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Preface 

Selected Issues in Agricultural Research in Latin 
America is the second publication in a series of 
conference proceedings which document regional 
meetings of agricultural research directors. The meetings 
were organized by The International Service for National 
Agricultural Research (ISNAR) in collaboration with The 
International Federation of Agricultural Research 
Systems for Development (IFARD). 

The first publication, Agricultural Research for 
Development: Potentials and Challenges in Asia, is the 
record of a conference held in Jakarta, Indonesia, in 
October 1982. It was arranged jointly by ISNAR and 
IFARD and sponsored by the German Foundation for 
Internat'onal Development. 

The present volume is derived from a similar meeting in 
Madrid, Spain, September 26-October 1, 1982. It was 
sponsored by the Spanish Government and organized by 
ISNAR and IFARD in conjunction with The Inter-
American Institute for Cooperation on Agriculture (IICA). 
During the first tv.o and a half days of the meeting, 
leading issue; in agricultural research in Latin America 

.ere introdt.:ed and discussed. The third afternoon was 
devoted to a business session of the Latin American 
chapter of I-ARD. Participants then visited cattle and 
viniculture research facilities of the Instituto Nacional de 
Investigaci6n Agricola 'INIA) near Madrid, prior to 
traveling to Valencia to tour additional INIA research 
facilities. 

The organizers of this conference express their 
appreciation to their Spanish hosts for generous support 
and hospitality and to INIA for logistical backup during 
conference and field visits. 
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CHAPFER ONE: Introduction
 

Agricultural research has a long history of development 
in Latin America and the Caribbean. National research 
efforts date back to the early decades of this century. In a 
number of countries, massive efforts to build relevant 
institutions have been launched during the past 25 years. 

Such national effoits, with important support from 
international sources, have led to the emergence of what 
can be called a regional agricultural research system, 
a system composed of both national and international 
research institutions. This system represents an 
important resource for the agricultural development of 
the region. Its proper functioning and ongoing 
improvement have become subjects of concern at both 
natioLnal and international levels. 

As might be expectei in as diverse aregion as Latin 
.\rnerica, national agricultural research systems, however 
similar, have not followed identicai paths of 
development. Although in most countries an institutional 
model has evolved with the same basic conceptual 
elements, that is a decei..ralized majoi public research 
body vhich supplies technol!ogical knowledge for the 
whole of the agriLultural sector, different historical 
backgrounds, ecological condit.ons, and economic 
possibilities in various countries have given distinctive 
national characteristics to the model. Differences have 
also materialized as a result of the particular problems 
which each system has had to face during maturation. 
Nevertheless, national institutions in the region have 
shared certain experience; in common, struggling to 
overcome related difficulties through similar solutions, 

In general the evolution of national research systems in 
Ltin America ind the Caribbean over the past decade 
has been characterized by an initial period of sustained 
expansion and institutional consolidation, fueled by 
external funds, and followed by lean years during which 
budgetary support for agricultural research has cea:;ed to 
grow and, in a number of countries, has even declined. In 
addition, many national institutions have not been able 
to retain scientific pers(;nel trained during the 1960s and 
early IQ70s. This loss of manpower isa highly sensitive 
issue, giva the vital ole that highly trained scientists 
play in a productive researh system and the 
considerable cost involveu to their training. 

Agricultura! research in Latin America has a rich and 
varied history of international cooperation, particularly 
between countries in the region. 

It was with an awareness of past events and current 
difficulties that the regional chapter of the International 
Federation of Agricultural Research Systems for 
Dovelopment (IFARD) selected topics for discussion at 
its second meeting of director of national agricultural 
research systems of Latin America and the Caribbean, 
convened in Madrid. Themes chosen concerned 
personnel, financial and information management, and 
international cooperation. * 

This publication includes the five keynote papers of the 
Madrid conference plus the resum6 delivered at the 
closing session of the meeting by Eduardo Alvarez-Luna, 
IFARD's Vice Piesident for Latin Ametica and the 
Caribbean. In the first paper, Alfonso Castronovo, from 
Argentina, discusses the management of human 
resources used for agricultural research. Skilful human 
resource development and management are basic to the 
success of an agricultural research institution. The quality 
of institutional output will depend largely on the 
scientific creativity of its research personnel; priorities 
may be set in accordance with policies and needs, but 
only a motivated body of well-qualified scientists can 
translate goal statements into appropriate and viable 
research questions and projects. 

The productivity of researclirs i3 a function not only of 
their level of training but also of their experience. 
Consequently, the productivity of any given stock of 
human resources will depend on whether the research 
institution in question is able to provide awork 
environment %withenough stability and continuity for its 
scientists to accumulate needed experience. Towards this 

end, it isessential that appropriate conditions of service 
exist; and that there be asalary structure gered to long­
term career development. Since agricultural research is 
basically an interdisciplinary effort - moreover, one 
which requires the contributions and interaction of 
scientific personnel with diffcrent training and points of 
view - it is important that the staffing of aresearch 
institution should provide for acarefully planned 
disciplinary balance. Once again, continuity is needed to 
allow for the development of productive, complementary 
work styles. 

* The first meeting of national agricultural research 
systems directors was held at the headquarters of the 
InterAmerican Institute of Cooperation for Agriculture in 
San Jose, Costa Rica, in March 1981. 

evlVA~j* psgra Fik
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Although experience is often invaluable in research 
ventures, it is also a fact that scientific skills have a way of 
growing outdated. Ongoing study and training for staff is 
bound to yield profit. Indeed, a, new research topics 
acquire priority, an entire research division or institution 
may require intensive inst.uction to enable it to achieve 
necessary reoiientation. Carefully designed evaluation 
procedures are, therefore, necessary to identify key 
research personnel for in-career training and retraining, 

Successful management of a research institution's 
scientific personnel is crucial, irrespective of the size of 
the institution. The norms and organizational structures 
needed may vary with size, but the basic functions to be 
performed remain the sime in all cases. Castronovo 
organizes these functions under five headings: human 
resources planning, personnel recruitment and selection, 
training, salaries and other benefits, and evaluaion. His 
paper deals with these subjects sequentially. 

The second paper, prepared by Eduardo Tngo and 
Martin l'ifiei:o from the Inter-Amcican Institute of 
Cooperation for Agriculture (IICA), deals with issues 
concerning the financing of agricultural research 
activities. In their analysis of agricultural research 
funding, the authors emphasize three interrelated 
subjects: the level of rnding and profitability; the origin 
of funds and the issues involved in public versus private 
financing; and institutional mechanisms for channeling 
funds to research institulions. 

Funds allocated to ag:'icultural research in Latin America 
rose significantly d:xring 'he sixties and early seventies, 
Towards the end of the decade, however, cutsback 
began. Funding level- have increasingly lost stability. The 
fiscal crisis that most countries in the region are now 
confronting suggests that, despite widely available 
evidence establishing the high social profitability of 
agricultural research, funding shortages will continue for 
some years, perhaps growing even more acute in time. 

Changes in the level of funding have also been associated 
with changes in the origin of funds and in the procedures 
through which funds are assigned to :es 'arch activities, 
Private funding of research has increased over the past 
few years. There has also been an accelerating shift 
towards project funding, as opposed to more traditional, 
institutional-funding mechanisms. Project funding, 
although it may foster closer relationships between 
researchers and technology-users, is likely to bias 

research efforts in favor of applied and short-run 
problems with low levels of risk. Certain products and 
clientele wil! be benefited at the expense of others. 

This .s not to say that private participation and 
competitive allocation schemes, such as project funding, 
do not offer valuable alternatives to public funding. 
Nevertb.21ess, :t is unlikely that these innovations will be 
of sufficient magnitude to dislodge the traditional system 
of institutional support using public funds. According to 
authors Trigo and Piieiro, the crux of the challenge is to 
design an institutional proposal able to exploit the 
potential of each scheme foi improving the levels and 
stability of funding and, at thL same time, to ensure a 
properly balanced research program. 

The third paper, presented by Alexander von der Osten. 
of ISNAR (on behalf of ISNAR's Director General 
William K. Gamble), raises an issue closely related to the 
funding of agricultural research: how to achieve an 
improved global support system for national agricultural 
research in dev loping countries. After the paper 
highlights shortcomings of presrnt approaches to 
international and bilateral support it proposes a new 
appiuach, one which places principal responsibility for 
planning and implementation squarely on the shoulders 
of developing countries themselves. 

