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Preface
 

The publication of this document 
commemorates CIMMYT's twenty years of 
service to Third World a)iculture. Much has 
changed during the past two decades 
scientific advances have opened up new 
horizons for research; the needs of the 
Center's clients (national crop improvement 
programs) have evolved as they have 
accumulated experience and expertise; and 
CIMMYT itself has changed in iesponse to 
changing circumstances. Yet through it all, the 
Center has, at its core, remained essentially the 
same vital, dynamic institute that it was at its 
inception, 

CIMMYT's maturity as an institution and its 
global impact belie its official age of 20 years. 
In a very real sense, the Center is much older, 
CIMMYT's origins can be traced back to 1943 
and the Mexican Ministry of Agriculture 
Cooperativ Agricultural Program/Rockefeller 
Foundation, which was initiated to improve 
Mexican agriculture. The Office of Special 
Studies (as the program wai called within the 
Ministry) employed at its peak 21 non-Mexican 
agriculturalists ano over 100 Mexican 
colleagues. This cooperative effort was very 
effective in helping to improve the country's 
agricultural sector and, by the mid-1950s, 
Mexico was approaching self-sufficiency in 
maize and wheat production. 

The Mexico/Rockefeller joint venture gave 
credence to the idea that a small, dedicated 
group of researchers could influence the course 
of agricultural development. CIMMYT was itself 
a result of this collaborative effort, and the 
success of those earlier days enabled the 
newly formed Center to respond rapidly and 
effectively to the spectre of mass starvation in 
the Indian subcontinent during the late 1960s. 
Those crisis years gave rise to a sense of 
urgency among CIMMYi staff, reinforcing their 
commitment to the Center's mission and 
modus operandi. 

Many accounts of those early days have been 
written. We asked ourselves, "Of what value 
would yet another account be, and really, what 
should one say in observing the twentieth 
anniversary of an institution as dynamic, yet as 
stable, as CIMMYT?'' A consensus emerged 
that a conventional history was not needed; 
rather, a description of the ''mainstreams of 
CIMMYT research'' and the courses they 
followed over the pas! 20 years was deemed 
appropriate. 

It was with great confidenc . th (eve Breth 
was asked to undertake this ..3sK. In Steve we 
found an individual who is arguably one of the 
most knowledgeable writers focusing on 
international agricultural research today. Steve 
has been associated with agricultural research 
since 1963, when he joined the USDA as an 
economist working on a study of agricultural 
development in West Africa. From 1965 to 
1969 he served as an editor for the American 
Society of Agronomy, and from there moved to 
IRRI for a five-year stint as a writer/editor. In 
1974 Steve joined CIMMYT in a similar 
capacity, leaving in 1977 to join the lADS 
communications group. He is now with the 
newly formed Winrock International Institute for 
Agricultural Development, and special thanks 
are due to Robert Havener, President of 
Winrock International, for giving Steve the time 
needed to write this publication. 

With his unique background in mind, CIMMYT 
asked Steve to view the Center's development 
in light of the forces that shaped the direction 
of international agricultural :esearch. In so 
doing, he provides a better understanding of 
the Center's character and its evolving role in 
the agricultural research community. This then 
was Steve's mardate and is the objective of 
this publication: to give the reader a sense of 
the Center, its evolving research agenda and 
priorities, and to place those distinguishing 
characteristics in a retrospective context. 

Donald L. Winkelmann 
Director General 
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At that MIrltl(jiuatirin, tre Minister of 
Aur ir.ulrr ,e, Ma Rto,P Gnrnie/, ak,trl US Vice 
Prtrsiden(it Henrym5 :;iaco toW provide technical 
assistatce in helping Mexico overcome its 

chronic food shortages. Wallace, a former US
Secretary of Agriculture who had travelled 
widely in Mexico, was receptive. Since this 
was before the birth of foreign aid agencies, 
W allace turned to the Rockefeller Foundation,w hich had experience in mounting international 
public health programs. The foundation agreed
to help answer Mexico's request and in 1941 it 
sent a corniission of three eminent agricultural
scientists E C. Stakrnan, Richard Bradtield, 
arid Paul C ManqclIlsdorf to survey Mexican 
codinns and r ake recommendations. 

Office of Special Studies 
hor report called for an attack on Mexican 

frod produc:tior, problems through a three­
prong d approach: reste'arch, education, and 
xtens,ori in 1943, the Rockefeller Foundation 

assembled a small team of researchers to help
the Mexican government. To support efforts to 
raise output as quickly as possible, the 
governmei established an autonomous 
organization, the Office of Special Studies, 
within the Ministry of Agriculture. 

CIMMYf comes into being,
1963. From left to right: Dr. 
J.G. Harrar, President of the 
Rockefeller Foundation; Lic.
Actolfo Lopez Mateos, then 
President of Mexico; Dr. 
Nicol's Sanchez Durn, then 
Director of INIA, and Ing.
Julian Rodr'qiuez Adame, then 
Secretary of Agriculture and 
Livestock, 



The Office of Special Studies conducted 
research on a wide range of crops, including 
maize and wheat, and later on livestock. It 
established research plots and demonstrations 
in farmers' fields and developed extension 
methods. It employed recent university 
graduates as interns and helped them get 
fellowships for advanced training. At its peak, 
the Office of Special Studies had 21 US and 
100 Mexican researchers. 

During the 1950s the government of Mexico mnade a 
substantia/ commitment to agriculture and, by 1960, a 
broad range of research investiga tions were underway. 

The experiment proved successful and, by the 
mid-1950s, Mexico was approaching self-
sufficiency in maize and wheat. In maize, an 
expansion in area planted, be!ter cultural 
practices, the selection of superior varieties 
from native strains, and the incorporation of 
disease resistance all contributed to the gains,
Hybrids were produced and widely accepted by 
large-scale farmers, but hybrids remained 
beyond the reach of many small-scale farmers 
due to limited seed distribution systems and 
other factors. 

In wheat, several major scientific achievements 
occurred during this period. Strong resistance 
to stem rust, a disease that was ravaging 
Mexican wheat-growing areas, was the first 
breeding goal. impatient with the rate of 
progress, the breeders of the Office of Special 
Studies found two climatically different 
locations where they could gre'w, successively, 
two generations each year, and in that way 
halve the time necessary to produce a variety. 

The two locations were not only climatically 
different, thcy differed in elevation by 2600 
meters and in latitude by 10 degrees. Thus the 
advancing generations were exposad to, and 
could be selected against, differing spectrums 
of diseases and environmental problems, 

Moreover, t was soon found that this shuttle 
breeding system permitted elimination of plants
sensitive to daylength. The drawback of 

varieties whose flowering is controlled by 
daylength is that they cannot be successfully 
grown in areas or seasons that have a different 
daylength than the one in which they are 
developed. The daylength insensitive varieties 
that emerged from this system were thus more 
broadly adapted, as well as resistant to stem 
rust and certain other diseases. 

Farmers who had begun using fertilizers on 
wheat, however, were next frustrated by the 
tendency of tall wheats to topple over when 
heavy doses were applied. The wheat breeders 
of the Office of Special Studies turned to 
sources of the Norin 10 dwarfing genes as a
possible solution. Norin 10 was being tested in 
the U.S. for dwarfing winter wheats. 

The first crosses with Mexican spring wheats 
were made in 1953. It was nine years later 
before a host of problems such as sterility and poor grain quality were surmounted sufficiently 
for Mexico to release its first semidwarf 
varieties. These varieties were not only more 
resistant to lodging, they had a new plant
architecture that resulted in a greater 
proportion of the dry matter going into the 
grain. The result was a quantum leap in the 
yield potential of wheat that would give 
Mexican wheats international acclaim within a 
few years. 

During the 1950s the government of Mexico 
made a substantial commitment to agriculture 
and, by 1960, a cadre of well-trained Mexican 
agricultural professionals had been developed, 
a graduate school of agriculture had been 
established to train new scientists and 
technicians, and a broad range of research 
investigations were under way. The 
government decided he time was right to form 
a national agricultural research program, INIA 
(Instituto Nacional de Investigaciones 
Agricolas). 

International Programs 
The Office of Special Studies was closed in 
1961. Several of the Rockefeller staff remained 
in Mexico as advisors to INIA and to extend 
the lessons learned in Mexico to other 
countries. The Office of Special Studies had 
engaged in some international work. A few 
young scientists from other Latin American 
countries had taken part in in-service training.
And regional networks such as the Central 
American Corn Project had been established to 
exchange genetic material- and information. 
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After 1961, international wheat nurseries were 
formed that introduced wheat-producing
countries throughout the world to Mexican 
wheats, and the first trainees from outside the 
Western Hemisphere were accepted. 

A New Institute 
In 1962, following a visit to the new 
International Rice Research Institute, President 
Adolfo Lopez Mateos suggested creating an 
international agricultural institution in Mexico 
with collaboration of the Rockefeller 
Foundation. An agreement was made, and in 
1963 an International Maize and Wheat 
Improvement Center was established as a 
cooperative program of the Mexican Ministry of
Agriculture and the Rockefeller Foundation. The 
center absorbed what had been the 
touridation's Inter-American Food Crop
Imp:ivement Program 

It quickly became evident that the geographic 
scope ol the new institution was too limited. It
had insufficient resources to handle the large
volume of urgent requests for training and 
germplasm coming from countries of Asia and
Africa As a result, the founding partners

decided to rewrite the charter, 


On April 12, 1966, under a new charter, 

CIMMYT was established as a nonprofit

organization responsible to an internationally

elected board of trustees. The Ford Foundation 
and the Rockefeller Foundation joined Mexico 
as the initial principal supporters of CIMMYT. 

Evolution of an Institution 

During the past two decades, the capacity of 

developing countries to address their

agricultural problems has grown immensely.
CIMMYT has contribuied to that change and, 

as it has or curred, CIMMYT has changed in 

many ways, too But through this period

certain hallmarks of CIMMYT's activities have

held constant 

One hallmark is the large-scale production of 
diverse gerrnplasm that national researchers 
can use directly, adapt, or manipulate,
broadening the choices available to farmers, A 
second is training intended to enhance the 
competence and productivity of the specialists
who are the heart of crop improvement work in 
developing countries A third hallmark, which is 
closely related to both germplasm development
and training, is the Center's participation in 
worldwide networks of maize and wheat 

scientists. A fourth is the development of 
procedui . -ools to help network scientists do 
their jobs wrore efficiently and with greater 
impact. 

Finally, a fiith hallmark, which is less tangible,
but no less important: a sense of 
thoroughgoing pragmatism in addressing the
problems of hungry people. It is conveyed by
CIMMYT people through training, by example,
and through frequent meetings and discussions 
with agricultural leaders and government
officials at all levels. The widespread
assimilation of that attitude has motivated a 
generation of scientists and technicians to 
move from the desk to the field in order to

confront and overcome the real problems
 
farmers face.
 

In part through CIMMYT's work, two ideas that 
were commonplace in developing countries 20 years ago are now much less widely held: that 
small farmers are stubbornly resistan! to new
ideas and that researchers seldom produce

anything useful.
 

The foundation of CIMMYT's strength has been
its nonpolitical nature, its continuity of funding, 
and its stability of staffing. Global and regionalpolitical winds have shifted many times during
the past 20 years, but the fraternity of 
agricultural scientists that works with CIMMYT 
has grown and become stronger. It is one of 
CIMMYT's most important roles to serve as an 
impartial clearinghouse for scientific information 
and genetic materials whose dissemination 
might otherwise be stymied by political

rigidities or bureaucratic entanglements.
 

The sustained support for CiMMYT by donors
 
large and small has established a climate in
 
which meaningful long-term goals can
 
reasonably be set. And stable staffing affords
 
good prospects that the sequence of steps
 
necessary to achieve those goals can be 
carried out. Although changes anrd shifts occur,
CIMMYT staff members are in posts long
enough to become thoroughly familiar with 
research issues, to acquire detailed knowledge
about conditions affecting agriculture in various 
regions, and to build personal relationships
with local scientists and other leaders. The 
freedom to take the long view is an advantage
shared by few international and national 
organizations. 
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The Sixties: seed, and other inputs when needed. A
Campaigns Against Hunger number of other whuat-producing countries
The year CIMMYT was loureed, 1966, was a followed the pattern established in India and 
momentous oe for starting an agricultural Pakistan 
institution. In India the cereal harvest had fallen 
drastically short for trio second year in a ro.v 	 As ari international organization, CIMMYT in its
On a per capita basis, food iJ odU(tion hall early ,,'ears continued some major undertakings
plunged to the lowest level siii(;e the Secord beguni in its predecesso, Mlexican program and 
World War Fakistan, too, would have a poor forirralized arid expanded several others that 
crop. The world saw the spectre of far'irie 	 had be niir r initiatives. To the large-scale
riding the plairs of th Indian sobcontn(rint 	 (ivt/lo))rwert oi spiig bread wheat were 

add(i fill-fledged prograrris on dUrum wheat, 
iiticahu, arid barley And the principles of 
riassive crossing and rapid advancement of

In 1966, the year C/A4MIA/IYT was founded, the world g(r!eratiors were applied to them High yield 
saw the spectre of fain/i to 	 potential arid broad adaptation were importantridin the/li/as of the goals in inprovirg these crops, as they were 
Indan suhclnf/tllunt. C/AMYT was ab/e to nake a for bread wheats. The search for resistance to 
Sig'ificalIt /lmpact Imn ediately, benefiting from the the major diseases was interisified. 

Tomtufhtfm of two d.Ceades of work in Mexico. 	 Interrnationa testing enlarged enormously. The 
International Spring Wheat Yield Nursery, 
begun in 1963, was continued, but by 1970,
yield nurseries were also being shipped for

CIMMYT was able to make a significant rripacr dururis and triticales. "' iw types of nurseries 
imediately, bent fiting from the morneritUm of were created. Screening nurseries allowed the 
two decades of work in Mexico. Eighteen perfoiniance of advanced lines to be widely
thousand tons 0f seed of Mexican wheat evaluated, particularly for disease resistance. 
varieties were shipped to India in 1966 as a The F2 nurseries gave well-staffed national
follow-up on smaller seed irrports a year 	 breeding to ograris the opportunity to make 
earlier. For several years, Indian sciuntists bid selections in broadly based segregatng
been assessing the adaptability of Mexican populations 
varieties to Indian conditio) arid deterirrnrig
which pterforrred best In Pakistan, where local 	 The Maihe Programi did pathbreaking work on 
tests of ,Mexcan rialterals had also beer done iduritifyring arnd de!veloping a number of
since 1961, 42,000 toris ()f .see; were productive and broadly adapted populations,
irniported ir 19b/ which were made available to national 

programs Through Its efforts, the germplasm
These irrIp tsSIr[provided sigrfirant SoIOt.-t([rm available to rraize br-.eders around the world 
arid long-terin gains In Coirhiriatiori with was (reatly broarlend. 
appropriate fertilization arid rranagerrrent
practices worked (mt hy local and CIMMY F A J~roteirn guality laboratory was established to 
scierntists, the rnifw varieties raised yields 	 provilde essential data for the Maize Program's 
enonmously itnIldia arid Pakistan when rriore investigations of high lysine, or opague-2,
favorable weather reulrned irr 1967 Aind 	 iiaize Within a few years,with work orr cereal 
such good results, faririens becarri eagelr for Cleriistry was )gurl to Drovide rnilling arid
the farther irrinioveil vairieties local scientists iaking nlajt for the wheat programi 
had bejuri developing jSing Mexican varotii.s 
as a source of lw,:firig arid otht:i dusriabl 	 A forrial in -service trairlirng program was 
traits. In addition, progressive(govurrrierital 	 eJstablshed Inn young scientists arid tI e 
officials began to institute the policy chatus 	 number of trairn(.es handled annually was 
needed to enable farrriersr to lind fertiliz,r, 	 expanded. Trairig was offeedmin agronomy, 
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CIMMYT atid the CGIAR 
The remarkable early successes of CIMMYT 
and of IRRI, the International Rice Research 
Institute, gave impetus to the idea that more 
widespread and diversified efforts in 
international agricultural research were needed. 
Fhe Rockefeller and Ford foundations, which 
initiated and fiinded both CIMMYT and IRRI, 
established two additional centers in the late 
1960s: the International Institute of Tropical 
Agriculture, founded in 196-/, and the Centro 
Internacional de Agricultura Tropical, initiated in 
1968 

Shor,'y thereafter it became clear that the 
funds required to adequately support these four 
research centers could not long be supplied by 
the two donors alone Moreover, there were 
emerging demands for new centers and it was 
clear that broader funding was essential. In 
response to this need the World Bank, the 
United Nations Food and Agriculture 
Organization (FAOI), and the United Nations 
Development ProgIramme (UNDP), along with 
12 other donors, created in May of 1971 an 
innovative form of international association to 
support the budding research system. 

