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Preface

“Development” involves the design and implementation of effective ac-
tion systems. Novel goals, clusive and unstable settings, and a limited
ability to predict outcomes are among the problems of design and imple-
mentation. Knowledge about institution building and the principles of
technical assistance cannot solve these problems, but it can help meet
this basic need. It can sometimes increase their manageability.

Most technical assistance involves institutional change. Sometimes it
seeks to build substantially new institutions. More commonly, technical
assistance attempts to adapt or rcorient elements of an established insti-
tutional concern, ranging from organized arrangements to some of the
beliefs, practices, and competencies of people in a society. Success in
promoting institutional change, the most common goal of technical as-
sistance ventures, frequently depends on an accurate pereeption of
institutional problems and astuteness in resolving them.

Practical knowledge about technical assistance methodology includes
practical knowledge about institution building. But the knowledge needs
of technical assistance include other things as well: how to plan, organ-
ize, and determine what is actually happening; how to influence and con-
trol it; how to determine and evaluate relations between actions, aims,
and outcomes; and how to use the results of evaluation to improve the
quality of technical assistance.

PASITAM, the MUCIA Program of Advanced Studices in Institution
Building and Technical Assistance Methodology, seeks to enlarge the
capacity to meet some of these needs for practical knowledge, and to
make the results available through publications, training, and con-
sultation.

The following contribution, one of a scries of PASITAM “Design
Studies,” examines a problem of organization, a practical problem of
great importance within the field of technical assistance. In the narrow-
est sense, it is a case study of the different effects of alternative patterns
of organization, where one pattern scems to be significantly more cffec-
tive than the other in serving a given sct of technical assistance aims.
Cases such as this offer lessons. The lesson of this study is pertinent to

ix



certain other arrangements for providing technical assistance. The exper-
tise developed in producing this study is currently available within
MUCIA. The study itself, along with other PASITAM materials con-
cerning the design and implementation of effective action systems, can
be used in training activitics aimed at improving the quality of develop-
mental efforts.

William J. Siffin, Director
Program of Advanced Studies
in Institution Building and
Technology Assistance
Methodology
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Institution Building:
The International Wheat Technology
Development and Transfer System



This paper was written as part of a rescarch project on inter-
national technology transfer systems being supported by the
Program of Advanced Studies in Institution Building and
Technical Assistance Mcthodology (PASITAM) of the Mid-
west Universities Consortium for International Activitics
(MUCIA) through a 211 (d) grant from the U.S. Agency for
International Development. Iam indebted to Drs. Norman E.
Borlaug, R. Glenn Anderson, W. Ronnic Coffman, Peter R.
Jennings, and J.D. Drilon, Jr. for their valuable comments on
the first draft of this paper.

Burton E. Swanson was a Research Associate in the Depart-
ment of Continuing and Vocational Education, University
of Wisconsin, Madison, when he carried out the research re-
ported in this paper. In August 1975, he was appointed As-
sistant Professor, Department of Vocational and Technical
Education, College of Education, University of Illinois,
Urbana-Champaign.



Spurred by the growing food shortages of the mid-seventies, the striking success of
the Green Revolution technology in increasing wheat and rice production has stimu-
lated an increased flow of resources into agricultural research for the tropics and sub-
tropics. At the international level, ten research centers have been approved by the
Consultative Group on International Agricultural Research and are operating with a
commitment of resources of about 45 million dollars in 1975.}

There is little disagreement that the agricultural research capacity in many less-
developed countries (LDCs) is weak and poorly organized, and that increased out-
side investment and assistance is required if improved agricultural technology is to be
developed and rapid gains realized in production. However, a number of important
policy questions arise regarding how these ncw resources should be utilized, One cru-
cial issue concerns the role of international centers in relation to national research
programs: will a proliferation of international centers actually strengthen the research
capacity of LDCs, or will they tend to duplicate research work already being carried
on by national programs? Or, what is an appropriate and workable division of labor
between international centers and national programs? These questions, in turn, are
closely related to decisions regarding the types of technological solutions that are to
be pursued.

This Design Study examines a specific technological problem—the development
of improved genctic technology (i.e., improved germ plasm, crop varieties, or popu-
lations)—and describes an oreanizational pattern being worked out by the Inter-
national Maize and Wheat Improvement Center (CIMMYT) in Mexico.

The organizational pattern which is evolving in the International Maize
and Wheat Improvement Center (CIMMYT) in Mexico challenges certain
aspects of the conventional wisdom regarding how research systems
should be organized and adds an important new dimension to the more
traditional research approach. What has emerged is a sp-ial form of re-
search organization operationalized by basic changes in research method-
ology, combined with a complex set of institutional mechanisms which
systematically link national wheat resecarch programs into an overall in-
ternational wheat improvement system. CIMMYT scientists believe this
emerging research system will significantly strengthen the overall process
of producing improved wheat technology. In the process, this approach
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has resulted in a unique and apparently successful division of labor be-
tween CIMMYT (as an international center) and national wheat improve-
ment programs.

Since these institutional innovations relate directly to the problem of
organizing international centers, I will first define what is meant by gen-
etic technology and then examine the CIMMYT research and outreach
programs that deal directly with producing improved genetic material.
Finally, I will analyze this approach in terms of specific institutional and
technological issues.

Genetic Technology

The cornerstone of a crop technology system is its genetic component
(i.c., varicty or population). A crop variety has written in its “genetic
code” information that controls or determines the many different and
diverse characteristics of each variety or plant population. This genetic
code may be changed over time through environmental influences in a
natural process known as evolution; or the process can be manipulated
artificially by man through a scientific process known as varietal im-
provement. Following are some of the major factors agricultural scien-
tists are most intcrested in modifying as they set out to create improved
genetic technology:

First is the physiological capacity of a variety or plant population to
transform cffectively and efficiently solar energy and nutrients (includ-
ing water) into usable forms of food output. This capacity is generally
measured in terms of yicld potential.

Second is the capacity of a variety to resist or tolerate economically
important limiting factors. Certain limiting factors, such as insufficient
nutrients, inadequate weed control, etc., cannot be effectively controlled
genetically, but can be alleviated through improved agronomic practices.
Others can be largely controlled genetically. Most important in this sec-
ond group of limiting factors are disease and insects; also included are
others, such as problem soils, drought, and cold temperatures. The way
in which a specific crop variety or population reacts to cach of these po-
tentially limiting factors is dependent on the genetic make-up of the
plant. Therefore, agricultural rescarch workers attempt systematically to
manipulate the genetic code of plants by making new genetic combina-
tions in a crossing program. They then attempt to select those progeny
(offspring) that have a high physiological capacity to produce as well as
the genctic capability to resist or tolerate different limiting factors.

Third, the food output produced by a crop variety has certain qualita-
tive characteristics that are also genetically controlled. Most obvious is
the complex of factors that affect the cooking/eating qualities of food
crops. Different cultural, ethnic and/or national groups frequently prefer
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different quality characteristics within the same food crop. Therefore,
improved varieties must be genetically tailored to meet these preferences.
Perhaps more important, however, is the nutritional quality of the food
output. Protein deficiency is a scrious nutritional problem in many parts
of the tropics and subtropics; therefore, increasing the total amount of
available (or usable) protein in food crops is also a high priority research
objective.?

The CIMMYT Wheat Research Program

The CIMMYT wheat improvement program in Mexico is a major re-
search effort designed to increase and stabilize the genetic yield potential
of the wheat plant.? Although the program generally follows a very tra-
ditional methodology of plant breeding (i.c., the pedigree method), the
program is unique both in terms of the widely adapted characteristics of
the genetic output and in terms of the way the methodology is opera-
tionalized to produce widely adapted materials.

Widely Adapted Germ Plasm

In direct contrast with the location specific genetic technology coming
out of state experiment stations in the U.S., the CIMMYT wheat team is
systematically engaged in producing widely adapted germ plasm.* The
idea behind widely adapted germ plasm is to have a high yield potential
or physiological capacity that is relatively stable under a variety of differ-
ent environmental conditions. There are two main scts of genetic factors
that influence yicld stability under differing conditions.

First are the genes that control the direct impact of the environment
on the physiological capacity of a plant to produce.’ How sensitive a
plant is to these environmental effects is largely dependent on how that
variety was developed (i.c., the resecarch methodology employed). The
location specific approach generally results in varieties that are highly
productive under specific types of conditions but which may have very
low yields under other conditions. CIMMYT’s widely adapted approach
attempts to produce varicties with a high yield potential under optimal
growing conditions, but which also produce relatively well under differ-
ent conditions—particularly conditions of environmental stress (c.g.,
drought tolerance, adaptation to length of growing scason, soil types,
ability to efficiently utilize nutrients, ctc.).

The second set of factors influencing the adaptability of a variety is its
reaction (i.c., resistance or tolerance) to different limiting factors. Each
major wheat growing region in the world has a specific set of disease and
insect problems.® Some of these problems (such as stem, stripe, and leaf
rust) are common to most wheat growing regions of the world, while
others (such as Scptoria, Alternaria, Hessian fly, etc.) are unique to only
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a few regions. There are genes for resistance or tolerance to most of these
different limiting factors; but the more different diseases and insccts that
any onc varicty is resistant to, the more arcas in which it can be success-
fully grown without having yields reduced duc to these problems.

Opcrationalizing the Widely Adapted Breeding Strategy

The research process used to produce a new “pure line” variety of
wheat (or other self-pollinated small grains) generally requires seven gen-
crations—{rom the time a cross is made until the actual naming of a new
variety by the plant breeder.” Thus, in temperate climates where only
onc crop (generation) can be grown per year, the varietal development
process requires about seven years. Likewise in the spring wheat-growing
regions of the subtropics, only onc wheat crop is possible per year be-
cause summer temperatures are too high.

Dr. Norman E. Borlaug (currently Director of CIMMYT’s International
Wheat Program) and the Mexican wheat team were not satisfied with the
long gestation period required to produce new wheat varicties and exper-
imented with the possibility of growing a sccond crop, during the sum-
mer, in the high mountain valley of Toluca near Mexico City. Although
the ecological conditions of this valley are quite different from the regu-
lar wheat growing arcas of nortwestermn Mexico, it was possible to suc-
cessfully complete a second crop cycle per year—thus cutting in half the
time required to develop a new variety.

The idea of moving breeding material through different ccological
cnvironments was contrary to conventional ideas about plant breeding.
Borlaug recalls onc incident when his unorthodox methods came under
fire:

I was sowing the nursery when I was visited by a very eminent and dear professor
of genetics and plant breeding. I described how we were moving plants back and
forth in alternative generations. He said, “*Young man—you didn’t absorb the first
principles of plant breeding. You arc alternately taking one step forward and one
backward.” Well, not knowing better and believing in the approach, we continued
and I belicve the results justificd our beliefs.®

What Borlaug was obscrving, as he moved the breeding materials
through these two different ccological environments, was that some
plants/lines did well in both environments. “In the process of moving
the wheat plants back and forth up and down twice a ycar, wide adapta-
tion was built into the varicties. . . .”'10

Only those plants and lines that did well in both environments were se-
lected and carried forward through seven successive generations of careful
and rigorous sclection by the Mexican wheat team. The result was that
onc varicty could serve a wide arca in the highly variable Mexican wheat
ecology rather than a different variety being needed for cach valley, !
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Borlaug’s increasing awareness of the advantage of developing widely
adapted wheat varictics led to further changes in the breeding methodol-
ogy to further exploit and refine this conceptually different type of
varietal improvement process. In particular, the effect of producing
widely adapted germ plasm was to manipulate a much larger number of
genetic factors than is commonly done in a traditional, location specific,
breeding program. To combine and select effectively and efficiently for
a large number of genctic characteristics in a single experimental line
required another major innovation in breeding strategy. As Borlaug puts
it, “It was . .. here in the Mexican program that the idea cvolved that
plant breeding is a numbers game. . . . We can have the best plan, the
right parental combination and the proper screening technique but with-
out numbers, the chances of getting that plant arc remote. We depend in
part on making very large numbers of crosses.”!?

In addition to making thousands of crosses each scason another im-
portant aspect of the numbers game is the extensive use of complex
crosses—particularly double crosses.!® Technically, this involves attempt-
ing to bring together the desirable characteristics from four parents into
a single progeny or offspring in an integrated two-step procedure. It is
accomplished by first making single crosses between two pairs of parents
and then crossing the first generation (F ) progeny of these two single
crosses the following scason.

In this procedure, two or three high yield potential varictics/lines are
used with one varicty/line having one or two desirable genes to be trans-
ferred. In the resulting segregating population, there is a high yicld of
plants with superior agronomic characteristics. By contrast, because of
the recessive nature of many of the genes for good agronomic type, the
single cross of a tall, weak strawced, agronomically undesirable type with
a high yielding parent gives few agronomically supcerior plants. The prob-
ability that these few plants also possess all of the other desirable charac-
teristics being sought is infinitesimal. Therefore, by utilizing two growing
seasons per year and by making several thousand complex crosses each
year, the CIMMYT program is greatly accclerating the development of
widely adapted varicties which have genetic resistance/tolerance to many
different limiting factors.

Organizational Features

There arc other organizational features unique to the CIMMYT wheat
program. First, the CIMMYT wheat rescarch program represents a total
integrated interdisciplinary team approach to varictal improvement. In
traditional forms of rescarch organization, scientists from different dis-
ciplines work with the plant breeder in the varietal improvement pro-
cess, but do so by operating parallel screening programs. To sclect
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experimental lines that are resistant/tolerant to different limiting factors
(e.g., stem rust), the plant breeder will generally give his advanced lines
to the appropriate disciplinary spezialist (e.g., the pathologist). He will
in turn grow the nursery material, screen it (e.g., for resistance to stem
rust), and report to the plant breeder which lines are resistant/tolerant.
In this case, the task of integrating the various desirable genctic charac-
teristics is left to the plant breeder.

The CIMMYT program is very large, and to have several identical
screening nurseries for different limiting factors wonld result in consid-
crable duplication of cffort. Furthermore, the CIMMYT system of having
all scientists (from cach discipline) working in the same nursery on the
same material results in the material being screened for many different
limiting factors simultancously. Thus, the thousands of experimental
lines that result from the thousands of genetic combinations made each
year are quickly narrowed down to a couple of hundred advanced lines
that have many of the different genetic characteristics the wheat team is
trying to combine.

Another organizational characteristic originated by the CIMMYT pro-
gram is the complete standardization and routinization of the rescarch
mcthodology. Because of the large amount of material being handled in
the program and the integrated interdisciplinary structure of the pro-
gram, there is potential for error and under-utilization of the diverse
germ plasm coming through the program. To avoid this problem and to
insure maximum cfficicncy, the entire program is systematically orga-
nized around a series of highly efficient rescarch procedures. A pictorial
diagram of the CIMMYT Bread Wheat Breeding Program summarizes this
process (sce Fig. 1). As the program progresses through the growing sca-
son (and through the seven generation varictal development process),
cach scientist knows exactly what his responsibilitics arc and when cach
rescarch task is to be performed. The result is that at final selection time
(at the end of cach scason), there is a full complement of objective data
available on cach line that has been systematically contributed by cach
scientist on the CIMMYT team. Furthermore, final decisions are gener-
ally made by the full team, representing cach scientist’s specialization,
rather than leaving these decisions to the plant breeder.

In conclusion, it should be noted that while CIMMYT operates what
must be the largest and most productive varietal improvement program
for wheat in the world, it has never named or released a single variety.
Mexican varieties arc known around the world; and although these
varictics are the product of a joint cffort between the national wheat
improvement program in Mexico and CIMMYT, it is the Mexican pro-
gram, not CIMMYT, that makes the final dccision whether a variety is
named and released in Mexico. This policy decision has very important
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consequences in terms of the relationship between CIMMYT, as an in-
ternational center, and national programs; this will be discussed in more
detail in the final scction of this paper.

