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The development and international transferof improvedagriculturaltechnology (par. 
ticularly the high yielding varieties of rice and wheat) made a dramaticimpact on ag
riculturalproduction in many partsof the tropics and subtropicsduring the late six
ties andearly seventies. These productionsuccesses were largely spearheadedby the 
research work carriedout at two internationalresearchand trainingcenters: the In
ternationalRice Research Institute (IRRI) in the Philippinesand the International 
Maize and Wheat Improvement Center(CIMMYT) inlMexico. Donor nationsare now 
looking increasingly to internationalresearchcenters as an effective means of helping 
less-developed nationssolve many of their criticaltechnologicalproblems in agricul
ture. However, as these poor nations shift to agriculturalproduction systems based on 
modern science and technology, it is imperative that they build their own effective 
research institutions to meet long-term technologicalneeds. This Design Study ex
amines the impact of the different trainingstrategiesbeing employed by IRRI and 
CIMM YT in helping to build this nationalresearch capacity. 

Transferring Research Capacity 
It is necessary first to clarify how research 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 carried out by many less
developed countries (LDCs) during that period.2 At the same time, "de
sign transfer" was occurring as national research institutions began to re
ceive new, high yielding experimental lines and varieties of wheat and rice 
that were, in turn, tested and in some cases multiplied and released to ag
ricultural producers.3 In addition, the third phase of the technology 
transfer process, or "capacity transfer," was receiving attention by these 
international research centers through their training and outreach pro
grams. However, building a national research infrastructure (i.e., 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.4 

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 research activities that result in scientific papers being 
written and published, and technology is ".. . that research where the 
main product is not a paper, but instead 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 area or the other. Many agricultural research workers func
tion in both knowledge generating (science) and technology developing 
roles and move easily and effectively between them. But in organizing 
national research institutions, there has been a tendency to overlook the 
technology development function.' Therefore, it is important to know 
which iat a research 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 research tools, but differences in 
research objectives and output demand substantially different types of 
cognitive behavior.7 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 combinations 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 characterizedI as synthesis.9 In synthesis, the research worker 
6... must draw upon elements from many sources and put these together 
into a structure or pattern not clearly there before. His efforts should 
yield a product.""0 The biological architect, in turn, uses research tools to 
test or evaluate these new technological combinations or components 
that he has created to determine their production potential." Perhaps it 
is because the biological architect must spend so much of his time evalu
ating his new 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 applied 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, etc.) 
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 research teams who work together in manipulating 
and integrating different chemical, biological, or mechanical factors of 
production in building superior agricultural technology. 12 

Before moving into a discussion of the training strategies being used by 
IRRI and CIMMYT, and the impact these strategies have on research 
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 research capacity. This 
factor is the predominant reward system within agricultural research that 
appears to be having an important and continuing influence on research 
worker behavior and national research capacity. 

Reward Systems In Agricultural Research
 

One explanation as to why research institutions in many LDCs have
 
been ineffective in producing improved agricultural technology is that re
search workers have tended to concentrate on more theoretical research 
problems rather than working to solve farmer production problems. 13 

An hypothesis that is logically consistent with and will explain this beha
vior is that agriculture research workers in LDCs have adopted or interna
lized the normative structure of the public research establishment (the 
university and the corresponding academic/scientific professions) of in
dustrially developed countries.14 The following factors serve to support 
and elaborate on this hypothesis. 

First, most research workers in the LDCs with advanced degrees re
ceived their academic training in foreign universities, primarily in the 
United States and Europe. Many of these research 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" research inquiry that contributes to the body of knowledge in the 
respective discipline; therefore, these research projects are frequently 

http:countries.14
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highly specialized and theoretical in nature. Both of these factors could 

tend to orient young research 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

ties), whereas the majority of technology developing research is carried 

out in the private sector (industry)."5 Although research 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 research institutions. Thus, in the 

overall agricultural research system of the United States, there is, to some 

extent, a trade-off between professional and economic rewards. Research 

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 research capability is located within the public sector, generally 

within a ministry of agriculture or a university. Therefore, the oppor

tunity for research workers to select between economic and professional 

rewards is quite limited. Agricultural research workers receive salaries 

according to the bureaucratic procedures and criteria being followed by 

the research institution, not according to the type of research carried on. 

Therefore, there is no potential within the research institution itself for 

inducing research workers (through economic rewards) to pursue career 

patterns oriented toward technology development research 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 research activities being undertaken by research 
assoworkers in LDCs-particularly given the professional recognition 

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 research 

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 research 
organization has no effective way to formally reward these successes. 

Finally, the spirit of cooperation is frequently missing from national 

research institutions, and scientists may tend to think in terms of 
achieving personalrather than institutionalcredit. To develop improved 
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agricultural technology requires considerable interlisciplinary coopera
tion, but in this case the credit accrues to the team, not to the individual. 
If this team credit is usurped by the research 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 research 
workers in LDCs prefer to concentrate on individual research projects
aimed at generating new knowledge where they can directly rcccivc pro
fessional recognition and rewards. In most national research systems in 
LDCs, there are too few positive rewards and incentives to encourage re
search workers to carry out technology development types of research. 
It is no wonder, as Singer suggests, that the meager research resources of 
the LDCs (estimated at 2 percent of the world's research and development
expenditure) are frccuently misdirected to research problems that are 
more relevant and useful to the rich nations.6 

The next section will briefly describe the training strategies being 
employed by IRRI and CIMNIYT in helping Third World nations achieve 

'7
capacity transfer. 