It is Gamble's central contention that, although foreign 
aid may be essential for strengthening national research 
capacitics, the way in which such aid is given at present 
may well be counterproductive in terms of realizing the 
ultimate goal of more ( ffective national research systems. 
Externally funded projects may lead to an over-reliance 
on the project approach, which in turn is likely to 
encourage national research managers to cultivate the 
favor of external agencies rather than national research 
constituencies (policy-makers, producer groups, 
exporters, consumers, suppliers). The frequent :-nd result 
of this approach is that research programs are more 

sensitive to donor agency priorities than to the problems 
and needs of the count.y for wiiich they are ostensibly 
drafted. As a consequence of the project approach to 
funding, many research efforts have been developed in 
isolation of adequate political and grassroot support, with 
their long-term survival seriously threatened. Recent 
history has shown that many projects, even whole 
research institutions, no longer prove viable once foreign 
assistance ends. 
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At the operational level a major problem associated with 
reliance on foreign aid is having to cope with a multitude 
of different and often conflicting administrative and 
reporting procedures and methodologies, each of which 
has been designed to fit the needs of a particular donor 
agency. The burden of comp!ox paperwork has 
overtaxed the management - which is usually a scarce 
development resource - in a number of national 
agricultural res.arch organizations. 

These diverse factors limit the effectiveness of available 
resources for agricultural research. In general, results 
todate have fallen short of the expectations of both 
donors and developing countries themselves. The 
alternative funding strategy outlined in the ISNAR paper 
derives from ideas implicit in the support system 
established by the Consultative Group on International 
Agricultural Research (CGIAR). The core of this support 
system is development of a coordinating mechanism to 
align the interests and perspective--of host countries and 
donor agencies. Such a support system, it is argued, will 
improve collaboration among donors and provide 
incentives to relevant ministries in developing countries 
to build local constituencies for agricultural research. By 
so doing, the system will make it possible in the future to 
base foreign assistance on an overall agricultural researci' 
program rather than on fragmentary proiects. In this way 
it wil facilitate the management of resources made 
available to national systems, 

In the fourth paper of the conference, Brasilio Rojas, 
a Mexican, addresses issues related to the design and 
management of information systems for agricultural 
research. Fie concentrates on information needs relevant 
to the three main phases of the agricultural research 
process. The first phase involves research program 
planning and development: at this stage, a satisfactory 
information system must be able to handle 
agroecological and socioeconomic data, policy guidelines, 
previous research results and their impact on production 
processes, as well as background information about the 
scientific state of various re!evant arts. The second phase 

is program execution: here the contribution of an 
information system is to enable researchers to monitor 
implementation of their research designs. The third and 

final phase of agricultural research entails dissemination 
of research results and the study of their impact. During 
this phase, an information system is entrusted with the 
essential task of processing feedback and provides the 
basic input for final program evaluation. 

Rojas fleshes out his theoretical discussion with 
references to the experiences of the Mexican agricultural 
research system in the development and implementation 
of its curTent agricitural research information system 
SINIAGEC (Sistema de Informaci6n de Investigaciones 
Agricolas en Curso). He provides a brief description of 
the steps followed in implementing the system, pointing 
out the cost advantages of basing its design on elements 
already in existence, emphasizing the wisdom of 
potentially relevant to technology development are two 
examples which he specifically mentions. 

In the fifth paper, Eduardo Venezian, from Chile, 
examines international cooperation in agricultural 
research. He puts forward the view that agricultural 
research at the national level should not be considered in 
isolation, but rather be regarded as one component in a 
world complex of research activities. This complex 
comprises the research activities of specialized 
institution-; in developed countries and also the activities 
of regional and national organizations in the developing 
world. The product of this complex is a vast pool of 
information to be drawn oa in trying to solve national 
production problems 

Venezian maintains that international cooperation in 
agricultural research should facilitate the exchange of 
information already available. Withoiit undue delay, 
results from national research efforts ,hould be 
continually incorporated into the international pool of 
information. Through this process, duplications of effort 
can be avoided. Information resources available at the 
national level, usually scarce, might thus be utilized more 
productively. 
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Against this background, Venezian discusses present 
alternatives for international cooperation in agricultural 
research. He identifies t%,'oapproaches. The first, touched 
on only briefly in the paper, involves direct action 
through multilateral organizations, such as UNDI, FAO, 
World Bank, OAS, and IICA; through the aid agencies of 
'eveloped countries such as USAII) II)RC, CIDA; 

through foundations such as the Rockefeller, Ford, or 
Kellogg foundations; or through CGIAR. Venezian's 
second approach consists of various "horizontal" 
cooperation schemes now in operation in the region. 
These he refers to generally as "international 
associations." He further divides them into nine 
subgroups, depending on the degree of their involvement 
in agricultural research and their style of operation. The 
analysis emphasizes which of these different subgroups 
may have the most to offer to agricultural research 
activities, considering the costs involved and the benefits 
that can be expected from each distinct form of 
cooperation. Venezian's paper concludes that recent 
experiences, especially the IICA-Southern Cone IDB 
program and the I'RECODEPA program in Central 
America and i'anama, clearly indicate that considerable 
potential exists for horizontal cooperation and for a high 
level of commitment by participating countries. The 
importance of the cata ytic role of developed countries 
and of multilater3l organizations, however, is also 
acknowledged. 

The final paper in this volume is the presentation made 
at the close of the meeting by Eduardo Alvarez-Luna, 
IFARD's Vice President for Latin America and the 
Caribbean. Alvarez-Luna summarizes the different topics 
discussed during the conference, placing them within the 
context of the challenge which awaits agricultural 
research in the coming decades: to achieve the 
agricultural production and productivity levels required 
by an expanding world population, which by the year 
2000 will exceed II billion people. He calls for an 
approach to agricultural researLh based on humanistic 
principles, with fulfillment of the needs of rural people as 
the guiding objective. For this to be achieved, Alvarez-
Luna states c!early, it will be necessary for researchers 
and extension personnel alike to develop more credibility 
among farmers and to recognize the value of :raditional 
technologies as a base on which to build for improving 
production conditions. Only by working in close contact 
with farmers, are scientists likely to develop needed 
breakthrough technologies. At the same time, Alvarez-
Luna makes a plea to developed countries for generous 
assistance, stressing how small and insignificant current 
resources allocated for agricultural research appear when 
compared to their expenditures on armaments. 

IFARD's role in the region should be considered against 
this background. Alvarez-Luna suggests that IF' TUD 
should stimulate governments to a fuller awareness of 
the potentialities and needs of agricultural research. At 
the same time, IFARD should serve as a forum to help 
establish the participation of scientists and research 
institutions in the planning and implementation of 
agricultural development programs. 
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CHAPTER TWO: The Organization and Management of
 
Human Resources
 

Alfonso Castronovo 
Consultant, Buenos Aires, Argentila 

IntrOduchiofl 

The Need to Organize Reparch 

In 1921, 8515 of the papers publishcd in the journal 
Science appeared under the name of a single researcher; 
the remaining 15% had co-authors. 'hirty years later 
single author pipers a~counted for only 35% of the total; 
articles by two audlmrt; had risen to 38%; tad the 
remaining 27"o we-_ dhe wNork of three to cight persons 
(Siu, 19-571. 

Multiple authorship, that iscollective effort, has become 
even more marked inthe last few years. Single author 
papers are now rare, except w,,here individual work is 
mandatory, such as for adoctorate. Apparently, external 
factors have overcome researchers' reluctance to work 
with others. [hey are prepared to share honors, rather 
than work independently and in secret in order to take 
sAle credit for their findings (Gaston, 1973). 

Inthe courso of the past half century, moreover, the total 
number of researchers, including those inagricul.ural 
science, has grown considerabl,,. Inmid-1963, the 
Commonwealth Scientific and industrial Research 
Organisation (CSIRO) in Australia, one of the world's 
finest government'- researh organizations, had a staff of 
more than 5,000 persons, approximately 1,500 of whom 
had abachelor's or a master's degree. In 1971 there were 
approximately 3,5(V agricultural researchers in Japan. 
India had over 20,C00 in 1979; some 5,000 of these were 
associated with the Indian Council of Agricaltural 
Research (ICAR), and 15,000 with India's 21 agricultural 
universities, 

InL tin America the number of agricultural researchers 
varics from a few hundred insmaller countrie.- to several 
thousand in larger ones. In 1980 EMBRAPIA in Brazil had 
a staff of 1,553 scientists. Inthe same year INTA in 
Argentina had 1,065 researchers and 560 extension 
workers. 