Summary

The CIMMYT wheat program in Mexico is essentially a large genetic
assembly line. The widely adapted breeding strategy being followed by
the CIMMYT program results in a more complex sct of breeding objec-
tives being pursued. To incorporate and combine a large number of
desirablc genetic characteristics in an individual experimental linc,
CIMMYT makes thousands of genetic crosses cach year. To accelerate
this process, CIMMYT grows two generations per year and makes ex-
tensive use of complex crosses. To read the genetic code of cach plant
for the many genctic characteristics CIMMYT hopes to combine, the
wheat team systematically moves the genetic material through a variety
of different ecological environments, as well as through many different
testing and screening procedures. This process allows cach plant/line to
express its genetic makeup.

An expression frequently used in CINMMYT’s training program capturces
this process very well: *“The plants are talking to you [about their genetic
code] , but you have to use your eyes to hear what they are saying.” By
systematically exposing the carly generation material (that is, segregating
for both the desirable and undesirable characteristics of its parents) to a
variety of different conditions, the wheat team is able to read the genetic
codc of plants and select those plants/lines that have both a high yield
potential and the particular combination of different characteristics they
arc looking for. As will be shown in the next section, CIMMYT makes
extensive use of this same principle, through its different international
nursery programs, to obtain more information on cach advanced line and,
thereby, is able to read accurately the genetic code of these lines in even
more detail.

International Genetic Transfer Systems

The international wheat improvement strategy being pursued by
CIMMYT is built around the concept of strong, independently function-
ing national wheat improvement programs that are interdependent or
linked together in a worldwide wheat improvement network. Building
strong varictal improvement programs at the national level is primarily
carried out through CIMMYT’s training programs. These training and
other outreach activities are summarized clsewhere;' therefore, in
this section attention will be given to the international network that
links all these wheat improvement programs together.

In the decade since the first International Spring Wheat Yield Nursery
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(ISWYN) was sent out, the regular, systematic international exchange of
wheat germ plasm has grown dramatically. In 1974, CIMMYT assembled
and distributed 24 different international nurseries which were grown in
up to 83 different countries at as many as 137 different locations.!S The
total number of individual nurseries (experiments) sent out in 1974 to-
taled 1,346. The Appendix contains several tables that indicate (1) the
distribution of nurseries by regions in 1974, (2) the total number of nur-
serics sent to different countries during the four-year period 1971-74,
and (3) quantitative information on the size of cach nursery sent since
1964. The following description deals with the major types of nursery
programs in terms of primary function(s).

Progenitors (Crossing Block)

CIMMYT makes available to returning trainces and newly developing
wheat improvement programs a nursery representing the varicties and
lines contained in CINMYT’s crossing block. This nursery generally in-
cludes more than 250 individual varictics/lines that CIMMYT uscs as
primary parent lines or progenitors in its crossing program. These lines
generally have a high yicld capacity; but more important, they represent
a wide range of genetic diversity, both in terms of sources and types of
resistance/tolerance to different limiting factors and for different qual-
ity characteristics.

In addition, most lines are well documented so a program or returning
traince can immediately start crosses with several hundred clite parents
on which there is good information regarding the genetic history and
characteristics of cach line. Furthermore, CIMMYT’s crossing block is
quite dynamic with many lines changing cach year; so even a well-
organized, ongoing national program can find valuable new germ plasm
in this nursery.

Segregating Nurseries (Fg’s)

In the second generation after a cross is made (the Fy generation),
individual plants within a population arc segregating for the various de-
sirable and undesirable characteristics of their parents. To identify indi-
vidual plants that have the right combination of desirable characteristics
(from the parent lines), the varietal improvement team must expose the
segregating populations to different limiting factors and environmental
conditions so that, ideally, cach plant will express its genetic make-up.
Although the CIMMYT wheat team can do this work very well in Mex-
ico, the plants actually selected in Mexico are those genotypes that
do best under Mexican environmental conditions. These lines arc bred
and selected to be widely adapted, but some valuable genotypes may
be discarded becaus: they are not outstanding under Mexican growing
conditions. The same populations grown clsewhere, under different
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environmental conditions, might well result in different plants being se-
lected—the reason for the segregating nurseries.

Any F{ population (first generation after crossing) that looks particu-
larly promising and that the CIMMYT tcam believes may produce a supe-
rior line(s) is included in an Fg nursery sent out to about thirty different
locations.'® Individual plants selected at any one of these different loca-
tions may represent a unique genetic combination that could not have
been identified in Mexico but which may be particularly well suited to
the wheat growing conditions in other parts of the tropics or subtropics.
Since most of these segregating populations are from complex crosses,
they represent a great deal of genetic diversity that national programs
can tap immediately for outstanding new experimental lines (Fg’s).

Segregating nurseries are particularly valuable to national programs
that lack the trained technicians and field assistants nceded to carry out
the mechanics of making a large number of complex crosses—such as the
material represented in these segregating nurseries. Furthermore,
CIMMYT has already invested two seasons of work in these populations
when they are sent out, so they represent a considerable savings in time
for national program scientists.

Screening Nurseries

Screening nurseries consist of advanced lines from CIMMYT and other
active national wheat improvement programs.'” The objectives of these
nurseries are: (1) to assess the performance of new advanced lines under
a wide range of climatic and disease conditions, and (2) to release addi-
tional new sources of diverse germ plasm to national programs. Cooper-
ators may reselect individual lines from these nurseries or move an out-
standing linc immediately into nationwide testing prior to releasing it as
a named variety. In addition, these materials are frequently looked to as
new sources or progenitors in national crossing programs.

In connection with the actual conduct of the nursery itself, each coop-
erator is expected to take appropriate field notes on each line, including
such things as disease reactions and yield data. These data are sent back
to CIMMYT to be summarized, published, and distributed to all cooper-
ators. This feedback information is valuable to both the CIMMYT and
national wheat teams in reading the genetic code of these different ad-
vanced lines in order to make critical decisious regarding the possible
release of advanced lines as new varieties. At the same time, other out-
standing lines arc identified that can be exploited as new progenitors in
the crossing program.

Yield Nurseries

CIMMYT conducts essentially two types of yield nurseries. The oldest
is the International Spring Wheat Yield Nursery (ISWYN), designed to
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test the adaptation of groups of spring wheat varieties under a wide range of lati-

tudes, climates, day lengths, fertility conditions, water management and disease

complexes, . . . These experiments are designed to study the performance of some
of the most important varieties and experimental material from the major wheat
growing areas of the world under the environmental conditions of many coun-
tries,!

ISWYN is open to promising new lines and outstanding varieties from
any wheat improvement program in the world. Also, as national pro-
grams identify outstanding lines and varieties, these materials are sent to
Mexico for testing and arc frequently used as progenitors in the CIMMYT
breeding program. The long-term effect is to increase and pyramid the
occurrence of genes for adaptation and, thereby, continuously increase
and broaden the productive base of the germ plasm (particularly the
crossing block) in the CIMMYT program.

CIMMYT has a second type of yield nursery that is used to assess the
performance of its most outstanding advanced lines. Experimental lines
identified in the screening nursery may then be included in the Elite
Selection Yield Nursery (ESYN) for more precise yield testing in repli-
cated experiments. Again, ficld notes are taken by each cooperating
scientist on diseasc reaction and other agronomic characteristics to fur-
ther document various aspects of the genetic complex represented in
each experimental line. This information is useful both to CIMMYT and
national programs in further assessing the performance of these out-
standing lines--of great importance in making future program decisions.

Surveillance Systems to Detect Genetic Vulnerability

Onc extremely important problem in growing the same varicty (or
varieties with the same source of discase resistance) over a wide geograph-
ical area is the danger of diseasc epidemics or genetic vulnerability. In
particular, genetic resistance or tolerance to certain discases tends to be
fairly short-lived because discasc pathogens (particularly the three types
of rust, in the case of wheat) have a great capacity to find ways (through
natural mutation or sexual/asexual recombination) around the genetic
roadblocks (genes for resistance) that agricultural scientists attempt to
incorporate in improved varicties.

To detect changes in the different disease pathogens, a potential threat
to stable wheat production throughout the world, two regional discase
and inscct surveillance systems are maintained. The first “carly warning”
surveillance system (RDISN—Regional Disease & Insect Screening Nur-
sery) was cstablished in 1970 by the Arid Lands Agricultural Develop-
ment Program (ALAD) of the Ford Foundation in Beirut (in close coop-
eration with CIMMYT and FAO’s Near East Cercal Improvement Pro-
gram) and scrves North and East Africa, the Middlc East, Southern
Europe, and South Asia.
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The objectives of the RDISN are to: (1) evaluate the resistance of wheat varieties
at “hot spot” locations in the region from India to Morocco and throughout East
Africa;"? (2) standardize the disease (and insect) scoring so meaningful compari-
sons can be made; (3) summarize the data at an early date so the information can
be used in selection work, in arranging future vyield trials, or in developing the
crossing program; (4) operate the nursery in such a fashion that the burden of co-
operation is minimized; and (5) analyze the data in detail and make evaluations
on sources of resistance.?’

The Latin American Discase and Insect Screening Nursery (LADISN)
was subsequently established in 1972 to serve the same function in the
Americas. This nursery is directly coordinated by CIMMYT, In both
cases, however, these regional nurseries not only give the carliest possible
warning to cooperators of new virulent races of rust, but also provide all
national programs with the mechanism to screen their advanced lines in
regional disease “hot spots”—before they are released as varieties—to get
an accurate reading of the genetic code of cach line. In this way, cooper-
ators can have greater confidence that the varicty they are releasing is,
for the time being at least, discase-resistant, Furthermore, when there is
a new threat of a rust epidemic, the national program will know which
varieties are still resistant; only those will be recommended to farmers
before the discase can have an economic impact in the country.?!

Special Purpose Nurscrics

Multiline varicties. The rapid spread of the Mexican wheat varicties
during the late sixtics increased the threat of genetic vulnerability.
CIMMYT scientists knew that these new high-yiclding varieties would
soon become susceptible to disease and would have to be replaced. Al-
though the rescarch capacity in national programs was increasing and
was being strengthened by the emerging international network, CIMMYT
scientists were still worried. In response to this concern, an innovative
approach involving the development of multilineal varieties was
started.??

To explain the concept of a multilineal variety and how it will lessen
the threat of a discase epidemic, Borlaug uses the analogy of an explosive
prairic fire. Such a fire can quickly spread across a vast expanse of dry
prairie grass, just as a virulent stem rust epidemic can quickly spread
across a large arca where onc uniformly susceptible group of wheat vari-
cties is grown. e points out, however, that if

. . only half the grass plants are dry and the rest green, the fire will spread much
more slowly; if the proportion of dry plants is dropped to 6 to 12 percent of the
population, the fire will spread very slowly or not at all, We predict that where
multilineal wheat varicties arc planted in large arcas, the scasonal rate of spread
of stem rust will be reduced in a similar manner.??
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A multiline variety is produced by making a mechanical mixture of a
sizable number of phenotypically similar lines (i.e., plants that look and
produce alike) that differ genotypically for discasc resistance (i.c., have
different genes for discase resistance). CIMMYT is now developing the
components for a multiline based on the most outstanding Mexican vari-
ety released during the sixties (Sicte Cerros) which was a line selected
from the cross *“8156.”%* By making thousands of simple and complex
crosses between 8156 and other varieties/lines that carry ditferent
sources of disease resistance—particularly to the three rusts but to other
diseases as well-CIMMYT is able to select a large number of lines that
look and produce more or less like 8156, but which have many different
sources and combinations of discase resistance.

In 1974, CIMMYT completed the initial work required to develop a
multiline varicty based on cross 8156. The international nursery system
is again being utilized to screen the many experimental lines that will
eventually be used as components in making up national multiline vari-
eties, Some 285 CIMMY'T derived lines and 65 additional lines from the
Coordinated All-India Wheat Improvement Program are now undergoing
trials at 31 locations in 19 countries.?® Once [cedback information is re-
ceived on these and subsequent nurseries (both discase readings and pro-
duction data), CIMMYT will then work directly with individual national
programs on a continuing basis to select fifteen or twenty different com-
ponent lines that can be used in creating and maintaining a national mul-
tiline varicty.

In each country, component lines must have discase resistance that
holds up in “discasc hot spots” around the world which are also well
adapted to local growing conditions. Each national program will then
multiply the sclected lines, mechanically mix the sced, and release the
new multiline variety to farmers. Later, as one or more component lines
of the mixture become susceptible to a new race of rust, those clements
can be replaced with new resistant lines and the varicety re-released to far-
mers. Thus, cach national 8156 multiline varicty could be substantially
different genetirally from other national multiline 8156 varictices; at the
same time, cach national 8156 multiline varicty would be dynamic,
changing in genctic composition over time as the need arises,

The result of this extensive rescarch effort is to regain the genetic di-
versity or discase escape mechanism of traditional wheat production
systems while maintaining most of the production potential of an out-
standing, widely adapted, high yiclding, pure line varicty. In the future,
when another truly outstanding varicty emerges from the international
wheat system that significantly surpasses the yield potential of 8156,
the process of developing a second (spring bread wheat) multiline will
begin.
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Spring wheat-winter wheat crossing program. Another special-purpose
program using the international network is the spring wheat-winter wheat
crossing program. CIMMYT initiated this program to combine certain de-
sirable characteristics of winter wheats (such as drought and cold resis-
tance, scptoria resistance, increased yield potential, and a wider range of
maturity) into spring wheats. At the same time, spring wheats can pro-
vide winter wheats with greater discase resistance, dwarfing, better grain
quality, and increased yicld potential,26

Again, the Toluca valley in Mexico represents an environment
uniquely suited to this program. Nighttime temperatures during Jan-
uary arc below freczing; therefore, the winter wheats, which require
freczing temperatures for vernalization, will flower (from October sow-
ing) in carly May. Spring wheats are planted in February, and they flower
in May as well; so the crosses can Le made. The F{ gencration is planted
in November at the CIANO station in Northwest Mexico during the win-
ter growing scason. Then the Fy seed is split; onc-fourth is sent to Oregon
State University, one-fourth to the Turkish National Program, one-fourth
to Argentina, and the rest remains in Mexico to be planted in the summer
nursery (May-June) ir Toluca.

In Mexico, only the spring-habit wheats survive since the winter-habit
wheats fail to {lower (because they are not vernalized). Outstanding
plants arc selected from these segregating populations and move through
the regular CIMMYT program. Advanced lines arec now moving out
through the international system for testing throughout the world.

On the Anatolian Plateau of Turkey, ir Oregon, and in Argentina, the
rest of the Fy seed is planted (November in Oregon and Turkey, May in
Argentina) and grown out under winter wheat growing conditions. In
these nurseries, only the winter-habit wheats survive the cold winters,
and these plants arc sclected for desirable genotypes—particularly those
with good sources of discase resistance. These materials, in turn, are sent
out in an annual international winter wheat screening nursery to (1)
make these improved genetic materials available to other national pro-
grams, and (2) test this germ plasm under a varicty of different environ-
mental conditions to further read the genetic code of these lines.