The CIMNMYT Wheat Training Program 
The wheat training program in Mexico is an integral part of CIMMYT's 

overall outreach program to make improved wheat technology available 
to farmers in all major wheat growing regions of the Third Vorld. "S 
Strong national programs arc 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 tile techno
logical spin-off problems (primarily disease epidemics) that are a poten
tial threat to the precarious food balance in population dense nations.
 

When the wheat revolution began to spread beyond Mexico in tile early
sixties-particularly to South Asia and the Middle last--national wheat 
improvement programs in these areas were generally weak and poorly or
ganized. CIMMYT used training programs to upgrade the technical skills 
of research personnel in an attempt to build strong, independently func
tioningnational programs that are interdependent with other national 
programs and with CIMMYT for new genetic resources and technical 
information. 

At all levels, CIMNIYT stresses a "team" or integrated approach to 
wheat improvement. At the program level, the emphasis is onl interdisci. 
plinary teams that are well integrated in function. At the international 
level, the national programs and CIMMYT 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 develop the trainee's ability to create (synthesize) new forms of 

wheat technology, and (3) to foster specific types of attitudinal change 

among trainees. 

Technical Research 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 research program. Trainees learn all the essential 

research skills and techniques needed to manipulate and evaluate new 

forms of wheat technology. This training is accomplished through "on

the-job training."' 9 Trainees follow the CIMMNIYT wheat program 

through each stage of the growing season (and the varietal development 

process) with each task or operation first being discussed in the class

room and demonstrated in the field. 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 each research task 

or operation within the ongoing CIMMYT research program. 

Technical Research Ability: Synthesis 

Once the trainee learns the "nuts and bolts" of operating a research 

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 varieties by com

bining and recombining diverse types of germ plasm. To be effective and 

efficient in developing improved high yielding varieties, the trainee 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 varieties), 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?"-trainees soon begin to develop an ability and an 

insight into the creative process of genetic engineering. 

Attitudinal Objectives 
20 

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 seems to use a similar selection technique for its trainees. 
For example, CIMMYT has been 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 clone; it requires about ten lays to two weeks of 
hard, back-breaking work, wading through muddy plots (many times in 
the rain), and injecting two tillers of each plant with a syringe full of dis
ease 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 "trainee population" during these two weeks is very im
portant. Some trainees call disguise their displeasure for this type of 
work for a morning or two; but after a week or ten days, trainees are 
clearly segregating in their "reaction to hard field work." Some trainees 
may do the work while CIMMYT staff members are nearby, but then re
lax under a tree whcn they leave (representing al 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 either "identify with," or have "internal
ized" positive attitudes toward this type of research.2 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 isviewed by the CIMMYT wheat team 
as only the first step in a long-term process of building effective wheat 
research workers and national wheat improvement teams. Because of this 
long-run perspective, the training program becomes both a manpower de
velopmcnt tool for training skilled research technicians and all "early 
generation" selection 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 identified as prime can
didates for academic fellowships. By giving these individuals additional 
educational opportunities, 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 

trainees are no longer working in wheat improvement programs. 

As shown in Table 1, the work performance of those former partici

pants still actively engaged in wheat research and production programs 

(105 trainees of 130 total respondents) is high, as measured by the num

ber of research experiments, replicated field trials, genetic crosses, and 

production plots completed. Furthermore, it emphasizes technology de

velopment as opposed to experimental research-particularly in the area 

of genetic technology. 23 It appears that the work behavior of CIMMYT 

trainees, once back home on the job, is quite consistent with CIMMYT's 

training objectives. 
CIMMYT appears to be very effective in producing research 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 I AVERAGE NUMBER OF RESEARCH AND PRODUCTION 
ACTIVITIES COMPLETED BY CIMMYT WHEAT TRAINEES 
ACTIVE IN WHEAT IMPROVEMENT PROGRAMS, 1972 

Number & Percent of Trainees Mean 

Conducting Each Level per 
Activity (N = 105) Trainee 

Type of Activity N % (N = 105) 

A. 	 Laboratory or 

Greenhouse 
Experiments 13 12.4% 1.37 

B. 	 On-Station Field 
Experiments 56 53.3% 5.62 

C. 	 Genetic Crosses 56 53.3% 227.10 

D. 	 On-Station 
Replicated
 
Applied Research
 
Trials 65 61.9% 7.24
 

E. 	 On-Farm
 
Replicated
 
Applied Research
 
Trials 44 41.9% 4.74
 

F. 	 On-Farm
 
High Yielding
 
Production Plots 37 35.2% 3.71
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weakness probably stems from the fact that the CIlMYT research pro
gram concentrates on widely adapted genetic technology, with produc
tion technology being 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 activities. The research and rice produc
tion training programs make up the major thrust of the IRRI's training 
activities. Their impact on national research capacity is described and an
alyzed here. 

