm and crop
management research programs for Thailand,
Indonesia, Burma, and the Philippines. To date
‘working relationships with many of these
countries have been established for the
exchange of germplasm and information.
Special international nurseries have been set up
and distributed to national programs. An
international conference entitled Wheat
Production Constraints in Tropical Environments
is scheduled for January 1987 in Chiang Mai,
Thailand.

Pakistan—The bilateral program in Pakistan
was established in 1976 with the general aim
of strengthening wheat research in the country
and giving more emphasis to agronomy. On-
farm research has provided a better
understanding of each selected cropping zone
in the country and has helped focus work at
the stations on relevant research issues.

Bangladesh—Wheat is the second most
important ¢ al crop in Bangladesh. The
bilateral program was initiated in 1982 and has
three major components: technical assistance,
training, and equipping the national program
for research. Progress has been made in
developing appropriately adapted, leaf-rust
resistant, popular varieties to replace and/or
effectively diminish the area occupied by the
predominant commercial variety that is
susceptible to leaf rust. Bangladesh also plays
an important role in the regional tropical wheat
effort.

Peru—Since 1983, CIMMYT has based a
scientist in Peru in the capacity of co-leader of
the National Cereals Program. Areas of
research include 1) intensification of on-farm
production agronomy research, 2) work on the
main limiting factors of infertility and weeds,
and 3) maintaining levels of acceptable disease
resistance. Priority is also given to training.
During the period 1983-86, approximately
20,000 lines of small grain cereals in different
stages of development were evaluated. Two
bread wheat varieties and one durum wheat
variety were released for the Peruvian Sierra.

Turkey—CIMMYT has two programs in Turkey,
the international winter wheat program
discussed above and the bilateral program
started in 1984 with UNDP funding. The two
programs are closely aligned. However,
activities s :ific to Turkey in the bilateral
program include work to expand the
development of winter bread and durum wheat
germplasm and enhanced selection for types
suited to marginal and rainfed conditions.
Attention is also given to increasing wheat
yields in areas that have lagged behind and
developing materials for newly irrigated areas.

39





















46

Our scientific information unit (SIU)/library also
underwent important staffing changes with the
hiring of a professional information officer (to
assist Center staff in information database
searches) and a professional librarian (whose
immediate challenge is one of streamlining and
automating our traditional library services).
Further details on the work of the SIU are
given in the section of this report that covers
extra-core grants.

Another significant staffing decision occurred
with the identification of an associate training
materials/audiovisual coordinator, who will join
the information group in January 1987. This
decision reflects a renewed commitment to the
development of training materials, as well as a
recognition of the need to develop materials
that take full advantage of cost-effective
instructional A/V technologies. Priority activities
will include reorganization of photographic
services, design and implementation of an
"image bank’’ for color slides and black and
white negatives, and the clear delineation of a
training materials agenda that reflects the
needs of CIMMYT training officers and
trainees.

Ve win pruvious ve@l SUPPOrt in every aspect
of CIMMYT's operations {research,
administration, information services,
accounting, personnel management, and so
forth) by assisting in statistical analysis,
developing new software, installing and
maintaining hardware, and assisting computer
users. The addition of staff and some
accompanying reorganization in 1986 enabled
Data Processing to make an unprecedented
contribution to the computerization of Center
activities that previously were done by hand or
according to older, less efficient systems; some
were not done at all for lack of resources.

The most important change in organization was
the creation of an operations unit responsible
for hardware and of a software development

unit. Under the latter, programmers that
previously worked within the two crop
programs were consolidated to form a single
crop systems development group consisting of
five staff. Three new programmers were added
to the software unit (through special funding
from Digital Equipment Corporation, IDRC, and
the government of Denmark), bringing its total
number up to 10. The operations unit acquired
one additional staff member to organize
training and provide assistance to computer
users.

The major acquisitions of the operations group
this year were several microVAX computers
(one for software development, another for the
Wheat Program, and a third, donated by the
government of West Germany, that will serve
various units) and 40 IBM personal computers,
plus eight more given to us by IBM, Mexico.
One of the unit’s main accomplishments in
1986 was to install the PCs, which are being
used mainly for word processing, spread sheet
analysis, and experiment station operations.
This group also began setting up a local area
network that, when complete, will allow us to
connect a larger number of terminals at lower
cost, among other advantages.

In software development, several important
projects were brought to completion, and
others were carried through important design
and testing stages. Among the items of
software finished was a pedigree management
system for the Wheat Program. This system
serves as the basis for other software,
including an international nursery system and
breeders’ seed inventory system, both
completed in 1986, and a wheat field book
system, for which we have just completed an
assessment of the Program’s requirements.
Separate nursery mailing list systems were
developed for the Wheat and Maize Programs
along with other software that is enabling the
maize germplasm bank to compile information
on landraces and other accessions in a
computer database. In addition, a database
from the Food and Agriculture Organization
(FAQ) that contains crop production and
related information was updated and made
available to users, particularly in the
Economics Program.
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