CIMMYT scicntists guard their optimism about the potential impact
of the spring wheat-winter wheat crossing program on worldwide wheat
production, but clearly the potential is far-rcaching, While it appears that
the spring wheat-winter wheat crossing program is accomplishing most of
its original objectives, two major developments bear mentioning here.
First, preliminary obscrvations indicate that the drought resistant genes
of the winter wheats have been captured in some of the new spring wheat
lines. This breakthrough is a necessary first step in significantly moving
the Wheat Revolution into the natural rainfed areas of the subtropics



Wheat Technology /17

that have not been greatly affected by the dwarf wheats to date.
Another important byproduct of the spring wheat-winter wheat cross-
ing program is that this approach appcars to be capturing considcrable
heterosis (hybrid vigor) in both the spring and winter wheat offspring.
This development could mark another major and simultancous yield
breakthrough for both the spring and winter wheats. As these new ad-
vanced lines are tested around the world in their respective international
nursery systems, this yicld potential will be more accurately measured.

Summary and Conclusions

The international wheat rescarch and technology transfer system that
has been operationalized by CIMMYT, in close cooperation with national
research programs in the tropics and subtropics, utilizes several innovative
tive concepts and procedures. First, the systematic movement of germ
plasm through different ecological environments in Mexico led to a rec-
ognition of the concept of widely adapted genetic technology.

Second, to produce widely adapted genetic technology requires the
manipulation of a much larger number of genetic factors than is com-
monly nccessary in a more traditional, location-specific type of breeding
program. To do this, CIMMYT employs a large number of complex
crosses to combine or pyramid an increasing number of desirable genes
in a single progeny or experimental line.

Third, the manipulation of a large number of genetic characteristics is
meaningless unless there is an accurate, yet efficient method of reading
the genetic code of each plant/line. CIMMYT does this in Mexico
through the usc of an interdisciplinary team that makes regular observa-
tions for specific genetic characteristics in the ficld, combined with the
extensive use of carly generation screening procedures and micro-tests
in the laboratory. In this way, the CIMMYT wheat tecam can quickly and
systematically sift and winnow the thousands of new genetic combina-
tions made cach scason to select a few dozen lines that show promise.

Finally, thesc lines then move out through the international technol-
ogy transfer system where they are grown under a vast array of cnviron-
mental conditions. Information on these nurseries is then compiled and
distributed to cooperating programs around the worl: to enable both
CIMMYT and national program scientists to read accurately the genetic
code of each linc under field conditions.?” This international wheat im-
provement netwerk or system is now producing results such as the
following:

The top-yielding variety in 1971-72 (in Lebanon), recently named Arz, may be

used to exemplify how international and regional wheat work fits together. Our

carliest records indicated that this line was grown in Tunisia during 1968-69 from
seed received from India. The cross number shows that the cross was made in
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Mexico, probably in the early sixties. It showed good rust and Septoria resistance
in Tunisia and was therefore sent to Lebanon where its yellow rust resistance was
confirmed in 1969-70. It entered the Lebanese National Yield Trials in 1970-71
and yiclded above Mexipak, the standard for selection. In 1971-72 it showed up
among the top varieties at 20 of 30 locations (in regional tria.ls).z’3

Policy Implications and Analysis

The international wheat improvement strategy being developed by
CIMMYT is based on clearcut policy decisions regarding the types of
technological solutions to be pursued through the international system
and what problems should be of direct concern to national programs. In
this section, a brief :tatement is given summarizing the major compo-
nents of a crop technology system; then an examination is made of
(1) the different types of research alternatives that are possible to pursue
in solving specific limiting factors of production, (2) the advantages and
disadvantages of relying on genetic solutions to solve certain types of
production problems, and (3) other policy implications of an inter-
national genetic technology development and transfer system.

The Components of Crop Technology Systems

A nation’s soil and water resources, as well as its climatic conditions
(solar encrgy, natural rainfall, etc.), determine in large part the types of
technically and cconomically feasible crop technology systems. Given
these general parameters, however, the production potential and perfor-
mance of individual crop technology systems ure quite varied. Many dif-
ferent factors (independent variables) affect or influence crop produc-
tion (as a dependent variable). Among these factors are the physiological
capacity or capability of a cultivar (variety or population) to transform
solar energy and nutrients into food, feed, or fiber; some contributing
factors to increased production, such as optimal levels of nutrients (in-
cluding water) and appropriate cultural practices; various limiting fac-
tors, particularly the presence of different pests (e.g., insects, discasc,
and weeds); as well as various economic, institutional, and human factors.

Each of these different factors can contribute to or reduce overall crop
production. In designing a research system to develop improved crop
technology, it is necessary to have a logical structure through which each
technical factor or problem can be addressed and alternative solutions
considered—in the context of the economic, social, and institutional mi-
lieu of a particular country.?’ In the rescarch process, some of these
technological factors offer little flexibility in terms of the types of solu-
tions that are possible to develop. For example, cultural practices such
as the date and density of planting, fertilizer recommendations, and weed
control must be worked out for every crop technology system. Other
production problems offer considerable flexibility (research alternatives)
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regarding the types of technological solutions that can be pursued. This
latter group of production problems is given primary attention here.

Research Alternatives

In solving certain types of limiting factors, such as insect and disease
problems, there can exist several different types of technological solu-
tions (i.e., chemical, mechanical, biological, and/or genetic). Given the
human, institutional, and economic constraints faced by many less-
developed countries, it appears likely that certain types of solutions are
more appropriate than others. For example, certain insect and disease
problems can be controlled to a greater or lesser degree by chemical, bio-
logical, and/or genetic means. Each type of solution has certain costs and
benefits, and the decision to pursue a particular research alternative not
only has major implications vis-a-vis the rescarch investment that will be
required (i.e., cach stratcgy requires different types of scientific equip-
ment, facilities, and personnel); but this decision also has direct implica-
tions regarding the type of delivery system that will be required for
agricultural producers to have access to the technology developed.

The decision to pursue a chemical solution to a particular limiting fac-
tor implies a number of different costs and infrastructure requirements.
Most obvious is the direct cost of the chemical to the farmer. However,
in addition there are the costs of the delivery system to make available
the input to large numbers of small producers at the proper time; the
cost of operating a credit system so that farmers who lack capital can
have access to the inputs; and at the national level, the capital cost of
building the necessary industrial capacity to produce the chemicals
(probably requiring a substantial foreign exchange outlay). To be effcc-
tive in solving a specific pest problem, chemical solutions must be prop-
erly applied (i.c., proper timing, rate, and method of application), which
implies an educational cost for extension services. In addition, therc are
potential, long-term ccological costs that may be incurred through the
extensive and continuous use of certain pesticides; and some agricultural
chemicals represent a serious health hazard to millions of untrained peas-
ants and farmers who ultimately have to handle these materials in the
production process. Finally, for some nations, chemical solutions can
represent certain political costs since these inputs (or the industrial capac-
pacity to produce these inputs) can only be obtained by dealing with
foreign petro-chemical companics.

On the positive side, however, chemical solutions are generally a very
effective means of controlling specific types of pest problems. Direct re-
search and development costs to LDCs may be quite low since chemical
technology is frequently quitc transferable (i.e., certain pesticides and
herbicides work equally well in the tropics as they do in temperate
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regions). In addition, chemical solutions that are transferable may be
available immediately without having to wait for an extended research
and development gestation period until alternative solutions can be de-
veloped. Therefore, in solving specific types of technical problems, par-
ticularly in the short run, agricultural chemicals may represent the best
and possibly the only solution to certain production problems.*
Biological solutions are frequently quite inexpensive in terms of both
direct economic and ecological costs, but these alternatives may offer
more limited and less predictable levels of pest control. Solutions of this
type arc frequently quite location-specific and, in addition, may require
a high managerial input to be effective. Examples of different types of
biological controls would be the use of predatory insects or changing
crop rotation patterns to control or prevent the build-up of certain eco-
nomically important weeds and/or insects. These methods of pest control
should be developed and utilized by national programs whenever pos-
sible; but this approach has obvious limitations, particularly at the inter-
national level, both in terms of transferability and surety cf control.

Genetic Solutions to Limiting Factors

Genetic solutions to discase and insect problems have been used to a
greater or lesser extent in the past, depending on the crop in question,
However, due to the location-specific nature of many pest problems, as
well as the location-specific nature of many varieties produced by re-
search institutions in the United States, this approach has been primarily
utilized when other forms of control are not technically or economically
feasible. CIMMYT’s development of widely adapted genetic materials,
combined with the methodology and international system to develop
and identify experimental lines/varieties with reliuble sources of resis-
tance, makes genetic solutions a more viable alternative for crops grown
in the tropics and subtropics. There are several important rcasons why
this type of technological solution is particularly appropriate for the
tropics and subtropics wherever it is technically feasible to develop it.

First, genetic solutions involve little economic cost to the farmer be
yond the purchasc of his initial seed; therefore, the cost of adoption is
minimal and is not a regular, annual production cost. This advantage is of
considerable importance when dealing with small farmers who have very
limited availability of or access to capital.

Second, genetic solutions to limiting factors are simple to adopt from
the farmer’s standpoint. Although the dwarf wheat varieties required a
different sct of cultural practices (particularly depth of planting and
proper irrigation) to be grown successfully (in addition to increased lev-
els of fertilization), these differences were associated with the different
physiological characteristics of the crop (dwarf stature, fertilizer respon-
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sive, etc.), not with being disease resistant. Therefore, genetic solutions
to problems such as insect pests and disease do not require an extensive
educational input (as would be the case with pesticides) to be success-
fully utilized.

Third, genctic solutions do not require substantial investments in in-
dustrial capacity and the necessary supply or delivery system to make
inputs (such as pesticides) available to farmers when needed. In addition
to these direct capital costs, the task of organizing an efficient and reli-
able delivery system for capital inputs that can reach millions of small
producers is very difficult (given the poor basic infrastructure in most
poor nations) and can be a serious institutional obstacle to the adoption
of improved crop technology systems by farmers.

Fourth, genctic solutions avoid the potential ccological costs associ-
ated with chemical solutions to limiting factors; they also climinate the
serious health hazards associated with handling pesticides.

Finally, genetic solutions can give widespread control of specific limit-
ing factors across large geographical arcas and, if properly maintained by
an effective research and monitoring system, can do so with little risk of
genetic vulnerability. However, since genctic vulnerability represents a
continuing and scrious danger to the utilization of genetic solutions to
limiting factors (particularly certain discases), this problem will be exam-
ined in more detail.

Genetic Vulnerability

As modern, science-based crop technology systems are adopted by
agricultural producers in the tropics and subtropics, the problem of ge-
netic vulnerability to discase and inscct pests becomes an increasing
threat to food production. There are two main aspects of this problem,
along with two other closely related factors.

First is the impact of incensive crop production systems on the micro
environment in which the plant grows. To increase yiclds substantially,
cropping systems must be intensified generally involving high plant popu-
lations along with hecavy levels of fertilization. Lush vegetative growth
results which is ideal for the development of certain types of discases and
insect pests. This lush growth also tends to produce heavy dews that can
persist much of the day, producing moist conditions, ideal for certain fo-
liar diseases and insccts to develop, reproduce, and spread rapidly. Under
intensive production systems, therefore, adequate control measures are
essential if the crop is to survive and produce.

Second is the problem of genetic uniformity. Within about seven years
after the first introduction of the high yielding wheat and rice varictics
into Asia, over 15 million hectares (approximately 39 million acres) of
each crop were being planted to these varictics.!



22 [ Swanson

Some observers are concerned that these varieties have too narrow a ge-
netic base for disease and insect resistance.® The result of large acreages
being grown to the same variety, or to varictics with the same source of
discase resistance, is to put maximum sclection pressurc on the discasc to
survive. Under such conditions, it is predictable that sooner or later a
mutant form (a new race) of the discasce will occur that can attack the
previously resistant varicty. Furthermore, with millions of acres of vari-
ctics with the same sources of genctic resistance being planted, if environ-
mental conditions are right, a new virulent race of a disease could pro-
duce an cconomically serious epidemic capable of spreading quickly
across an cntire continent.

Third, with the rapid introduction and spread of high yielding vari-
ctics, traditional varictics that represent a rich source of genetic diversity
(i.e., new sources of discase and inscct resistance that can be drawn on in
future breeding efforts) are quickly being replaced. Although some inter-
national efforts have been made to save these genetically diverse culti-
vars, more remains to be done—and soon.?

Fourth is the lack of a natural discase escape mechanism in the trop-
ics, common to most crops grown in temperate regions. Cold winters,
while preventing year-round cropping, scrve as a natural means of con-
trolling or reducing the severity of discase epidemics and/or insect out-
breaks. In the tropics, discases and inscets are not killed by cold temper-
atures, but traditional farming systems generally keep pest problems in
check.® Now with the increased use of highly intensive and year-round
cropping systems, the potential for serious and continuing pest problems
is greatly increased. Therefore, il intensive cropping systems are to be
maintained, effective control measures arc imperative.

Although there are very serious risks involved in the extensive use of
genetic solutions to different discase and inscct problems, if those risks
can be minimized through a carefully organized research infrastructure,
then the advantages of this type of technological solution (wherever pos-
sible) would generally appear to outweigh other types of solutions. The
key question is: How should the rescarch system be organized to mini-
mize these risks?

Organizational Issues Concerning Crop Improvement Rescarch in the
Tropics and Subtropics

Theodore Schultz has expressed his concern about the increased inte-
gration of the research process and the increasing centralization in the
allocation of resources to agricultural rescarch. He indicates that his bias
is in favor of increased competition between research organizations.3*
The success of both public (state experiment stations) and private re-
search organizations in the U.S. to produce improved agricultural tech-
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nology would certainly support this proposition. Furthermore, although
independent or parallel rescarch activity implics a certain amount of
duplication of effort, this independence gencrally results in a much wider
diversity of rescarch inquiry; and, particularly in the U.S., this competi-
tion between research organizations and theoretical paradigms has re-
sulted in a rapid and efficient expansion of the frontiers of knowledge,
especially in the biological and physical sciences.

In my opinion, the case that Schultz makes for a more decentralized,
competitive rescarch structure is valid, given the resource base of wealthy
industrialized nations and the nature of the technological problems of
crop improvement in temperate regions. At the same time, however, I
would argue that a strong case can be made for increased cooperation
and integration of certain segments of the rescarch structurc in the trop-
ics and subtropics—particularly those activities that relate directly to
crop improvement rescarch.,

First, I belicve the economic argument for pursuing genetic solutions
to many limiting factors of crop production is strong. Based on recent
discussions with program leaders of crop improvement programs at six
international centers, I believe there is already widespread acceptance of
this approach. Thercfore, in terms of resource allocation in international
agricultural rescarch, many of the major strategy decisions have already
been made and are in the process of being implemented.

Sccond, because of the accelerated biological dynamics of the tropics,
where there is not a natural discase and insect escape mechanism and
where scientists arc attempting to increase crop production in the center
of origin of different food crops, there is little question that the techno-
logical limitations to crop improvement in these areas are of a greater
magnitude and complexity than in temperate regions.?® Therefore, when
the technological nature of the prollem is considered in the context of
the technological solutions being pursued, I believe that a key factor—
and perhaps the most critical organizational factor—is once of scale.

The wheat technology development and transfer system described in
this paper cannot function cffectively without considerable cooperation
between national programs. This international cooperation has the effect
of integrating national crop improvement programs into an interdepen-
dent international research system. Or, to use Schultz’s Language, there
results a general indivisibility of the research function,®?

It must be pointed out, however, that a crucial aspect of the question
of scale in organizing crop improvement rescarch is the added “spatial
dimension” of the international system. It is this dimension that allows
individual national programs access to specific ccological resources in
other countries—particularly the discase and insect hot spots mentioned
carlier. Only through this type of cooperative effort can national program
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scientists make available to farmers relatively low-cost and low-risk tech-
nology, with a high degree of confidence that their nation’s food supply
will not be unexpectedly reduced by a virilent disease epidemic or insect
outbreak.