IRRI Research Training Program 
The IRRI research training program is an integral part of the institute's 

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

IRRI's research training approach centers around the research project. 
Trainees are expected to focus on a serious production problem in their 
home country and to carry out one or more research projects that will 
generate new knowledge and possible solutions. 

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

Although some advanced research trainees come to IRRI to learn spe
cific research 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 research experience-teach
ing them each step involved in planning, designing, executing, and re
porting on a research project. At each step of the way, trainees learn by 
doing. In terms of educational objectives, the major focus of the project 
approach is on analysis,using research 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 trainees in varietal improvement do not conduct research projects 
but work largely as research assistants in IRRI's ongoing rice breeding 
program. Again these trainees 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 engineering technicicans are given short-term training so 
they can evaluate and demonstrate IRRI-developed machinery in their 
own countries under local conditions. 

Research trainees work in a disciplinary department at IRRI, but the 
Saturday Seminar has become the institutional mechanism by which 
both trainees and staff learn recent research 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 efforts 
occur, they demonstrate to trainees how an effective research 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 IRRI's re
search trainees combine an M.S. degree program at the college with re
search training at the institute. IRRI scientists believe that combining a 
degree program with a solid research experience enables trainees to per
form more effectively after returning home; it also gives them the neces
sary educational credentials to move into leadership positions in their re
spective national programs. In general, IRRI research trainees are a 
highly educated group. At the time the participant follow-up survey was 
taken in 1973, 41 percent of the research trainees 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 research trainees reacted in very positive terms when as

sessing their training experience at the institute. IRRI selected both re
search and teaching personnel from national institutions, and more than 
90 percent of all research trainees indicated that the training had been of 
use to them since returning home. In addition, approximately 71 percent 
of former trainees (who were working when the survey was taken) were 
still actively involved in rice research 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 exp,-ct train
ees to continue working in experimental (analytical) research after re
turning home. To verify this hypothesis, the work behavior of former 

trainees was examined to determine which types of research were being 
emphasized (see Table 2). As expected, more knowledge-generating types 
of research (field, laboratory, and greenhouse experiments) were being 
carried out than research activities associated with the direct develop
ment of rice technology (agronomic field trials and genetic crosses). 24 

Another factor considered in determining the type of research being 
emphasized by IRRI research trainees was the form of research output, 
particularly since research papers are the primary output from know
ledge-generating types of research. First, it was found that 106 research 
trainees had been able to publish (or present) a total of 187 research pa
pers based on the research work they completed while at IRRI. 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 research trainees 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 
Applied 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% 1.46
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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 research are heavily dominating the work be

havior of former IRRI research trainees. 25 

IRRI Rice Production Training Program 

The IRRI rice production 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.26 Later, as it became apparent that IRRI 

could not begin to train all the rice production specialists needed 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 each 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 season beginning in early June each 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 research trials to modify the modern rice technology 
(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 achieve 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 field 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 carefully organized around and integrated with the practi
cal field training. What is learned in the classroom is directly relevant to 

the problems faced in the field. Second, the course is highly efficient in 
that it is completely organized before the trainees arrive (lectures, field 

practice, field trips, etc. are all scheduled), so that each 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, etc. are reproduced and made available to trainees so each has a rice 

http:methods.26
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production training manual and a complete set of technical lecture notes 
to use both during the training program and after returning home. 

Results 
Questionnaire responses show that nearly every former rice produc

tion trainee was satisfied with the overall training, and approximately 90 
percent of the trainees 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 behavioral objective of the program, it was 
found that only nineteen 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 training 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 eight trainees (5.4 
percent) were involved with rice production programs as general agricul
tural extension workers. In a!l of these cases, trainees were considered to 
be directly involved in assignments associated with the behavioral objec
tives of the program. 

Approximately one-fourth of the rice production trainees are research 
workers in their home countries. In fact, nearly 10 percent of former rice 
production trainees are currently working in rice breeding. How or why 
these trainees were selected for this program, rather than the research 
training program in varietal improvement, was not established. Although 
rice production training is probably quite useful and appropriate for 
many rice research 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 rctivities. 

Effect of Different Training Strategies on Work Behavior 
It was established in this study that the work behavior of trainees in 

each 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. 
Therefore, the purpose of this section is to develop an adequate expla
nation for these differences 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 each training strategy. All training programs
included in this study are generally well organized and well received by
former trainees. To establish this point, two major trainee assessment 
variables are contrasted in Table 3. 