The isolated researcher who works on his own, or with a 
few pupils and helpers in a laboratory which he funds 
personally or with contributions from a rich benefactor, 
has practically disappeard from the scene; the solitary 
figure has been replaced by teams, frequently large, 
interdisciplinary teams, which use complicated and 
expensive equipment and which need an organization to 
orient, direct, and coordinate their effort!;. 

Essential Functions of:the Organization 

According to Parsons (1960), organizations - including 
those involved in research - are social units or human 
groupings deliberately constructed or reconstructed to 
accomplish specific goals. For this purjpose, they must be 
able to perform three essential functions: (a)to execute 
the tasks and transactions which lead to the accomplish­
ment of their goals; (b) to indicate the objectives and 
determine the norms which the organization must 
follow; and (c)to coordinate and direct the resources that 
the organiztion has at its disposal to execute its planned 
tasks and transactions. 

When an organization isno larger than the kind of 
personal reseaich laboratory referred to above, these 
three functions, combined in one or a few persons may 
be performed almost unconsciously. As an organization 
grows, however, the first function islikely to be divided 
between two or more categories of participants. Specific 
units will almost certainly be established to perform 
functions (b) and (c). These units, in turn, may be further 
subdivided as the need to differentiate staff according to 
rank and task arises. 

Thus, to perform its operational function (a)a researd 
organization of relatively modest size may have several 
ranks of researchers (senior,assist;nt, etc.) and various 
categories of support personnel (engineers, manual 
workers, etc.). For leadership, itmay have a director and 
several area or program managers, all of whom may also 
have advisory bodies. In addition the organization will 
have financial and personnel administration to control 
and coordinate allocation of resources. Nowadays there 
isalso likely to be a public relations division for the 
"new" task of communication. 

Indeed with added size, the complexity of an 
organization also grows; it can easily lose its effectiveness 
and efficiency unless appropriately structured and 
managed. 
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Scientific Administration, a Contemporary 
Problem 

Tie large growth which has taken place in research 
institutes in the last hlf centurv has created relatively 
new problems in administration (Castronovo, 1969). In 
Europe, the cradle e,- modem scieikce, collective research 
work in research institutes is a relatively recent 
phenomenon (OEEC, 1961). Even in the United States 
which has, perhaps, more experience than any other 
country with research teams and large research 
organizations, problems of research administration were 
reputed to be responsible, as late as 1963, for delays in 
the national space research program which enabled the 
Soviet Union to gain ascendancy (Paterson, 1963). In 
India, with its much more recent :nodem development, 
Rangaswami (1979) has pointed out major problems 
impeding agricultural research programs: the poor 
administrative or management capacity of medium and 
high level scientific personnel; ob;olete administrative 
procedures which obstruct execution of programs; 
numerical lack and inadequate training level of 
specialized personnel, 

Individuals in many capacities have made contributions 
towards solving organizational problems, including 
scientists, sociologists, economists, psychologists, 
specialists in business administration, public 
administration, industrial management, and finance, 
Their contributions range from advice which comes from 
personal experience, often intuitive, but informed with a 
lot of common sen';e, to elaborate studies. Specific 
research, for example, has investigated the effect on 
researchers' productivity of such factors as his age, or the 
time which he spends on different tasks, or the sort of 
leadership to which he responds. 

The outcome of these studies, many of which are 
deficient in the critical analysis of collected data, is a vast 
set of theories and an abundant literature full of 
fragmentary knowledge of the most diverse type, 
frequently contradictory. 

Focus of the Work 

Research in different disciplines may well requ ire 
ji.ie.nt 1inds of administrative organization. Since, 
there is nio single standard approach, it is usefhl to 
consider proven a!ternatives and to examine situations 
whirh may serve as a sound basis far discussion. To a 
certain extent this was attempted, 3ome years ago at a 

seminar in Uruguay, where it emerged that a number of 
Latin American countries had already adopted some of 
the newest ideas in research organization and 
administration (Arnon, 1978). 

Human Resources in Research 

Restrictions of the Concept 

The human resource pool of an agricultural research 
organization comprises all personnel oi, its staff. This 
paper will confine itself to discussing scientific personnel, 
hoywever, because these researchers constitute the 
productive element of the research system, the element 
that requires special forms of administration. To a lesser 
extent, when directed to specific issues such as training 
and education, discussion will also include research 
managers, for their leadership affects the productivity of 
the researchers. In addition, many managers were 
formerly researchers who received their tra;ning from the 
research organization; in effect, thus, the organization has 
assumed responsibility for management training. 

The Value of the Research Scientist 

One of the few points on which there is general 
agreement among persons and institutions with an 
interest in research management is that the value of a 
research organization is related to the personnel on its 
staff, an idea which has been expressed in various ways, 
(Marnll, 1967; Rigney, 1968; Oropeza, 1971; USAID, 
1972; Molero, 1975; and Araujo, 1979). 

General statement3 of this form, however, frequently 
involve the introduction of descriptive phrases in 
referring to research personnel, for example, "adequately 
prepared" or "qualified". This raises suspicions of 
circular reasoning: "the best" organizations are those 
which have "the best" personnel, and "the best" 
personnel are those who work in "the best" 
organizz,,ions. 

Nevertheless, if a research organization is seen as a 
productive system whose object i'; to generate new 
knowledge and new technologies - or solutions to 
scientific and technological problems - and if 
researchers are considered to be the productive element 
of this system, then a direct, irreversible relationship 
must be acknowledged between the productivity of this 
element and the productivity of the who!e. After all, 
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"research results are obtained by the researchers, not by 

their administrators" (Rigney, 1971). 

While admitting that the productivity rif a researcher 
may vary, among other ,easons, beca'ise of the 
environment in which he works and that a person who i,. 
productive in one organization may not do as well in 
another, the point about the relationship between 
individuals and institution remains valid, at least in the 
sense that the yield of acrop cannot exceed the potential 
of its germplasm. This may s.eem self-evident but, as 
Kluckhohn (1963) states, "only what is important and 
interesting becomes obvious." 

In fact, aresearcher mziy be respected by his colleagues 
for his achievements, by his subordinates for his 
leadership, and by the ambitious for the position that he 
holds or the honors he has received. But his commercial 
or market value, \hich must - or should be - taken into 
account by the organization which employs him, 
depends on his productivity. 

A Policy for Human Resources 

Scientific productivity varies from one researcher to 
another. Variation may also exist during different phases 
in the career of the same individual. Were it possible to 
obtain, over a period of time, anumerical or linear 
measure of the productivity of researchers as a function 
of the objects of the organizations for which they work, 
a frequency curve could be prepared by placing different 
values of productivity on a horizontal axis and the 
number of researchers performing at each level of 
efficiency along a vertical axis. 

By integrating the values in such a curve, the overall 
production of an organization could be calculated over 
time; this total would equal the sum of the average 
productivity per worker multiplied by the number of 
researchers. The major objective of any effective 
organization must be to maximize this value. The most 
efficient way to accomplish such maximization - the 
only way without major changes in personnel - isto 
prevent average individual productivity from declining 
and, vherever possible, to boost it. This paper will 
review how best to obtain these desired results. 

Mechanisms for Implementing Personnel 
Policy 

It is obvious that discussion in previous paragraphs is an 
over-simplification. Other variables remain to be taken 
into account. Individual productivity, for example, might 
be measured as a function of investment rather than of 
time. This would facilitate an economic or"financial 
analysis of the organization. Nevertheless, the object of 
this paper is not to elaborate or discuss mathematical 
models, but rather to present arational view of the 
management of human resources, a view to be illustrated 
by considering the mechanisms available for 
implementing personnel policy. For this purpose, 
a frequency curve enabling us to calculate overall 
production suffices; this model will be referred to 
whenever necessarv, incorporating new details as 
discussion requires. 

As agrowing organization becomes more complex, 
alternatives for managing its human resources may 
multiply.This will be reflected in both the functions and 
the organogram of the institution. In the last resort, 
however, manpower administration boils down to a 
question of personal relationships. 

Five management issues will be raised in the following 
sections of this paper: 

Planning, 
Recruitment and Selection, 
Education, 
Salaries and Other Benefits, 
Eviluation. 

These issues are interdependent. Thus, a rigorous 
personnel selection procedure may reduce subsequent 
educational needs; the complementation of selection and 
education permits a reduction in the need for evaluation; 
asound level of salaries and attractive benefits simplify 
recruitment and selection. 