The inherent problem of pursuing genetic solutions to limiting factors
(such as discasc and insccts) with an independent, competitive research
structure, is that clite germ plasm tends to be highly pervasive and will
generally become an important progenitor in any aggressive breeding pro-
gram. Thercfore, if there is a minimum movement of germ plasm between
independent programs, there is a very good chance that these programs
may cnd up with the same source(s) of discase/inscct resistance in their
independently produced varicties.

Rather than having independent programs that are not fully aware of
the type and level of their genctic duplication (thus uniformity), it ap-
pears that the spatial organization of crop improvement rescarch is an
essential factor in developing discase and insect resistant varieties, Includ-
ing a well-organized worldwide testing and surveillance sub-system—along
with other safeguards, such as multiline varieties, discussed carlier—as an
integral part of this overall rescarch system would enable cooperating
programs to know cxactly where their genctic “‘soft spots” arce and where
they are most vulnerable to genetic dysfunction.?®

Finally, having the international center responsible for bringing new
and diverse sources of discase and inscct resistance into clite germ plasm,
which in turn can be exploited by national programs, scems to be an ef-
ficient and safc means of organizing the limited scientific resources of
less-developed countries into a strong, interdependent research system
capable of providing high-yiclding genetic technology to farmers in each
country of the tropics and subtropics.

While I believe a strong case can be made for an integrated approach
to rescarch and development within specific crop improvement programs,
this docs not preclude a competitive relationship between the different
international crop rescarch systems. As the existing international centers
expand their rescarch and outreach programs and as new centers become
established, the demands of these centers for financial resources will
quickly overtake the supply of resources that is forthcoming from donor
countrics and organizations through the Consultative Group on Inter-
national Agricultural Rescarch (CGIAR). As these demands increase,
there will be increasing competition between centers for these limited
resources, While this competition should help to encourage the cffective
and cfficient usc of resources, the effect could seriously damage the co-
opcrative relationship between centers and national programs that ap-
pears so essential to the effective working of an integrated rescarch
system,
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At issue is each center’s need to establish and maintain its credibility
to the CGIAR and to donor nations so that it can maintain its flow of
resources, but to do so without jeopardizing its relationship to national
program scientists. Center directors (as well as center scientists) must be
continually aware of and sensitive to the need to fully share the credit
for research and production successes with national program scientists—
to both the CGIAR and to government policymakers within individual
countries. If centers fully understand, accept, and are committed to de-
veloping an integrated international technolegy development and transfer
system, then national programs must be recognized as full and equal part-
ners of that system. There are specific things international centers can do
to structure their research activities, so that a fully cooperative relation-
ship with national programs can be maintained. The following obscrva-
tions about the international wheat technology development and transfer
system suggests some of these structural considerations.

Concluding Observations on the International Wheat Technology
Development and Trausfer System

The international wheat technology development and transfer system
appcars to have developed a very complementary relationship between
CIMMYT, as an international center, and national wheat improvement
programs with the nature of this relationship being largely defined by the
rescarch capacity of cach national program. There are several reasons
that help explain why such a high level of international cooperation be-
tween wheat scienitists has occurred.

First, CIMMYT makes available a wide assortment of genetic materials
to national programs on a regular basis—materials that can be released
directly as national varicties or that can be ploughed back into the cross-
ing program as new progenitors, Through the international network, each
coopcerating program has almost immediate access to the most outstand-
ing experimental lines coming out of other wheat improvement programs
around the world. Therefore, cach national program has much to gain by
participating in the international system.

Second, the international nursery system allows national programs to
test their advanced lines around the world to get an accurate reading of
the genctic code of cach line. In pursuing genetic solutions to many dis-
eases and inscct problems, these ecological resources become invaluable
to national programs.

Third, CIMMYT does not name or release varieties, or even register
experimental lines; therefore, CIMMYT is not in competition with na-
tional programs in terms of developing new varieties.>® National program
scientists take full responsibility and get full credit for any variety re-
leased in their country. This is an extremely important point as national
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research scientists compete with other governmental agencies for scarce
resources at the national level. Therefore, CIMMYT, by maintaining a
low profile at the national level, does not threaten the credibility of
national programs.

Moreover, because the international wheat improvement system is so
highly interdependent, no one program or center can legitimately take
more than partial credit for the improved varieties eventually released in
any country. Therefore, national programs view CIMMYT as performing
specific functions that they cannot do themselves—functions that are ex-
tremely helpful in increasing their effectiveness and efficiency (i.c., there
is a clear division of labor between CIMMYT and national programs).

Finally CIMMYT’s rolc in developing genctic resources for use by na-
tional programs avoids a great deal of duplication of effort. As varietal
improvement programs attempt to manipulate and combine more and
more of these genetic factors, the research task increases in complexity
—more or less at geometric proportions. An important reason for this is
that many plants, while having certain desirable genes, will also have
many undesirable characteristics that come along as excess genetic bag-
gage. Therefore, while incorporating a particular gene for resistance into
a new line is gencrally quite casy, doing so in combination with a good
plant type with a dozen or so other desirable characteristics is a process
that may take many successive recombinations. This is particularly true
when attempting to use more cxotic germ plasm (i.c., wild types, land
races, etc.). While these unimproved cultivars have new sources (i.c.,
genes) of resistance that are needed to diversify the germ plasm base of
wheat improvement programs, they generally have a preponderance of
undesirable genes that can severely reduce the productive capacity of the
progeny produced. Thus, one step forward in terms of genctic diversity
frequently means ten steps backward in terms of yicld potential. This is
the primary reason why most varictal improvement programs cnd up
with a relatively narrow genctic base—the introduction of exotic materi-
als can severely crode the productive capacity of the clite material. While
these genes can be incorporated with this elite capacity, doing so can be
a long process that can consume considerable time and resources—time
and resources that may not be available to a small program. However,
CIMMYT, as an international center, can perform this function and make
these genetic resources available to several dozen national programs
quickly and cfficiently.



NOTES

1— International Rice Research Institute (IRRI)—Philippines, 1960; International
Maize and Wheat Improvement Center (CIMMY T)—Mexico, 1966; International
Center for Tropical Agriculture (CIAT)—Colombia, 1968; International Institute

for Tropical Agriculture (IITA)—Nigeria, 1968; International Potato Center (CIP)—
Peru, 1972; International Crops Research Institute for Semi-Arid Tropics (ICRISAT)
—India, 1972; International Laboratory for Research of Animal Diseases (ILRAD)~
Kenya, 1973; International Livestock Center for Africa (ILCA)—Ethiopia, 1973; In-
ternational Board for Plant Genetic Resources (IBPGR)—Rome, 1974; International
Center for Agricultural Research in Dry Areas (ICARDA)—Lebanon, 1975. For activ-
ities see Nicholas Wade, “Intcrnational Agricultural Research,” Science 9(May 1975):
585-9, Sec also J.G. Crawford, “International agricultural research: an cncouraging
venture in intcrnational collaboration” (Paper delivered at the Conference on Re-
source Allocation and Productivity in International Agricultural Research, Airlie
House, VA,, 26-29 January 1975, hercafter cited as Conference on Resource Alloca-
tion and Productivity. Papers from this conference will be published by the Univer-
sity of Minnesota Press in 1976 under the title Resource Allocation and Productivity
in National and International Agricultural Resecrch).

2— For a summary statement on protein quality as a brecding objective at CIMMYT,
see Haldore Hanson, *‘Role of Maize in World Food Needs to 1980 in Symposium
Proceedings, World-Wide Maize Improvement in the 70's and the Role of CIMMYT
(E1 Batan, Mexico: CIMMYT, April 1974), pp.7-12.

3— The CIMMYT wheat program actually dcals directly with four specific cereals:
spring bread wheat, durum wheat, triticale, and barley. In addition, CIMMYT works
with winter wheats through its spring/winter wheat crossing program. Since this pa-
per is concerned with organizational issues that relate to agricultural research and not
with describing each of CIMMYT’s programs, primary reference (and examples) will
be to the spring wheat program, The other four programs, organized in essentially the
same way with necessary modifications, represent organizational replications of the
spring wheat program,

4-- The location specific genetic materials coming out of state experiment stations in
the U.S. are largely a function of the research objectives and resource paramecters of
these stations, as well as the overall structural characteristics of the land-grant college
system. As the land grant system developed, research workers in state experiment
stations were expected to produce knowledge and technology directly relevant to
local state problems. At the technological level, therefore, lines of communication
(and movement of germ plasm) among state programs were not well developed. Sec-
ond, the fact that individual state breeding programs had limited resources for each
crop improvement program (experimental land, scientists, technicians, etc.), program
objectives werc necessarily limited. Breeders sclected problems (limiting factors) eco-
nomically important in their state which admitted a reasonable chance of finding
genetic solution. These factors resulted in relatively small breeding programs being
replicated in cach state where a particular crop was cconomically important. Because
of the limited number of technological problems addressed in such a program, the
trend was to make a limited number of simple crosses (primarily single and back
crosses) rather than attempt to manipulate several different factors through more
complex crosses. This strategy, becoming part of the conventional wisdom in the
U.S., then dictated how rescarch capacity for varietal improvement among most ce-
reals (except maize) should be organized.
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5- E.g., plants can be highly sensitive or quite tolerant to differences in nutrient, in-
cluding moisture, availability (both excess and inadequate); temperature differences
(both excess heat and cold temperatures); the amount of light (both length of photo-
period and amount of solar energy); and other factors.

6~ For examples of the specific wheat insect and disease problems facing different
countries in the tropics and subtropics, see Sanjaya Rajaram, “Protection: Discase
and Insect Resistance” in Proceedings: Wheat, Triticale and Barley Seminar, ed. R.G,
Anderson (El Batan, Mexico: CIMMYT, January 1973), pp.109-13,

7— It takes about seven generations to produce a line that the breeder knows merits
varietal status. In addition, at least another two, possibly three, years (generations)
are required for regional evaluation trials and seed multiplication. Therefore, it gen-
erally requires about nine or ten gencrations from the time the cross is originally
made until farmers first reccive commercial feed of a new variety. In small grain
breeding programs in the U.S., the process often takes twelve years. Peter R. Jen-
nings to Swanson, 9 June 1975,

8— Some important environmental differences between the winter nursery at the
CIANO Experiment Station in the state of Sonora in Northwestern Mexico and the
summer nursery in Toluca are: latitude (28°N vs, 18°N)—which affects day length,
an important factor in selecting lincs/varietics that are photoperiod insensitive;
amount of precipitation (Sonora is a very dry, irrigated area; Toluca is wet and
damp with daily afternoon rains); casonal temperature patterns (Sonora is hot and
dry during the latter half of the growing season when foliar discases become a serious
problem; Toluca is cool and damp—conditions highly conducive to disease epidem-
ics); differences in clevation {the CIANO and Toluca stations are 100 feet and 8500
feet above sca level, respectively); amount of solar energy during the growing season,
soil types, etc.

"9— Norman E. Borlaug, “CIMMYT’s Past Role, Present Position and Future Chal-
lenges,” Wheat, Triticale and Barley Seminar, p.93. An absorbing account of Bor-
laug's struggle to implement his unorthodox approach is told in Lennard Bickel's
biography, Facing Starvation: Norman Borlaug and the Fight Against Hunger (New
York: Readers Digest Press, 1974), pp.136-7,145-84,

10— Borlaug, “‘CIMMYT's Role," p.93.
11— Ibid.
12— Ibid., p.92.

13— In the Bread Wheat Program, approximately 3,000-5,000 crosses are made each
season (two scasons/ycar), with about 50 percent of these genetic combinations be-
ing double crosses. Just the mechanics o making such a large number of crosses is a
major undertaking: to make one double cro.a requires the emasculation and pollina-
tion of eight to ten heads (spikes). In addition, all of the crossing work must be ac-
complished during the flowering period, which lasts only four to six weeks per scason
(the flowering period is actually extended to four to six weeks through the use of
staggered plantings of the crossing block). In addition to the Bread Wheat Program,
each of the other CIMMYT programs (Durums, Triticale, Barley, and the Spring
Wheat-Winter Wheat Crossing Program) make 1,500-2,000 crosses per season.

14— Sce Burton E. Swanson, “Impact of the international system on national re-
scarch capacity: the IRRI and CIMMYT training programs®’ (Conference on Resource
Allocation and Productivity); idem, “Training Agricultural Research and Extension
Workers from Less Developed Countries,” (PhD diss., University of Wisconsin, 1974);
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and CIMMYT’s annual reports and the Wheat, Triticale and Barley Seminar,

15— An international nursery, such as the International Spring Wheat Yield Nursery
(ISWYN), consists of a group of identical experiments grown in many different loca-
tions, In the case of ISWYN, each experiment or individual nursery, composed of
fifty different varieties (or experimental lines in the case of other nurseries), is repli-
cated three times, After harvesting the winter nursery material in April of each year,
CIMMYT prepares individual seed packets that are sent to each international nursery
during July and August. To facilitate the planting of these experiments by cooper-
ators and to minimize crror, sced packets are prepared for cach row, of cach variety,
for each replication, of cach experiment, To give some idea of the mechanics of
preparing these nurserics, ISWYN requires the labeling, filling and scaling of 120,934
individual seed packets, which in turn must be sorted and organized into the 137 in-
dividual nurseries or experiments, boxed and air freighted to nearly 137 different
experiment stations around the world, In addition, all of this work must be done in
a six- to eight-week period so the nurseries are received by September or in time for
fall planting, ISWYN, although the largest, is only one of CIMMY'T"s twenty-four
annual international nursery programs.

16— Actually there are two Fy Nurscries sent out each year for the bread wheat and
triticale programs--onc nursery that contains materials well suited for irrigated condi-
tions and another with materials appropriate for natural rainfed conditions. Each of
these nurseries is sent to thirty different locations within the major spring wheat
growing regions of the tropics and subtropics, as well as to certain unique environ-
ments that arc particularly useful for screening germ plasm for specific sources of
discase/insect resistance.

17— In the casc of the bread wheat program, there are two main screening nurseries:
(1) the International Bread Wheat Screening Nursery (IBWSN), a general purpose
screening nursery desigred to evaluate advanced lines for level of adaptation, disease
resistance, ctc.; (2) the International Septoria Nursery (ISEPON), a special purpose
screening nursery designed to screen material for specific types of discase resistance,
particularly septoria resistance.

18— “Instructions for the Management of International Yield Nurscries,” (El Batan,
Mexico: CIMMYT, March 1971), p.l.

19—""Hot spots” are specific sites in a region where disease epidemics regularly occur
in a severe form. Often in these locations new races of a diseasc are first detected and
present a threat to existing varicties; from E.I, Saari, “Wheat Rusts in West Asia and
North Africa and Possibilities for Development of Resistant Varietics Through Inter-
national Cooperation” in Proceedings of the European and Mediterrancan Cereal
Rusts Conference (Praguc, Czechoslovakia, 1972), pp.213.6.

20— Ibid., p.216.

21— Saari points out that “normally, when a new race makes its appearance there is
an expected time lag of two or more years hefore the race becomes a major problem,
There are cascs, however, when the crop can be threatened in the first year.” (Ibid.,
p.214).

22— The concept of multilineal varietics is not new: Borlaug had developed and re-
ported on the methodology of developing multilincal varictics in 1958, See Norman
E. Borlaug, “The usc of multilineal or composite varieties to control airborne epi-
demic discases of sclf-pollinated crop plants” in Proceedings: The First International
Wheat Symposium (Winnipeg, 1958), pp.12-27. In 1962 when the first semi-dwarf
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variety was released in Mexico, Borlaug had just completed producing a multiline for
Mexico; it was never released, however, due to the greatly increased production po-
tential of the dwarf varieties. A multiline was developed by J.W. Gibler and col-
leagues for stripe rust resistance in Colombia, and it is still being grown successfully
there. See Norman E. Borlaug, “Basic Concepts Which Influence the Choice of Meth-
ods for Use ir Breeding for Disease Resistance in Cross-Pollinated and Sclf-Pollinated
Crop Plant  from Breeding Pest-Resistant Trees, Proceeding: of a NATO and NSF
Symposium held at the Pennsylvania State University, 1964, p.332.