TABLE 3 	 GENERAL TRAINEE ASSESSMENT OF EACH 
TRAINING PROGRAM 

CIMMYT 
Wheat 

IRRI 
Research 

IRRI Rice 
Production 

Type of Training Assessnment Trainees Trainees Trainees 

Trainee's overall satisfaction 
with the training program: 

very satisfied 65.4% 55.6% 64.0% 
somewhat satisfied 32.3% 35.5% 34.7% 
neutral or dissatisfied 2.3% 8.9% 1.3% 
total 100.0% 100.0% 100.0% 

Trainee's use of training in 
hi-, present job assignment: 

full use of training 46.4% 39.4% 48.6% 
some use of training 47.2% 55.5% 42.1% 
little or no use 
of training 6.4% 5.1% 9.3% 
total 100.0% 100.0% 100.0% 

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

As mentioned, howevcr, trainees are performing differently in their 
present job assignments. Data on individual trainee work behavior arc 
presented in Figures 1 and 2 for the three training groups, based on the 
subgroups of trainees 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 each training group is as follows: CIMMYT wheat trainees, 
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83.3 percent (N = 105); IRRI research trainees, 71.3 percent (N = 154); 
and IRRI rice production trainees, 78.8 percent (N= 108). See Tables 1 

and 2 for additional data. 
It is clear from the data presented that CIMMYT wheat trainees are 

completing more research activities associated with the development of 

biological technology than are IRRI research trainees.2" While this differ

ence in research emphasis was expected, the extent (i.e., level) of these 

observed differences was not anticipated. Since these differences have an 

important influence on the type of national research 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 Pareek (see 

Fig. 3). 

Independent 
Variables 

Intervening 
Variable 

Dependent 
Variable 

Participant Improved 
Participant 

I- - - - -""Training 

T i 

---

Behavior 

Greater 

Organization Organizational 
Efrectiveies. 

Source: Lynton, R.P. and Pareek, Udai, Training for Development, Richard 1). Irwin, Inc., 

and the Dorsey Press, 1967, p.I 8. 

A MODEL DEPICTING THE ROLE OF TRAINING IN BEHAVIORALFIGURE 4 28
AND ORGANIZATIONAL CHANGE 

First, an examination was made of the two major independent variables: 

(1)personal characteristics of individual trainees, and (2) characteristics 

of trainees in their work organizations for each training group. Then, dif

ferences in the main intervening variable-the actual training strategy and 

approach employed by each institute-were considered. 

Personal Characteristics of Trainees 

Several key variables describing the personal background and charac

terictics of trainees were tabulated to determine if there were any signifi

cant differences in the types of trainees being selected for each pro

gram. 29 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 
(N = 148)of Trainees 	 (N = 130) (N = 234) 

A. 	 Mean age when entering
 
the training program
 
(in years) 30.6 30.4 32.4
 

B. 	 Percentage of trainees
 
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 trainee
 
families whose main
 
source of income was
 
from agricultural sources 47.7% .13.2% 55.5%
 

E. 	 Educational level of
 

trainees when entering
 
the 	training program 

1.8% 22.4%Less than B.S. degree 21.1% 

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 educational level 
of trainees 

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 research 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 expected 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 research group is primar

ily from countries in South, Southeast, and East Asia; whereas 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 variety of cultural groups, there was noth

ing in this experience to suggest that cultural background would have a 

on the type and amount of work performed.determining influence 

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 research training groups 

concerns the role of the trainee 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 research groups regarding the level of 

their present positions in their work organizations, but there are other 

important differences which could directly contribute directly to the ob

served differences in work behavior. First, there is a substantial differ

ence in the proportion of trainees doing field research work. Since the 

work behavior of IRRI research trainees tends to emphasize experimen

tal field research (as reported in Table 5 and Fig. 1), the fact that only 

about 45 percent of the IRRI research group (contrasted with nearly 75 

percent for the CIMMYT group) are engaged in field research would he 

expected to have an important negative influence on the mean level of 

field research activities completed per trainee. Second, the important 

difference between the two groups in regard to crops worked with (71 

percent of CIMMYT trainees worked full-time on wheat research, 

whereas only 41 percent of IRRI research trainees worked full-time on 
some influence on the totalrice research) would also be expected to have 

amount of wheat/rice research completed. 
These findings raise two obvious questions: (1) why are there such 

large differences between the two research training groups with respect 

to these two variables; and (2) what actual impact are these differences 

having on the amount of work completed by trainees? 

Although there are no clear-cut answers to the first question, certain 

facts are known. First, IRRI selects trainees from educational as well as 

research institutions for its research training program. With 16 percent 

of former IRRI research trainees now working in full-time teaching posi

tions within agricultural colleges or universities, this group accounts for 

more than half the difference between the CIMMYT and IRRI research 

groups. Second, of those IRRI research trainees who are doing research 

work, more than one-third are engaged in laboratory/greenhouse re

search; this group accounts fror the remainder of the difference. 

Less easy to explain is the fact that only 41 percent of the research 

workers included in the IRRI research 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 Trainees 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% 

Natio'al 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 traince'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 
research 	 6.6% 24.1% 3.8% 

Mainly field 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 5 - Continued 

CIMMYT IRRI IRRI Rice 
Characteristics of Trainees Wheat Research Production 
in Their Work Organization Trainees Trainees Trainees 
(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 other 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 be 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 diseases of several 
economic crops rather than work on all different diseases of rice, such as 
bacterial blight, blast (a fungus disease), and tungro (a virus disease). 