The idea was to form a ''Consultative Group 
on International Agricultural Rese;,ch" (the 
CGIAR, or CG). The purpose of this new 

IFPRI 

CII 

CI 

organitation was to fund a network of 
international agricultural research centers, each 
with its own independent board of trustees, but 
each pursuing activities consistent with the 
System's mandate. An arresting manifestation 
of the success of this approach is the rapid 
increase in funds channeled through the CG, 
from an initial budget of US$ 9 million in 1971 
to nearly US$ 200 million in 1986. At its 
inception the CG System comprised 15 donors 
and 4 centers; the System now has 40 donors 
supporting 13 centers and, as a recent study 
of its impact shows, the System has been a 
notably good investment for its donors. 

It is to its credit that the CGIAR has avoided 
the bureaucratizatio, that all too often 
accompanies the creation of such a system. 
Administrative overhead is minimal. The World 
Bank provides the CG's Chairman and the 
Executive Secretariat. The System is advised 
by a Technical Advisory Committee whose 
Secretariat is provided by the FAO and whose 
members are prominent agricultural scientists 
from around the world. The CG has no 
constitution, no by-laws, and as few "rules" 
as possible; commitments are verbal, and 
cooperation and concensus are the hallmarks 
of tho organization. 

b 
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plant pathology, experiment station 
management, and cereal chemistry, in addition 
to breeding. Opportunities for post-doctoral 
fellows to work in the Wheat or Maize 
Programs increased. The emphasis that 
CIMMYT gave to training and to continuing 
contact with former trainees reflected the 
conviction that, in most developing countries,
the critical barrier to agricultural progress was 
the woefully thin ranks of adequately trained 
researchers. 

To provide immediate assistance in 
strengthening national research programs, a 
number of CIMMYT staff members were 
assigned to important maize- or wheat-
producing countries. By 1970, CIMMYT had 
nearly 20 scientists in developing countries 
outside Mexico; most were part of bilateral 
programs. 

. .... . .. .. ..-.... . .. . . .. .. 

National crop research programs made impressive
strides during the 191170s. 71e numbers of well-trainedscientists gmultidisciplinary

grev and, In more and more countries, 
research programs abandoned the academic separation
of disciplines and reorganized on multidisciplinary lines. 

The drama of the early years was climaxed by 
the award of the 1970 Nobel Peace Prize to 
Norman E. Borlaug, director of CIMMYT's 
Wheat Program. The award recognized his 
tireless efforts to apply science to the 
eradication of hunger. He saw the award as 
being symbolic 'of the vital role of agriculture 
and food production in a world that is hungry 
both for bread and for peace,'' and called
himself 'but one member of a vast team made 
up of many organizations, officials, thousands 
of scienti-ts, and millions of farmers--mostly
small and humble-who for many years have 
been fighting a quiet, oftentimes losing war on 
the food production front.'' 

The Seventies: Rising 
Competence of National P-rograms 
The beginning of the 1970s was marked by
the inauguration of CIMMYT's headquarters,
about 45 kilometers northeast of Mexico City.
The 43 hectares of land forming the 
experimental farm had been procured by the 
government of Mexico and lent to CIMMYT. 

Four substations were also acquired and 
developed in the early 1970s. These stations 
are situated at various elevations and provide
significant agroecoogical contrasts to 
conditions at CIMMYT headquarters (2240 
meters elevation) and the major wheat research 
site used by the Center, the CIANO station (39 
meters elevation) in northwest Mexico 
(operated by the Ministry of Agriculture). The 
establishment of the present Toluca station 
(2650 meters elevation) provided the wheat 
program with a critical second cycle per year
under environmental conditions quite different 
from those at CIANO. The opening of the Poza 
Rica station on the Veracruz coast was
 
especially important for the Maize Program

because it provides a site with the humid
 
tropical conditions that characterize much of
 
the developing world. 

Regional programs-National crop researchprograms made impressive strides during the 
19 70 s. T he n um bers of w ell-trained scientists
 
grew and, in more and more countries,

research programs abandoned the academic 
separation of disciplines and reorganized on

lines, often modeled on
CIMMYT and other international agricultural
 
research centers.
 

The burgeoning of national programs placed 

heavy demands on CIMMYT for consultation
 
and advice oh research planning and
 
operations. The need could not be satisfiedeffectively by periodic visits of headquarters' 
staff, nor could personnel be posted to all 
countries asking for help. While maintaining 
bilateral arrangements with some countries, 
CIMMYT turned increasingly to regional 
programs as an efficient mechanism for making
the assistance of outreach scientists available 
to many countries. 

CIMMYT's regions are defined as groups of 
countries, usually contiguous, whose 
production environments and production
problems are similar. CIMMYT provides staff 
members to regions that have a significant 
output of wheat or maize and that agree to 
exchange germplasm and scientific information 
in order to better utilize scarce research 
resources through cooperation. 

By 1979 there were four regional maize 
programs, four regional wheat programs, and 
four regional economics programs. The 



indi' iduals in the maize and wheat regional 
programs tend to be specialists in crop 
improvement or production agronomy. The 
regional economists work closely with both 
maize and wheat regional scientists, 

The duties of the regional staff are to work 
,aongside national prograrn scientists and help 
rnprove their research skills, to identify 

technical problems affecting the use of 
inprovetd germplasm arid to help find 
agronoric aid economic solutions through on-
farm iesearch and other means, to help 
national prorgrarns assess their training needs; 
and to encourage and sjpport national crop 
!mprovenient d roduLct n JCti'. 1tiO 

The regional scientists carr out these tasks by 
helping nationai scientists monitor the various 
international nurseries distributed bv CIMMYT 
The~v also help assemble and evaluate materials 
for regional trials, as well as work with national 
program materials To foster the Integration of 
production agronomy and on-farm test- into 
national research systems, the regional staff 
members help plan agronomic experiments, 
They also organi7 trairing courses, 
workshops, and travei;,ng seminars for national 
scientists. Thus, working as a team, the 
regional scientists support the efforts of 
national researchers to improve farmers' 
productivity Their intimate knowledge of local 
production constraints, such as insect and 
disease complexes or socioeconomic problcms, 
also I.rovides important information for conduct 
of research at CIMMYT itself 

Collaborative research---The 1970s marked 
the beginning of a large number of 
collaborative research projects. These projects 
are partnerships in which each partner has a 
partners are national programs in countries 
-,here a disea,.;e or agronomic problem is 
acute Some are oroanizataris in affluent 
countries that have special facilities or have 
developed advanced techniiues 

Some examples of collaborat\ve research 
include the investigation of three maize 
diseases: dowv nildev in collaboration with 

Thailand and the Philippines; maize streak virus 
in collaboration with Tanzania, Zaire, and the 
International Institute of Tropical Agriculture; 
and corn stunt in collaboration with Nicaragua 
and El Salvador. 

Another collaborative project involves improving 
spring and winter wheats through large-scale 
crossing of these tmo gene pools. In this 
project, primar, partners include Oregon State 
University and the Turkish national program. 
CIMMYT takes responsibility for developing 
spring wheat:, from the progeny of the crosses, 
whi c iCicjon State and Turkish scientists take 
responsibility for developing winter wheats. 

Work on barley yellow dwarf, an elusive 
disease of cereal crops that is more widespread 
than commonly thought, involves multifaceted 
collaboration. With funding from Italy, CIMMYT 
is screening advanced lines. It also is helping 
several countries in Africa arid SoLth America 
that are testing germplasm and investigating 
the epidemiology of the disease. Four 
universities irItaly are working on identification 
techniques and screeaing for barley yellow 
dwarf in rice and maize. Rothamstead 
Experiment Staticn, UK, is also collaborating in 
developing identification techniques. 

Persons 
50 

Headquarters 
Regional
 

40.
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1967 1976 1985 

Senior scientists are Inceasingly 
posts around the world 

p!aced In regional 
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Most collaborative programs are more narrowly of new research developments and provide an
focused To mention but a few: work with the opportunity for the exchange of ideas with
University of f-lohenheiin on the developnent scientists in technically advanced countries. 
of fertile, short strawed, hilgh yielding rye
inbreds for thf trticale program, work with the International testing expands-- During the
Netherlands Insti tote of Phytopathological 1970s important changes took place inResearch to develop cornputer program lot CIMMYT's research strategies as well. The
analysis of disease data; work with Colorado Maize Program began to test improvedState University ai CSIHO (Australia) on the populations internationally and acquired data 
use Of tissue-Culutor' techniques in screenig on adaptability in different areas. In 1974 thewheat mutants for disease resistance and Maize Program was reorganized to make 
stress tolerance; work with Nortl Carolina international testing integral to the population
State University on resistance to case knot improvement process. The new system was nema tode; aun work with the University of designed tc more efficiently yield a wide array
Missouri on the irvesto alion of Cflatoxin in of materials suited for the multifarious
tropical rnaizes. conditions under which maize is grown around 

the world. International performance datalhesi! coll,dib ritr,iii arrargerte nts provide basic became a vital input trorn the early stages of
and applied research results useful to the improvement. The system also served to give
productiOn-oriented research programs national researchers automatic access to aoperated by CIMMYT and national programs. broad spectrum of germplasm in various stagesThey also keelp CIMMYF staff merrbers abreast of refinement. By 1979, maize scientists in 85 

countries were taking part in the international 
testing program organized by CIMMYT. 

$ Million $ Million 
24 24 

Actual Deflated 1980 dollars) 

20 
 i20
 

16 16
 

12 
 12 

8 - 8 

4 -- 4 

1967-71 1972-76 1977-81 1981-86 1967-71 1972-76 1977-81 1981-86 
CIMMYT's average annual budget during 5-year periods, actual and deflated (to indicate real
purchasing power) 
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The Green Revolution, Peace and Humanity"
 
The following are excerpts from Norman E. 
Borlaug's Nobel lecture, given on December 
1 1, 1970. 

The food production brigade 
''When the Nobel Peace Prize Committee 
desiqnated me the recipient of the 1970 award 
for rmnycontribution to The Green Revolution, 
they were in effect. I believe, selecting art 
individual to symbolize the vital role of 
aqriculture and food production in a world that 
is hungry, both for bread cnd for peace. I arn 
hut one meniber of a vast team made up of 
nany organizations, Officials, thousands of 
scientists and nillions of farmers---mostly small 
and humble- who for many years have been 
figi1ting a quiet, often-times losing war on the 
food pronluctior) front " 

The qualities of leadership 
-VVfnen e are those leaders- where are Lhe
 

leaders who have the necessary scientific
 
competence, tie vision, the cornnion sense,
 
the social consciousness, the qualities of
 
leadership and the persistent determination to 
convert the potential benefactions into real 
benefactions for mankind in general and for the 
hungry in particLilar?'' 

Meshing international
 
and national programs
 
"The international centers were developed to
 
supplement national agricultural research,
 
production, and training programs, not to
 
replace them. The centers are but one link in
 
the worldwide network of organizations
 
attacking basic food crop production problems
 
on a worldwide, regional, national and local
 
level. -he backbone of this network is now and 
must continue to be the national programs. 
These must be (ijven greater financial support 
and strengthened staff-wise to meet the 
challenge of rapidly expanding food needs for 
the future.'' 

Quality of human life 
"We must recognize tf .. fact that adequate 
food is only the first requisite for life For a 
decent and humane life we must also provide 
an opportunity for good eJducation, 
remunerative employrnri t, comfortable 
housing, good clothing and effective and 
compassionate nmedical care. Unless we m;an do
this, rrnan may degenerate sooner from 
environmental diseases than frorri higer " 

The tuture of mankind 
'Since man is potentially a rational being,

however, I am confident that within the next 
two decades he will recognize the self­
destructive course he steers along the road of 
'iresponsible population growth and will adjust
the growth rate to levels which will permit a 
decent standard of living for all mankind. If 
man is wise enough to make this decision and 
if all nations abandon their idolatry of Ares, 
Mars and Thor, then Mankind itself should be 
the recipient of a Nobel Peace Prize, which is 
'to be awarded to the person who has done 
Most to promote brotherhood among the 
nations.' 

" 

Norman E. Borlaug accepting the Nobel Peace Prize in 1970 for his contributionsto 
improving wheat production in the developing world. 

9 



International testing of bread wheat, durum 
wheat, triticale, arid barley continued to grow. 
By 1979, 38 different types of nurseries were 
distributed to national collaborators in 115 
countries. The nurseries included matrials for 
crossing and selection-both early and 
advanced generations- -as well as reieased 
commercial varieties. The array of nurseries 
offered national improvement programs, large 
and small, appiopriate gerrnplasm for their 
scale of research work. The abundance of 
performance data from rnultilocation testing of 
the nursery entries gave breeders in national 
programs and at CIMMYT a strong basis for 
choosing parents for new crosses. 

The economic dimension- Economics became 
CIMMYT's third rimajor research program in the 
early 1970s, The first economics studies were 
aimed at uncovering the reasons why wheat 
and maize growers did or did not adopt new 
technology. The studies showed that it was 
possible to identify agroclirnatic arid 
socioeconomic conditions that critically 
influence patterns of adoption. Subsequent 
renn arch focused on developing procedures for 
facilitating work between crop scientists and 
economists to improve understanding of the 
issues farmers consider important in decision 
making. As an outgrovth of this work, 
guidelines were framed that focus the 
development of new technology on the needs 
of farmers. These procedures are being used 
by an increasing number of national programs 
as the resuit of training programs and 
workshops organizec by CIMMYT staff 
members, 

Data processing -- CIMMYT installed its first 
computer in the mid-1970s to support the 
Maize, Wheat, and Economics programs, 
Procedures were developed for analyzing and 
processing the growing voiume of data from 
international maize and wheat trials. Computer 
programs were created t o produce the 
fieldbooks, field tags, arid seed packet abels 
used by the wheat program in each season. In 
addition, a variety of special statistical analyses 
were performed for econorics research and 
other studies. 

Training--With the completion, in 1970, of the 
dormitories arid classrooms that made up part 
of its new headquarters' facilities, CIMMYT 

wzr, able to step up its training program. In 
1971 and 1972, the number of in-service 
trainees exceeded the total for the previous five 
years. 

Tie addition of full-time training officers rade 
possib',e the formalization of traininf as well as 
an expansion in the types of in-ser\.ice courses 
offered. In the Maize Program, courses were 
offered in production research, maize 
improvement, and quality protein evaluation. In 
the Wheat Program, courses were available in 
breeding, pathology, production agronomy, and 
cereal technology Other courses have since 
been created in such areas as planning and 
analysis of farmer surveys and experiment
station management. 

In-service training courses last three to seven 
months anu most combine classroom work 
with fieldwork side-by-side with CIMMYT senior 
scientists. Generally the courses are designed 

" to increase th' motivation of young scientists 
within a multidisciplinary setting, to increase 
technical knowledge and skills, to impart the 
steps and principles involved in selecting 
research objectives and conducting field 
experiments, and to teach procedures for 
developing recommendations for farmers. 

CIMMYT provides a variety of other training 
opportunities in addition to in-service training. 
Senior researchers from national programs may 
spend time at CIMMYT as visiting scientists 
becoming familiar with CIMMYT research 
programs. Postdoctoral fellows join the 
research programs for periods of one to two 
years; some have later been appointed to the 
CIMMYT staff. A few Ph.D. candidates are 
accepted each year to conduct their thesis 
research Lnder the supervision of a CIMMYT 
staff member. 