23— Borlaug, “The use of multilincal or composite varieties,” p.15.

24— Siete Cerros and other sister lines selected from cross number 8156 have been
released as national varietics in several dozen countries and are presently being grown
on millions of hectares. In India and Pakistan, where this variety is grown extensively,
it is known as Kalyansona and Mexipak, respectively. To avoid the confusion of using
varictal names, whenever further reference is made to varieties derived from this
cross, the cross number “8156" will be used.

25— CIMMYT Review 1974 (El Batan, Mexico: CIMMYT, 1974), p.3.
26— Ibid.

27— “Scientists estimate it would take any one collaborator fifty years of repeated
trials in his own station to obtain data as comprehensive as that from one year's trial
on a world wide basis”, see Haldore Ilanson, “Articulation of the international and
national systems: thc CIMMYT outreach program® (Paper presented at the Confer-
ence on Resource Allocation and Productivity, 26-29 January 1975).

28— Gcebrand Kingma, “‘Regional Evaluation of Germplasm® in Wheat, Triticale and
Barley Seminar, p.290.

29— No attempt is made in this paper to devclop such a logical structure, Although
many have attempted to develop decision models to facilitate this process, the objec-
tive here is to raisc the issuc of research alternatives from the perspective of the inno-
vative approach to research organization that has been institutionalized through the
international wheat network,

30— Herbicides would generally fall into this group. Although weeds can sometimes
be effectively controlled through proper cultural practices (mechanical or hand weed-
ing, or crop rotations), in other cases herbicides may be the most cffective method
particularly if used in combination with appropriate cultural practices.

31— Dana G. Dalrymple, “Impact of the international institutes on crop production”
(Conference on Resource Allocation and Productivity, January 1974), p.22.

32— Genetic Vulnerability of Major Crops (Washington, D.C.: National Academy of
Sciences, 1972), pp.136-7.

33— The International Board for Plant Genetic Resources (IBPGR) was formally ap-
proved in 1974 by the Consultative Group on International Agricultural Research as
the international center responsible for coordinating and facilitating the collection
and storage of germ plasm for all major food crops.

34— Although large wheat-growing areas were infrequently destroyed by discase and
insects, traditional cultivars were never free of disease and insect problems, These cul-
tivars, while having certain genes for discasc resistance, were at the same time quite
susceptible to other discases and insccts. Thus, the combination of a large assortment
of genetically diverse cultivars being grown in any one arca and the low planting den-
sity and fertility of traditional farming systems generally resulted in avoiding or slow-
ing widespread disease epidemics.
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8 5— Theodore W. Schultz, *“The uneven prospects for gains from agricultural re-
search related to economic policy” (Paper presented for discussion at the Conference
on Resource Allocation and Productivity, 26-29 January 1975), pp.5-6.

36— Peter Jennings has pointed out some of the difficulties associated with the im-
provement of crops within their centers of origin and has offered possible explana-
tions fer this biological phenomenon. See Peter R. Jennings, “Rice Breeding and
World food Production,” Science 186(1974):1087.

37—~ This is my conclusion, not Schultz’s; in theory, he would argue the opposite.
See Schultz, ‘““Uneven prospects,” p.5.

38— If such a system had been in place for maize, the Southern Corn Blight epidemic
of 1970 could have becn predicted as early as 1962. See Genetic Vulnerability of Ma-
jor Crops, pp.12-13.

39— This is not to say that CIMMYT docs not develop advanced lines that could be
directly named and released as varieties by the national program. Some national pro-
grams do not have the resource capacity at the present time to operate a fully func-
tioning wheat improvement program; therefore, until wheat technicians and scientists
can be trained, the program may be limited to testing advanced lines from CIMMYT
and varieties from other national programs. While weak national programs can ex-
ploit the international system to meet their short run technology nceds, the overall
strength of the international system is dependent on strong contributing national
programs. It is in the interest of CIMMYT and other national programs, then, to en-
courage and assist all wheat growing countries to build a national research capacity
for wheat improvement.
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The development and international transfer of improved agricultural technology (par-
ticularly the high yielding varieties of rice and wheat) made a dramatic impact on ag-
ricultural production in many parts of the tropics and subtropics during the late six-
ties and early seventies. These production successes were largely spearheaded by the
research work carried out at two international research and training centers: the In-
ternational Rice Research Institute (IRRI1) in the Philippines and the International
Maize and Wheat Improvement Center (CIMMYT) in Mexico. Donor nations are now
looking increasingly to international research centers as an effective means of helping
less-developed nations solve many of their critical technological problems in agricul-
ture. However, as these poor nations shift to agricultural production systems based on
modern science and technology, it is imperative that they build their own effective
research institutions to meet long-term technological needs. This Design Study ex-
amines the impact of the different training strategies being employed by IRRI and
CIMMYT in helping to build this national research capacity.

Transferring Research Capacity

It is necessary first to clarify how rescarch capacity is being viewed in
this paper. Ruttan and Hayami considered the problem of international
technology transfer and differentiated the process into three phases: (1)
material transfer, (2) design transfer, and (3) capacity transfer.!

The international transfer of wheat and rice technology during the late
sixties was largely in the “material transfer” stage, as represented by the
substantial international seed importations carricd out by many less-
developed countries (LDCs) during that period.? At the same time, “de-
sign transfer’ was occurring as national rescarch institutions began to re-
ceive new, high yiclding experimental lines and variceties of wheat and rice
that were, in turn, tested and in some cases multiplied and released to ag-
ricultural producers.? In addition, the third phase of the technology
transfer process, or “capacity transfer,” was receiving attention by these
international rescarch centers through their training and outreach pro-
grams, However, building a national rescarch infrastructure (i.c., capacity
transfer) that can produce scientific knowledge and improved agricultural
technology—and adapt it to local ecological, resource, and institutional
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conditions—has been found to be a slow, difficult, and complex task.*

To better understand the institution-building task associated with ca-
pacity transfer, it is useful to differentiate research capacity into its two
primary functional components: science and technology. During a paral-
lel discussion on technology transfer in space science, Price developed
some generalized definitions that are useful to this discussion: science is
taken to be those rescarch activities that result in scientific papers being
written and published, and technology is “. . . that rescarch where the
main product is not a paper, but instcad a machine, a drug, a product, or
a process of some sort.”’

The point in making these rather sharp distinctions between science
and technology is not to artificially separate one part of this functional
process from the other or to suggest that research workers should work
in only one arca or the other. Many agricultural rescarch workers func-
tion in both knowledge generating (science) and technology developing
roles and move easily and effectively between them. But in organizing
national rescarch institutions, there has been a tendency to overlook the
technology development function.® Thercfore, it is important to know
which hat a rescarch worker has on at any one time so we can better
understand the thrust of his overall research program and how it con-
tributes to national research capacity.

Both scientists and biological architects who develop improved agri-
cultural technology use many common rescarch tools, but differences in
rescarch objectives and output demand substantially different types of
cognitive behavior.” In his pursuit of new knowledge, the scientist largely
engages in analytical research. Analysis, as a cognitive skill, .. . empha-
sizes the breakdown of the material into its constituent parts and de-
tection of the relationships of the parts and of the way they are orga-
nized.”® The scientist, in turn, uses different research tools as a means
of verifying specific hypotheses that result from his analytical inquiry.

The biological architect largely engages in creative thinking, and by try-
ing new materials and methods in different conbinations and amounts,
attempts to develop new technology or technological components that
will better achieve a production objective (such as increased output, re-
duced risk, or reduced costs). In terms of cognitive behavior, this creative
thinking is characterized as synthesis.® In synthesis, the rescarch worker
“, . . must draw upon clements from many sources and put these together
into a structurc or pattern not clearly there before. His efforts should
yield a product.”!® The biological architect, in tumn, uses rescarch tools to
test or evaluate these new technological combinations or components
that he has created to determine their production potential,!' Perhaps it
is becausce the biological architect must spend so much of his time cvalu-
ating his ncw technological combinations and components—through the
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use of relatively simple and routine research trials and tests—that the im-
portance of his intellectual or cognitive contribution has been overlooked
or minimized.

This framework has been applicd to research capacity as it relates to
crop technology. In the past it was the plant breeder who generally de-
veloped improved genetic technology by manipulating different genetic
factors to produce improved varieties, and the production agronomist
who developed and refined improved production recommendations for
farmers’ use by manipulating new and/or existing factors of production
(such as improved varieties, fertilizers, pesticides, cultural practices, ctc.)
in new or different ways. In more recent years, as agricultural technology
has become increasingly sophisticated and complex, the trend has been to
form interdisciplinary rescarch teams who work together in manipulating
and integrating different chemical, biological, or mechanical factors of
production in building superior agricultural technology.'?

Before moving into a discussion of the training strategies being used by
IRRI and CIMMYT, and the impact these strategies have on rescarch
worker behavior and research capacity, one other institutional factor
should be noted that appears important to the question of science and
technology and the process of building national rescarch capacity. This
factor is the predominant reward system within agricultural research that
appears to be having an important and continuing influence on rescarch
worker behavior and national research capacity.

Reward Systems In Agricultural Rescarch

One explanation as to why rescarch institutions in many LDCs have
been ineffective in producing improved agricultural technology is that re-
scarch workers have tended to concentrate on more theoretical research
problems rather than working to solve farmer production problems, '3
An hypothesis that is logically consistent with and will explain this beha-
vior is that agriculture rescarch workers in LDCs have adopted or interna-
lized the normative structure of the public rescarch establishment (the
university and the corresponding academic/scientific professions) of in-
dustrially developed countries.' The following factors serve to support
and claborate on this hypothesis,

First, most research workers in the LDCs with advanced degrees re-
ceived their academic training in foreign universitics, primarily in the
United States and Europe. Many of these rescarch workers may have been
influenced (socialized) by the “publish or perish” reward system that is
common to large, research-oriented colleges of agriculture in the United
States. Furthermore, advanced research degrees generally require an “ori-
ginal” rescarch inquiry that contributes to the body of knowledge in the
respective discipline; therefore, these research projects are frequently
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highly specialized and theoretical in nature. Both of these factors could
tend to orient young rescarch workers toward more theoretical, scientific
inquiries.

Second, in the United States the knowledge generating research func-
tion (science) is primarily carried on within the public sector (universi-
tics), whereas the majority of technology developing research is carried
out in the private sector (industry).'s Although rescarch workers who
conduct technology development types of research have much less oppor-
tunity to publish in scientific journals and to gain professional recogni-
tion from their colleagues, salary schedules in private industry have tradi-
tionally been higher than in public rescarch institutions. Thus, in the
overall agricultural rescarch system of the United States, there is, to some
extent, a trade-off between professional and economic rewards. Rescarch
workers, depending on their interests, abilities, and what they consider to
be important, have alternative career patterns they can pursue.

On the other hand, in LDCs, most (if not all) of the national agricul-
tural rescarch capability is located within the public sector, gencerally
within a ministry of agriculture or a university. Therefore, the oppor-
tunity for rescarch workers to select between economic and professional
rewards is quite limited. Agricultural research workers receive salaries
according to the burcaucratic procedures and eriteria being followed by
the rescarch institution, not according to the type ol rescarch carried on.
Thercfore, there is no potential within the rescarch institution itsell for
inducing rescarch workers (through cconomic rewards) to pursue career
patterns oriented toward technology development rescarch objectives.

Thus, in the absence of an alternative reward system, it appears in-
evitable that professional rewards will take on increasing importance in
influencing the types of rescarch activitics being undertaken by rescarch
workers in LDCs—particularly given the professional recognition asso-
ciated with publishing in a prestigious scientific journal with an inter-
national clientele.

Third, in most cultures agricultural work is considered a low-status
occupation; therefore, there are no positive social rewards (essentially
only negative ones) that would encourage a highly trained rescarch
worker to work on practical problems—the results of which would only
be of direct importance to a peasant or cultivator and which would not
result in any significant professional recognition, Even if individual
scientists were motivated to do this type of research, the rescarch
organization has no effective way to formally reward these successes.

Finally, the spirit of cooperation is frequently missing from national
research institutions, and scienticts may tend to think in terms of
achieving personal rather than institutional credit, To develop improved



The IRRT and CIMMYT Training Programs / 39

agricultural technology requires considerable interdisciplinary coopera-
tion, but in this casc the credit accrues to the team, not to the individual.
If this tcam credit is usurped by the rescarch director or the team leader
rather than being shared by the team members, individual research work-
ers will not be encouraged to work together on future endeavors,

Given all these factors, it is apparent why many agricultural rescarch
workers in LDCs prefer to concentrate on individual research projects
aimed at generating new knowledge where they can divectly receive pro-
fessional recognition and rewards. In most national rescarch systems in
LDGs, there are too few positive rewards and incentives to encourage re-
scarch workers to carry out technology development types of rescarch.
It is no wonder, as Singer suggests, that the meager rescarch resources of
the LDCs (estimated at 2 percent of the world'’s research and development
expenditure) are frequently misdirected to rescarch problems that are
more relevant and useful to the rich nations, '

The next section will briefly describe the training strategies being
employed by IRRI and CIMMY'T in helping Third World nations achicve
capacity transfer,?

The CIMMYT Wheat Training Program

The wheat training program in Mexico is an integral part of CIMMYTs
overall outreach program to make improved wheat technology available
to farmers in all major wheat growing regions of the Third World, '®
Strong national programs are an essential part of this international wheat
improvement strategy, both in the process of developing and dissemin-
ating improved wheat technology, and also in dealing with the techno-
logical spin-off problems (primarily discase epidemics) that are a poten-
tial threat to the precarious food balanee in population dense nations.

When the wheat revolution began to spread beyond Mexico in the carly
sixtics—particularly to South Asia and the Middle East  national wheat
improvement programs in these areas were generally weak and poorly or-
ganized. CIMMY'T" used training programs to upgrade the technical skills
of rescarch personnel in an attempt to build strong, mdependently func-
tioning national programs that are interdependent with other national
programs and with CIMMY'T' for new genetie resources and technical
information,

At all levels, CEMMYT stresses a “team” or integrated approach to
wheat improvement. At the program level, the emphasis is on interdisci-
plinary teams that are well integrated in function. At the international
level, the national programs and CINMY'T work together as part of an
overall international wheat team to systematically share superior germ
plasm and new varieties as soon as they are developed, as well as tech-
nical information on these genetic materials,
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The major thrust of the wheat training program is directed toward
middle-level research workers. The program revolves around three main
educational objectives: (1) to impart to trainees the research skills and
knowledge needed to run a wheat improvement program, (2) to encour-
age and devclop the trainee’s ability to create (synthesize) new forms of
wheat technology, and (3) to foster specific types of attitudinal change
among traineces.

Technical Rescarch Skills

The first half of the regular eight- to nine-month training program in
wheat improvement deals primarily with the mechanics of running an ef-
ficient, well-organized rescarch program. Trainees learn all the cssential
research skills and techniques needed to manipulate and evaluate new
forms of wheat technology. This training is accomplished through “on-
the-job training.”!® Trainces follow the CIMMYT wheat program
through cach stage of the growing scason (and the varictal development
process) with each task or operation first being discussed in the class-
room and demonstrated in the Tield. After the trainee has the oppor-
tunity to practice the skill and is “checked out” to insure that he is
reasonably proficient, he proceeds to help carry out cach rescarch task
or operation within the ongoing CIMMYT rescarch program.