Although it is recognized that other elemit-ts, such as 
physical conditions, the general working environment 
and style of leadership, also influence the productivity of 
personnel, such elements have not really been 
scrutinized separately in this paper. Instead they are 
incorporated, where relevant, in discussion of the five 
principal headings given above. 
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Before examining techniques of personnel management 
in detail, it is perhaps worth stressing the general truth 
that a research organization is unlikely to maintain an 
acceptable level of long-term productivity unless it 
achieves an effective system of organizing and managing 
per,,onnel. The laws of institutional life are likely to mean 
that, through natural causes or migration, an organization 
gradually loses its more productive elements, at tilesame 
time it acquires young scientists without experience and 
retains those who, lacking external motivation or innate 
drive, rest content with acomfortable mediocrity. Should 
this situation endure undisturbed the productivity of the 
organization will inevitably decline, 

Planning 

Organization of the Demand to Labor 

It is a difficult and time-consuming task to staff a 
research tearm and put its program into operation. This 
cannot be left to chance, trusting the required specialists 
will turn up just when they are needed, having been 
attracted to participate in the proposed program. Such 
rare good fortune is only possible for smal teams and in 
alabor market where the supply of 'pecialists isboth 
plentiful and varied. It is true that many Latin American 
agricultural research organizations already have attained 
considerable size; only a limited number of their staff, 
however, have had postgraduate training (Table 1). 

Common sense dictates, moreover, that the composition 
of aresearch team should be based upon the needs of the 

program, rather than on tileavailability of scientists. 

Although a number of different criteria and options have 
Alth o , lthe 
been proposed, little substantial data exist to enable us to 

formulate demand for scientists in a rational way. 

A number of recent global estimates have been made of 
the demand for specialized agricultural research 
personnel. Gram (1077), on the basis of published 
information and his own work, tentatively concluded 
that during the next 10 years developing countries would 
need 55,000 new M.Sc. graduates in agricultural research. 

Projections like this and other detailed information in 

Gram's paper are ulseful indicators of the magnitude of 

the problem. They help stimulate the search for adequate 
solutions and generate estimates of cost and feasibility. 
Yet, more specific analyses of high-level human resource 
requirements need to be carried out at the national level, 

There are few Latin American countries, however, in 
which meaningful national science and technology plans 
have ever existed. Argentina is an exception but 
unfortunately neither its 1971 nor 1973 plans were 
approved or implemented. The 1976 Mexican PNICYT 
(Plant Nacional Indicativo de Ciencia y Tecnologia), also 
contained a target for training human resources, 
disaggregating the total into various sectors. 

As far as agriculture and forestry are concerned, the 
details of the Mexican plan are specific. Essential topics 
are raised such as the likely beneficiaries of research, 
priority ec-logical zones for its application, and ways in 
which plentitul resources, such as labor, might be 
utilized. From the national plan, however, it is impossible 
to draw accurate conclusions about the demand for 
scientists and technicians trained in specific disciplines or 
fields. 

Table 1.Percentage of postgraduate researchers in selected 
institutions and countries in atin America. 

Institution and Country Year %Post- SouiLC 
graduate 
researchers 

GNTA (Argentina) 1980 11.1 Castronovo (1980) 
DIEAF (Paraguay) 1980 10.7 Castronovo (1980) 
CIAAB (Uruguay) 1980 14.1 Castronovo (1980) 
DNPEA (Brazil) 1972 11.0 Coqueiro (1981) 
Mexico (equiv. 
full-time)' 1974 29.7 Anon (1976) 
INIA (Chile) 
EMBRAPA (Brazil) 
EMBRAPA (Brazil) 

1980 
1980 
proj. 

42.0 
56.5 
79.0 

Castronovo (1980) 
Coquciro (1981) 
Coquciro (1981) 

Mexico is the only country for which the figures refer to 
whole agricultural sector. For all others, statistics 

pertain only to the institution noted. 

It can be seen that the percentage of postgraduate 
personnel is for the most part low. INIA, it should be 
mentioned, is a relatively small institution. The glaring 
exception to the rule, however, is EMBRAPA, tile 
successor cf DNPEA. Since 1974 EMBRAPA has 
mounted a sustained, massive educational effort, 
sponsoring each year between 46% (1975) and 24% 
(1980) of its technical scientific personnel to obtain 
M.Sc. and Ph.D. degrees. By May 1981, EMPBRAPA
had awarded over 2,000 scholarships to researchers 
belongi..g to state organizations and to prospective staff 
members. During the period 1974 to 1980, EMBRAPA 
spent mc:e than Cr5473 million, plus about US$1.5 
million on educational grants (IICA, 1981). 
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Nor in Latin America are studies plentiful of the supply 
of agricultural scientists at the national level. In 
Argentina, one auch study, made in 1971-1972 
(Castronovo et al., 1974) offers incomplete estimates of 
manpower divided into 3 levels of education, 12 types of 
profession and 5 types of employer. Currently a more 
extensive study is underway under the aegis of the 
FECIC. In Br,zil, Abreu et al. (1Q74), on the basis of data 

collected during 19o8-72, provided estimates of the 
demand for both agricultural engineers and veterinary 
surgeons for the period 1974-80. The researchers listed 
the total number of postgraduates required in these fields 
(M.Sc. and Ph.D.) and broke the total down by 
occupational sector (governmental, academic, business). 

Studies of this sort undoubtedly are useful for setting 
postgradcate training targets and as a stimulus for 
additional studies along similar lines. It must be 
recognized, however, that to date they have had little 
impact. 

A number of suggestions have beet, made about how a 
research organization can best predict its future 
manpower needs. Actually many of these suggestions 
concern the personal attributes desired in researchers, 
such as their levcl of education, creativity, administrative 
ablit,, and other charactei istics. To be sure, these are 
interesting issues in relation to recruitment and selection, 
and will be discu., ed later. As far as manpower planning 
isconcerned, however, while an awareness of the 
importance of such criteria may improve the quality of 
staff recruited, (second-rate researchers, for example, 
only produce second-rate reseaich results (Moseman, 
19C70), such thinking does not help much when trying to 

determine the number of personnel needed for a certain 
research project or when deciding whether it is more 
appropriate to recruit a phytogeneticist or a 
phytopathologist to do the work. 

Manpower targets based on multiple criteria may be 
more useful. Oram (1977) has suggested that manpower 
targets in .-gricultural research should take into account 
(a) parameters sur h as the gross national product or the 
agricultural sector product; (b) the land area dedicated to 
leadi'ig crops; and (c) types and numbers of producers. 

Rigney ( 1968)has stressed the need for a "critical mass" 
of scientific personnel. He insists it is better to 
concentrate efforts on a limited number of well-manned 
projects than f,disperse research resources as a result of 
diffuse social or political demands. Marull (19671 also 

spoke of the need for a critical mass, using the term 
differently, however, when he stated that four 
researchers in related fields were the minimum number 
required in any endeavor to avoid intellectual stagnation. 
He oft ,.d a set of practical guidelines for planning 
human resource requirements. Marull's guidelines relate: 
to the need to keep an adequate part of the total research 
budget available for operational expenses; to the level of 

fixed assets required for each researcher (which, like 
operational expenses, are not necessarily the same for a 
social scientist and an animal scientist); to the age 
distribution of the labor force; and to the balance 
between different categories and levels of personnel. 

Although these guidelines may be useful, they do not 
provide the post identifications and descriptions required 
for an operational manpower plan at the national level. 
This can only be accomplished through first defining 
research objectives and then designing programs and 
projects to achieve them. 

Even once objectives have been clearly defined, however, 
the task of the research manager in identifying the staff 
required to meet those objectives is not an easy one. 

Suppose, for example, that in a given research project 
organized by commodities there is a maize component 
which aims at increasing the yield in region X by 15%, 
without increasing production costs. Only someone with 
a thorough knowledge of the region and of the 
production conditions which prevail there, 
complemented by a knowledge of the production 
potential of maize, can determine whether the problem 
must be tackled primarily from the viewpoint of genetics, 
economics, rural engineering, ui,pedology, to mention 
only a few of the numerous possibilities. 