Trainees who have gone through the CIMMYT training program which 
operates within an interdisciplinary research 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 contrasted the work behav
ior of two subgroups of trainees from each of the two research training 
groups-those mainly doing field research work and those working only 
on wheat/rice research-to determine if the observed differences in work 
behavior could be explained by either of these two independent vari
ables, or if the differences still persist. Results of these analyses are 
found in Tables 6 and 7. 

As the data indicate, the observed differences in behavior for those re
search activities 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 
field research and those doing only wheat/rice research respectively. 
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TABLE 6 ANALYSIS OF VARIANCE OF WORK BEHAVIOR OF 

INDIVIDUAL TRAINEES MAINLY WORKING ON FIELD 

RESEARCH FOR CIMMYT AND IRRI RESEARCH TRAINING 

GROUPSt 

CIMMYT IRRI 
Wheat Research Level of 

Type of Activity Trainees Trainees Signifi
cance 

Completed (N 79) (N = 72) t values 

A. 	 Laboratory 
and greenhouse 

0.61 1.1068 n.s.experiments 1.76 

B. 	 On-station field 
research
 

6.82 4.07 1.7757 n.s.experiments 

C. 	 Genetic crosses 279.50 26.30 5.8646 ** 

D. 	 On-station 
replicated applied 

8.95 2.00 4.3683research trials 

E. 	 On-farm
 
replicated applied
 
research trials 4.95 1.68 2.4003
 

F. 	 On-farm 
n.s.production plots 3.17 2.46 0.4226 

Data reported is the mean level of each activity completed per trainee duringt 

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. 

Therefore, although a smaller proportion of IRRI research trainees arc 

working in field research and a smaller proportion are only working full

time on rice research, thees differences in job assignments still do not 

explain the major differences i1a observed work behavior between the 

two research training groups. 

To reiterate, it was not possible to account for the differences in work 

behavior betm een 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 each group and (2) the 

characteristics of trainee job assignments in their work organizations. 

These findings, therefore, direct the inquiry to the intervening variable

the training itself-to see if the differences in training could account for 

the observed 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 Signifi0
t values canceCompleted (N = 81) (N = 82) 

A. 	 Laboratory
 
and greenhouse
 
experiments 1.72 1.12 0.5778 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 ** 

D. 	 On-station 
replicated applied
 
research trials 8.36 1.52 4.4190 **
 

E. 	 On-farm replicated 
applied research 
trials 4.43 1.26 2.6425 ** 

F. 	 On-farm
 
production plots 3.77 1.99 1.1194 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 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 earlier. The key points that appear 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 research project approach to training. In following this 

type of program, the trainee learns first-hand how to design, carry out, 
and report on a research experiment. In so doing, he learns how to think 

analytically-a prerequisite for any successful research worker. Having 

this ability and skill, however, does not prepare a research worker for all 

types of research work. In particular, he does not learn the research skills 

and methods associated with organizing and operating a research 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 research program is essentially a highly organized 

"genetic assembly line" which has standardized procedures and routin

ized tasks to increase the efficiency and output of a wheat improvement 

research program while minimizing error. 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 early 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 

CIVMYT are having an important and measurable influence on the work 

behavior of research workers in less-developed countries. In the one case, 

research workers tend to emphasize experimental research aimed at gen

erating new 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 Research Capacity: A Postscript 

As Ruttan and Hayami point out, one of the most serious constraints 

on the international transfer of agricultural technology is limited experi

ment station capacity for the production of biological technology.30 The 

central theme of this study has been to analyze how two international 

research centers have addressed this problem through their training pro

grams. In making this analysis, however, 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 each center concerning the ability of 

national research systems to organize their scientific resources. Although 

this is a complex issue, each 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 research objectives. CIMMYT's re

sponse to this perceived institutional problem was to concentrate on one 

specific production problem-the need for improved genetic technology 

http:technology.30
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-and through its training strategy to carefully and systematically build 
this relatively simple research function into each national program. Thus, 
organizational change was a specific, but implicit, training objective. 

Second is the problem of functional integration, or the ability of a 
national program to effectively organize and mobilize 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 research skills 
and methods, would also lack the skills and spirit of working together in 
organized, cooperative team efforts. More precisely, they lacked the or
ganizational skills and perspective necessary to integrate their research 
functions around a specific research objective. Thus, it was found that 
CIMMYT trainees in cereal 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, each training group spent a sub
stantial amount of time working in each of the other respective research 
programs that are functionally involved in developing improved genetic 
technology. 

Following the logic of this strategy, it was expected that once 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 research structure (i.e., division of labor) to fit local needs and re
quirements 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 ;ield, suggests that this strategy is working. 

IRRI's response to the problem of how national research 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 organize and direct their re
search resources toward solving local production problems. On the other 
hand, however, IRRI leaders have expressed a sensitivity and concern 
that their international activities do not dominate the research capability 
of national programs.31 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. 32 Furthermore, IRRI's research 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 

http:programs.31
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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 separate 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. 33 The observed work behavior of former IRRI research 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 contributes 
to the overall national research capacity-lacks sufficient emphasis on 
and attention to the problem of producing biological technology. 