Technical Rescarch Ability: Synthesis

Once the traince learns the “nuts and bolts” of operating a rescarch
program, he can give increasing emphasis to the content or the materials
passing through the research program. For example, the job of the breed-
ing team is to create (synthesize) new genetic lines and varicties by com-
bining and recombining diverse types of germ plasm. To be cffective and
efficient in developing improved high yiclding varicties, the traince must
learn and become increasingly familiar with the various genetic character-
istics and materials he is attempting to manipulate. For example, an ex-
perienced biological architect in the CIMMYT wheat program can walk
up to an advanced generation plot—there are hundreds of such plots—and
from visual inspection alone give the approximate pedigree of the line
(from several hundred potential parent lines and varicties), give several
reasons why the cross was made, and evaluate the line for those visual
characteristics. By working side-by-side with experienced biological ar-
chitects in the CIMMYT wheat program—and by asking and being asked
the question: “why?”—trainces soon begin to develop an ability and an
insight into the creative process of genetic cngincering.

Attitudinal Objectives?®
There is a common expression used in the CIMMYT wheat training
programs: “The plants are talking to you, but you have to use your eyes
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to hear what they are saying.” In other words, wheat plants being grown
under a variety of different conditions (favorable and hostile environ-
ments) respond differently to those conditions. A good observer is able
to detect how plants react to each of these different environmental con-
ditions and, using these data, to select those genetic lines with the great-
est potential.

CIMMYT scems to usc a similar sclection technique for its trainces.
For example, CIMMYT has heen criticized by some visitors to the train-
ing programs in Mexico for *“using” trainees for such routine tasks as
inoculating segregating populations with rust spores. This is a job that
CIMMYT needs to have done; it requires about ten days to two weeks of
hard, back-breaking work, wading through muddy plots (many times in
the rain), and injecting two tillers of cach plant with a syringe full of dis-
easc inoculum,

After the first morning of this activity, there is no additional technical
training value to be accomplished; however, what the CIMMYT staff
learns about the “traince population” during these two weeks is very im-
portant. Some trainces can disguise their displeasure for this type of
work for a morning or two; but after a week or ten days, trainces are
clearly segregating in their “reaction to hard field work.” Some trainees
may do the work while CINMY'T staff members are nearby, but then re-
lax under a tree when they leave (representing an attitude of “compli-
ance,” given this type of behavior). Still others may call in sick for a few
days to avoid the work (noncompliance), while others are out in the
plots getting the work done. CIMMYT particularly wants to identify
this last group of trainees who cither “identify with,” or have “internal-
ized” positive attitudes toward this type of rescarch.?' CIMMYT believes
it is this last group that will begin to make up the hard core of working
scientists within the national wheat improvement program.,

The training program in Mexico is viewed by the CINMYT wheat team
as only the first step in a long-term process of building effective wheat
rescarch workers and national wheat improvement teams. Because of this
long-run perspective, the training program becomes both a manpower de-
velopment tool for training skilled rescarch technicians and an “carly
generation” sclection tool for identifying potential “biological archi-
tects.” Trainees are observed in Mexico and again back home on the job,
Those who excel in attitude, outlook, intellectual ability, and technical
know-how~in both working environments—are identificd as prime can-
didates for academic lellowships. By giving these individuals additional
educational opportunitics, it is hoped they will become key biological
architects in their own national wheat improvement programs in years
to come.
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Results??

This training strategy results in approximately 82 percent of former
trainees still actively engaged in wheat research and production activities,
with another 8 percent being indirectly or partially involved in wheat im-
provement work, Only about 10 percent of former CIMMYT Wheat
trainces arc no longer working in wheat improvement programs.

As shown in Table 1, the work performance of thosc former partici-
pants still actively engaged in wheat rescarch and production programs
(105 trainces of 130 total respondents) is high, as measured by the num-
ber of rescarch experiments, replicated field trials, genetic crosses, and
production plots completed. Furthermore, it emphasizes technology de-
velopment as opposed to experimental rescarch—particularly in the arca
of genetic technology.?? It appears that the work behavior of CIMMYT
trainecs, once back home on the job, 1s quite consistent with CIMMYT’s
training objectives.

CIMMYT appcars to be very cffective in producing rescarch workers
who can develop improved genetic technology, but this success has not
yet been realized in producing the other half of the wheat improvement
team which can develop the complementary package of practices. This

TABLE 1 AVERAGE NUMBER OF RESEARCH AND PRODUCTION
ACTIVITIES COMPLETED BY CIMMYT WHEAT TRAINEES
ACTIVE IN WHEAT IMPROVEMENT PROGRAMS, 1972

Number & Percent of Trainces Mcan
Conducting Each Level per
Activity (N = 105) Traince
Type of Activity N % {N =105)
A. Laboratory or
Greenhouse
Experiments 13 12.4% 1.37
B.  On-Station Ficld
Experiments 56 53.8% 5.62
C.  Genetic Crosses 56 53.8% 2217.10
D.  On-Station
Replicated
Applicd Rescarch
Trials 65 61.9% 1.24
E. On-Farm
Replicated
Applied Rescarch
Trials 44 41.9% 4,74

F. On-Farm
High Yielding
Production Plots 87 85.2% 3.71
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weakness probably stems from the fact that the CIMMYT research pro-
gram concentrates on widely adapted genetic technology, with produc-
tion technology beitig viewed as a location-specific problem. The fact
remains that wheat production agronomists are sorely needed in most
national programs to develop appropriate production recommendations
that will enable farmers to fully and economically exploit the production
potential of the superior varieties that are being developed.

The IRRI Training Programs
The training programs at IRRI in the Philippines are an important part
of the institute’s international activitics. The research and rice produc-
tion training programs make up the major thrust of the IRRI’s training
activities, Their impact on national rescarch capacity is described and an-
alyzed here.

IRRI Rescarch Training Program

The IRRI rescarch training program is an integral part of the institute’s
ongoing rescarch activities and its international cooperative programs.
The institute is committed to strengthening national rice research pro-
grams, and IRRD’s leaders sce the rescarch training program as a resource
that national programs can use in upgrading the technical proficiency of
their staff members.

IRRD’s research training approach centers around the research project.
Trainees arc expected to focus on a serious production problem in their
home country and to carry out one or more rescarch projects that will
gencrate new knowledge and possible solutions.

Research trainees work closely with a senior IRRI scientist and fre-
quently carry out rescarch projects that are an integral part of the advi-
sor’s overall research. In some casces, these rescarch efforts result in
jointly authored rescarch papers that report important research findings
and contribute to the growing body of knowledge about rice production
in the tropics.

Although some advanced rescarch trainees come to IRRI to learn spe-
cific rescarch skills and techniques, or to conduct research projects that
are beyond the scope of their national program (because of the lack of
adequate scientific equipment), the major objective of the project ap-
proach is to provide participants with a solid rescarch experience—teach-
ing them cach step involved in planning, designing, executing, and re-
porting on a research project. At cach step of the way, trainees Icarn by
doing. In terms of educational objectives, the major focus of the project
approach is on analysis, using rescarch as a tool to generate new know-
ledge about production problems and their possible solutions, and/or to
test suspected relationships between production factors, The knowledge
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generated from these projects may be used in the development of im-
proved rice technology that will increase rice production in the tropics.

There are two exceptions to the project training approach. (1) Non-
degree trainces in varietal improvement do not conduct research projects
but work largely as rescarch assistants in IRRI’s ongoing rice breeding
program. Again these trainces learn by actually carrying out each task in-
volved in a varietal improvement program and, at the same time, become
familiar with the germ plasm currently being used in the IRRI program.
(2) Agricultural engincering technicicans are given short-term training so
they can evaluate and demonstrate IRRI-developed machinery in their
own countries under local conditions.

Research trainces work in a disciplinary department at IRRI, but the
Saturday Seminar has become the institutional mechanism by which
both trainces and staff lcarn recent rescarch findings in other depart-
ments. By sharing research results with staff members in other disci-
plines, scientists can frequently gain new insights and perspectives on
important rice production problems which may lead to cooperative ef-
forts between departments. When these multidisciplinary team cfforts
occur, they demonstrate to trainces how an cffective rescarch institute
can organize its scientific resources in different ways to solve produc-
tion problems.

The institute is conveniently located next to the University of the
Philippines College of Agriculture, and about one-third of IRRIs re-
search trainces combine an M.S. degree program at the college with re-
search training at the institute. IRRI scientists belicve that combining a
degree program with a solid research experience enables trainces to per-
form more effectively after returning home; it also gives them the neces-
sary cducational credentials to move into leadership positions in their re-
spective national programs. In general, IRRI rescarch traincees arc a
highly educated group. At the time the participant follow-up survey was
taken in 1973, 41 percent of the rescarch trainces had M.S. degrees, 43
percent had either received or were working toward Ph.D. degrees, while
only 16 percent of the group were still at the B.S. degree level.

Results

Former IRRI rescarch trainees reacted in very positive terms when as-
sessing their training experience at the institute. IRRI selected both re-
scarch and teaching personnel from national institutions, and more than
90 percent of all research trainees indicated that the training had been of
usc to them since returning home. In addition, approximately 71 percent
of former trainces (who were working when the survey was taken) were
still actively involved in rice rescarch or production programs.

In considering the main educational objective associated with the proj-
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ect training approach (i.e., analysis), it seemed consistent to expect train-
ees to continue working in experimental (analytical) research after re-
turning home. To verify this hypothesis, the work behavior of former
trainecs was examined to determine which types of research were being
empbhasized (sce Table 2). As expected, more knowledge-gencrating types
of research (field, laboratory, and greenhouse experiments) were being
carried out than rescarch activities associated with the direct develop-
ment of rice technology (agronomic field trials and genetic crosses).2?
Another factor considered in determining the type of research being
emphasized by IRRI rescarch trainees was the form of research output,
particularly since rescarch papers are the primary output from know-
ledge-generating types of rescarch. First, it was found that 106 research
trainees had been abie to publish (or present) a total of 187 rescarch pa-
pers based on the rescarch work they completed while at IRRIL Second,
trainees were asked if they had been able to publish or present any re-
search papers based on research conducted since returning home. In the
two-year period (1971-72), 130 former rescarch trainces produced 370
techincal papers. Since only 154 trainees indicated they were actively

TABLE 2 AVERAGE NUMBER OF RESEARCH AND PRODUCTION
ACTIVITIES COMPLETED BY IRRI RESEARCH TRAINEES
ACTIVE IN RICE RESEARCH AND PRODUCTION PROGRAMS,

1972
Number & Percent of Trainees Mean
Conducting Each Level per
Activity (N = 154) Trainee
Type of Activity N % (N = 154)
A. Laboratory or
Greenhouse
Experiments 65 42.2% 1.61
B.  On-Station Field
Experiments 85 55.2% 3.48
C.  Genetic Crosses 46 29.9% 19.90
D.  On-Station
Replicated
Applicd Research
Trials 57 37.0% 1.55
E. On-Farm
Replicated
Applied Research
Trials 38 24.7% 1.17
F. On-Farm
High Yielding

Production Plots 39 25.3% 146



46 [ Swanson

engaged in rice research and production programs when the survey was
taken, and only another five percent of former trainees were working in
other crop research programs, it was concluded that knowledge-generat-
ing types of experimental rescarch arc heavily dominating the work be-
havior of former IRR1 rescarch trainces.?®

IRRI Rice Production Training Program

The IRRI rice preduction training program was established in 1964 in
response to a growing need for competent rice extension specialists who
could: (1) diagnose serious rice problems; (2) grow a rice crop using the
high yielding rice technology being developed by IRRI; and (3) commu-
nicate these skills, methods, and techniques to rice producers through
efficient extension methods.2® Later, as it became apparent that IRRI
could not begin to train all the rice production specialists nceded by
national programs, its focus was shifted to “training the trainers” of rice
production specialists. The logic of this approach was to create a multi-
plier effect within cach national program whereby large numbers of field
extension workers could be trained to use and demonstrate the new im-
proved rice technology.

The rice production training program is a six-month course conducted
during the wet rice growing scason beginning in carly June cach year.
The behavioral objectives of the present program, in addition to the
three original objectives mentioned above, are: (1) for trainees to be able
to conduct applied rescarch trials to modify the modern rice techinology
(package of practices) to fit local growing conditions in their home coun-
tries and/or regions; and (2) to be able to organize and teach in-service
rice production training programs for extension personnel in their home
country programs.

To achicve these behavioral objectives, trainees spend about half of
their time in the classroom gaining up-to-date knowledge about modern
rice production in the tropics, and the other half in the ficld practicing
this knowledge, acquiring new skills in rice production, and communi-
cating this technical information. One of the most outstanding features
of the training methodology is that the classroom instruction, which im-
parts extensive technical information about all aspects of modern rice
production, is carcfully organized around and integrated with the practi-
cal ficld training. What is lcarned in the classroom is directly relevant to
the problems faced in the ficld. Second, the course is highly cfficient in
that it is completely organized before the trainees arrive (lectures, ficld
practice, ficld trips, etc. are all scheduled), so that cach hour is accounted
for in terms of the instructor responsible and the behavioral objectives
to be achieved. In addition, most technical lectures, field practice, exer-
cises, ctc. are reproduced and made available to trainees so cach has a rice
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production training manual and a complete set of technical lecture notes
to usc both during the training program and after returning home.

Results

Questionnaire responsces show that nearly every former rice produc-
tion trainee was satis{icd with the overall training, and approximately 90
percent of the trainces indicated they were making some or full use of
the training. The number of respondents who indicated they were in job
assignments where they could make direct use of their training was less
satisfactory. Although 81 percent of the respondents indicated that they
were working in rice production programs, only about 42 percent were
in positions directly associated with the stated behavioral objectives of
the program.

In regard to the primary behiuvioral objective of the program, it was
found that only nincteen respondents (12.8 percent) were working as
full-time rice production trainers, Although two-thirds of the respon-
dents indicated that they had worked, at one time or another, in organ-
ized rice production wraining programs, in most cases these duties were in
addition to their regular job assignments. In addition to the nineteen re-
spondents, it was found that another thirty-six respondents (24.3 per-
cent) were working as rice extension specialists, and cight trainees (5.4
percent) were involved with rice production programs as general agricul-
tural extension workers, In all of these cases, trainees were considered to
be directly involved in assignments associated with the behavioral objec-
tives of the progranu.

Approximately one-fourth of the rice production trainees are research
workers in their home countries. In fact, nearly 10 percent of former rice
production trainces are currently working in rice breeding. How oi why
these trainces were sclected for this program, rather than the research
training program in varictal improvement, was not established. Although
rice production training is probably quite useful and appropriate for
many rice rescarch workers, their selection appears inconsistent with the
stated objectives of the rice production training program.

The remaining trainees have moved into other types of job assign-
ments since returning home (many in administrative positions); but some
are still associated with rice production work, Eleven participants were
attending a university when the survey was taken, and probably many of
these will eventually return to rice production activities,

Effcct of Different Training Strategics on Work Behavior
It was established in this study that the work behavior of trainees in
cach of the three groups differed widely following their return to na-
tional job assignments. At the same time, however, there were great
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similarities in the general background characteristics of the trainees.
Thercfore, the purpose of this scction is to develop an adequate expla-
nation for these diffcrences in work behavior by examining the major
independent and intervening variables.

No attempt is made to characterize one training program as being
better or worse than another; rather, the objective is to learn from the
strengths and weaknesses of cach training strategy. All training programs
included in this study arc generally well organized and well received by
former trainces, To establish this point, two major traince assessment
variables arc contrasted in Table 3.