Few executives or managers, unless they work in an 
organization with a very limited range of activities, are 

likely to be equipped to answer such questions without 
some study or constitution. Even if initial questions can 
be handled readily, it is difficult to imagine finding senior 
managers who, without being directly involved inthe 
research, are able to make decisions as to when and for 
what reasons in expert in genetic engineering or in cost 
accounting, phytopathology, or statistics should be added 
to the team; whether such additional scientists should be 
part-time or full-time; whether they should be employed 
for a limited period of time or indefinitely. Decisions of 
this nature really lie within the comain of a project 
manager or program coordinator. 
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In essence, the organization of demand for scientific 
labor is a tv -way process: serior management, in 
accordance with their own criteria, supply budgetary 
outlines and relevant constraints; project managers and 
coordinators, in turn, also applying-criteria of their own, 
identify, without foreseeable time span,;, specific 
manpower needs. Integration of the perspectives of the 
two parties has then to be achieved by a process of 
iteration, 

In Latin America project mai,lgers or coordinators, as 
such, are customarily removed from any direct line of 
command. It may be that "most technical specialists do 
not want to become administrators" (Etzioni, 1965), or 
that most prefer to keep to the field of science (Villegas, 
1968) because they have not received an education in 
administration (Brothers, 1977). It does indeed appear 
that successful ;pecialization may to some extent be 
incompatible with the broad experience required for 
effective administration (Holden, 1963). And reluctance 
on the part of technicians to become involved in 
management may have, on occasion, lessened 
administrators' confidence in recovering them for 
managerial responsibilities (Fenley, 1961). 

For these and other reasons in Latin American 
agricultural research organizations, technical managers 
are frequently separate from and subordinate to 
administrative managers. This has been an obstacle to 
the planning of human resource requirements along the 
lines of the two-way system referred to earlier. In 
practice, such a system is rarely found. 

Migration 

At the time of the creation or the reorganization of a 
research institution, special opportunities arise for 
influencing its staffing. Such opportunities occur more 
frequently in Latin America than in developed countries, 
but they are exceptional even there. Under ordinary 
circumstances, opportunities for intervention are limited 
to routine turnover in personnel, customarily quite 
modest. During an earlier study of this topic, I derived a 
turnover index based on an average working life for a 
scientist of 30 years (Castronovo, 1972). A loss of one-
thirtieth of the scientific staff in any given year for 
reasons other than retirement would thus represent a 
negligible turnover. According to Oram (1977), 
a turnover of 5% (derived trom equating active 
professional life with 20 years) has been frequently used 
in research and development studies. Oram considers 5% 

acceptable for a static situation but 10% more accurate for 
a dynamic and expanding program. It is not clear 
whether this figure includes personnel inciements in a 
growing organizadon. The number of technical scientific 
employees at EMBRAPA, for example, rose from 1,037 
in 1975 to 1,553 in 1980, an increase of 49.8% in five years 
(Coqueiro, 1981). In INTA (Argentina), total personnel in 
research and development rose from 728 to 1,007 
between 1959 and 1064, an inclease of 38.3%, ia five 
years (Castronovo, 1980). 

Both of these growth figures refer to years during which 
the organizations concerned were undergoing rapid 
growth immediately following their founding. Taking 
deaths, resignations, and retirements into account, the 
statistics represent an annual turnover of 10%. In an 
established research institution, aturnover on this order 
is only to be expLcted as the consequence of special 
situations which favor or stimulate the voluntary 
retirement of personnel, a phenomenon also referred to 
as "migration." 

Its well-known irregularity (United Nations, 1956) makes 
such "migration" difficult to predict. There is a type of 
migration, however, which causes especially acute 
concern to many countries in Latin America: the 
departure of trained personnel for destinations outside 
the region. This ispart of the phenomenon described as 
the "negative skill flow" or the "inverse transfer of 
technology" from developing countries toward- more 
developed ones (Araujo, 1979). 

The worldwide magnitude of this problem was signa'led 
in UNCTAD by the representative of the Group of 77 
who stated that, according to an UNCTAD study, 
between 1961 and 1972, 230,000 skilled pe.sons 
emigrated from developing countries to the United States 
of America, Canada, and the United Kingdom a!one. 
This flux r,'presented an estimated capital of US$50 
billion. In reply the representative of the industrialized 
countries cited the limited capacity of countries of origin 
to absorb their own skilled personnel, referring to 
various factor, which bear on this problem, including 
differences in wages and living standards, work 
environment, and prestige 'United Nations, 1978). 

Baldwin (1970) attributed the "brain drain" to the pull 
exercised by developing countries. He quoted a study on 
education and world affairs, according to which the 
authors argue it would be an error for receiving counties 
to try to reduce international migration, since this woulU 
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relieve countries vLouare "lc.-Lig brains" from the critical 

task of improving the conditions in which their critical 

elite are supposed to work. 

The problem, however, is not specific to north-south or 
de,eloprnent-underdevelopment relationships. In one 
recnt year, the United Kingdom lost 1o0 university
professors of the highest caliber; new British Ph.D.s are 

emigrating at toe rate of 140 a year (12% of total 
production). It is feared thlat if this flow continues, 
national technological progress will slow down 
appreciably. Regions within a country may similarly be 

weakened. Of the 200 scientists who recently graduated 

in the Chicago area, only three remained there to work; 

of IX i2:ronautical M.Sc. graduates from the University 
of %,ichigan,not one accepted employment in that state. 

On the other hand, in a recent y'ear enterprises fl 
California, New York, and Massachusetts were awarded 

almost 60', of govermeni contracts for military 
rrseaich. These states are considered centers of 
knowledge. This has prompted th."prediction that - as 

factories crowded close to iron and carbon deposits 
during the time of the industrial re%olution - enterprises 

in the future will locate? neat centers of knowledge in 
order to capture their main resource, intellectual talent. 

It is not the intention here to enter into the debate 
between advocates of "attraction factors" (pull factors) 

and "repulsion factors" (push factors). Migration exists. 

What is importaint and interesting for us is to evaluate its 
impact on the ag icultural research institutions of Ltin 

America and t,,determine whether there are means of 

combating its negative effects. 

The longest available chronologica! series of statistics 

related to labor migration in agricultural research in Latin 

America is reproduced in Table 2. This table shows the 

variation, in percentages, of the number of engineers at 

INTA (Argentina) during the first 22 years of INTA's 
operation. 

In four different years (1963, 1966, 1973 and 1976) losses 
exceeded 10%, reaching 37.5% in 1973. Net increases 
exceeded 10% on five different occasions: the first and 

the second of these (1959 and 1961), however, occurred 
during the initial growth period; the third (1964) and 
fourth (1967) follow immediately upon years of high loss, 

and the fifth, (1972), when the highest value of 70% was 
attained, preceded a record loss in the following year. 
Only the loss of 1976 (11.1%) is sandwiched between 
normal years in which the variation did not exceed 5%. 

Table 2. 	 INTA (Argentina): Percentage change over the 
previous year in total number of scientists 
working in agricultural research and development 
(1959 to 1980). 

Percentage Percentage Percentage 
Year Change Year Change Year Change 

-

1959 13.7 1966 -17.4 1973 -37.5 

1q60 5.1 1967 35.2 1974 4.7 
1961 12.8 1968 5.3 1975 3.0 
1962 .6 10o9 1.5 1976 -11.1 
1963 -11.8 1970 7.7 1977 4.8 
1961 22.8 1071 6.3 1978 .9 

70.0 	 1980 10.8*1965 3.8 1972 

in 2 years 

Source: Castronovo 1980:34 

Arther such time series is available from INIA in Chile 

(Fable 3). This institution, re-organized in 1964, 
thereafter behaved with comparative regularity until 

1970. Subsequently it started to show sudden large 
variations in staff numbers, ,,ith net losses of 24.3% and 

19.5% in 1973-71 and 1979-80, respectively. 

Table 3. 	 INIA (Chile): Percentage change over previous 
period in total number of scientists working in 
agricultural research development (1964 to 1930). 

Period 	 Percentage change Period Percentage change 

1964-65 37.0 1970-73 20 1* 

19,5-66 11.1 1973-74 -21.3 ** 

1966-67 5.0 1974-78 46.4 " 

1967-68 4.8 1979-80 -19.5 
1968-69 0 
1969-70 0 

in 3 years 
in a few months 
in 4 years. 

Sources: 	 Until 1970, computed from Elgueta (1978) p 91; 
1970-73 to 1979-80, from Castronovo (1980) p 87. 