The Eighties: 
Extending the Gains 
The most dramatic shift in CIMMYT's activities 
during the 1980s has been an increasing 
emphasis on improving the stability of yield, 
particularly in more marginal areas. The 
creation of germplasm with broad adaptability 
and high yield potential remains a principal
goal. The maintenance of yield stability throLgh 
stronger and broader resistance to insects and 
diseases continues to receive a large measure 
of research resources. But the research agenda 
increasingly includes attention to less-favored 
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areas where the productivity revolution of the 
past 20 vears has reached only a fraction of 
the farmers 

MaJr gma aieas are characterized by such 
rmilring factors as a high incidence of disease 

ard or insects, drouuht, acid soils, or excessive 
litit or i;old.Sorie u arginal areas suffer sharp

n,1ulu fluiAUaorns in cruppirng conditions--as, 
for ,xrii)iu, those caused by irregular rainfall 
pituris which discourage irivestment In 
tu;hrlolOugest that enhance productivity. Otlher 

anos have prsistentlv low 
 yields b(cause of 
, irffletrnprodjuction lfiirS s'LSuch as incidence 

of niglil', destructive dileases Or infertile soil 

As piart of its approach to marginal areas, 
CIVI MYTI is Uniphasizing th generation of 
onr rila~h~s thiat has grre,:ttr ,it ld dependability, 

One route inVolves applying conventional 
Oreeding procedures it suarcri of glenetic 
vari atiorip within a crop spec;ts for additional 
tolr-nce to specific envirornmental stresses 

l.i as drought or exc-rssiv. cold or heat. 
Another is less conventiorral and involves 
friding irn related genera strong sources of 
resMtance to stresses that prevent productive 
crop growth iacute incidence of certain 
diseases or irsects) and sources of tolerance to 

pernicious soil conditions (toxic levels of
 
aluminum, strong acidity, or salinity), and to
 
transfer them to otherwise productive varieties.
 

The most dramatic shift in C/MMYT's activities during 
the 1980s has been an increasing emphasis onimproving the stability of yield, particularly in more 
marginal areas. 

CIMMYT's research on wide crosses--the 
crossing of different crops, or of a crop and a 
wild species-has important implications for 
marginal areas. This work is going on both in 
maize, where the principal elements are maize 
and tripsacurn ia wild relative of maize), and in 
wheat, where such wild relatives as Agropyron, 
Elymus, and Aegitops species are being 
utilized. Triticale, a crop created by wide 
crossing, has notable productivity in acid soils. 
The goal of most other wide crosses is to 
transfer useful but scarce genes into productive 
maize and wheat genotypes. 

CIMMYT researchers are
devoting more attention tc 
less-favored environments, 
where many f.rmers have yet 
to benefit from improved 
a;riculturaltechnologies. 
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Maize hybrids-For some farmers wlo grow
maize under more productive conditions, maize 
hybrids in combination with improved 
agronomic practices could give significant
productivity increases. While CIMMYT will 
continue to focus on open-pollinated varieties, 
it has begun a hybrid deveiopment piogram in 
response to requests from some national maize 
programs. CIMMYT will generate breeding 
information about its pools and populations 
that will help scientists in making hybrids. Also, 
CIMMYT will undertake research and training in 
the development and production of 
nonconventional hybrids. 

Expanded germplasm banks-To support the 
search for special characteristics needed in 
marginal areas, CIMMYT strengthened its 
germplasm banks in the 1980s by upgrading 
its storage facilities and creating new staff 
positions. 

CIMMYT's maize germplasm bank traces from 
the extensive collections of the maize landraces 
(primitive varieties) made in Mexico, the 
Caribbean, and Guatemala by the Office of 
Special Studies in the 1940s. In later years, 
collections from Brazil, Bolivia, and Peru were 
added. The bank has the world's best 
collection of landraces from the Western 
Hemisphere-the center of origin for maize. 
But until recently, the main function of the 
bank was only to supply useful materials to the 
breeders in CIMMYT's Maize Program and in 
other programs that request seed. Now it has 
specifically taken on other responsibilities,
including the long-term conservation of the 
Hemisphere's landraces. 

The collection has about 12,500 entries, but 
perhaps 20% are duplicates or redundancies 
that will be culled in the future. Low-
temperature storage facilities completed during
1985 will make it possible to more than double 
the lifetime of seed and thus cut the frequency 
of rege ip-ation from once every 20 years to as 
infreni. -ntly as once every 100 years, Less 
frequent regeneration will reduce genetic 
drift-the change in genetic composition that 
occurs each time at accession is regenerated 
Duplicate samples are kept in other germplasm 
banks as well. 

A computerized data management system is 
being developed for the bank. In -reparation 
for that, data on the origins and Ljrious 
characters of the entries have been 
consolidated, 

The bank also maintains wild relatives of 
maize-the various teosinte taxa and members 
of the genus Tripsacum. While these plants 
may possess genetic variat6,i not found in 
maize, characterizing and classifying them is a 
long-term undertaking. 

The CIMMYT wheat germolasm bank maintains 
germplasm of bread wheat, dururn wheat, 
triticale, and barley that possesses desirable 
characteristics. The main function of the wheat 
bank remains the storage of materials 
developed by CIMMYT breeders, plus some 
new materials from other countries These 
materials comprise a working collection that, 
prior to the 1980s, was available primarily to 
the Center's own breeders, In 1981, with the 
completion of new bank facilities and the hiring 
of a senior scientist to head the bank, CIMMYT 
began fulfilling requests from breeders outside 
the Center for germplasm having specific 
agronomic, disease-resistance, and quality 
characteristics, 

The wheat bank started with about 20,000 
unduplicated entries and grew to nearly 60,000 
entries by 1985. Thesc incljde bread wheats, 
durum wheats, triticales, barleys, and 
interspecific germplasm antries. The source of 
the material held by the bank is mainly the 
CIMMYT international screening and yield 
nurseries and the spring and winter crossing 
blocks. 

The germplasm entries ae each evaluated for 
about 40 characters related to morphology, 
agronomic pprformance, disease resistance, 
and grain quality. CIMMYT's facilities permit 
short-term and medium-term storage. For long­
term storage duplicate sets of the entries are 
sent to germplasm banks located elsewhere. In 
1985, national prograris received samples of 
2600 entries from the bank. 
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CIMMYT andMgxico 
CIMMYT has enjoyed two decades of cordial of tnese individuals went on for their Masters

and fruitful relations with the government and and/or Ph.D. degrees with financial support

people of Mexico. Creating the Center was a from, or arranged by, 
 the Center, and eight ofMexican idea and the government has these returned to CIMMYTf as postdoctoral
remained a steadfast supporter of CIMMYT's fellows. As in other successful relationships, all

work T-hat support ha.x been demonstratec parties gain handsomel/ from the process. As
though continuing financial coritribuios, 
 well, the Center has provided in-service training
though te provision of ;and for experiment to over 60 young Mexican scientists.
 
stations, and through the excellent cooperation

of such government agencies as the National Mexico's extremely diverse climate and

Institute of Foresry, Agriculture, arid Livestock landscape have contrinbuted in no small part to

Research (INIFAP, formerly INIA), and the 
 the progress achieved to date. The Center

National Plant Healtrh and Quarantine Service works at five primary research stations and

(Sandad Vegetai) 
 conducts specialized, problem-specific research 

at a number of other sites around the country.iNIFAP scientists collaborate closely with their The ability to conduct experiments at locations

CIMMYT collcagues in the development and as environmentally diverse as the irrigated

testing cf germplasm, continmno 
a lena- desert of Sonora, the lush tropical lowlands ofstanding partnership in the effort to improve Veracruz, and the high plateau of Central

Mexico's agriculture. INIFAP serves as the Mexico has contributed greatly to the good
official charnel through which improved performance arid, hence, widespread adopton

germolasm is raned, increased, and released of CIMMYT-derived germplasm the world over.
 
to Mexican farmers. Sanidad Vegetal greatly

facilitates CIMMYT's nlernational testing The smooth oueration of CIMMYT requires the
activities, supervising and streamlining the collective effort of 
over 700 Mexican nationals
 
movement of massive amounts of experimental 
 at all levels, from laborers to senior scientists,
germplasm in and cut of Mexico each year. at headquarters and the various research 

stations around the country, and in regionalOver the pas' two decad.;:" nearly all of the posts. The Center could not function without
wheat vaieties released by Mexico have been access to the e;.perience, skills, and energiesdeveloped through a coopeitive program with of Mexico's workforce. As well, of course, Dr. J.A. Valencia (left),
the government. Their statistics show that, 
 C!MMYT strives to be a good employer and a Director of ClANO, and Dr.
during the last 20 years, these wheats have good neighbor. N.E. Borlaug.
 
come to occupy more than 90% of Mexico's
 
wheat-giowing area. The next two decades,
 
hwever, may well belong to maize. Mexico,
 
the home of maze is among the five largest

developing-courntry producers of the crop.

According t- the government, Mixico currently
 
has about )ne million hectar(.s planted to
 
improved varieties based at least partially on 
germp'asm developed through the maize 
international testing network it which CIMMYT 
and Mexico play orominent roles. As even 
better varieties are developed via this network, 
Mexico is well positioned to errsure thewir 

CIMMY' and Mexico's fruitful research 
relationships have been complemented by 
imilarly productive cooperation in training. A.. 

Since 1966 more than 100 professional
agricuituralists have provided valuable help to "
 CIMMYT as research assistants, simuitaneously . " - . . .
learning about the iesearcn process. Over 30 

5 
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Training-In the 1980s, while continuing in-
service training courses in Mexico, CIMMYT 
began to mount more courses abroad in 
colaboration wilh national program scientists. 
In 1985, for exampile, a-in irn her of i-counry 
traiIng Courses were held, involving over 600 
research work(rs 1his chitinge was made 
possible by the heavy involvetnenl of tegional 
scientists in ttainrng as well as by an incr;ase 
irlthe size of trainirg staff, which now 
cornprises eight maize, wheat, econornics, and 
expolmen! -sla tion trainitg officers plus a 
cooritlatot 

In the 1980s, while continuing in-service training in 
Mexico, CIMMYT initiated more courses abroad in 
collaboration with national program colleagues, 

Many of thu oven sea; courses have stressed 
on-farm i :sear ch. Il these coLrses, CIMMY1- is 
using the call system, ain innovative training 
procedure tha t biings couso participants 
together for one to two weeks -it key stages 
dufing t1e ci op cycte Fach ciall fOCLiSeS or, 
certali aspects of the on -farmi tt;eorch process 
(conductit onr-fatrin sIrvevs to assess arnirs' 
CirCUmstarines, a,alyzirig those circianstances 
and planning trials, tiatwiaging trials, analyzing 
experir etal tesulls, fornrilating 
recormendation/s) and the onfipliasis is placed 
on ltearlrtii] through d()loti systerA c,ill 
course nay conctrate only on cotrtairi skills 
or it may attemwpt to cover the onire range In 
the latter case, the co'tse rnight be spread 
over 18 iroriths aind wotilrl inclurfe at least five 
calls. Durrig thi per'ods hetwe en c;ills, the 
partici'Iait, eSuitihir t M)norfai loh 
resporibililt! s 

Expandirg activities in economics In the 
1980s the Fconoi is Progrm corlintiierd to 
develop atid te;ich piroce' lt;is for on trnl 
reseatrch, whilh 'expir;idintq its activities into 
other areas ,; w !l n(:eaisi ig itteiitioi is now 
gven to lothe s o(ifilta ii the, al,, elaited 
world otlze arid \vhi l ( ciorn tes Anljyse; of 
production, , io, ritrade trends for 
these2 crops lorns ar ilipoltait part of the 
Prograto's work Orn rI the rnutjor ptodtic;s of 
this interest Is tihnpublicaltion, i) atternate 
years, of Maize (i Wfieat ''Facts ard Trends. ' ' 
Inaddition to stirrniriarizing trtrirds for the crop, 

the publication also adopts a particular theme 
for special focus. Recent themes have included 
the economics of maize seed preduction, 
wheat ma keting and pricing issues ;or 
developing countries, feed ann food uses of 
rnaizri, and consumptio and import trends for 
wheat 

Another activity initiated by the Econon,ics 
Progam is the development of a set of 
procedures that will be useful to decision 
makers concerned with the allocation of 
research resources arncng crops and regions. 
The techniques involve the estimation of the 
real costs of resources used in producing 
compeling commodities. A blend of economic 
information with biological data is requirod for 
the analysis. The Program collaborates with 
national program colleagues in the
development of cas'- studies that are used in 
the development of a manual of procedures 
useful for national research program 
administrators. 

Itnaddition to continuing ifs work in on-farm 
research, the Economics Program also began 
to explore ways of using farm level data for 
assessing cutlain aspects of policy. Data 
generated by on-farm research are useful not 
only for deriving farmer recommendations, but 
also for assessing the adequacy of input 
delivery, credit arrangemients, information 
systems, and markets. Work is underway to 
identify direct losses in production associated 
with inadequacies in the implementation of 
current policies. Cost -effective methods for 
undertaking such research are being developed 
ard will form piart of the Economics Program's 
training efforts. 

CIMMYT and biotechnology- The 1980s have 
been heralded as the beginning of the age of 
biotechnology. Many universities and advanced 
laboratories are creating promising tools for 
biological research. CIMMYT, however, is riot 
engaged in developing biotechnological 
techniques. PJt tirOitill itswork on wide 
crosses, CIMMYTV employs and refines new 
t(Thcfil(JW .s1f1eV prove tiset iil 

For exmniilo, iti cnossuniq rriai/e and 
til)SrCLrii --a wild telative of rimaize--special 
crossing niethods and techniques for saving a 
potentially Lsefu! elIryo (embryo culture) are 
essential. Recent improvements in those 
teCfrfitiues have raised production of hybrids 
for 1 in 1000 crosses a few years ago to 80 
in 1000 crosses. The special pollination and 
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embryo culture techniques are used again
when the maize-tripsacurn hybrid is 
backcrossecl to maize in attempting to tiansfer 
beneficial traits to maize from iripsacum. 

Reprise 
CIMMYT is a service agency to national 
agricultural research programs in the 
developing world. Working together, CIMMYT 

CIMMYT iiso collaborates with laboratories 
that are developing biotechnological 
tchniques It brings to these partnerships a 
broad SpectrUrn of germplasni and its 
exceptional facilies for incorporating new traits 
into commerc:ally useful genotypes. An 
o amiph of collaboration is CIMMYT's work 
with CSIHO in Australia on somaclonal 
variatior Such single-cell cultures May speed
the introgression of traits that are not likely to 

h( incurpar rt-d by sexual !1luhods 

and national programs have developed new
germolasm and new techniques. But it is the 
local testing, evaluation, and adaptation by
national programs that largely determines 
whether innovations will have an impact on 
many farmers. Throughout its history, CIMMYT 
has made the support and strengthening of 
national programs a fundamental tenet of its 
operational philosophy. 

In the future, no less than in the past, this 
partnership is the key to helping the millions of Ec 

Thus, CIMMYF- is ii) a position to take 
advanitage of new tools as they are developed
and to make the benefhs quickly available to 
developning coities, 

farm families whose livelihoods depend
production of maize or wheat, 

on the onomics Program staff 
facilitate national program 
research in three areas: 
technology generation, 
research resource allocation, 
and policy implementation, 

, 
, 

44 
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A Global Maize Improvement System
 

The aim of CIMMYT's maize improvement 
,esearch is to increase farmers' options for 
raising the productivity of the resources they 
commit to maize production. Since maize is 
grown in a wider array of environments than 
any other cereal crop, only local researchers 
and farmers are in a position to identify the 
precise combination of varietal attributes that 
are right for a locality, 

CIMMYT participates in and promotes the international 
development of maize germplasm, producing
intermediate rather than finished products suited more 
for broad agroclimatic zones than for particular 

ecological niches.
 

CIMMYT participates in ard promotes the 
international development of maize germplasm. 
CIMMYT's breeding program yields 
intermediate rather than finished products. 
Generally they are suited for broad agroclimatic 
zones, or mega-environments, but perhaps are 
not fully adapted to a particular ecological 
niche. For that reason, they must undergo a 
degree of adaptive testing before release to 
farmers. 

In CIMMYT's international maize testing 
program, national programs are influential in 
determining which maize materials will be 
improved arid how The system gives national 
programs a strong voice in the selection of 
genetic materials arid it affords them the 
opportunity to extract germplasm at any stage 
for their own improvement programs or for 
possible release. 