TABLE 3 GENERAL TRAINEE ASSESSMENT OF EACH
TRAINING PROGRAM

CIMMYT IRRI IRRI Rice
Wheat Research Production
Type of Training Assessment Trainees Trainees Trainecs
Trainee's overall satisfaction
with the training program:
very satisfied 65.4% 55.6% 64.0%
somewhat satisfied 32.8% 35.5% 34.7%
neutral or dissatisficd 2.3% _8.9% 1.3%
total 100.0% 100.0% 100.0%
Trainec’s use of training in
his present job assignment:
full usc of training 46.4% 39.4% 48.6%
some usc of training 47.2% 55.5% 42.1%
little or no use
of training _6.4% _51% _9.3%
total 100.0% 100.0% 100.0%

There is little or no difference as to how individual trainces have
perceived the use of their training, as well as how they have assessed
their training experience at cach center, Thercfore, from the viewpoint
of the individual trainee, cach training program has been cffective in
achieving its specified training objectives.

As mentioned, however, trainees are performing ditferently in their
present job assignments. Data on individual trainec work behavior are
presented in Figures 1and 2 for the three training groups, based on the
subgroups of trainces who actually indicated direct involvement (when
the survey was taken) in a wheat improvement or rice research and pro-
duction programs. The percentage of trainees indicating such direct in-
volvement for cach training group is as follows: CIMMYT wheat trainces,
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83.8 percent (N = 105); IRRI rescarch trainees, 71.3 percent (N = 154);
and IRRI rice production trainces, 78.8 percent (N = 108). Scc Tables 1
and 2 for additional data.

It is clear from the data presented that CIMMYT wheat trainces are
completing more rescarch activities associated with the development of
biological technology than arc IRRI rescarch trainees.?” While this differ-
ence in research emphasis was expected, the extent (i.c., level) of these
observed differences was not anticipated. Since these differences have an
important influcnce on the type of national rescarch capacity that devel-
ops, a detailed esamination of the factors that contributed to these dif-
ferences was warranted.,

To account for these differences, an analysis was made using a concep-
tual model of the training process developed by Lynton and Pareck (see
Fig. 3).

Independent Intervening Dependent

Variables Variable Variable

Participant Improved
Participant

/ Behavior
d i
_ _> Fraining ~-_ t
- il
L. - ~ « o Greater

Organization Organizational

Effectiveness

Source: Lynton, R.P. and Pareck, Udai, Training for Development, Richard 1), Irwin, Inc.,
and the Dorsey Press, 1967, p.18.

FIGURE 4 A MODEL DEPICTING THE ROLE OF TRAINING IN BEHAVIORAL
AND ORGANIZATIONAL CHANGE?®

First, an examination was made of the two major independent variables:
(1) personal characteristics of individual trainees, and (2) characteristics
of trainces in their work organizations for cach training group. Then, dif-
ferences in the main intervening variable—the actual training strategy and
approach employed by cach institute—were considered.,

Personal Characteristics of Trainees

Several key variables describing the personal background and charac-
terictics of trainces were tabulated to determine if there were any signifi-
cant differences in the types of trainees being selected for cach pro-
gram.?® Table 4 summarizes data on those characteristics that might be
expected to influence work behavior,

In terms of background characteristics, there are two apparent differ-
ences between the two research training groups which could affect work
performance. First, as documented in Table 4 is the difference in educa-
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TABLE 4 PERSONAL CHARACTERISTICS OF TRAINEES IN EACH

TRAINEE GROUP
CIMMYT IRRI IRRI Rice
Wheat Research Production
Personal Characteristics Trainees Trainees Trainees
of Traineces (N = 130) (N = 234) (N = 148)

A.  Mean age when entering

the training program

(in years) 30.6 30.4 324
B.  Percentage of trainces

who grew up in rural

areas 61.4% 59,5% 77.0%
C.  Percentage of trainee

fathers who were engaged

in agricultural jobs 47.5% 36.7% 45.8%
D.  Percentage of traince

families whose main

source of income was

from agricultural sources 47.1% 43.2% 55.5%
E.  Educational level of

trainces when entering

the training program

Less than B.S. degree 21.1% 1.8% 22.4%
B.S. degree or equivalent  57.8% 62.3% 65,0%
M.S. or Ph.D, degree 21.1% 35,9% 12.6%
Total 100.0% 100.0% 100.0%

F.  Present cducational level
of trainecs

less than B.S. degree 20.5% - 17.5%
B.S. degree or equivalent  41.7% 16.2% 56.6%
M.S. degree or equivalent  27.6% 41.2% 19.6%
Ph.D. degree 10.2% 42,6% _6.3%
Total 100.0% 100.0% 100.0%

tional level, Although the IRRI rescarch group is more highly educated—
this factor may somewhat influence the type of research conducted
(which appears to be the case)—this factor would not be cxpected to
have a negative influence on the overall amount of work completed.

The second major difference is nationality and the possible influence
of cultural factors on work behavior. The IRRI rescarch group is primar-
ily from countrics in South, Southeast, and East Asia; whercas CIMMYT
trainees are primarily from North Africa, the Middle East, South Asia,
and South America. Because there was insufficient overlap between the
two groups to measure the impact of nationality or culture on work
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behavior, the importance of this influence remains unknown. However,
based on the investigator’s experience in agricultural training programs,
where he worked with a wide varicty of cultural groups, there was noth-
ing in this experience to suggest that cultural background would have a
determining influence on the type and amount of work performed.
Characteristics of Trainees in Their Work Organizations

The next set of variables to be examined in attempting to explain dif-
ferences in the work behavior between the two rescarch training groups
concerns the role of the traince in his work organization when the survey
was conducted. Table 5 presents data on certain selected variables that
could be expected to influence the dependent variable.

There is no difference between rescarch groups regarding the level of
their present positions in their work organizations, but there are other
important differences which could directly contribute dircctly to the ob-
served differences in work behavior. First, there is a substantial differ-
ence in the proportion oi trainees doing ficld rescarch work. Since the
work behavior of IRRI research trainees tends to emphasize experimen-
tal field research (as veported in Table 5 and Fig. 1), the fact that only
about 45 percent of the IRRI research group (contrasted with ncarly 75
percent for the CINMY'T group) are engaged in field research would be
expected to have an important negative influence on the mean level of
ficld rescarch activities cempleted per trainee. Second, the important
difference between the two groups in regard to crops worked with (71
percent of CINMY'T trainees worked full-time on wheat rescarch,
whereas only 41 percent of IRRI research trainees worked full-time on
rice research) would also be expected to have some influence on the total
amount of wheat/rice rescarch completed.

These findings raise two obvious questions: (1) why are there such
large differences between the two rescarch training groups with respect
to these two variables; and (2) what actual impact are these differences
having on the amount of work completed by trainces?

Although there are no clear-cut answers to the first question, certain
facts are known. First, IRRI selects trainees from educational as well as
rescarch institutions for its research training program. With 16 percent
of former IRRI rescarch trainces now working in full-time teaching posi-
tions within agricultural colleges or universitics, this group accounts for
morc than half the difference between the CINMMYT and IRRI rescarch
groups. Sccond, ol those IRRT rescarch trainees who are doing research
work, more than one-third are engaged in laboratory fpreenhouse re-
scarch; this group accounts for the vemainder of the difference.

Less casy to explain is the fact that only 41 percent of the research
workers included in the IRRI rescarch group are working full-time on
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rice research, yet most come from countries totally dependent on rice
as the major food stapel. The only apparent reason is that the IRRI re-
search group is trained in disciplinary departments and is more highly
educated, which again would be an impetus to further disciplinary

TABLE 5 VARIABLES DEPICTING THE ROLE OF TRAINEES IN
THEIR WORK ORGANIZATION FOR ALL THREE TRAINING

GROUPS
CIMMYT IRRI IRRI Rice
Characteristics of Trainces Wheat Research Production
in Their Work Organization Trainees Trainees Trainees
{when survey was taken) (N =130) (N = 234) (N = 148)
A. Types of organizations
where trainees are
working:
National research
organizations 88.0% 56.9% 20.0%
National extension
organizations 6.4% 1.9% 47,.9%
Agricultural college
or university 2.4% 27.3% 12.1%
Other 3.2% 13.9% 20.0%
Total 100.0% 100.0% 100.0%
B.  Level of trainee’s
position in his work
organization:
Policy level 4.0% 4.7% 2.9%
Senior level 41.9% 46.5% 32.1%
Middle level 50.1% 45,0% 54.0%
Lower level _4.0% _3.8% 11.0%
Total 100.0% 100.0% 100.0%
C. Type of work trainee
is engaged in:
Mainly administrative
work 11.6% 12,1% 22.7%
Mainly field research
work 74.4% 44.7% 22.0%
Mainly lab./greenhouse
rescarch 6.6% 24.1% 3.8%
Mainly ficld extension
work 5.8% 3.0% 28.8%
Mainly teaching or
training 1,6% 16,1% 22.7%

Total 100.0% 100.0% 100.0%
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TABLE b — Continued

CIMMYT IRRI IRRI Rice
Characteristics of Trainces Wheat Research Production
in Their Work Organization Trainces Trainees Trainces

{when survey was taken) (N = 130) (N = 234) (N = 148)

D.  Crops worked with by the
trainee in his job assignment;

Only works with

wheat/rice 71.4% 40.7% 32.8%
Works with wheat/rice
and o'.er crops 19.9% 31.5% 48.2%

Does not work with
wheat/rice in his
present job assign.

ment 8.7% 27.8% 19.0%
Total 100.0% 100.0% 100.0%

specialization. Once back home in their national programs, which are
concerned with several different crops (rather than a single crop as is the
case with IRRI), it appears likely that these scientists may hc called on
to divide their research time with other crops in addition to rice. For ex-
ample, a pathologist may be assigned to study fungus discases of several
economic crops rather than work on ail different discases of rice, such as
bacterial blight, blast (a fungus disease), and tungro (a virus discase).

Trainees who have gone through the CIMMYT training program which
operates within an interdisciplinary rescarch structure, have tended to
continue their focus on wheat improvement rather than specialize on re-
search problems within a particular scientific discipline,

The second question raised above concerned the impact differences in
trainee job assignments have on the overall work behavior of trainees.
The procedure used to address this question contraste d the work behav-
ior of two subgroups of trainces from cach of the two research training
groups—those mainly doing ficld research work and those working only
on wheat/rice rescarch—to determine if the observed differences in work
behavior could be explained by cither of these two independent vari-
ables, or if the differences still persist. Results of these analyses arc
found in Tables 6 and 7.

As the data indicate, the observed differences in behavior for those re-
scarch activitics most closely associated with the development of im-
proved genetic and production technology (types C, D, and E) continue
to be present even when considering just those subgroups mainly doing
ficld rescarch and those doing only wheat/rice rescarch respectively,
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TABLE 6 ANALYSIS OF VARIANCE OF WORK BEHAVIOR OF
INDIVIDUAL TRAINEES MAINLY WORKING ON FIELD
RESEARCII FOR CIMMYT AND IRRI RESEARCH TRAINING

GROUPSt
CIMMYT IRRI
Wheat Rescarch Level of

Type of Activity Trainecs Trainces Signifg-
Completed (N =79) (N =72) t values cance
A. Laboratory

and greenhouse

experiments 1.76 0.61 1.1068 n.s.
B. On-station field

research

experiments 6.82 4,07 1.7757 n.s.
C.  Genetic crosses 279.50 26.30 5.8646 **
D. On-station

replicated applied

rescarch trials 8.95 2.00 4.3683 .
E. On-farm

replicated applied

rescarch trials 4.95 1.68 2.4003 *
F. On-farm

production plots 3.17 2.46 0.4226 n.s.

t Data reported is the mean level of each activity completed per trainee during
the main wheat or rice growing season of 1972,

° The following statistical notations are used: n.s., not significant; *significant
at the .05 leve, **indicates the difference is highly significant at the .01 level,

Thercfore, although a smaller proportion of IRRI rescarch trainees are
working in field research and a smaller proportion are only working full-
time on rice rescarch, thees differences in job assignments still do not
explain the major differences in observed work behavior between the
two rescarch training groups.

To reiterate, it was not possible to account for the differences in work
behavior between the two research training groups by considering the
two main independent variables: (1) the differences in the personal back-
ground characteristics of the individual trainees in cach group and (2) the
characteristics of traince job assignments in their work organizations.
These findings, therefore, direct the inquiry to the intervening variable—
the training itsclf—to see if the differences in training could account for
the obscrved differences in work behavior,
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TABLE 7 ANALYSIS OF VARIANCE OF THE WORK BEHAVIOR OF
INDIVIDUAL TRAINEES WHO ARE ONLY WORKING ON
WHEAT/RICE RESEARCH FOR THE CIMMYT AND IRRI
RESEARCH TRAINING GROUPSt

CIMMYT IRRI

Wheat Research Level of

Type of Activity Trainees Trainees Signifi-
Completed (N=281) (N=182) ¢t values cance’
A. Laboratory

and greenhouse

experiments 1.72 1.12 05778 n.s.
B.  On-station field

research

experiments 5.89 3.84 1.3358 n.s.
C.  Genetic crosses 261,20 28,00 5,5943 b
D.  On-station

replicated applied

research trials 8.36 1,52 4.4190 e
E. On-farm replicated

applied research

trials 443 1.26 2.6425 i
F.  On-farm

production plots 3.77 1.99 1.1194 n.s.

t Data reported is the mcan level of cach activity completed per trainee during
the main wheat or rice growing season of 1972,

© The following statistical notations are used: n.s,, not significant; *significant
at the .05 level; **indicates the difference is highly significant at the .01 level,

Differences in Training As An Intervening Variable

The training objectives, methodology, and strategy of the two research
training programs considered here are markedly different. Both training
approaches were described carlier. The key points that appeur to directly
link them to the differences in work behavior are as follows.

IRRI has employed analysis as the main educational objective associ-
ated with the rescarch project approach to training. In following this
type of program, the traince learns first-hand how to design, carry out,
and report on a rescarch experiment. In so doing, he learns how to think
analytically—a prerequisite for any successful rescarch worker. Having
this ability and skill, however, docs not prepare a research worker for all
types of rescarch work, In particular, he does not learn the rescarch skills
and methods associated with organizing and opcrating a rescarch program
aimed at developing improved agricultural technology where the primary
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educational objective is synthesis (an objective that characterizes the
CIMMYT wheat training program),

The CIMMYT wheat rescarch program is =ssentially a highly organized
“genctic assembly line” which has standardized procedures and routin-
ized tasks to increasc the efficiency and output of a wheat improvement
research program while minimizing crror. By systematically and effec-
tively mixing the gene pool through large numbers of genetic crosses and
by systematically screening the progeny of these crosses, particularly
through the extensive use of carly generation testing procedures (evalua-
tion), the biological architects at CIMMYT believe they can maximize
the probability of producing superior germ plasm. CIMMYT wheat train-
ees appear to have learned and adopted this research approach to wheat
improvement, given their observed behavior.

The different approaches to research training pursued by IRRI and
CIMMYT arc having an important and mecasurable influence on the work
behavior of research workers in less-developed countries. In the one case,
rescarch workers tend to emphasize experimental rescarch aimed at gen-
erating ncw knowledge about rice production in the tropics. The other
training group tends to emphasize and to be very efficient and produc-
tive in conducting research aimed at developing improved wheat tech-
nology.

Transforming National Rescarch Capacity: A Postscript

As Ruttan and Hayami point out, one of the most scrious constraints
on the international transfer of agriculturi technology is limited experi-
ment station capacity for the production of biological technology.®® The
central theme of this study has been to analyze how two international
rescarch centers have addressed this problem through their training pro-
grams. In making this analysis, howev.r, it became increasingly clear to
the investigator that there was a more basic issue involved than just a dif-
ference in training objectives and methodologies. More important were
the working assumptions made by cach center concerning the ability of
national rescarch systems to organize their scientific resources. Although
this is a complex issuc, cach center’s response provides some valuable in-
sights into the problem,

CIMMYT’s response is essentially based on the premise that the na-
tional wheat improvement programs it is working with are not function-
ing effectively because they are unable to organize their scientific re-
sources to solve practical production problems. The problem is essen-
tially two-fold.