CIAAB (Uruguay), a' er re-organization in 1962, also 
exhibited sudden variations in number of staff members, 
including a massive loss of almost 100% in 1967 and 

substantial gains in i965, 1968, 1971 and 1973. From 
1973, except tur minor respite in 1975, scientific staff at 
CIAAB fell steadily in numbers until 1980 (Allegri and 
Grierson, 1081). 
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The percentages of change ni-ntioned incorporate both 
entries and exits. Consequently, only in the improbable 
event that there was no recruitment during a who!e year 
are neg,.tive values equal to total loss. Taking the figures 
above and reducing them by 5" - to account for 
"normal" turnover - the remaining losses, which can be 

attributed to voluntary' or enforced migration, some time 
still reach 2Y , or mecre of the toial personnel. In CIA 
(Venezuei,1, for example, by 1071 80.3'0 of the 
algronorni.ts who had undergone training between 1Q12 
and lOO and 15.", of those who had been trained 
hetiseen tli-I and to70, no longer worked at the 

institution (Orpei.i, 171). A limited analysis of all 
potgraduate specid:-,ts (\i.Sc. and i'h.D. and equivalent 
degree,) in the same country yielded similar results. 

In INTA (Argentina) 20.7>' of those who completed their 
potgraduate trainim, abrload after lO (20'>0 of the 
M.bc,'; 3201, of the Ph.l ).,) had resigned by 108 1,as had 

t25', (al N. .s) of thos;e wh had one postgraduate 
training .it home since 10 1: 'Marzocca, 1081). It should 
he noted that of the total who left, 30 did so in a single 
,,'ear, 107o. 

In INIA (Chile), -13.2% of the postgraduates once 
employed (40"o of the NI.Sc.s and .1.5% of the Ph.D.s) 
had left the institute bv 1 61 (Cubillos I'!aZa, I0S1). The 
bulk of the losses were a result of the political crisis of 
1073-7.4 

As far as CIAAB (Uruguay) isconcerned, Allegri and 
(irierson pointed out that "OnlyIa fourth of the 
postgraduates vho had attended CIAA3 were with the 
institution in 1081. The professionals who retired from 
the C '.AB averaged three years in service after 
graduating; nearly one-fifth of postgraduates did not re­
enter the ,ervice. As to cut rent occupation of these 
professionals, a survey showed 52", abroad, mainly with 
international organizations, and 34%,employed in the 
private sector in Uniguay." 

Ardila et al. (1080 a.b.c.) studying migration in Argentina, 
Colombia, and Peru, found the annual turnover index for 
those with M.Sc. varied from 0 to 15.3%; for the Ph.D., 
from 0 to 31.3'0; and for a combination of the two, from 0 
to 10.5%. 

Some of their findings are summarized in Table 4. It may 
be dedused 'hat on the averag( heavy losses through 
migration (turnover index of I10 and over) were 
suffered approximately once every 10 years; medians 
occurred (tumover index 5.0 to 9.9%) twice; and during 7 
out ,.f every 10 'ears "normal" averages wc'e registered 
(turnover index 0 to 4.0%). 

Table 4. 	 Number of years in which the annual turnover 
index of poAt-graduate personnel (M.Sc. and 
Ph.D.) attained certain indices in selected institu­
tions (10o0 to 1973). 

Turnover 
Index (%) 

ICA 
(Colombia) 

INTA 
(Argentina) 

UNA 
(Peru) Total % 

0 to 4.l 
5.0 to Q.9 
10.0 and ov

Total 

er 

I 
5 
3 

19 

16 
2 
1 

19 

13 
4 
2 

19 

40 
11 
6 

57 

70.2 
19.3 
10.5 

100.0 

Sources: Ardila et al., 1980a, p 86; 1980b, p 54 ; 1980c, 
)e.0.
 

A more detailed analysis of the work of Ardila and his 
team shows that, in terms of the period since the 
establishment or the latest reorganization of research 
institutions, turnover indices of over 10% occur: for ICA 
(Colombia), in years 12, 15, and 16; for INTA (Argentina), 
in year 19; for UNA (Peru), in years 15 and 19; for "; 
(Chile), in years 10 and 15; and for CIAAB (Uruguay), in 
y'ear 5 only (when there was Ltemporary conflict, the 
resolution of which led to the return of many researchers 
who had left previously). 

The pattern of t imover indices suggests that internal 
institutional factors are one reason, perhaps the main 
one, for migration. Ardila and his colleagues tried to 
analyze the causes of migration by making inquiries 
among retired research personnel. Although the low 

percentage of responses received, particularly from 
scientists in Argentina and Peru, limits the validity of 
conclusions, it is notable that in both these countries, as 
well as Colombia, dissatisfaction with ralary levels is 
invariably cited as the most important motivatio'i for 
retirement. Nevertheless, if this was a universal 
explanation, migration would be distributed more 
uniformly over time and not be concentrated in a few 

years, or even months. Indeed, a study by ;utierrez and 
Riquelme (1965) casts doubt on the primacy of salary 
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considerations. They found that only 24% of the 
professionals questioned mentioned pay problems as a 
reason for emigrating, while 55% cited the opportunit' to 
prove themselves in their professional or academic work. 
It is possible that factors ot a general nature ate also 
involved, such as the desire for social status. 

The spoiadic and intense character of "migration crises" 
suggests that occasional events, those of a political nature 
included, may also be significant underlying causes. InI 
this context. Yopo (1075) states: "Ever'one knows that 

most countries, particularly Litin American ones, 
undergo radical and substantial changes in their 
administration, even at lower levels, whenever a new 
government comes into office. These changes are so 
much part of the system that many professionals and 
engineers find it difficult to retain any job in their own 
country of origin. In such circumstances, the only option 
(sic) is for them to move to other countries, usually to the 
most developed ones, thus the brain drain is generated." 

Yet the fact that migration crises nearly always occur 
after an agricultural research organization has operated 
for 10 or more years suggests that migration has 
something to do %viththe aging of an institution and with 
its mode of operations becoming obsolete. The time may 
be ripe, therefore, to consider changing the prevalent 
type of agricultural research system in Latin America. At 
present such systems usually consist of large, central 
public institutions which cair' out agricultural research 
and, sometimes, perform other functions. 

This s'uggestion apart, it is evident that if no method is 
found to control sporadic, massive migration of qualified 
personnel, efforts to organize labor demand rationally ­
,ind also to plan research - will necessarily fail. 

Problems of Supply 

A seminar in Quito (IICA, 1971) identified apparenty 
contradictory problems: although on the one hand, "In 
most developing countries, there is a shortage of 
personnel conveniently trained for agricultural research...," 
on the other, "agricultural faculties produce a larger 
nun-ber of gradiatcs than can be absorbed b' existing 
research institutions." 

In Moseman's opinion (1970), an undersupply of 
personnel is the main constraint to improvement of 
agriculture in developing countries. Oram (1977) 

supports this viewpoint with documentation from 
meetings of TAC, CGIAR, the World Nutrition 
Conference, and the Indicative World Plan of FAO. In 
1979 the problem of a shortage of national scientific 

manpower was addressed in the background (lADS, 
1979: 11) and working papers of a workshop t Beliagio 
(Wright, 1079); it was returned to again in 1981 at a 
conference on research and training held at CIAT (CIAT, 
1081). In every instance thinking ran along lines similar 
to the opinions expressed at the Quito seminar. 

Agricultural education in Litin America started in 1854, 
with the foundation of a specialized college in Chapingo, 
Mexico. Few new institutes of higher education in 
agriculture wore established during the nineteenth 
century. From 100 to the end of World War 11,however, 
2b were created. Since 10-15, the growth of such institi;tes 
has accelerated; approximately Q0were functioning in 
1067 (Schlottfeldt, 19b7), a figure which had doubled by 
1973 (ALEAS, 1973)) and is still increasing. Consequently 

it is hardly surprising that the production of agricultural 

professionals numerically exceeds the demand of 
research institutions and also governmental, academic, 
and private commercial activities. 

Graciarena (1972) offers an explanation for the situation: 
".... when the expansion of advanced education is left to 
the pressures of social forces, which manifest themselves 
primarily in what has been called 'social demand,' a 
chaotic situation arises leading, among other things, to an 
excessive multiplication of institutional units." 

What demand is satisfied by the veritable multitude of 
Latin American agricultural educational institu'es? 
According to Bouvier (1972), in Argentina only 10% of 
trained agricultural engineers work in agriculture; and in 
Brazil, in 1950, 97% of certified agronomists and 

veterinary surgeons were employed by federal or state 
public services. Nor is the problem unique to agriculture: 

In Colombia, according to Graciarena (1967), of 52,070 
professionals with university degrees in 1964, 18,207 
were not active in the field of their training. While this 
represented 35% of the total, in certain professions 
"desertion" was even higher. 