Conceptually, the systeni is like a fUnnel, with 
a large array of rienetic diversity entering at 
one end and a small amount of refined and 
tested genetic materials eniergi,g from the 
other end. The irrprovement p'rocess starts 
with the gene Iools-- groups of rather diverse 
gerniplasm that has been classified according 
to zone of adaptation, growth duration, and 
grain type and color. The number of pools has 
varied over the years, bUt currently there are 
37. The pools are grown each year, with 
periodic additions from the gerniplasm bank 
and other sources. They undergo mild 

selection, but the aim is to retain the basic 
character of the pool as a mass reservoir of 
classified genetic variability. 

The best fraction of each of these pools 
provides the basis for forming refined 
populations (32 such populations are currently 
in use). Each population is classified according 
to environmental adaptation and its important 
characteristics: 

* 	climate tropical o-subtropical
 

. elevation: lowland or highland
 

&maturity: early, intermediate, or late 
* grain color: yellow or white 

* kernel type: flint, dent, floury, or QPM 

Populations are subjected to strong selection 
pressure based on international testing. The 
International Progeny Testing Trials (IPTT) are 
conducted by national scientists around the 
world. One IPTT consttutes 250 full-sib 
families selected from one population. Each 
IPTT is grown at six locations, but the locations 
are usually different from population to 
population. 

Based on data from those trials, CIMMYT 
scientists select the 50 to 60 best families from 
each population for within-family improvement, 
recombination, and regeneration of the 
population. 

The data also indicate which families will be 
chosen to form experimental varieties. Some 
experimental varieties are formed from the 10 
best-performing families of each IPTT at each 
:ocation. Another experimental variety is 
formed from each population based on the 10 
best families at all six locations in which the 
population was tested. 

These varieties are advanced to the F2 stage 
and sent to 30 to 50 cooperators around the 
world as Experimental Variety Trials. The top­
performing varieties in those trials are further 
tested in the Elite Variety Trials, which are 
conducted at 60 to 80 locations. 

Data from all three types of trials are made 
available to cooperating maize breeders 
throughout the world. They decide whether to 
use the germplasm in their own breeding work 
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or in testing for possible release as a variety. 
CIMMYT supplies small quantities of seed of 
selected materials to national programs that 
request it. 

The international network has tested over 850 
experimental varieties during the last decade. 
To judge the usefulness of this material, the 
Maize Program relies on two indicators One is 
adoption of the germplasm by national 
breeding programs. So far, scientists in 43 of 
those programs have used thu experimental 
varieties and other germplasm to develop and 
release nearly 150 varieties and hybrids. The 
second indicator of progress is systematic 
evaluation of the improved materials, In 
1982-83, for example, multilocat'onal variety 
trials were conducted to determine whether 
improvement of the populations was leading to 
better varieties. The results suggested that 
experimental varieties developed from more 
recent cycles of selection were higher yielding, 
earlier, and shorter than those from the original 
cycles. Moreover, stability analyses indicated 

*/ j , 

that those varieties were better adapted to low­
yielding environments and also performed 
better at high-yielding and medium sites. 

A More Efficient Tropical Maize Plant 
By 1970, modern varieties of wheat and rice 
had firmly estabhlished the advantages of short 
height for raising yield potential and 
responsiveness to good management. But most 
of the tropical maize strains used in the 
CIMMYT breeding program or that were in 
cultivation were over three meters tall. The;e 
strains had a harvest index ot only 0.3, DE 
meaning that their grain made up only about a CION 
third of the total dry matter produced by the ."II P 'NO FIIEMAI 
plant. In modern wheat and rice varieties, and ' 79 
in commercial maize varieties of the US corn 
belt, the harvest index was about 0.5. 

The advantage of a shorte, plant with a higher 
harvest index is that, when seeded at high 
density, it produces about the same amount of 
dry matter per hectare as a plant with a low 
harvcst:',x, but the grain yield is mu,:h 
higher. 

In the late 1960s, CIMMYT began 	a specialproject to test the benefits of shortertropical maize 	 height in "Breeders turned to recurrent 	 Tuxpeflo Crema-1, a tropical maize population developed by Dr. E. Johnson, "­
underwent selectio,7 for reduced plant height for some 21 cycles and, as a result,

selecion to accumUlate minor genes for was significantly improved in grain yield efficiency. 
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shortness. They applied the breeding scheme 
in an attempt to progressively shorten 
Tuxpeno-1, one of CIMMYT's widely adapted, 
high yielding, tropical maize populations 

In each cycle of selection, at the time of 
pollination, only families shor:er than the mean 
were chosen for recomobination. Then, at 
harvest, the ears were placed at the base of 
each plant in the selected families so that the 
families could be visually evaluated for yield,
lodging, and disease resistance. On those 
grounds, some of the selected families or 
plants were rejected As the plant height 
decreased in successive cycles, the planting 
density was Increased 

After 18 cycles, pla-nt height had been cut 
almost in half, to 156 centimeters, the harvest 
index had improved to 0 47, and yield had 
risen by a third to 6.2 t/ha, an exceptionai 
yield for the tropics In addition, cycle 18 
materials were earlier in maturity, 

After 18 cycles of recurrent selection, the height of 
Tuxpelio had been cut almost in half, the harvest 
itndex had risen to 0.47, and yield had increased by a 
third to 6.2 t/ha, an exceptional yield for tropical 
maize. 

Sources of improvement-Most of the yield
improvement was related to the ability of short 
plants to withstand hgh density plantings 
without lodging and without an increase in 
barren plants Lowering the height of the ear 
was largely responsible for the reduced 
lodging A narrowing of the interval between 
pollen shed and silking accounted for a 
reduction in proportion of barren plants. 

Comparisons of the original populatior with the 
shortened population in trials under less 
favcrabie c(onditions, includirnq farrersS fJelds 
with low nti open use, showed that the yield 
gain was not mited to well-managed 
experiment stations In fact, on a pencuntage
basis, the yield advantage of the shortened 
population was even greater at the low-yielding
sites, suggesting that the shortened population 

had gained jeneral stress tolerance. The
 
shorter Tuxpeho-1 (cycle 18) also made a
 
good parent in the production ot hybrids.
 

The study also showed that there is a limit to 
the amount of 'ield increase that ca.i be 
derived from selection for reduced plant height. 
After the fifteenth cycle, there was little 
Improvement in harvest index and grain yield. 
Based on this work, reduced plant height 
became a high priority breeding objective in 
CIMMYT's maize improvement program. Most 
of CIMMYT's maize populations now have 
generally acceptable plant height, a higher 
harvest index, less lodging, and greater 
responsiveness to fertilizer. 

Drought Tolerance in Maize
 
Worldwide, maize is seldom grown tinder
 
irrigation. In farmers' fields, the crop typically
 
suffers several weeks without rain at some
 
point during the growing season. Drought
 
stress, however, is , danger not only when
 
rains fail temporarily, but also when, in very
 
hot weather, the plants transpire more water
 
than they can draw from the soil, even if it is
 
raining regularly.
 

In tropical Africa, fluctuations in maize output 
appear to be affected more by the timing and
 
quantity of rainfall than by any other factor.
 
Thus the availability of varieties with better 
drought tolerance could irmprove the stability of 
food supplies among small farmers 

Maize is particilarly vulnerable to shortages of 
moisture at two stages. After seeding, if the 
germinating seeds are unable to extract 
sufficient water from the soil, poor stands will 
result. A second critical stage is the two-week 
period before and after flowering. 

Indirect indicators-. Breeding for tolerance to 
drought Is complicated because direct 
indicators such as root morphology or osmotic 
adjustment are too time-consuming to use in 
selecting plants. Instead, CIMMYT maize 
scientists, starting in 19/6, tested indirect 
measures as creria for irproving drought 
tolerance For this research, TuxpeFo-1, a 
productive maize, population from the CIMMYT 
inprovement program, was selected because 
of its good performance at rainfed sites. It was 
grown with normal irrigation and under two 
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levls of (rought stress creuited by limiting Most of the improvement In drought tolerance
 
ItqgatioII Cutting off irfigatior thre we'-eks occurred during the first three cycles of
 
Jf t,O lgs irwf~(I( wa.is consid(ered iniprovernent. Shrinking gajins after that
 
., st,;s Liidlig iirigatieni two weeks sUggeSt that the variability for the traits under
 
heot .Anlkiriwq consi ficd rnodeiit(2 stress selection had become a limiting factor, a
 

hy)othesis now under Inv.S'tion.
 
Ii ;t lie ;r, , (irought-r sl ftt
,ijr( (:iyited 


ttlll(: v irity unflde r Ii rts r,riit slection Bas( o !rthe. indicators tested i0 this series of
 
'IfI1l tHsr,ol/liv, iiiteri, .. of .inw;; Iheso exjwrifi eitS,four e'lite populations with good

-ri- a d ilSrt, lO ritjgliori t eif, thio interval a(lrionoroil- ty).. and high yield [)otential have
 

+,twti rlstu;, pollen shed) iid silkirlq, leaf hen chosu for recjrrnt selection to improve
 
,5eo't' , ,are;'),, Irfplerati r aid ir drought tolOiri(e Fhis work is just beginning.
 

it k t t it hiId ilml(ciititfs I)Viih pool consisting of
In aud:tion, a iirmiflasrn ) 

du dtrh aid J)oss(IsS
l irmferitieri or, rot()Iiir1 etrit, at ph1 Jl(rought-tolerance
 

i, (oritlic hvity to )inO)urtis is ing formred. This pool will
lit, to dJiist ct( 
 )e, serve 
Itlis-ffl, I .tl, a; a soUrce of gerrri;)lasin for drought-tolerance CIMMYT physiologistiwd (eerial 

, ii t.l r eeodirug at CIMMYT and for national Dr.G. Edmeades measures 
)rogi a r ms. the canopy temperature ofAlI i1 '. .oii Iniiit lii:ion ti
rlt 5 maize under moisture stress.
 

I,t i ,Ilii, I iy:()0 tt un dir sev(re 
i(w 1t "I ,rcirit .111tI(hel t , i, rrroi t 


or jiiil ,its Im Ii ro ire(ii rate dr( Ilith
I0;ir 


sirttI 0,It l ld :i tI Ihi,?!) lwr t 'moni thar
ni 

Owit poljH~l)( 11m,11t1r; Arid VVllh flormlal I +. 

urn aiti i t 1in,1k)I rc t)Hi 1 yi d (9o) t t I Irrort I !

tllthf, o)flol]ifi j)iJI,11t(oll )o r)
 

, r!()r tlhriThw (itoii iir i Vl (!.'ii ir the 
di goht rfi,,,tri s lrn frtrli l r nr (Ifrw udel r 

iri;rase ofdiollit, raier tiariail r Vit.it p(nr 

;)(,ri tiri ri r thii f i iric(firalH w ith j~ 

Iri i iir ,ll t )t r iir it itris(!air, c.f rs
.,eh:lf t ttl ltV(? i( o w ith(on .)aledA11(i i f(! , lndJ SI(I 

f; er i ylrl ior i 

irllil;it;ti) t i ri if(h l irily hiitter In
 
;),irti;IJlar, srllIfil tiIf.ht er veivir(!
 

ItiLril rl itr I siri)f fo irl th.i 

Sir!; i 
dtr tJ!ht fjrodout i,j ,jv+;m tl+,,, tii,ii ;w frlofflied,
Ioo t i ff~ ilr va i t ht'-;iip thatriJy u ry till 
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General tolerance to stress Ini: f-.lwrisr eitfs 
,,11"(,,,,vtd thi'it tilf. rx/t;h o, III dJro li jiittoJht 

ri'ti ll 
 t i w 

wliffil Ste I tl'..iliAl,o lack, f 

(ClI1IYT,'h t,, iri litt ihtrity ) lntiogs 
thio'rufd r;ir ivi Ihr,fl;tnf triirarbc wl 

m jl)fo)v mjhtth ~rttb,,,,-to iolt'rarw( 

h.. 1 

19 



Protein Quality of Maize 
Plant breeding has sometimes been likened to 
putting a butterfly in a jar without losing the 
butterflies already captured inside. The 
development of quality protein maize has 
tasted the ingenuity and perseverance of maize 
breeders with some exceedingly small and
skittish genetic butterflies, 

Deficiencies--The discovery of the mutant 
gene opaque-2 in the 1960s raised hopes 
among maize breeders around the world that 
the quality of maize protein could be vastly
improved. 

Although compared to other cereals maize has 
a moderately high protein content, the protein
is short of two essential amino acids, lysine
and tryptophari Due to those deficiencies,
humans and animals other than ruminants can 
use only about half the protein in maize, unless 
their diets contain other sources of lysine and 
tryptophan. Maize carrying the opaque-2 gene
has higher level, of lysine and tryptoohan,
which permit animals to metabolize more of
the protein. More recently several other genes
have been found that have an effect similar to 
that of opaque-2. 

In 1970 CIMMYT began introducing the 
opaque-2 gene into a wide range of germplasm
and some of the products were tested 
internationally. It soon became evident that 
serious liabilities were associated with the 
opaque-2 gene. The so-called high-iysine maize 
had soft, chalky kernels instead of the hard,
translucent grains preferred by most maize 
growers. In addition, low dry matter 
accumulation in the kernels depressed yields,
and the grain dried slowly and was vulnerable 
to ear rots and attacks of storage insects. 

Although many programs phased out high­
lysine work, CIMMYT felt that by making use 
of its large gerrnplasm resources and the 
international testing network, acceptable
varieties with high-lysine content in the grain
might be achieved. CIMMYT scientists had
already found a few modifier genes that could 
improve kernel hardness and appearance, but 
some of these genes simultaneously lowered 
lysine and tryptophan content. Consequently,
the CIMMYT protein laboratory played a vital 
role in the improvement process by devising
rapid screening methods to identify materials 
that had nearly normal kernel texture and 
retained protein quality. 

Quality protein maize 
germplasm is of interest to 

national program researchers '- .,
in a number of developing 

countries, 
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Modifier genes-In si,-eking tc separate the 
high-lysine gene from the deleterious effects of 
associated genes, CIMMYT breeders set out to 
accrrnplish a feat often discussed, but rarely 
attempted, i.e., that of changing a major trait
by accumulating many small modifier geies.
And through diligence and care, they
succeeded. By the mid-1970s, protein quali:y
had been improved substantially arid CIMMYT 
deciced to make a concentrated effort to 
improve the gerrnplasm's yield, grain type, and 
other characteristics. The central idea was that, 
to be successful, high-lysine maize had to be 
comparable to improved normal niaize in every
other respect 

Two sicgnificant actions were taken. First a 
wide range of normal maize genotypes differing
in maturity, adaptation, and grain texture and 
color were converted to high-lysine, hard 
endosperm ma ze-quality protein maize(QPM), as it carne to be called. Second, QPM 
gene pools were dc.zc'iped and improved, 

The critical step in converung the normal 
genotypes to QP, was to dese a method for 
accumulating modifier genes Each modifier 
gene has only an incremental effect in

converting opaque kernels to crystalline form. 

The genes must be piled up in order to make
 
an impact. But modifier genes that reduce 
lysine and tryptophan conte t have to be culled 
out. Through repeated selection, chemical 
analyses, and recombination, remarkable 
improvemerts in the appearance and texture of 
the kernels were achieved, 

Various tecnniques were developed to 
overcome other deficiencies. For example, in 
selecting and breeding for hard kernels, there is 
a tendency for the kernels to become smaller.
Spaces between kernel rows are symptomatic
of this problem, so breeders selected against 
open spaces in order to boost yields. 

Numerous trials were also conducted to be 
sure that the kernel modification was stable 
under different growing conditions, a question
not yet fully anvered. 

The establishment of QPM pools is patterned
after CIMMYT's work with normal materials, 
The pools provide a large array of genetic
modifiers and new gene combinations. At the 
same tinme, through crossing and moderate 
selection pressure, the quality of the materials 

has been upgraded in ,,veral ways: plants are 
shorter, ears are lower, maturity earlier, and
 
kernel appearance is improved-all while
 
retaining better protein quality and yield.
 

By the 1980s, a wide range of QPM

gerrnplasm had been developed and many of
 
the shortcomings associated with the opaque-2
 
gene had been substantially reduced. At this
 
point the breeders regrouped all the QPM

material to reduce its total volume and 
to
 
facilitate further refinement and wider testing.

Seven lowland tropical and six subtropical QPM
 
gene pools were formed, distinguished by

maturity, grain color, and kernel type (dent or
 
fhit),
and the improvement process was
 
continued.
 