First is the problem of focus or rescarch objectives. CIMMYT’s re-
sponsc to this perceived institutional problem was to concentrate on one
specific production problem—the need for improved genetic technology
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—and through its training strategy to carefully and systematically build
this relatively simple research function into cact national program. Thus,
organizational change was a specific, but impli t, training objective.

Second is the problem of functional integra Hn, or the ability of a
national program to effectively organize and r.obilize its scientific re-
sources around the objective of producing biological technology. By
identifying this inability as a serious institutional problem, it follows
that technical personnel, in addition to lacking relevant rescarch skills
and methods, would also lack the skills and spirit of working together in
organized, cooperative tcam cfforts. More precisely, they lacked the or-
ganizational skills and perspective necessary to integrate their rescarch
functions around a specific rescarch objective. Thus, it was found that
CIMMYT trainees in cercal technology spent one-fourth of their time in
the wheat breeding program so they would clearly understand and appre-
ciate the functional relationship between their work in cereal technology
and in the breeding program. Likewise, cach training group spent a sub-
stantial amount of time working in cach of the other respective research
programs that arc functionally involved in developing improved genetic
technology.

Following the logic of this strategy, it was expected that oncc a “criti-
cal mass” of trained research workers was present in a wheat improve-
ment program, that program would function effectively. As this hap-
pened, it was expected that each national program would: (1) work out
its own rescarch structure (i.c., division of labor) to fit local needs and re-
quircments and (2) take over the necessary informal on-the-job training
of new personnel. Once this transformation had been achieved, CIMMYT
expected national wheat improvement programs to be functionally com-
petent to identify local production problems and meet long-term techno-
logical needs. Observations made by the investigator, while pretesting the
survey questionnaire in the ficld, suggests that this strategy is working,

IRRI’s response to the problem of how national rescarch programs
organize their scientific resources is based on a different policy decision.
On one hand, IRRI officials and scientists expressed serious concern that
some national programs lack the ability to organizc and direct their re-
search resources toward solving local production problems. Cn the other
hand, however, IRRI leaders have expressed a sensitivity and concern
that their international activities do not dominate the rescarch capability
of national programs.?! By taking an explicit policy decision against di-
rect institutional intervention, IRRI was then placed in a position taking,
as a given, the ability of national programs to organize their scientific
resources.3 Furthermore, IRRDs rescarch training strategy, while not
resulting from this policy decision, is logically consistent with it.

IRRI is operating on the basis of the same type of institutional
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relationship that a college of agriculture (as an educational institution)
would have with a functionally effective experiment station (as a work
organization). The college provides graduate students with a good theo-
retical background in a field of study, along with a solid research experi-
ence in designing, conducting, and reporting on a research project. Once
hired by an experiment station for a particular research position, how-
ever, a student is given specific research responsibilities (tasks)—which
are functionally integrated with the station’s overall research program—
that he is expected to carry out. Since it is unlikely that the student
knows how to carry out these responsibilities, he will generally be as-
signed to work closely with a senior scientist in the same program. After
a season or two of this informal, on-the-job type of training, the inexpe-
rienced research worker will develop sufficient skill competency to func-
tion independently in carrying out his assigned tasks.

IRRI, by using the research project approach and by training research
workers in separatc disciplinary departments, does not address institu-
tional problems, such as poorly defined or inappropriate research objec-
tives and the lack of functional integration, through its training strat-
egy.>® The observed work behavior of former IRRI rescarch trainees, as
they return home to concentrate on knowledge generating types of re-
search, raises obvious questions about IRRI's training strategy. While
trainees study production problems relevant to home country condi-
tions, it appears that in most cases their research effort—as it ~ontributes
to the overall national rescarch capacity—lacks sufficient emphasis on
and attention to the problem of producing biological technology.

Conclusion

This study is built on the premise that as poor nations of the tropics
and subtropics shift to modern agricultural production systems, they will
need cffective research institutions tc meet long-term technological
needs. Experience suggests that in some of these national research insti-
tutions, technology development rescarch activities are frequently ne-
glected? or are relegated to less qualified and/or motivated research
personnel,® while more highly educated scientists concentrate on more
theoretical rescarch inquiries. However, if national agricultural research
systems arc to be relevant and useful to agricultural producers, then
knowledge generating rescarch activities must be, to a large degree, di-
rected by and integrated with the technology developing rescarch func-
tion. Furthermore, this technology developing research system must be
capable of effectively and efficiently transforming new knowledge into
improved agricultural technology. Where the national research capacity
for producing biological technology is weak or lacking, then these na-
tional research systems will remain functionally impotent in their
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ability to solve serio.:; production problems; and these nations will re-
main largely dependent on external agencies (particularly the inter-
national research centers themselves) for new sources of improved tech-
nology. An analysis of the observed work behavior of former IRRI and
CIMMYT research trainees supports the proposition that different train-
ing approaches (i.e., different educational objectives and training meth-
odologies) and institution-building strategies can have an important
impact on the type of national research capacity that develops. There-
fore, international centers must be fully cognizant of these potential
influences on the technological capability of national research systems
when designing their training and outreach programs.
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TABLE 1 CIMMYT WHEAT NURSERIES DISTRIBUTION — 1974

Type of
Crop

BREAD
WHEAT
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Name of Experiment
Crossing Block (CB) 7 5 1 1 5 8 o 8
F2 Irrigated 12 17 1 7 4 18 0 10
F2 Dryland 10 16 1 8 5 15 (1] 15
F2SxW 7 13 1 9 9 18 3 10
8th International Bread
Wheat Screening
Nursery (IBWSN) 33 24 2 17 18 19 4 20
5th Elite Selection
Yield Trial (ESYT) 7 4 0 1 2 10 (1] 6
11th International Spring
Wheat Yield
Nursery (ISWYN) 22 18 1 24 13 24 2 16
5th International Septoria
Nursery {(ISEPTON) 8 1 1 7 3 8 1 5
3rd Multiline (8156) 7 8 o 0 3 8 0 4
Normal Height (F2, F3, & F5) 2 1 ] L] o o 1] 1]
11th ISWYN (Short set) 1 0 0 2 0 2 1 0
Bread Wheat Subtotals 116 107 8 76 62 130 11 94

Subtotals by
Experiment

35
69
70
70

137

30

120

30

Totals by Crop

604
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Table 1--Continued

Type of

Crop Name of Experiment
Crossing Block (CB)
F2

DURUM F2 (Special sets)

WHEAT 6th International

Durum Screening
Nursery (IDSN)
5th Elite Durum
Yield Trial (EDYT)
6th International
Durun, Yield
Nursery (IDYN)

Durum Wheat Subtotals 51

Crossing Block (CB)

F2 Irrigated

F2 Dryland

F2S&WwW

TRITICALE 6th International

Triticale Screening
Nursery (ITSN)

6th International
Triticale Yield
Nursery {ITYN)
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5 2 0 1 7 o 0 2

8 4 0 11 9 8 0 10

4 0 0 0 3 0 0 0

13 5 0 20 17 17 1 12
6 3 0 6 5 5 0 5

15 7 0 17 13 12 0 11
21 0 55 54 42 1 40

4 5 0 1 3 6 0 6

4 6 1 4 1 9 0 5

5 6 0 3 1 8 0 7

1 3 0 9 0 12 0 5

18 17 1 14 6 21 2 18
15 11 1 13 7 17 2 9

Subtotals by
Experiment

17
50

30

75

30
30
30

97

75

Totals by Crop

264



1st Forrage Lines (FL) 6 1 o 2 3 12 2 4 30
2nd Triticale
Discase Resistance

Nursery (TDRN) 1 1] 1 (1] 3 0 3 10
6th ITYN (Short set) 1 /] 0 0 1 0 (1 2
Triticale Subtotals 56 50 3 47 21 89 6 57 329
Crossing Block (CB) 1 2 ] 1 3 2 (4] 3 12
BARLEY F2 3 ()] 6 5 0 4 25
2nd International
Barley Observation
Nursery (IBON) 10 6 (U 4 11 9 L] 5 45
Barley Subtotals 14 11 0 9 20 16 o 12 82
Totals by
Geographic Area 237 189 11 187 157 277 18 203 1279

Source: Dr. Maximino Alcala, head of CIMMYT"s International Wheat Nursery Program.



TABLE 2 INTERNATIONAL WHEAT NURSERY TRIALS BY COUNTRIES

Region & Country

AFRICA
Algeria
Angola
Cameroon
Egypt
Ethiopia
Ghana
Kenya
Lesotho
Malagasy Republic
Morocco
Nigeria
Rhodesia
Senegal
Somalia
South Africa
Sudan
Tanzania
Tchad
Tunisia
Uganda
Zaire
Zambia
Totals:

ASIA_
Afghanistan
Bangladesh
China

India
Indonesia
Japan

Nepal
Pakistan
South Korea
South Vietnam
Thailand
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1978

40
0
2

1

27
0

14
2
0

27
8
0
4
0

30
8
9
2

27
2
0

2
270

18
5
0

98
2
4
7

45

12
0
-

191

1974

49
4
2

23

35

189



Table 2—Continued

CENTRAL AMERICA

Guatemala
Honduras
Totals:

EUROPE
Albania
Avstria
Bulgaria
Czechoslovakia
Denmark
England
Finland
France
Greece
Hungary
Ireland
Italy
Netherlands
Norway
Poland
Portugal
Romania
Russia
Spain
Sweden
Switzerland
East Germany
West Germany
Yugoslavia
Totals:

MIDDLE EAST

Cyprus

Iran

Iraq

Israel

Jordan
Lebanon
Libya

North Yemen
Saudi Arabia
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Table 2—-Continued

South Yemen

Syria
Turkey
Totals:

NORTH AMERIC
Canada

Mexico
U.S.A.
Totals:

OCEANIA

Australia

New Zealand
Totals:

SOUTH AMERICA
Argentina
Bolivia
Brazil
Chile
Colombia
Ecuador
Guyana
Paraguay
Peru
Uruguay
Venezuela
Totals:

Source: Dr, Maximino Alcals, head of CIMMYTs International Wheat N ursery

Program.

o

o
olco-cnooo-o-s:slo

72

145

L
202

157
ga

149

89
277

18

18

203



TABLE 8 SIZE AND TYPE OF INTERNATIONAL WHEAT NURSERIES

BY YEAR
BREAD WHEAT NURSERIES
International Spring Wheat Yield Nursery (ISWYN):
Year No. Lines Reps. _ No. of Sets _ Bulletin
1964 Ist 25 3 34 Yes
1965 2nd 25 3 70 Yes
1966 3rd 50 3 80 Yes
1967 4th 50 S 80 Yes
1968 5th 50 3 80 Yes
1969 6th 50 8 80 Yes
1970 7th 50 8 90 Yes
1971 8th 50 8 100
1972 9th 50 3 100
1973 10th 50 . 120
1974 11th 50 3 137
International Bread Wheat Screening Nursery (IBWSN):
1967 1st 1216 15
1968 2nd 1355 20
1969 3rd*‘a” 287 25
1969 3rd"b" 1125 80
1970 4th*“a” 270 40
1970 4th*b” 1150 55
1971 5th 336 65
1972 Gth 815 100
1973 7th 330 120
1974 8th 500 140
Elite Selection Yield Trial (ESYT):
1970 Ista” 25 4 20
1970 Istb” 25 4 20
1971 2nd“a” 25 4 20
1971 2nd“b” 25 4 20
1972 3rd 25 4 15
1973 4th 25 4 20
1974 Bth 25 4 30
Spring Wheat X Winter Wheat Segregating Populations (Fo 8 X W):
1973 st * 25
1973 2nd * 10
1974 Srd 815 10
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TABLE 3-—-Continued
Latin Ametican Disease and Insect Screening Nursery (LADISN):

Year No. Lines No. of Sets __ Bulletin
1972 Ist“a” 794 20 *
1972 1st*b” 939 10 .
1973 2nd 557 80 *
1974 Srd * * *
Regional Disease and Insect Screening Nursery (RDISN):

1970 1st 1800 6 *
1971 2nd 2400 10 *
1972 Srd 2400 40 *
1973 4th 2400 40 .
1974 5th 2400 40 .
International Septoria Nursery (ISEPTON):

1970 1st 76 15

1971 2nd 108 25

1972 3rd 155 25

1973 4th 131 25

1974 5th * .

Multiline Narsery (£156):

1973 1st 2851 30

1973 2nd 291 80

1974 8rd 256 25

1974 4th * .

Crossing Block:

1973 (June) 265 25

1973 (Nov.) 350 10

1974 (June) 264 35

1974 (Nov.) * .
Segregating Populations (F2):

Year Populations No, of Sets

1973 (Dryland) * 75

1973 (Iirigated) * 75

1974 (Dryland) * 70

1974 (lrrigated) * 70

DURUM WHEAT NURSERIES
International Durum Yield Nursery (IDYN):

Year No. Lines Reps.  No, of Sets _ Bulletin
1969 Ist 16 3 50 Yes
1970 2nd 25 3 50 Yes
1971 8rd 25 3 50 Yes

7



TABLE 3—Continued

Year No. _ Lines Reps. _ No, of Sets _ Bulletin
1972 4th 25 3 50
1973 5th 25 k] 75
1974 6th * 3 *
International Durum Screening Nursery (IDSN):
1969 1st 138 20
1970 2rd 232 35
1971 3rd 256 40
1972 4th 223 55
1973 bth 165 75
1974 6th 244 85
Elite Durum Yield Nursery (EDYN):
1971 1st 25 4 25
1971 2nd 25 4 25
1972 3rd 25 4 25
1978 4th 25 4 25
1974 5th 25 4 30
Crossing Block;
1973 1st * 8
1974 2nd . *
Seg egating Populations (Fg):
Year No. Populations No. of Sets
1973 Ist * 80
1974 2nd 69 50
TRITICALE NURSERIES
International Triticale Yield Nursery (ITYN):
Year No. Lines Reps. ~ No. of Sets __ Bulletin
1969 1st 16 3 50 Yes
1970 2nd 16 3 50 Yes
1971 3rd 25 3 50 Yes
1972 4th 25 3 50
1973 5th 25 3 75
1974 6th 25 3 75
International Triticale Screening Nursery (ITSN):
1969 Ist 47 25
1970 2nd 70 80
1971 3rd 75 50
1972 4th**a” 108 40
1972 4th*b” 123 40
1973 5th*a” 100 50
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TABLE 3—Continued

Year No., Lines Reps.  No, of Sets___ Bulletin
1973 5th“b” 100 50
1974 6th * 100
Segregating Populations (F2)
Year No. Populations No, of Sets
1973 1st 150 30
1974 Irigated 126 30
1974 Dryland 175 30
1974 SXw 50 30
Other Nurseries:
Year Type No. of Sets
1973 Crossing Block 10
1974 Crossing Block 30
1974 Forage Line Nursery 30
1974 Triticale Disease Resistance

Nursery (TDRN): 10

BARLEY NURSERIES
International Barley Observation Nursery (IBON):
Year No. Lines No. of Sets
1973 1st 381 20
1974 2nd 163 35
Crossing Block:
1973 Ist b 1
1974 2nd * ]
- Segregating Nurseries (Fo)

1973 Ist 56 20
1974 2nd . 25

Source: Dr. Maximino Alcala, head of CIMMYT's International Wheat

Nursery Program.

* Complete Information for 1974 was not available when this study was

prepared.
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