Conclusion 
This study is built on the premise thr'L as poor nations of the tropics 

and subtropics shift to modern agricultural production systems, they will 
need effective research institutions to meet long-term technological 
needs. Experience suggests that in some of these national research insti
tutions, technology development research activities are frequently ne
glected' or are relegated to less qualified and/or motivated research 
personnel, 5 while more highly educated scientists concentrate on more 
theoretical research inquiries. However, if national agricultural research 
systems are to be relevant and useful to agricultural producers, then 
knowledge generating research activities must be, to a large degree, di
rected by and integrated with the technology developing research 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 -esearch 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 serious 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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than those problems faced by scientists conducting analytical research. Unfortu
nately, however, the technology developing function within the overall research pro
cess iLgenerally considered (by the scientific community) inferior to the knowledge
generating function (science). Therefore, less talented research technicians are fre
quently assigned to these technology development roles, which may be one reason 
why many of these research programs, particularly in LDCs, have been so ineffective 
in producing improved agricultural technology. 

8- Benjamin S. Bloom, et. al., Taxonomy of EducationalObjectives, Handbook 1: 
14 4 Cognitive Domain (New York: David McKay Company, 1956), p. . 

9- Ibid., pp.162-72. 
10- Ibid., p.162. 

11- Ibid,, pp.185-92. 

12- See Ruttan and Hayami, "Technology Transfer," pp.141-3. 
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IRRI, 1972). For more information on CIMMYT, see Burton E. Swanson, Institution 

Building: The InternationalWheat Technology Development and Transfer System, in 
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Encouraging Venture in International Collaboration" (Paper presented at the Confer

ence on Resource Allocation and Productivity in International Agricultural Research, 
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ology employed by the CIMMYT Wheat Program. For more detailed information on 

this training program and an evaluation of this strategy, see Swanson, "Training," 

pp. 1 01-87. 
19- For a detailed description of this training methodology, see Dugan H. Laird, 

TrainingMethodsfor Skills Acquisition (Madison, Wisc.: American Society for Train
2 2 4

ing and Development, 1972), pp. - .
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20- See Swanson, "Training," pp.1 1 7- , for detailed information about and ex
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are taken from and21- The terms compliance, identification, and internalization 

based on a theoretical framework of attitudinal change developed by H.C. Kelman, 

"Compliance, Identification and Internalization: Three Processes of Attitudinal 

Change," Journalof Conflict Resolution 2(1958) :51-60. 

22- The data used in this paper to analyze the performance of CIMMYT and IRRI 

trainees was based on an international survey of former participants conducted in 

1973. Responses to mail questionnaires were obtained from more than 78 percent of 

the nearly 700 former trainees who had participated in one of the three training pro

grams included in this study. A detailed analysis of these follow-up data for each 

training group can be found in Swanson, "Training." 

23- Laboratory, greenhouse, and field experiments are defined in this paper as 

"knowledge generating" types of research; genetic crosses and on-station and on

farm applied research trials are classified as "technology developing" types of re

search. See Swanson, "Training," pp. 14 -18. 
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minimize time spent on planning, experimental design, and analysis. 
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mance. None of the independent variables used in these analyses were found to have 
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34- Moseman, BuildingAgriculturalResearch Systems, p.5 8 . 
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TABLE 1 CIMMYT WHEAT NURSERIES DISTRIBUTION - 1974 
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0
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0
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1 
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0 
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0 

15
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70 
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Type of 
Crop Name of Experiment 

Crossing Block (CB) 

F2 Irrigated 

F2 Dryland 

F2SxW 

7 
12 
10 

7 

5 
17 
16 

13 

1 
1 
1 

1 

1 
7 
8 

9 

5 
4 
5 

9 

8 
18 
15 
18 

0 
0 
0 
3 

8 
10 
15 

10 

35 
69 
70 
70 

8th International Bread 

BREAD 
WHEAT 

Wheat Screening 

Nursery (IBWSN) 
5th Elite Selection 

Yield Trial (ESYT) 

33 

7 

24 

4 

2 

0 

17 

1 

18 

2 

19 

10 

4 

0 

20 

6 

137 

30 

11th International Spring 
Wheat Yield 

Nursery (ISWYN) 22 18 1 24 13 24 2 16 120 

5th International Septoria 
Nursery (ISEPTON) 8 

3rd Multiline (8156) 7 

Normal Height (F2, F3, & F5) 2 

lIth ISWYN (Short set) 1 

BreadWheat Subtotals 116 

1 

8 

1 

0 

107 

1 

0 

0 

0 

8 

7 

0 

0 

2 

76 

3 

3 

0 

0 

62 

8 

8 

0 

2 

130 

1 

0 

0 

1 

11 

5 

4 

0 

0 

94 

34 

30 

3 

6 

604 



Table I-Continued 

eas 
U - 0. 