Plant breeding has sometimes been likened to puttinga butterfly in a jar without losing the butterflies already 
captured inside. The development of quality protein
maize has tested the ingenuity and perseverance of
maize breeders with some exceedingly small and
 
skittish genetic butterflies.
 

QPM varieties-Additionally, six tropical and
 
four subtropical populations were formed.
 
Families generated from these populations have
 
been evaluated at six locations around the
 
world in CIMMYT's international progeny

testing trials. Data from these trials have been
 
employed to form exFarimental OPM varieties,

which also are undergoing international testing.
 

These changes have improved the data 
available for refining QPM germplasm, they
have involved national programs more closely
in improving the germplasm, and they have 
given national programs easy access to the 
best QPM materials. 

Low yields have been a major weakness of 
QPM, but in recent international trials, several 
QPM experimental varieties have equalled the 
normal check. Good results have been obtained 
in other trials as well. Nutricta, a QPM variety
released in Guatemala, has yielded as much as 
some of the best experimental varieties and 
hybrids. 
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The normal appearance of kernels is now 
stable at the ear I vel, but within-ear variability 
still exists. Further modification should reduce 
the variability 

Considerable progress has been made in 
decreasing the incidence of ear rots, largely 
because kernels are harder and dry faster. 
Nevertheless, under severe conditions, ear rots 
cause sorewhat more damage to QPM 
materials thiri to norrral maizes. 

Commercial interest National programs in a 
number of cotLnrtes ar,e showing strong 
interest in the new QPM gerniplasm. Several 
rraterals aru being growi or a sniall scale by 
farmers in southern Mico. In Cr aternala, 
Nutricta was released aid, from the same 
population, researc hers liave developed new 
experimen,tal var(rt es that may )e! even better, 
Paraguay has released a QPM pnOlulatien as 
Nutrr Guanari V-241 Swine feeding trials are 
under way In such couriniluS as Argentina and 
Mexico. Private seed comparies im some South 
American cOUittuies are using QPM in the 
development of hybrids. Senegal is in tre linal 
stage of testing a QPM material prior to 
ielease. Chra is multiplying seed of one 
experimental variety for release to farmers 
under the natre Tuxpe~io 102. The Chinese are 
also developing QPM inbred lines for use in the 
production Of hybrids. 

Percentage of kuinels 

75-

50--
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Cycle 0 Cycl' ;I CycIer 8 
Improving kernel appearance in quality protein 
maize during eight cycles of selection (1-5 Scale: 
1 = normal appearance; 5 = totally opaque) 

The outlook for OPM is affectt~d by shifting 
views on human nutrition. ihere is now less 
concern about a protein crisis than existed 15 
years ago and more stress on overcoming 
calorie deficits. Nevertheless there are clearly 
imjortant groups of people that are vulnerable 
to protein deficiency--pregnant women and 
children under the age of five. There may be a 
special role for QPM in parts of Africa where 
diets are dominated by lcw protein root crops 
and where costs of tradilonal protein sources 
are soaring. Ionically, under these conditions 
mothers and yUung children may have even 
less access to protein sotrcr's than other 
housef old irembers. 

CIMMYT takes the conservative view that QPM 
has potential as an elemnient in programs to 
combat malnutrition. As an improved source of 
protein in a crop that is widely grown, it has 
an advantage over new and unfamiliar high­
protein crops that might be introduced as part 
of campaigns to enhance human and animal 
nutrition. 

Beyond that, through the process of developing 
QPM to its present status, CIMMYT breeders 
have done pioneering work in demonstrating 
how many modifier genes, each with a tiny 
implact, can be accumulated to induce major 
changes in the characteristics of a plant. 

Insect and Disease Resistance 
From its inception the Maize Improvement 
Program has given a prominent place to the 
development of resistance to major diseases 
and insect pests in developing countries. 
Substantial progress has been achieved in the 
work on diseasez by rieans of a three-protiged 
approach; I) routine selection at experirrent 
stations in Mexico for resistance to ear and 
stalk rots and to leaf blights arid uStS' (2) 
fuither selection against those and other 
diseases bv national scientists e,valuating IPTTs; 
and (3) SpuCijl l) ojetCi ci(rlduc itd itl 
cooperation with various rnational and 
iter natioe,,! ":!ltttIOns to develop resistanct 
to disoase!; for which selection cainot be done 
elficiently in Mexico 

jThough miruchi sirialler gais ra(iv rbeenmade iin 

the work on insects, the grourniwork has been 
!ai for iore rapid dvaflrpient arnd delivery of 
insect -resiStant geIniplasm if)t11 futire to 
cooperators iii national prograis The search 
for resistance depends huavily on being abl( to 

22 



reliably disltriguish between resistant and 
susceptible plints Developing insect resistance 
iS d diffi:ult iii(ictrtak ng for that reason--
rnatural Ileta)f ,-t of irisects tend to be 
variable arid uripi cittiblh [his is particularly 
tfUe for the nrieiiiof th( moth families that 
(onLstitui thi. ia, or p'st,; ot rriize worldwide 

From its inception the Maize 
Improvement Programhas given a 
prominent place to the 
developm-ient of resistance to 
major dis3ases and insect pests 
I.n developing countries. 

Laboratory methods In 19/b CIMMYI 
stired
(j aihior ittr for ringrearc-;, aize 

ii.- borers, corri earworni, arid fall 
ffIrI
v.1r ; I i:iMnitis used in termperate 

l-iit;S ,- itlu-titd to fitthe Liologicalhad to 

Cnr(teJ lstllis ot trojii(i iroctl Strla In
ins 


itoiltori tllt hadd
iolitPJot !Itoh large enough to 
sirvIc th! lITIniInts Viltiilie 01 fiattloials 

it IMiY Icori, iredIn thie. I riao.,e o os and the 
lmtlmtl~lll i m pq!ro)ttlritpft)gi,,aim 

lrt n;<es~ ti ,strltlS for iriilovirig
IFI-;t(;ft£;~i[ir tt hroiigh artificial infestatiorn. 

,, c(ioniy let eislablished that
 
con tiis insects that are [1; voria ioJs is their
 
wild cOuSins Second, rniiist
;t he possible to
 
poduceIeno()ugh of the Inseit s 
 at the right time 

fot Infestation. irnd, geririplas;m miust have
 
SUfftcront (genetic v iit,anility for resistanco.
 

.OIirth, lfhl - trust ho w fiiei it
at o nrirans for
 
Irifa-tig plarits with toult i nbo;s 
 f ilSectS.
 
Fifth to ;l!<ssfy the irs(;Clt(L.tl a
n j;e, rating 

nfir it! e hvelotiwd hinil, ne mIust 
b(e an fff!tiitf , f(e(nin ;cienle t false the 

vwl toffh:.ne is t, 
o0 e rl£1t ri( 11 o 1c- :1 (j llo tl, ; xi f 

,l rwl! rsitiati , tif ' v-i;l po iuli)itioit , CIM M YT 
feJ.t;rinjt 1its turn (I t 0i ) go'reratioris 
(1,1:il t ,II e hJ rlsftir ii (iiit ft; species. W ild 
trisccts Ore col;teltd iii(! r,iiswfd in isolation for 
ort gorietiOrl to ensIure that they are riot 
diseased or bearing parasIs then the wild 
stoc'k replaces til labortory population or is 
ciOiset with it 

The diets have to be formulated specifically for 
each type of inrsect For earwormi and 
arrnyworm, the (fii :s mainly soybeani meal, 
naize meal, and brevvei's yeast. Ma.:e borers 

are fed a pIepared formula iiixed mth maize 
cob grits, brewer's yeast, and whea: germ. All 
three types of insects get vitamins and 
antibiotics, and CIMMYT has found that
 
Including ground maize tassels in 
 the diets
 

helps he colonies thire.
 

Heraing facilitis mre tailored to the biology of 
O(j h irsect type to fncourage growth aridiilichIation Proper facilities avert such 
problenis as carmaiblism and makccollect the it easy toegs () thrilmvae. Fall armyworm

mioths, for u\aoit.pl, ware originally kept in
 

small cages, bt thy lell their eggs attached 
to the supports or fraries, which made them 
dilficulr to collect Substituting(j paper bags for 
the cages was an mprovement. The egg 
masses then could be collected by cutting up
tic bags Now wa-ed paper bags are used,
and the egg rriasses can easily be scraped off 
with a spatula. 

I m 

i 

Insect rearing facilities 
are tailored to the biology of 
each insect type to 
encourage growth and 
multiplication. 
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The pupae of corn earworm presented a 
different problem. The pupae tend to burrow 
below the surface of the semisolid diet on 
which they are raised. So that the pupae do 
not have to be extracted one by one, scientists 
have designed a polystyrene cell unit that can 
be split into two layers. When the layers are 
separated, the diet mass and the pupation cells 
are split in haif and the pupae can be dumped 
out. 

Artificial infbstation--Since the refinement of 
the mass-rearing methods, scientists have used 
artificial infestation for improving the efficiency 
of selection for resistance to one species or 
another in selected pools and populations. 

In the past infestation was done with egg 
masses, until CIMMYT developed the 
''bazooka'' technique for infesting maize with 
larvae The bazooka is a cylindrical dispenser 
calibrated to place a uniform dose of maize 
cob grits mixed with larvae in each plant. The 
quantity of grits allows the scientists to contro! 
the number of larvae applied to each plant. 

Compared with infestation with egg masses, 
use of the bazooka is faster, it gives more 
uniform infe..dtion, and the insects are less 
frequently aestroyed by predators, resulting in 
fewer ''escape'' plants. 

Recently, CIMMYT has taken several steps to 
increase the flow of resistant material to 
national progrrris. In 1983 experimental 
varieties were formed to concentrate resistance 
in good agrznoniic backgrounds. The varieties 
are based on progenies showing the best levels 
of iesistance in artificially infested nurseries, 
Preliminary trials of these experimental varieties 
are under way. 

Multiple resistance-A second step involves 
the formation of multiple resistance pools. 
Several sets of the International Lepidoptera 
Resistance Trials organized by M";sissippi State 
University (USA)were grown in Mexico in 1984 
and artifi- !!,, infectd vith stern borers and 
armyworns So-ne of the entries showed 
higher levels of resistance that) had been found 
in any of CIMMYT's maize populations. Their 
yields, however, were low and their agronomic 
characteristics poor. 

Prompted by these results, CIMMYT solicited 
seed of maize reported to be resistant to any of 
the genera or species of borers found 
anywhere in the world. The lines, synthetics, 
hybrids, and varieties sent by maize 
researchers are being recombined to form the 
multiple borer resistance pool. After mild 
selection for resistance and agronomic traits, 
some of tte progeny are showing good 
resistance to borers and armyworms, as well. 

The improvement of this pool will continue 
through recurrent selection. International 
testing of the most resistant families has begun 
at nine locations, using standardized levels of 
infestation. At each location, the cooperators 
will select and cross the families that perform 
best against each locally present insect and 
return the seed to Mexico for further 
recombination and testing. 

While the multiple-borer resistance pool 
promises to serve as a strong source of diverse 
resistance to various borers, it may not serve 
as a direct source of selections that will 
perform well in tropical maize-growing 
environments, where other insects 
predominate. 

As a result, CIMMYT established the multiple­
insect resistance tropical pool. This pool 
includes some materials from the maize borer 
resistance pool but mainly contains the most 
resistant se;actions from CIMMYT's tropical 
populations and pools. The latter materials 
have undergone up to 18 cycles of selection in 
tropical environments and have good levels of 
resistance to tropical diseases and excellent 
yield and agronomic performance. Within this 
pool, selections are being made for resistance 
to borers and fall arrnyworms. When progeny 
are extracted from the pool in a few years, 
they should combine high yield potential with 
resistance to insects and diseases. 

Several other areas of research are being 
explored as well, such as testing and making 
selections from certain Caribbean races of 
maize believed to have good insect resistance, 
and screening progeny of wide crosses 
between maize and tripsacum. But regardless 
of which of these avenues ultimately proves 
most fruitful, they all depend heavily on the 
care and feeding and on-time delivery of 
millions of insects 
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A Global W/heat Improvement System
 

CIMMYT wheat germplasm is developed to 
meet five minimum criteria: high yield potential, 
broad adaptation, and resistance to the three 
principal wheat diseases-stem rust, leaf rust, 

equator. In either case, differences in daylength 
will make flowering occur too early, too late, 
or, if daylength never reaches the critical 
duration, not at all. 

and stripe rust. In addition, attention is being 
given to improving resistance to the "rnmor" 
cfise,-.ses of wheat, such as those caused by 
Seotoria, Het.rmnthosporiun, and Fusarium 

aheaccretion of these characteristics in - -
CIMMYT-deveioped geimplasm is a direct N' 
WSUlt Of the In~ltilocational breeding andY.\VA 
to:sting" that uiidergii ds the WIheat Improvement 

Wheat Vield 1)otent a received a manimoth 
boost from The int'oduction of dwarfing genes
in the late 1950s The dwarfing genes changed 
the way the plant apportioned carbohydrates 
among its vegetative and reproductive parts. 
The gramin of productive tall varieties constitutes 
only 25 to 35%o of the total weight of tb, 
plant In dwarf varieties, the grain is usually 40 
to 50% of the total weight. In other words, 
dwarfing improves the efficiency with which 
the plants use sunlight, water, and nutrients, 
the essential inputs for growth. 

4 4 

In addition, shortening the plant (and
increasing its straw strength) multiplied the 
response to high fertility. When fertilized 
heavily, tall varieties produce somewhat more 
grain, but are likely to fall over, reducing the 
actual harvest to such an extent that the yields 
of less well-fertilized plants often are higher
The short, strong stems of dwarf varieties 
resist lodging; that and other features bred into 
dwarf varieties make them highly efficient users 
of inputs the frmers apply 

More recently the introduction of winter-wheat 
genes into spring wheats through spring x 
winter crossing has raisod the yield potential 
dgain 

Adaptation- -The bedrock of the broad 
adaptation of CIMMYT materials is insensitivity 
to daylength In many varieties, flowering is 
triggered by the onset of days of a certain 
length. While there are some biological 
advantages in certain regions i daylength 
sensitivity, It is usually futll(to plant such,
varieties outside of the normal growing season 
or at a location nearer to, or farther from, the 

. , ,, , 

CIMMYT scientists strive to develop high-yielding, broadly adapted, arid disease­
resistant germplasm for a range of environments in the Third World. 
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CIMMYT's practice of producing two 
generations a year at different locations 
eliminates daylength-sensitive gerrnplasrn. From 
November to May, breeding and selection 
takes place in northern Mexico at 27 5() N 
latitude. The crop develops as days are getting
longer. From May to November, lines are 
grown near Mexico City at 18.50 N latitude 
and the crop develops as the days are getting
shorter. Only materials that perform well at 
both locations, that is, that are insensitive to 
daylength, are selected. 

The movement of (jermtplasm from one location 
to another during the breeding process 
broadens adaptation in other ways, too. The 
winter breeding site is ne,-r sea level (39 m) in 
an irrigated rdesert The s'.mmer site has high
rainfall and is at 2650 meters elevation. 
Consequently, selection of lines takes place in 
contrasting climatic conditions and in the 
presence of quite different complexes of 
diseases and insects. 

The international nurseries are an added and 
demanding proving ground. Performance at 
hundreds of locations around the world 
provides the ultimate test of adaptability. 

p.
From November 

t- i 


Rust resistance-The requirement of 
resistance to the three principal rusts 
contributes to the broad adaptation of CIMMYT 
germplasm. Rusts are fungi that parasitize 
wheat and other crops They are formidable 
enemies of wheat and, because of their ability 
to m itate and attack previously resistant 
variedies, the job of breeoig for resistance is 
literally endless. 

Strong resistance to stem rust in Mexican 
wheats was established in the 1950s and 
CIMMYT bteeders have broadened the genetic
base of resistance though crossing with a wide 
range of sources. Multilocation testing has 
demonstrated that the resistance is sustained 
around the world. 