In reality, Latin America's universities face problems as 
grave or even graver than those encountered by her 

research organiations. "The Faculties of Agricultural 
Sciences," says Hemrin Caballero (1978), "generally 
suffer from a chronic and profound shortage of teaching, 
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scientific and technical leadership. There is a scarcity of 
human, physical and financial resources. The field, its 
production and operational systems are partly unknown. 
The rnaiorit. of the farmers and their real needs and 
worries are neither known nor fully undcrstood. 
Generally universities work in the dark, offering a series 
of isolated disciplinary training which in the end 
provides a great mosaic of unrelted pieces of 
information which supposedly equips the student to 
contribute to the improvement of agricultural production 
and productivity. Unfortanately, this does not aloas 
occur, and in most cases a professional is produced who, 
though he may possess an adequate academic education, 
lacks the nece-,ar' practical knowledge with which to 
translate his efforts and abilities into useful action-, which 
will have a real impact on the rural environment." 

Indeed, as I have had occasion to remark elsewhere 
(108 1),notwithstanding all good wishes and good will, 
our universities, in general, do not educate students to 
carry out research. But how can 'they be expected to, 
contending as they do with reduced means and 
inadequate facilit:es? Wh,: use are such institutions if 
their teachers do not conduct research themselves; if, to 
state the matter bluntly, they lack any essential 
connection with the medium which might enable them 
to give a correct orientation to the applied research which 
students should undertake? 

This view has also been advanced by the National 
Council for Science and Fechnc,ogy of Mexico (1076:o7): 
"Education at university level, in spite of some efforts, 
basically rests on systems which assume a passive 
assimilation of information and do not stimulate an 
inquisitive attitude in the pupil which would ertcourage 
him to question hypotheses, to investigate and to 
experiment. This problem originates with the complex 
set of factorswhich influence the task of teaching: 
academic background, methodology, study plans and 
programs, etc.; all of these favor theoretical education, 
which is not associated with either the application or the 
ue of knowledge. There are some indications that the 
educational and professional level of university graduates 

is deteriorating. This phenomenon is associated with a 
fall in the quality' of university teachers and the 
accelerated growth of demar d for university-level 
edtcation ...Many universities have at their disposal 
only a small number of full-time professors. 

"In 1971, the total number of professors in Mexico was 
24,000, of whom only some 3,500 or 14% had a full-time 
teaching job, an even smaller percentage divided their 
time be;ween research and teaching. Postgraduate 
studies werc relatively new. There ore reasons to believe 
that in many cases the expansion of postgraduate studies 
is ihe answer to the need for supplementing the 
deficiencies (.f univ.rsity education. Most higher training 
for scientific and technological researcii has, until 
recoetly been carried out either abroad, or in the trainees 
own research institute, under the supervision and 
guidance cFmoie experienced scientists and 
tcchnulOgiSts." 

In Latin America, fonnal postgraduate education in 
agricultural sciences began in 1946 at the Graduate 
School of IICA, in Turrialba. By 1966 there were no 
fewer than eight graduate schools, which among them 
offered specialization at the M.Sc. level in 26 different 
areas (Castronovo, 1obb). The number has contin,,ed to 
grow and some schools now offer a Ph.D. program. 
Nevertheless, the optimistic predictions of the late 1960s 
and the early 1970s are still far from fulfillment. With 
few commendable exceptions, postgraduate education 
has not succeeded in becoming integrated into the 
university system. It is frequently regarded as a nuisance, 
maintained by noninstitutional mechanisms under the 
pressure of outside forces through the interests and 
efforts of a small number of teachers concentrated in 
specific academic units. In Argentina wide-ranging and 
patient deliberations to institutionalize the Graduate 
School in Agricultural Sciences floundered when the 
outside Co,-'which sustained the school lost its 
credibility. he limited graduate training activities still 
depend on financing from outside the university. 

At the opposite end of the region, in Mexico, the 
National School for Agrtoalture and the Post-Graduate 
College at Chapingo, despite exteu--ive discussions and 
negotiations, were unable to agree on any form of 
structural integration. Currently, the college is an 
autonomous entity whose relationship with INIA is 
possibly closer than it is with the school. In smaller Latin 

American countries, initiatives to consolidate 
postgraduate education institutionally are being debated. 
Those concerned are searclhing for a formula that would 
permit continuity and, at the'same time, satisfy a demand 
which is no less diversified for being small. Even in 
Brazil, the country where postgraduate agricultural 
education has undergone the greatest development, 
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difficulties may be pending because of reductions in the 

training program of EMBRAPA, which is linked to the 
postgraduate schools and faculties of a large number of 

academic entities 

To summarize, the number of agricultural educational 
institutes in the region may deceive us into 
underestin.t;', manpowsr supply difficulties. It seems 
certain that for some time to come a scarcity of local 
specialized personnel will continue to be a problem for 
agricultural research org.nizations in Latin America. 

Discussion Theme 

Planning, although it may have important influence for 
staffing, is not really a mechanism for personnel 
management as long as it depends on demand and has 
little it,fluence on supply. Consideration should be given, 
therefore, to measures which might eliminate or reduce 
the frequency and gravity of the periodical crises which 
affect research institutions in Latin America. These crises 
lead to expansion or reductions of staffing on a scale 
sufficient to impede the efficiency of the research 
institutions. Steps also need t-, be taken to enlarge the 
regional pool of specialized re earch personnel with 
scientists of a high quality 

'ossibilities for r'structuring agricultural research 
systems and higher education also need to be explored. If 
linked more closely to each other and to the production 
sector, they might prove more effective than when, as at 
present, research is controlled by the state, and education 

by the universities. 

Recruitment and Selection 

The Role of Recruitment and Selection in 
Perscnnel Management 

It was noted earlier that to maximize the output oz a 
research organization it is necessary to maintain or raise 
the average productivity of its member researchers. Once 
this has been recognized, it is easy to see that the role, or 

the goal, of recruitment and selection is to ensure that 
only new employees arE acopted whose productivity is 

likely to be at least equai to, and Preferably higher than, 
the average of the organication. Expressed in another 
way, this same principle ?merges in the conclusions and 
recommendations of an IICA Seminar in Lima (IICA, 
1073); ". . . it is necessary to develop adequate selection 
systems ... based on criteria of efficiency." 

To convert this concept into an operational norm, it is 

first necessary to define its parameters: the first 
parameter refers to the prodct unit (or units) in which 
the total production of the employees, as well as of the 

orgaxiz, tion, is expressed; the second refers to the unit, 
as a function of which proctucti%ity will be determined. 

for a research organization, the basic product is always 
knowledge. In addition one may assume that the 
knowledge sought is to have pra.tical applications which 
will prove economical. First, however, knowledge has to 

be obtained in order to be tested. Selection and 
recruitment of staff for carrying out original research will 

need different criteria, however, from the selection and 
recruitment of staff for appled research. "Any activity 
through which somebody learns something he did not 
know previously" (Macklup, '9u277) imposes the extra 
tasks of communication and transfer of knowledge to an 
organization's personnel. 

As for applied research, productivity may be measured 
in various ways; as a function of time, or of expenditure. 
For example both criteria may be ,tsed on specific 
occasions, for the duration of a project, say, oi a specific 
prograrn. Any organization, depending on its circum­
stances, will define its output in such a way as to ensure 

its growth and survival. Thus it will be disposed to 
measue productivity as a function of its scarcest 
resource. 

It has been noted that, "Apart from their main 
researchers, a research institute must recruit, in variable 
proporfions depending on the circumstances, a certain 

number of M.Sc. and of researchers at the bachelor's 
level. Without detracting from the former, there is reason 
cor reflection in the following obsen ation of a Soviet 

scientist: 'scientific research must have its infantry; the 
brilliant individual provi"es the spark, but only the 

masses can exploit the results" (OEEC, 1961). The need 
for dependable rnk-and-file researchers may make it 
necessary to be flexible in categorizing personnel, not 
only individuals but also work teams 

In addition, selection should be diiected to finding 
individuals who will adapt well to the working 
condition,; which the organization has to offer them. This 
is particularly important in Latin America, where only 
too frequently working conditiois leave something to be 
desired. Indeed Borlaug (1964:112) has stated: "When 
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you deal with problems of food production in under- 
developed areas, there is no substitute for the trained 
mind that can improvise to meet difficult conditions with 
inadequate facilities." 