M. 0 0 -. S 0 03 

Uo .4 C'u.o C4 V~ tl UU z8 2 
04 0 0 ) 0 to C4 0 ~ 

Type of E-

Crop Name of Experiment 

Crossing Block (CB) 5 2 0 1 7 0 0 2 17 
F2 8 4 0 11 9 8 0 10 50 

DURUM F2 (Special sets) 4 0 0 0 3 0 0 0 7 
WHEAT 6th International 

Durum Screening 
Nursery (IDSN) 13 5 0 20 17 17 1 12 85 

5th Elite Durum 
Yield Trial (EDYT) 6 3 0 6 5 5 0 5 30 

6th International 
Durum Yield 
Nursery (IDYN) 15 7 0 17 13 12 0 11 75 

Durum Wheat Subtotals 51 21 0 55 54 42 1 40 264 

Crossing Block (CB) 4 5 0 1 3 6 0 6 25 
F2 Irrigated 4 6 1 4 1 9 0 5 30 
F2 Dryland 5 6 0 3 1 8 0 7 30 
F2S&W 1 3 0 9 0 12 0 5 30 

TRITICALE 6th International 
Triticale Screening 
Nursery (ITSN) 18 17 1 14 6 21 2 18 97 

6th International 
Triticale Yield 
Nursery (ITYN) 15 11 1 13 7 17 2 9 75 



1st Forrage Lines (FL) 6 1 0 2 3 12 2 4 30 
2nd Triticale 

Disease Resistance 
Nursery (TDRN) 

6th ITYN (Short set) 
Triticale Subtotals 

2 
1 

56 

1 
0 

50 

0 
0 
3 

1 
0 

47 

0 
0 

21 

3 
1 

89 

0 
0 
6 

3 
0 

57 

10 
2 

329 

BARLEY 
Crossing Block (CB) 
F2 

1 
3 

2 
3 

0 
0 

1 
4 

3 
6 

2 
5 

0 
0 

3 
4 

12 
25 

2nd International 
Barley Observation 
Nursery (IBON) 
Barley Subtotals 

10 
14 

6 
11 

0 
0 

4 

9 
11 
20 

9 
16 

0 
0 

5 
12 

45 

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 1971 1972 1973 1974 

AFRICA 

Algeria 8 24 40 49 

Angola 0 0 0 4 

Cameroon 0 1 2 2 

Egypt 6 10 71 23 

Ethiopia 12 17 27 35 

Ghana 1 0 0 0 

Kenya 5 8 14 13 

Lesotho 2 1 2 2 

Malagasy Republic 0 C 0 1 

Morocco 16 6 27 16 

Nigeria 1 0 3 9 

Rhodesia 0 0 0 8 

Senegal 0 1 4 4 

Somalia 1 0 0 4 

South Africa 6 8 30 17 

Sudan 3 1 8 11 

Tanzania 2 3 9 4 

Tchad 0 0 2 3 

Tunisia 21 24 27 27 

Uganda 0 0 2 1 

Zaire 0 0 0 2 

Zambia 0 0 2 2 

Totals: 84 104 270 237 

ASIA 
Afghanistan 3 6 13 10 

Bangladesh 17 1 5 6 

China 0 1 0 0 

India 20 30 98 90 

Indonesia 0 0 2 1 

Japan 1 1 4 4 

Nepal 0 6 7 15 

Pakistan 3 21 45 47 

South Korea 0 5 12 10 

South Vietnam 0 0 0 1 

Thailand 3 1 5 5 

47 72 191 189 
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Table 2-Continued 

CENTRAL AMERICA 

Guatemala 4 7 12 10 

Honduras 0 0 1 1 

Totals: 4 7 13 11 

EUROPE 

Albania 0 0 0 5 

Austria 0 0 4 3 

Bulgaria 1 1 5 4 

Czechoslovakia 0 0 0 1 

Denmark 1 2 5 8 

England 5 3 12 14 

Finland 0 0 1 3 

France 2 2 15 18 

Greece 1 1 5 9 

Hungary 1 2 5 10 

Ireland 0 0 0 1 

Italy 7 1 4 9 

Netherlands 1 0 2 5 

Norway 1 0 0 0 

Poland 5 4 6 17 

Portugal 5 6 9 10 

Romania 5 4 8 8 

Russia 3 8 34 20 

Spain 7 5 12 22 

Sweden 3 5 3 3 

Switzerland 4 2 2 3 

East Germany 1 0 0 0 

West Germany 1 1 1 2 

Yugoslavia 4 3 10 12 

Totals: 58 50 143 187 

MIDDLE EAST 

Cyprus 1 1 12 10 

Iran 8 10 23 20 

Iraq 3 10 0 7 

Israel 7 10 11 11 

Jordan 3 7 0 11 

Lebanon 20 18 32 27 

Libya 1 5 0 8 

North Yemen 0 0 0 4 

Saudi Arabia 0 0 0 4 
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Table 2-Continued 

South Yemen 0 0 0 5 
Syria 2 0 0 13 
Turkey 25 35 38 37 

Totals: 70 96 116 157 

NORTH AMERICA 
Canada 11 13 25 39 
Mexico 49 63 87 149 
U.S.A. 	 62 82 81 89 

Totals: 122 158 193 277 

OCEANIA 
Australia 5 2 9 13 
New Zealand 4 3 3 5 

Totals: 	 9 5 12 18 

SOUTH AMERICA 
Argentina 28 46 68 69 
Bolivia 0 2 3 9 
Brazil 17 35 51 40 
Chile 7 20 26 23 
Colombia 5 10 11 9 
Ecuador 5 8 13 16 
Guyana 0 0 1 1 
Paraguay 0 6 6 7 
Peru 6 14 20 24 