Work on leaf rust resistance began later than 
that on stem rust, but significant advances 
were made by the 1970s. Although the general
level of resistance in CIMMYT germplasm is 
sufficient for most locations around the world, 
it is not stable in Mexico and a few other spots
with exceptionally virulent strains called races. 
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Screening for stripe rust resistance is dune in 
the Andean region ot South America, in ihe 
highlands of Fast Africa, and in Mexico, 
locations where a broajd spectrum of stripe rust 
races are found Data from the screening is 
used to (]1UI(sHbOIseuerit crosses to enhance 
resistaric,, Materials wiih broad resistance to 
stripe rust Ihittedto becorne available in the 
1980s 

Other features- Breeding for special features 
takes place as an overlay on the foundation of
hlqh yield potential, broad adaptation, and 
esistance to the major rusts. Breeding for

resistance to such diseases as septoria, 

hrehlrtirithosri)~uo, arid scab iS under way in
 
subsets of CIMMYT 
gernmplasmu. Since these 
dJiseases a no tJbi(utitOLS arid are important
only i cot tair ioior is, no attempt is made to 
incorpoa)at such resistirice in allgeriuplasm. 
1o do so urrld slow thew ueC0ssaily 
process. CIMMY1 tjkes a similar approach in
woik orl ot boat toterance, andough tolerance, 

tolhfiatice to hilh l(evels of alurinutM, 


Yield stability Sttistreas have invetigated 
Ih'yield stability of various groups of varieties 
inndiferert onVil(tun uts usirrg results from 15 
yearis of t! Initernational Spring Wheat Yield 

Nuoserus 1hse are replicated trials that have 

heeri condtucted annuqillY since 1963 at about 

a hundiodilocations in 60 to 70 countries and 

that involve. 50 aldvanced lines and varieties. 


For Ihe stelsitty analysis, the locations were 
classiltir according to e mean yield of all 

varretis in all trials. Thus locations where the 

niean yielr was t t/ha were characterized as 

1 t/ha ernvironments, locations that averaged 

2 tIha were c(harcteri/ed is2 t/ha 
wivironrets andr so on. Ihe most productive 

mrviorun(ririt I trata mean y eid of 9 t/ha 

Vlte varl(etinis wore grouLIped into genotypes a) 
CIMMYT developed miaterials released directly 
by natronal cro ) r overIreitn programs; )i( 

those resullinq ftom a cross triade by CIMMYT 
bit.t with at least one further solectiorr made hy 
a ri~ltonal pro(lrai; c) locally tred valitles 
irrvolvino CIMMYJ trimplasrrr; aind (I)locally
tired vor ltres without CIMMYF g(;trnu)asirin 

Stability was corindeertd to 'rave four lacets A 
variety O(rgroup of varietiUs has acceptable 
yaIrd stability if Its m ariyield is siqnificantly 
higher than tire aver qge yield at alt sites; if its 

responsiveness to better environments is 
greater than the mean of all varieties; if the 
trend in yield from environment to environment 
is consistent; and if the yield in the poorest
environment equals or exceeds the mean of all 
varieties 

CIMMYT wheat germplasm is developed to meet fiveminimum criteria: high yield potential, broadadaptation, and resistance to the three principal wheat 
diseases-stem rust, leaf rust, and stripe rust.
 

The analyses showed that group A-CIMMYT­
developed materials released directly by 
national programs--had higher average yields
than the other groups, more responsiveness to
better environments, and irmpoor environments, 
yields no worse than average. In consistency, 
Group A was slightly exceeded by Group B. 
But closer analysis showed that that ranking 
may be misleading. In certain locations that are 
disease "hot spots,,, the strong disease 
resistance of certain genotypes in group A, 
caused them to yield well above the average 
for the group. Statistically that registered as 
yield instability, but from a practical viewpoint, 
it is an asset, not a liability. 

The study did not find evidence to sUpport the 
idea that some varieties with modest yield 
potential may perform better under poor
conditions than varieties that have high yield
potential. All the ISWYN varieties yielded about 
the sarne under poor conditions. In areas 
where low yields are caused by low levels of 
inputs, particularly water, the expression of 
yield is severely restricted for all varieties 
regardless of inherent yield potential. Moreover, 
the stability that some observers attribute to 
locally developed varieties is more a result of 
their poor performance in high-yielding 
ervironmer ts than Of superior perforrnance in 
pror nvirOrInrets 

hus through a dynamic system of wheat 
inprovement, which rests on broad-based 
crossing arid multilocational testing, CIMMYT 
and its collabcrators generate a stream of 
steadily improved materials of value to large 
regions of the wheat-growing world. 
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Spring x Winter Wheats 
The notion of crossing spring wheats with 
winter wheats-two large but separate gene
pools-has been a powerful lure for many plant
breeders 

In nature, the genes of those two groups 
seldom intermix because outcr ssing is 
uncommon in a self-pollinatec' crop, hecause 
winter and spring wheats are usually grown ;n 
climatically different regions, and because, 
even if plantings of spring and winter wheats 
are in proximity to one another, the,, normally
flower at different times. As a result, wheats 
with the spring growth habit and wheats with 
the winter growth habit have travelled separate
evolutionary paths, with guidance from 
farmers, and, in this century, frcrn plant
breeders. 

Plant breeders have long recognized the special 
strengths of spring- and winter-habit wheats that might 
be usefully combined. Progeny of spring x winter 
crosses are now consistently among the best entries in 
international trials. 

Special strengths-Plant breeders have long
recognized that each group has special 
strengths that might be usefully combined with 
those of the other group. For example, winter 
wheats tend to have better drought tolerance; 
spring wheats tend to have better milling dnd 
baking quality. Moreover, the genes for these 
desirable traits could be found in already
productive varieties-varieties with good 
genetic backgrounds. Thus when crosses were 
made, the progeny would bear a fa,: number of 
acceptable characters, and subsequent
breeding and selection to eliminate undesirable 
traits would take less time. 

In greenhouses, spring and winter wheats can 
be made to flower at the same time, primarily
by manipulating temperalure to vernalize the 
winter wheats. (Winter wheats require a period 
of cold temperatures to induce flowering.)
Through this process a number of 
commercially important wheat varieties have 
been created. In fact, Norin 10 x Brevor, the 
original source of dwafing in Mexican 
varieties, was a spring x winter cross. 

A unique site-But greenhouse work is costly
and the number of crosses that can be made 
annually is limited. CIMMYT has been able to 
shatter that limitation because of the special
climate at o;,e of its Mexican research sites. 

In the 1970s CIMMYT began to look at ;arge­
scale spring x winter crossing as 3means to 
strengthen the drought tolerance of spring
wheats as well as their resistance to stripe 
rust, septoria, and root diseases. It found a 
partner in Oregon State University (USA),
which was interested in developing winter 
wheats with greater stem and leaf rust 
resistance, higher yield, and better milling and 
baking quality-all of which are readily found in 
good spring wheats. In addition to shoring up 
weaknesses in the two gene pools,
intercrossing offered the opportunity to enlarge 
tle spectrum of genes for other desirable 
characters available to breeders. 

The key was the Toluca, Mexico, station. 
Although the location iswithin the tropics, its 
elevation (2650 meters) ensures that periods
with temperatures low enough to vernalize 
winter wheat occur from December through 
February. At Toluca, winter wheats are plantedin November and spring-wheats are planted on 
several successive dates starting in January. In 
May both groups are flowering and breeders 
can make extensive crosbes. 

To accelerate the pace of breeding, spring x 
winter crossing also takes place at the CIANO 
station in Northwest Mexico, the site of 
CIMMYT's principal spring-wheat breeding
activities. There, potted winter-wheat seedlings 
are grown in cold chambers to vernalize them. 
They are then transplanted outdoors and grown
under electric lamps to extend the daylength 
and hasten flowering. 

The research partnership-In all, over a 
thousand crosses a year are made and seed 
from the first generation progeny are divided 
with Oregon State University. CIMMYT 
breeders use the seed in subsequent crosses 
with the aim of producing spring-habit wheats. 
From this point, the progeny undergo the same 
rigorous testing and screening f-;ocedure as 
conventional spring wheats. At Oregon State 
University, breeders use the seed similarly in 
developing better winter-habit wheats. ]ne
national wheat program of Turkey is also 
involved in exploiting germplasm for winter 
wheat. 
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Almost as soon as advanced lines became 
available from CIMMYT's first spring x winter 
crosses, exceptional performance was evident, 
Now, progeny of spring x winter wheats are 
consistently among the best entries in the 
International Spring Wheat Yield Nursaries 
conducted annuall,, at over 100 locations 
v orldwide. 

Veery 'S'--Crosses of high yielding Mexican 
spring wheats with certain winter wheats from 
the USSR and USA have been partictlarly 
noteworthy. One of these, a line called Veery 
'S' has oroduced average yields 5 to 10% 
higher than other widely adapted, high-yielding 
varieties in several years of trials. From their 
Soviet winter-wheat progenitor (Kavkaz), the 
Veery lines have gained better resistance to 
powdery mildew and stripe rust as well as 
additional resistance to septoria leaf blotch and 
leaf rust. They also appear to be more tolerant 
of early season cold, late season heat and 
drought. Consequently they perform well in a 
wide range of diverse environments 

Mexico began to releaso varieties from the 
Veery 'S'line in the 1980s. They now cover 
80% of the nation's wheat area. Selections 
made from Veery lines have been released in 
over a dozen other countries as well and more 
are coming. To date, over 3 million hectares of 
Veery-derived varieties are under cultivation. 

Breeding for Disease 
Resistance in Bread Wheats 
A leading aim of CIMMYT's bread wheat 
breeding program is to develop genetic 
resistance to the important wheat diseases. 
Because the major rusts-leaf rust, stem rust, 
and stripe rust-are by far the most destructive 
wheat diseases worldwide, resistance to them 
is a prerequisite for CIMMYT lines promoted to 
advanced stages. In addition, CIMMYT 
breeders incorporate resistance to other 
diseases that are regionally important into 
suitable germplasm. 

The rusts ---Inthe struggle against rusts, the 
battle is ne~er over. These parasitic fungi can 
readily mutate into new virulent races, and 
they are capable of explosive multiplication, 
causir;g an epidemic A variety that has been 
resistant to the prevailing races in an area may 
become susceptible almost overnight when a 
new viru!ent race suddenly appears. In many 
areas, a new ,/ariety can be expected to last 
no more than five years before a rww race 
arises to which it is not resistant. 

The best weapon against these insidious 
adversaries is broad-based breeding to 
accumulate multiple genes for resistance, 
intensive exposure to the rusts through 
inoculation, and multilocation testing to expose 
weaknesses in the resistance genes. 

Crossing with a wide range of sources 
continues in order to broaden the base of 
resistance. In international tests, CIMMYT 
germplasm has demonstrated resistance to 
stern rust at locations around the world. In 
Northwest Mexico, the nation's major wheat­
producing area, there has been no threat of a 
stem rust epidemic for 25 years. 

Moreover there are indications that stable 
resistance to stem rust may be possible. Yaqui 
50, a tall Mexican bread wheat, is one of 
several varieties whose resistance to stem rust 
has endured for over three decades. CIMMYT 
regularly uses such varieties in crossing for 
resistance. 

In the 1960s, leaf rust, which had been aminor disease in Mexico, began to be 
troublesome. Efforts to incorporate resistance 
from various sources were begun and within a 

VEE1HY 
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Over several years of trials, 
selected Veery lines have
produced average yields 5 to 
10% higher than other widely 
adapted, high-yielding 
varieties. 
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Starting in the mid-1970s, 
CIMMYT began screening 
lines for stripe rust resistance 
ir the Anlean region of 
South America, where a 
broad spectrum of stripe rust 
races is found. 

decade considerable progress was made. In 
most areas of the world, CIMMYT matc.,als are 
resistant to leaf rust. Ironically, the resistance 
is not stable in Mexico A severe epidemic 
struck Northwest Mexico in the late 1970s. 
However, through periodic changes to new 
varieties, leaf rust has been held in check until 
now. 

A bright omen in the search for stable 
resistance to leaf rust is the discovery of the 
"!low rusting" characteristic of certain lines. 
When leaf rust attacks these lines, the usual 
lesions occur, but their onset is delayed. By 
harvest the intensity of the attack is still mild 
and the effect on yield is minimal. A vigorous 
program to identify sources of this trait and to 
transfer it into productive varieties is under 
way. 

Development of strong resistance to stripe rust 
is less well advanced than work on the other 
najor rustf. Screening for resistance was 
begun at one of CIMMYT's high elevation 
stations in Mexir.n where stripe rust is 
endemic. But international multilocation testing 

revealed that the race spectrum at that location 
is narrow. As a result, the resistance genes in 
the materials were ineffective against races 
prevailing at numerous other locations. 

In the mid-1970s CIMMYT began screening 
lines in the Andean region of South America, 
an area with severe stripe-rust incidence. 
Screening was also initiated in the highlands of 
East Africa. By employing data from these trials 
in making crosses, a broad genietic base for 
stripe-rust resistance is pervading newer 
CIMMYT materials. But the level of resistance 
still has considerable room for improvement. 

Multilocation testing-Success in breeding for 
resistance is heavily dependent on international 
testing. The international nursery system 
permits the exposure of materials to a wide 
range of virulence. Performance data returned 
from cooperators are used to calculate the 
average coefficients of infection for various 
diseases in numerous locations. For rusts, a 
line that shows a consistently low coefficient at 
diverse locations is presumed to carry multiple 
genes for resistance. Lines with low 
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coefficients for rusts or other diseases are used 
in simple and three-way crosses to pyramid the 
resistance genes. The segregating progeny are 
then exposed to all possible diseases in the 
field, to cul! out those that do not have broad 
resistance. When gerrnpiasm combines lroad-
based disease resistance with a productive 
background, it is returned as advanced lines to 
national programs for retesting, further 
selection, or possible release. 

Other diseases--Seporia spp., a fungus, is an 
example of a wheat disease complex that is of
regional mportance In the 1960s and early 
1970s, CIMMYT germp!asm grown in North 
Africa and the Middle East oiten performed 
poorly because it lacked resistance to septoria
diseases. Subsequently, CIMMYT began 
collecting sources of resistance to intercross 

ivth lines possessing high yield potential 
Screening of the progeny for septoria 
resistance was done cooperatively with several 
national programs in the Mediterranean region. 
An acceptable level of septoiia resistance has 
rov,, been achieved in some CIMMYT 

gerrmplasm suitable for regions where Septona 

spp am prevalent, 


Several diseases are serious limit.gtiorns to the 
productivity of wheat in tropical climates that 

are now considered marginal for wieat. 

Sources of resistance to helminthosporiurm leaf 

bligh: are being crossed with the best CI,/MYT

gerrnplasm and tested at a warm, humid site 

on the eastern coast of Mexico. At ti ; srte, 
helminthosporiurn diseases are so severe that 
the only survivors are lines with strong
resistance, 

Resstance to such diseases as septoria and 
helninthosporiurn leaf blight is not incorporated 
into the full range of CIMMYT gerrnplasm 
Doing so ,.ould dilute tire resources available 
for resolving more pervasive breeding 
problems. Instead the development of 
resistance is centered on the segment of 
CIMMYT gerrnplasm a.)proprtate for areas 
where the disease prevails, such as 
Bangladesh, Nepal, eastern India, Brazil, 
Paraguay and the countries of East Africa 
Other countries that would profit from better 
fusarium resistance nrck{de China, East Africa, 
Brazil, Argentina, Uruguay, and Paraguay 

By superimposing resistance to diseases of 
regional importance on germplasm that has 
high yield potential and resistance to the major 
diseases, CIMMYT and its collaborating 
national programs expand the production 
options of poor farmers who populate marginal 
areas of the world. 

Success in breeding for disease resistance is heavily
dependent on internationaltesting, which permits the 
texposure of materials to a wide range of virulence. 

Durum Wheats 
Compared to bread wheat, durum wheat has 
received less attention from breeders. At 
CIMMYT )tensive improvement of durum 
wheat has been under way for little more than 
a decade. 

Although durums cover only 10% of the 
world's wheat area, they are of local 
importance in North Africa and the Middle 
East, Italy, Ethiopia, India, the Andean Zone of 
South America Canada, the USA, and the 
USSR The grain has special properties 
desirable for making noodles and other pasta
products. Durums are also favored for 
producing certain types of unleavened bread 
and such homemade products as couscous, 
bulgur, and chapatis. 