Uruguay 1 4 2 3 
Venezuela 0 0 1 2 

Totals: 	 69 145 202 203 

Source: 	 Dr. Maximino Alcala, head of CIMMYT's International Wheat Nursery 
Program. 
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TABLE 3 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 1st 25 3 34 Yes 
1965 2nd 25 3 70 Yes 
1966 3rd 50 3 80 Yes 
1967 4th 50 3 80 Yes 
1968 5th 50 3 80 Yes 
1969 6th 50 3 80 Yes 
1970 7th 50 3 90 Yes 
1971 8th 50 3 100 
1972 9th 50 3 100
 
1973 10th 3
50 120 
1974 l1th 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 30 
1970 4th"a" 270 40 
1970 4th"b" 1150 55 
1971 5th 336 65 
1972 6th 315 100 
1973 7th 330 120 
1974 8th 500 140 
Elite Selection Yield Trial (ESYT): 
1970 Ist'a" 25 4 20 
1970 lst"b" 25 4 20 
1971 2nd"a" 25 4 20 
1971 2nd"b" 25 4 20 
1972 3rd 25 4 15 
1973 4th 425 20 
1974 5th 25 
 4 30 
Spring Wheat X Winter Wheat Segregating Populations (F 2 S X W): 
1973 Ist * 25 
1973 2nd * 10 
1974 3rd 315 10
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TABLE 3-Continued 
Latin American Disease and Insect Screening Nursery (LADISN): 
Year No. Lines No. of Sets Bulletin 

1972 lst"a" 794 20 * 

1972 lst"b" 939 10 * 

1973 2nd 557 30 * 

1974 3rd * * * 

Regional Disease and Insect Screening Nursery (RDISN): 
1970 1st 1800 6 * 

1971 2nd 2400 10 * 

1972 3rd 2400 40 * 

1973 4th 2400 40 * 

1974 5th 2400 40 * 

International Septoria Nursery (ISEPTON): 
1970 1st 76 
1971 2nd 108 

1972 3rd 155 
1973 4th 131 
1974 5th * 

Multiline Nursery (8156): 
1973 1st 2851 

1973 2nd 291 

1974 3rd 256 
1974 4th * 

Crossing Block: 
1973 (June) 255 
1973 (Nov.) 350 
1974 (June) 264 
1974 (Nov.) * 

Segregating Populations (F2):
 
Year Populiktions 

1973 (Dryland) * 

1973 (Irrigated) * 

1974 (Dryland) * 

1974 (Irrigated) * 

15
 
25
 

25
 
25
 

* 

30
 
30
 

25
 
* 

25
 
10
 
35
 

* 

No. of Sets 

75
 

75
 

70 

70 

DURUM WHEAT NURSERIES
 
International Durum Yield Nursery (IDYN): 
Year No. Lines Reps. 

1969 1st 16 3 
1970 2nd 25 3 
1971 3rd 25 3 

No. of Sets Bulletin 

50 Yes 
50 Yes
 
50 Yes 
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TABLE 3-Continued
 

Year No. Lines Reps. 


3 


1973 5th 25 3 


1974 6th * 3 


International Durum Screening Nursery (IDSNI:
 

1969 1st 138 


1970 2nd 232 


1971 3rd 256 


1972 4th 223 


1973 5th 165 


1972 4th 25 


1974 6th 244 


Elite Durum Yield Nursery (EDYN): 

1971 1st 25 4 


1971 2nd 25 4 


1972 3rd 25 4 


1973 4th 25 4 


1974 5th 25 4 


Crossing Block: 

1973 1st * 

1974 2nd * 

Segregating Populations (F 2 ): 

Year No. Populations 

1973 1st * 

69
1974 2nd 


TRITICALE NURSERIES 

International Triticale Yield Nursery (ITYN): 

Year No. Lines Reps. 

1969 1st 16 3 


3 


1971 3rd 25 3 


1972 4th 25 3 


1973 5th 25 3 


1974 6th 25 3 


International Triticale Screening Nursery (ITSN':
 

1969 1st 47 


1970 2nd 16 


1970 2nd 70 


1971 3rd 75 


1972 4th"a" 108 


1972 4th"b" 123 


1973 5th"a" 100 


75
 

No. of Sets Bulletin 

50
 

75
 

*
 

20
 

35
 

40
 

55
 

75
 

85
 

25
 

25
 

25
 

25
 
30
 

3
 
* 

No. of Sets 

80
 
50
 

No. of Sets Bulletin 

50 Yes 

50 Yes 

50 Yes 

50
 

75
 

75
 

25
 
30
 

50
 

40
 

40
 

50
 



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 Irrigated 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 1st * 1 
1974 2nd * 3 

Segregating Nurseries (F2 ) 
1973 1st 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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