Dwarfing-Wh , bread wheat strains bearing
the Norin-10 dwarfing genes arrived in Mexico 
in the late 1950s, crosses were made with 
durums as welh as with other bread wheats. 
Durum yields increased remarkably. 
Subsequent breeding and selection has lifted 
the yield potential of durn:,, wheat to such an 
extent that under optimum conditions their 
vields exceed those of bread wheats. 

Vhile work to raise the yield potential of 
durums continues at CIMMYT, efforts to 
enlarge the genetic base of improved lines and 
to widen their adaptation have been given 
increasing emphas's in recent years 

Unreliable rainfall is characteristic of many 
durum-growing areas and CIMMYT is 
undertaking cooperative research with the 
International Center for Agricultural Research in 
Dry Areas (ICARDA) to improve drought 
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tolerance. Inaddition, spring and winter 
durums are being crossed with the intent of 
transferring the latter's drought tolerance to the 
spring-habit germplasm pool. Breeding for 
earlier maturity is another promising avenue: 
early maturing varieties would have less risk of 
being damaged by late-season epidemics, 
drought, or frost. 

While work to raise the yield potential of durLimnS 

contnues at C/MM YT, efforts to enlarge the genetic 

bhas. of improved lines and to widen their adaptation 
havo2 bee;n gilven increasing emphasis in recent years. 

Advanced durum wheats in CIMMYT's 
breeding program have high and stable levels 
of resistance to stripe rust. To strengthen 
resistance to stem rust, CIMMYT ships genetic 
materials to cooperating national research 
institutions in Ethiopia where the presence of 
highly virulent races of stem rust provides 
excellent conditions for screening. They are 
then returned to CIMMYT for incorporation into 
lines for other parts of the world affected bv 
stem rust. Better resistance to septoria, 
fusariurr, and helminthosporruin diseases is still 
needed 


Progress has also been made in producing line'; 
with solid sterns, which provide resistance to 
the attack of sawflies, a serious pest of wheat 
in certain countries of North Africa and the 
Middle East 

Export quality --Massive testing by the 
CIMMYF milling and baking laboratory
facilitated the development of new dururn lines 
that combine higr yield potential with grain 
that has the size, weight, pigment, and protein
content required for making pasta and other 
semolina products High quality grain is 
essential for crountries that hope to enter tfhe 
lucrative du nfin export trade 

Through the international nrseries, CIMMYT 
germplasrr reaches national programs Dur urn 
varieties derived from CIMMYT materials are 
being grown widely m the Mediterranean basin, 
in Pakistan, India, Ethiopia, Kenya, Mexico, and 
in South America. 

Triticale 
Triticale has come a long way from its origin 
as a laboratory curiosity. The first successful 
crosses of wheat and rye, to create what is 
noki called triticale, were made in the late 
1800s. But development of triticale as a crop 
didn't start until the I 950s. 

CIMMYT began working with triticales in the
late 1960s. Triticale strains at that time were
low yielding and had a narrow range of 

adaptation. Typical triticales were tall, late
maturing, arid photoperiod-sensitive, that is,the onset of floNering was affected by day 
length. Inaddition, they were partially sterile, 
so a large proportion of spikelets never formedgrains; the grains that did form tended to be 

shrivelled 

Narrow genetic base---As a man-iriade crop,
triticale lacked the eons of evolutionary time 
necessary to become genetically diverse. The 
narrowness of the germplasm base made it 
vulnerable to diseases and other problems. 

[he broad spectrum of varieties employed in 
CIMMYT's durum and bread wheat breeding 
programs afforded an opportunity to expand
the genetic base of triticales. Working with the 
University of Manitoba (Canada), CIMMYT 
began an extensive-crossing program between 
shert, photoperiod-insensitive Mexican wfeats 
and Canadian triticales. The progeny were 
moved back and forth, in successive seasons, 
between two disparate locations in Mexico. As 
in CIMMYT's wheat improvement progra i, 'his 
procedure accelerated prooress by allowing 
two generations to be grow-, eacfh year. In 
addition, it exposed plants to different clinatic 
conditions and disease complexes, and
photoperiod-sensitive plants could be guicklI 
eliminated lii se triticales, however, yielded
Only about fi lfas HILCh as the best wheat 
varieties 

Breeders' luck [ie single greatest advance in 
the history of triticale was a serendipitous 
event In 1968, breeders found, arricong the 
third generation progeny of one of their 
crosses, a few plants that stood O)Lit Theywere appare.nTitly the result of a spontar eous 
outcross, that is, a plant two generations
earlier had been fertilized by pollen from an 
unknown bread wheat rather than being self­
pollinated 
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ilhs 1n (:alled Armadillo, was photoperiod-
Ir; slnv,?, had one dwaff ig gene, betterF, 

irdff hijher fertility 

lti[r% we'ru Iiarltily trar(w r'utleif in crossus 


o.,itii it also crossed well 


,,11 aid, rm,ch Its "itrong 

tfji tril(:aies ;and 

with hrrt!id wireas, duri is, arird rye By the
 
la't /fO. IWrr rii iirt)ers of triticales had 

Ariil ili() iril thtii )t d(llre.; 


The Singleg reaest va70,- c" in 
the history of tritIcale WaS a 
serendIpItous event, a spontaneous 
Ouicross with an Unknown 

bread wheat. 


The ea:rly tr had weak stems,ticahs, however, 
whirh r(irst'lted in a tendlency to lodge, 

partii:iulanly .vhnri grownf under heavy closes of

fer tili/r Nijir 'ofis crosses were made with 

stiff-iwed brad wireats to riv(.reome this 

(J,fi i ,, 

Shrivelled grain (i0,i ,,s er! also iriade t) 
()i )ie ril

lh )rW/ tf,'; IIr1 1 )VIr(vld the IfIor Mat icon Io 
rt,ikir 0i;h!ciri sl 'vegnt o e,riie asLrrl of 
niiipnts lhkive Troved 

I elW, r1 qil'l, large-scale 

hji in] sOinre rriaterlals

frIom (8 kgl hl to is ih; as 76 kg'hl, a level 

r:irrria tabhii,o that (of bre ad wheat Although 


have? afjde,

sfin )(siir'ri; 


trJh a1)iir;I hitais hler shrivelled 
till t tritc le, breedr s Lines

thiat rve hr(ilr t.st wilht,s uretfe optifirluni 
gr ,wiriI ci)triltiiins often hrkvi lower test 
W (1 it f il r )()C01COrI(Orl is Bilt lines with 
qfi)od itet W'eijlits uni(r s oJpqO)tn1i l conditions 
(eriferally rtain thtrn whi; grown in better 
crnditioi) CIMMY 's lliif-. evation strnmnrA 
rilitsers sites plrovite sLl)f)trr al coriditions, that 
ifov'J seler(;tIni for starIble high test weights 

InternItional titlirlct+Itlalsw erir i!stahlished in 
1969 1hie trials provide data on triticale's 
adaprtation to a wide ran(e of conrditiorns They 
atso give breeders at CIMMYT and elsewhere 
ready ac;ess to triticat- (germplasm Since 
1973, the yieihis of tOw best triticales have 
equalled tho Yields of the bread wheats. 

he corobimnatirne O fye arid wheat gerr',plasm 
gives trlicale botter ;jdapltation to difficult 
conditions than wheat Rcent analyses have 
shown that tIe best tritwrcalus are distinctly 

super;or to bread wheats in certain dryland
conditions, tropical highlands, and acid soils. 
But triticales have rio significant yield 
advantage over wheat in irrigated suutropical 
conditions or Mediterranean climates. 

CIMMYT has in recent years accentuated the 
expansion ol the germplasrn base. Crosses 
between bread wheat and rye and between 
(Jurum and rye are made to create new primary 
triticales. Tissue-culture techniques have been 
improved to raise the proportion of primary 
crosses that succeed. Crosses are also being
made between winter triticales and spring
triticales, two gene pools that have quite 
different features 

Target areas- Triticale currently , _vers some 
750,000 hectares in 30 countries, with the 
largest areas currently found in developed 
Countries. In favored production environments, 
even when the yields are equal, triticales 
cannot compete with high-yielding wheats 
becauSe the lower milling rates of triticale 
cause it to sell at a discount. In harsher 
environments, the superior yields of current 
trilicales should more than compensate for a 
lower price. There are about 3 million hectares 
where wheat, barley, or rye is now grown that 
could be advantageously sown to triticale. Inaddition, another 15 million hectares that do 
not now support small grains could be sown to 
tniticale. These are the zones in which current
research is focused, 

Triticale (right) tends to 
perform much better than 
bread wheat (left) when both 
are grown in adverse soils,
such as in this highly acidic 
plot. 

" 
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CIMMYT' Approach to 01-Farm Research
 

CIMMYT's role in on-farm research is one of 
providing research procedures and training, 
The Center's Economics, Maize, and Wheat 
Programs are all involved in develoning and 
providing these procedures and traieing. The 
development of iechnologies for use by farmers 
is the role of national agricultural research 
programs 


CIMM T's work in on-farm research stems 
from its studies on the spread of new maize 
and wheat varieties and new management 
practices, which showed that ad,)ption takes 
place unevenlv. As a result of differences in 
agroeco!ogical and socioeconomic 
circumstances, even neighboring farmers in a 
locality may have quite different adoption 
pattens. Simply stated, adoption follows if the 
recommendations f:t. 

CIA'MYT's vwork in On-farm research sterns from its 
Studies on l spread of noe' naize and wheat
vanieties and newt n-lragefnen I practices, whlich
S ,wd
,, 


5/hO7,.,l(d tfi,)! adoptlof) t10ks place ,,'enl/Y. 

-..
..... 


Development of Procedures 
With this premise as background, CIMMYT set 
out to develop procedures that would help 
national agricultural research programs 
efficiently generate appropriate 
recommendations. Four essential elements 
were identified 

First, the farmers for vvhorn the 
recommendation is derived must be carefully 
targeted. The delineation of recommendation 
domains--groups of farmers whose 
circumstances are similar enough that they will 
be eligible for the same recommendation-
facilitates this process 

Second, the importance of interactions, 
biological and economic, must be recognized 
Farmers make decisions in complex 
environments. Some of the sources of 
complexity are. the possibility of growing 
several crops a year, or sometimes 
simultaneously; the risks presented by 
uncertain climate and unreliable markets; the 
multiple objectives of the farm family, which 
often consumes much of its production and 

which may also derive income from off-farm 
work; the heavy dependence on family labor; 
and the heterogeneity of the land and labor 
used for production. 

Third, such a complex system requires the 
joined perspectives of biological and socal 
scientists in the research process. And fourth, 
to be reliable, much of the research should be 
carried out on the farms of representative 
farmers, 

Adapting the Strategy 
In order or,a research strategy to be practical 
for national programs it must fit their means. 
That is, it must be one that national research 
programs can implement, despite their 
limitations of staff, equipment, and funds. Also, 
given the intense competition for scarce 
research funds in developing countries, the 
strategy must yield results soon, even if long­
term results are potentially greater. Finally, the 
strategy must be compatible with the te-idency 
of farmers to adopt new technology
incrementally. 

As a result, CIMMYT concentrates on a classof systems-based research that treats one, or 

sometires two, enterprises (for example, 
wheat or a maize-bean intercrop) as variables. 
But the epproach recognizes that competitive
and complementary relationships with other 
activities exist and it ensures that these 
relationships are reflected in the design of 
technologies for the enterprise under 
investigation. In addition, CIMMYT stresses the 
value of restricting consideration to a few high 
priority components. These limitations make 
the strategy feasible for most national research 
programs, they encourage emphasis on near­
term results, and they are consonant with 
farmer adoption behavior. 

A Sequential Approach 
The on-farm research procedures developed by 
CIMMYT are flexible enough to encourage 
adjustment and refinements as local situations 
dictate, but they are formulated so that 
researchers with little experience have firm 
guidelines that they can follow. The procedures 
involve a sequential approach to data 
collection. A rapid overview of the farming 
system guides further data collection on a 
smaller number of variables This information is 
in turn translated into rc,;earch priorities, which 
form the basis for on-farm experimentation. 
From an assessment of the experimental 
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results, recommendations are formulated. 

Biological and social scientists collaborate 

throughout the process 


Diagnosis is both the first stage oi on-farm 
,esearch and a continuing activity throughout
the research process. Initially, res'-archers 
ruv:ew existing data and infurnally survey
farniers, merchants, and others about practices 
arid problems A formal survey mnav be carried 
out as well, if resources pernit. The 
infurniation from the initial diagnosis Is used to 
develop a list of priority problems and to 

Identify potential solutions that conform with 

farmers' needs. Th,-so [rrm the basis for the 

first year's axperiTientation. 


Planning is done before each season's on-farm 
experiments are installed. Information from 
diagnosis and previous experiments is used to 
determine which problems are the most 
mportant arid that t,.ioy are sufficiently defined 
so that alternative solutions can be proposed.
After screening proposed solutions for their 

hkely profitability, riskiness, compatibility with 

existing farming systems, etc , the most 

promising form the expertmental variables from 
which a set of on-farii e:xperirrtieits is 
designed 

During Dlanning, the concept of 
reconimendaton domains is used to sharpen

the rese3i ch focus, it facihtatem; estimating the 

number arid type of farmers that share a 

probler and that are likely to benefit from a
 
particular solution arid it helps in the 
specification of the characteristics ot
 
representative fields where trials should be
 
conducted
 

Experimentation is the central part of the on­
farm research process. The on-farm 
experiments address a few experimental
variables and leave all nonexperimental
variables at the farrriers' level. Hence, it is 
vitally important to have determined the 
management practices of representative 
farmers before experiments begin. Various 
types of experiments are conducted, but 
generally there is a progression from 
experiments designed to characterize and 
define problems, to experiments that test 
solutions to well-defined oroblems, to 
verification trials that may be used as 
demonstrations as well. In this progression, the 
degree of farmer management, the number of 
sites, and the size of individual plots all tend to 
increase. 

The assessment of 	on-farm experiments
involves a review of the agronomic responses 
observed throuqhout the cycle, a statistical 
analysis of the results, and an economic 
analysis. 

Finally, recommendations are formulated with 
the objective of providing farmers with the 
most useful information possible in the comext 
of scarce research resources. 

Other Information 
An equally important product of this process is 
the information that can be provided to 
decision makers about the effects of policies at 
the local level and to scientists concerned with 
setting priorities for 	longer term research. The
involvement of extension workers in the entire 
process gives them first-hand knowledge of the 
technology as it develops and it affords the 
researchers the valuable insights of the 
extension workers. 

Interest in on-farm research is rising rapidly in 
developing countries. Through demonstrations 
and traininq courses, CIMMYT has helped
national research programs in 20 countries 
integrate on-farm research procedures into the 
technology generation process. 

. , 	 . . . 

' . 

CIMMYT economist Juan 
Carlos Martinez left) 
CarlosMre (e Of all 
on-farm rial with a farmer. 
Such interaction is an 
important part of the 
research process. 
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CIMMYT and World Agrculture
 

CIMMYr works on maize and wheat, two adopt-their worth can readily be judged, they 
crops that together constitute over 40% of the can be tried in small quantities, they are 
cereal output of the developing world, Its inexpensive, and, if superior and accompanied
ultimate goal is to provide farmers with more by an agronomic package that permits them to 
productive options. New varieties, if genuinely express their genetic potential, they pay off 
better, are relatively simple for farmers to quickly. The adoption of a superior variety 

often creates an incentive for farmers to 
employ more intensive cultural practices, with 
profound effects on incomes and food supplies. 

The creation of new varieties of wheat and 
maize results from a partnership between 
CIMM'r T and national programs. CIMMYT 
provides a broad array of germplasm in various 

. stages of development. It is made accessible 

through the international testing networks. 
National programs evaluate the germplasm 
against local diseases, insects, and stresses, 
and use it in any way they see fit. The 
international testing networks also serve to 
provide national programs with multilocation 
data on promising geriiplasm they have under 
improvement. Which experimental lines or 
varieties to name and release to farmers is a 
decision made by national programs in each 
country. Thus, CIMMYT's role is not only to 
promote the development of superior 
germplasrn but to strengthen the capabilities of 
national programs to impruve germplasm and 
thereby provide farmers with a stream of useful 
varieties. 

The creation of new varieties of 
wheat and maize results from a 
partnership between CIMMYT 
and national programs. 

".Through its vhfeat urogram, CIMMYT has had 
an extraordinary impact-the ancestry of half 
the wheat grown in the developing world, as 
well as impurtant segments of wheat 
germplasrn in developed countries, can be 
traced to CIMMYT developed materials. vtaize 
germplasm from CIMMYT has had a less 

,'Wt widespread effect, but there arc signs that its 

day is coming. 

Maize Gerrnplasm ,. The cultivation of maize takes place in^-4 'innumerable ways throughout the developing 
Alumni of CIMMYT training courses make up an increasing proportion of the world. It is a crop that is grown in tropical,
research staffs of national programs. 

36 



subtropical, arid turnperatu areas. Althoujgn it is CIMMYT materials. In Nigeria, a variety resting
 
a importarnt food crop, nearly half the total oil CIMMYT 
 rrateriais is one of two recently

harvtest in (rtvltopingcountries is estirned to 
 released improved v, +tres that together cover
 

Sf(I,(to iivstrck 
 one million hectares. 

Ard it. fr rnaniy rovv(e, a socoriaar y or Evidence of change in West African maize-

Ji) ;I-,it:rT :i!cIo[r, thanli a i food
rathur ririn ary growing areas comes from a recent sample


('ro) I is, lifUslOri of s'upe'rior ri il/(! varetius survey of 
10 Ghanian villages representative of
 
iciiUriu:oriplicated that of (fops
: tain (Irown the region. Am ung these farmers, who typically
 
iny airr st Iireriviri)fricntse55 iir:tur(J]tnr(iiS cultivate about two hectares of maize, four­

'ltrvr.' IfeIv. iv(! IfrI abule lives 	 fifths wA.re planting at least part of their fields
 
to improved varieties derived from CIMMYT
 
gerroplasm. More than half were using these
 
varieties on the majority of their fields.


0 wrf70 C,)1jftiWS' J-)./i:t, ei1/it i WIpIte O.erall, CIMMYT estimated in 1983 that about
 
1/itITlrtr f' Jh) iou litO) 
 5 million hectares of maize varieties based on
 
i/i i/)fI()V;iPi [P -)[/Oik, vvhich, /I CIMMYT gerriplasm were being grown in the
 
[/ i( / 1 rl[ r >,(he, /t, de veloped developing world. About halt of that was in
Mexico, about 1 million hectares were in Asia,,ind t cst 85(00oVe arid 0.5 million each in Africa, South America,
 
0 )/ lt2 [i/i V, f/?i[ItoS. Central America
It '1it 	 and 

N u hbur ot inSit. 

()i /0n Junrins Ii the
 
in!!rl io i,Pei/fi t network,
 

lb piirtllClipltt 	
1000 

o rllfoverrine 

iri n,: it ifado, has developed and
 

ov#.r O3 uii tl l varieties During
 
Jm) lod, -I;icte sihatrg of tier natloral riaze 800_L--


I ! er ln rini(J (:OirriiIt;S have
 
fttei to the l).O[AiatiOri
cjaIr0/'(I fhllo'..' 

Iirii~lii.re ir s'stilrinsect by CIMMYTrhose
 
r:r i aL'1io., [il1 pr(ilirirs to miake better
 
Wii Of l t i'.'lv rsi '( J Stin il\ly I nl riIOV_ 0 _l,_60 


5isi ir , ij(ic gtJi nterrh tinoal 

t,:-tnrt r,rc, InrrAlrn CIMMY 


(tinii ii or Ituii Ie(! 	 600 
cr, training
 

nurses ~ns 
t., it) ji IrnieInsiri(t pi(i)(lioi of
 
I,:ra i Iioral ptoq!ianis
r a'tif.; ()41 oih S rice 

19/l, !1MM'T,t 900 niilzere, rnarly 

.j ',{ tly , r; t,'ll'11l/1. h f ol [T! l qr] ( I ai.)(J! it)th -e
 
(tvt"Ii.)1i(I['7,vrld Is S ng 'gLJjpu.frOf
i K r1at.(rhals
 

rtn'.':luapet b'Ii CIM MYI to rjlrov. local 
vann~etrit~ -urty-th(i nitroral ,)ro nirirs have 20 
itlirlt~nrt '1/ Val'cminit nd hybli s fhicin 
ritiria!s ir the; ritenatorar ttestin network. 

i Brazil, for (xarrjte, 12 SLch varieties have 
beer releisei Mast have b(eurl (chosenfor 0­
their high levels of disease resistarce Teri 1975 1980 1985 
varieties and lhre(: ,hybrids front CIMMYT Growth in Maize Program international trials 
materials have: buen released itGuatenrala and 
ate grown on surc 40n)% of the country's
maize area In Costa Rica 10 to 1 5% of the 
maize area is planted to varieties selected from 
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Wheat Germplism 
The international spread of semidwarf wheats 
is one of the momentous events of agricultural
history. The wheats bearing the Norin 10 
dwarfing gene began moving out of Mexico in 
international nurseries in the 1960s. National 
program. recognizec their worth and began
releasing varieties so rapidly (inmany cases 
importing large quantities of seed to speed the 
process) that by 1970, one out of every eight 
hectares of .,.heat in the developing world was 
planted to varieties bearing germplasm
developed by CIMMYT or its predecessor 
organization. For certain countries, the 
conversion was even more dramatic. India, 
Nepal, and Pakistan had 40 to 50% of their 
wheat in modern varieties by 1970, and 
Mexico had 90%. 

The international spread of sernidwarf wheats is one of 
the momentous events of agricultural history. Over 
400 mnodern varieties have been released by national 
pfogramrTs and semidwarf wheats now cover over 50'fI'/ionhoctors in the developing world. 

Number of nurseries 

2500 

2000-


1500 

100o _ 


500 

o
 
1971 1975 1980 1985 

Growth in Wheat Program International nurseries 
(including bread wheat, durum wheat, triticale, 
barley, and special nurseries) 

The diffusion of modern wheat varieties has 
proceeded unabated in the years since. The 
international testing program has made 
available germplasm with better yield potential, 
better yield stability, stronger disease 
resistance. The capabilities of national wheat 
scientists have grown in more and more 
countr;' s. Over 400 modern varieties have 
been released by national programs. As a 
result, sernidwarf wheats now cover over 50 
million hectares in the developing world. 

In Asia, excluding China, and in Latin America, 
80% of the wheat land is in modern wheats. In 
stib-Saharan Africa the proportion is 50% and 
inNorth Africa and the Middle East, 30%. The 
adoption of modern varieties was delayed in 
China, but is now taking place at a rapid pace.
The country now has some 15 to 18 million 
hectares in locally developed modern wheats 
(exceeding, for example, the whole of Latin 
America), but that represents only about one 
half of the wheat area of the country. 

The effects of the wheat revolution have been 
profound inmany countries. India and 
Bangladesh provide two examples. India'snational average whea, yield is 1.8 t/ha, more 
than double what it was in the early 1960s. 

In Bangladesh, the advent )f modern wheats, 
in combination with faster maturing modern 
rice varieties, have given farmers sufficient time 
to grow a crop of wheat in the winter season. 
Bangladesh now plants 500,000 hectares of 
wheat, virtually 100% of which is in modern 
varieties. Compared with the early 1960s, the 
yield has more than tripled, the area of wheat 
has grown by a factor of 9, and production is 
30 times greater. 

CIMMYT wheat germplasm is making an 
important contribution to food production 
outside the developing world as well, In the 
US, nearly all the wheat planted in California, 
Arizona, New Mexico, and southern Texas, as 
well as half the wheat in Kansas, carries 
CIMMYT germplasm. Several new varieties in 
Australia and New Zealand also have a 
CIMMYT hineage. In all, about 10 million 
hectares of spring bread wheat in industrial 
countries carry CIMMYT germplasm in their 
pedigrees. 
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Finally, the most recent assessment of the CIMMYT remains at heart a plant breeding 
impact of modern varieties, a study by the institute, engaged in the many varied "esearch 
CGIAR, said that, conservatively estimated, the activities required for the large-scale production 
avr age ,yield increase from improved wheats in of genetically diverse germplasm. Third World 
the d Oiall ing world is 500 kilograms per national program researchers can either use 
he:tare ftPiu , those varieties have ra sed food this mater;al directly in theit programs or 
productOO hv about 25 million tons a year, or manipulate it in such ways as to broaden the 
enough io provide the average annual gIrain productive choices available to farmers. This 
censfl'urnption for 250 rillion people. lolt effort is augmented by economics 

research, which serves to provide better 
Hallmarks Revisited information for decision making, both by 
ThOse reirakable impacts on world agricultue CIMMYF scientists and by their national 
Saive ben attributed by mary people to factors progr am colleagucs. In addition, the Center 
flat ire too nurtierous tO summarize effectively assists national programs in various ways to 
hire. It is perhaps niore appropriate to revisit develop improved agronomic procedures of 
the hiallmarks that have characterized CIMMYT practical benefit to researchers and, eventually, 
a:, an institution, on the premise that what is to farmers.

old'' about the Center is as important as what 
is fnew. 

.. iA, 
............
 

i::ii..........
 

Dr. Sufi M. Ahmed (left) 
and a farmer reviewing the 
farmer's field in Bangladesh. 
Wheat Yields in this heavily 
populated country have mofo 
than tripled and production is 
30 times p eatear than during 

-. the early 1960s. 
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In a complementary fashion CIMMYT remains The "thoroughgoinj pragmatism" that has
committed to providing high-quality training guided the work r, CIMMYT staff and all who
intended to enhance the research capabilities have played a rcle in facilitating the Center's 
and productivity of national agricultural impact is still a fominant trait. This includes a 

offering high-quality, practical research programs in developing countries. In heavy commitment to field work, to hands-on
training courses intended to this regard the Center will continue to focus science. The ''generation of scientists that
enhance the research attention on the development or procedural moved from 
 the desk to the field" remainscapabilities of national tools designed to heighten the impact of committed to this approach. As well theyagricultural research scientists in national programs, recognize that this same pragmatism may oneprograms. day suggest a tempering of their own field 

activities in favor of providing guidance to the 
next generation of front-line researchers. 

CIMM 'T continues to draw on its strength as a 
nonpolitical entity, rising above global and 
regional geopolitical forces as it strives to 
contribute to the well-being of millions of poor
farmers in developing countries. The Center's 
role as an "impartial clearinghouse" for the 
dissemination of genetic materials and scientific 
information to national program colleagues 
remains unchanged. 

And finally, CIMMYT will continue to take the 
"long view" in addressing the research 
opportunities and priorities affecting tnaize, 
wheai, and triticale in the Third World. The 
Center's ability to do so, of course, rests 
squarely on sustained financial support by its 
donors, but the advantages inherent in this 
"long view" are evident to tnose who fund 
international agricultural research. 

f These hallmarks do more than describe themodus operandi of one of the world's premieragricultural research institutions; they provide 

guidance to an organization that is today as 
dynamic as it s 20 years ago This 
dynamism springs from CIMMYT's strong, sense of itself, a confidence born of its history 
and its global reputation; this in turn enables 
the Center to respond to new circumstances as 
they arise. 

CIMMYT's mission has changed over the years 
as the needs of its clients have changed and 
as research has ceated new opportunities. But 
the hallmarks that characterize CIMMYT have 
not changed and, because of this secure 
identity, the Center is able to respond 
effectively to the changing needs of others. 
CIMMYT today reflects the same dynamism, 
the same integrity, and the same commitment 
to standards as at its inception, 20 years ago. 
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CIMMYT Trustees 
During the past 20 \,ears, CIMMYT has 
benefited 	from the counsel of a number of 
eminent 	individuals from around the world who 
have served on its Board of Trustees. Included 
in this distinguished group are two people who 
have served their countries as presidents: Gale 
Plaza of Ecudidor and Virgilio Barco of 
Colombia In addition a number of trustees 
nave held 	cabiriet rank in their count,,ds: Lucio 
Rena, Argentina; Luis Fernando Cirne Lima, 
Brazil; C 	Subrarmaniam, India; Abdoulaye
Sawadogo, Ivory Coast; Manuel Bernardo 
Aguirre, Osrar Brauer Herrera, Horacio Garcia 
Aguilar, Francisco Merino Rabago, Juan Gil 
Preciado, Eduardo Pesqueira Olea, all from 
Mexico; Carlos P Romulo, the Philippines. 
Listed below are the Trustees who have guided 
CiMMYI since its inception (grouped by 
country) 

Argentina Lucio Reca 

Australia-- James R McWilliam 

Brazil-- Luis Fernando Cirne Lima
 
Carlos A. Krug 


Cameroon--Joseph M. Menyonga 

Canada--	 Kenneth Hare 
Omond Solandt 

Colombia - Virgilio Barco 

Chile -Manuel Elgueta G. 

China -Zhuang Qiao-sheng 

Dominican Republic-- Luis B. Crouch 

Ecuador- -Carlos Enrique Ampuero 
Gale Plaza 

Egypt--	 K.R. Stino 
Ahmed Goueli 

France-Guy Camus 
Guy Vallaeys 

India--- H.K Jain 
C. Subramaniam 
M.S. Swaminathan 

Ivory Coast--Abdoulaye Sawadogo 

Japan-Kan-ichi Murakami
 
Hikoyuki Yamaguchi
 
Tomio Yoshida
 

Kenya---Stachys N. Muturi 

Mexico--	 Eduardo Alvarez Luna
 
Manuel Bernardo Aguirre*
 
Oscar Brauer Herrera'
 
Francisco Cardenas Ramos*
 
Ramn 	 Claveran Alonso 
Horacio Garcia Aguilar*
 
Juan Gil Preciado'
 
Emilio Guti~rrez Roldn
 
Francisco Merino R6bago*
 
Jesbs Moncada de la Fuente*
 
Eduardo Pesqueira Olea*
 
Leonel Robles Gutierrez
 
Nicolas Sctnchez Dur6n*
 
Antonio Turrent Fernandez*
 

Norway-Ola Heide 

Philippines--Jose D. Drilon, Jr. 
Carlos P. Romulo 

Sudan-Hussein Idris 

Thailand-- M.C. Chakrabandhu 
Phaitoon Ingkasuwan 

United Kingdom-Peter Day
W.A.C. 	 Mathieson 

United States-Doris H. Calloway 
Walter P. Falcon 
J. George Harrar 
Lowell S. Hardin 
Sterling Wortman 

West Germany-W. Gerhard Pollmer 

Directors General-Haldore Hanon" 
Robert D. Havener* 
Edwin J. Wellhausen" 
Donald Winkelmann* 

Ex-officio 	members 

41 



Author: Steven A Bwirn 

Design and layout: Miguel Mellado E , Rafael de (a Colina F., 
Joi, Manuel Fooi..ouv'[B, Bertha Regalado M 

*Tyresetting: Sn,:h B sta- R , Manrrela A de Ramos 

The i;t2rnational Maize and Wheat Improvement Center (CIMMYT) is an internationally funded, nonprofit scientific research and trainingorganization. Headquartered in Mexico, CIMMYT is engaged in a worldwide research program for maize, wheat, and triticale, with emphasison food production in developing countries. CIMMYT is one of 13 nonprofit international agricultuial research and training centerssupported by the Consultative Group for International Agricultural
Organization (FAO) of the United 

Research (CGIAR). The CGIAR is sponsored by the Food and AgricultureNations, the International Bank for Reconstruction and DevelopmentDevelopment Programme (UNDP). 
(World Bank), and the United NationsThe CGIAR consists of 40 donor countries, international and regional organizations, and private

foundations. 

CIMMYT receives support through the CGIAR from a number of sources, including the international aid agencies of Australia, Austria,Brazil, Canada, China, Denmark, Federal Republic of Germany, France, India, Ireland, Italy, Japdn, Mexico, the Netherlands, Norway, thePhilippines, Saudi Arabia, Spain, Switzerland, United Kingdom arid the USA,Foundation, Inter-American Development Bank, 
and from the European Economic Commission, FordInternational Bank for Reconstruction and Development, Internatijnal Development ResearchCentre, OPEC Fund for International Development, Rockefeller Foundation, and the United Nations Development Programme. Responsibilityfor this publication rests solely with CIMMYT.
 

Correct Citation: Broth, S.A. 1986. Mainstreams of CIMMYT Research: A 
 Retrospective. CIMMYT, Mexico, D.F., Mexico. 