Specific Selection Criteria 

To ,elect efrective staff entails attempting to predict the 
future produc'ivity of individuals as a function of their 
personal Lhuracteristics and! or their past performance. 
Fot this-pirpo se, the use of diverse .riteria has been 
,k',ge-tv'd. based generally onl the individuai applicant's 
intlinic qtalitie,. BLecause these qualities often cannot be 
aseC sad Lire tly, other attributes or facts which may be 
indicative of ihar, terare fret'uently reviewed in their 
place during the selection protcts,:. 

Creativity is perhaps the qualitv most fre, luently 
mentioned as desirable in rsearciiors. I)evelopment of a 
new idea. or of a new application for akn1own idea both 
baiLallv involve creative work (Dlunk, IO,.). Accord4ing 
to I lerti t1033), a creative mind is characteriie,4 by 
re~eptivtv to new inftermation, flexibility, intellectual 
curiolity, and mrnability to formulate problems and use 
new information to solve them. For some, creativity is 
expressed not only in coming up with new ideas but also 
in devising the meanms to test, communicate and 
propagate them (Stein, 1oo3j. Molero (1075) isamong 
manv iho cite creativit' as a-i essential trait inany 
productive resarcher. "Ti, judgment, however, 

r,uc,.:rtive tnd possibly accurate, nevertheless remains a 
matter of a posterioi cele'bration. The question is how 
accurately we Lan predict creativity ill %'ays ,hich help 
sirnplih' seection. Certainly thcre are cases, particularly 
among bioiogists, w\-here creativity isslow to manifest 
itself. Charles Dar%,in, was already 50 \,ears old wvhen he 
published the 06gin of the Species by Means of 
Natural Selection. 

Lxpertise, experience, professional title, recognition, and 
honors received in the course of a career are criteria 
frequently used for staff selection In 1073 at the Peruvian 
Regional Center of Agricultural Research, Li Molina, 
selection was based oil scientific qualifications, research 
experience, and an evaluation during atrial period, of the 
applicant's initiative, wish to learn, penreverance, 
c-eativity, flexibilit' of judgment, spirit of cooperotion, 
intellectual honestty, and ability to communicate 

1C2uevedo Iturri, 1073). Many of these characteristics can 
only be appraised subjectively and over a relatively long 
period of time. In Venezuela most selection criteria 

mentioned by Oropeza (1971) correspond to require­
ments set by the public administration (the absence of a 
criminal record, for example, and clearance by the 
income tax authorities); only two criteria, professional 
title and qualifications obtained ill the course of the iob 
seeker's career, relate clearly to expected performance in 
the field of research. A personal interview has now been 
added to the selection process, as well as aprobationary 
period of 45 to Q0 days during which work performance, 
levels of interest, personal knowledge, and the ability to 
establish sou~nd per.;onal relations, can be observed 
(Montilla, 1073). Nevertheless, objective reliable criteria 
for selection still remain to be identified. Some 
postulated that to offer low Wages would guarantee that 
job applicants wete motivated by an authentic scientific 
vocation. Montilla disagrees. 

The value of certain selection criteria has been 
Liestioned in various studies. The assimilation of 
knowledge produced by others, for example, has been 
shown to involve adifferent mental process from the one 
which leads to the generation of fresh knowledge (Taylor 
t0o.1). As a consequence, the ability to assimilate has 
limited predictive value as far as creativity is concerned. 
In the selection of candidates for research posts less 
importance should als, apparently be attached than is 
true at present to ccrtificates acquired in the course of a 
scientific career (taylor et al., 19%3). 

It has been suggested that eligibility for research posts be 
restricted to persons ino have completed postgraduate 
studies. This policy, however, assumes apositive 
correlation between attainment of an advanced dIgree 
and the future performance of the iesearcher. Rigney 
(1971), for one, stresses the need to stay in close contact 
with postgraduate programs to facilitate observation of 
M.Sc. or l'h.D, candidates so that careful selection from 
them will later be possible. Amon (1978), while 
conceding there are no objective criteria of equivalent 
value to the observation of on-the-job performance, 
recommends recruitment of well-trained M.Sc.s to give 
theni an opportunity to prove their worth. He alsc noge­
that it is an advantage for a job candidate to be familiar at 
first hand with agricultural problems and that training in 
basic research techniques is indispensable. Unlike 
Montilla, Arnon is of the opinion that low initial wages 
do stimulate self-selection. Coquteiro ( 18 I) states that 
since 1070 EMBRAPA has given highest priority to tile 
education of Ph.D.s, considering such persons to be the 
best qualified to study relevant foreign technologies 
critically and ,clapt therm to solve the problems of Brazil. 
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Nevertheless, there is no confirmation that an academic 
degree is a safe criterion for the selection of productive 
agricultural researchers. Higher levels of education and 
the wish to carry out basic research apparentiy correlate 
po irivelv with each other ani negatively wiLh the needs 
of an applied research organization (Abrahamson, 10o4). 

Diaz Bordenave (la0oa) found that, as far as number of 
publicatiorn, is concerned, Nl.Ic.s are more prolific than 
either Plh.D.s or agricultural engineers. Similarly, those 
who studied abroad betv,ecn two and three years publish 
more than tho~e who carried on for four or five years; 
those %,hos,tudied abroad for two to three \ears also 
outpublish colleagues wshosc education otulide the 
count,'x was inited to a year at mo'St. CIa iuiro (I tt; I 
mentions an *!lialogoto pheneienon he observed at a 
!arge university in Brazil. 1-1:s esplanation for the current 
,.tate of aff irs is that on one hand, in the pas' a master's 
degree in Brazil was no prerequisite for a doctorate and, 
,in the other hand, candidates today for a doctorate most 
konmit themselves to a time-co'isuming period of 
research. L nfortunatelv, there are few objective studies 
in itin America \h ch analyze differences in income 
among resa,rcherc, %%hohold different levels ef academic 
degrees. 0)e such study which might haw. helped clarify 
the problcm, proposed almost 20 years ago by the author 
of thi, paper w i5never carried out for lack of financing, 

-1)e pUrpo: e of trsonnel lelection and contracting is to 
a hieve an adjs ttment between the iequirements of a 
po,,ition and the characteriQics of the person hired to do 
the job. For this reason the Quito Seminar (1lCA, 1071) 
reconminended that "research institutions should have at 
their disposal an analksis and description of each 
function or job which the holder of a given position 
within the organic structure is expectcd to carry out." 
Although laboriou' this method of comparing the 
desiAlle and previously defined with the obtainable, 
may well be the most effective one, at least where sound 
se!ectiort criteria are available, 

In Latin Ameria, partly because of difficulties inherent 
in the application - either separately or in combination 
- of criteria referred to above, and partly because 
research organizations have limited access to the labor 
market, recruitment and selection of personnel for 
agricultural research have to date received slight 
attention. 

Forms of Recruitment and Access to the Labor 
Market 

For selection criteria to yield posifave results, it is 
necessary that the population from which select.'on is to 
be made be sufficiently large ane,contain enough variety 
if skills and aptitudes to ensure a high probability that 
individuals with specially designated characteristics can 
be found. 

Research oganization5 in Latin .America have not always 
taken this necessity, into accoun':. They generally restrict 
their search for personnel to the poorly supplied local 
rnarl:et, all too frequently to no more than a fraction of it. 

Several reasons may account for such behavior. Oni tie 
one hand, it iz; easier to apply selection procedures ,vhen 
the number of candidate.s is small and they are of 
relatively homogeneous origin. Oropeza (1971: 273) 
states: "Sometime ag,, when the only Faculty of 
Agronomy in thc country was the one at Maracay, it was 
re!atively easy to sekct research personnel. This was 
facilitated by the fact that a large number of C.I.A. 
researchers at that time were also part of the teaching 
personnel of the Facailty. On the other hand, there were 
jobs available for students in their final years, who were 
chosen through con' petition in accordance with rules laid 
down for that purpose." In a tightly knit unit, however, it 
is difficult to avoid recruitments becoming heavily biased 
by "personal recommendations from reliable 
individuals." Elements of nepot:sm easily creep in. 
M01rlll (1967) has referred to personal recommendations 
as counterproductive in many countries where politicians 
use such recommendations to drive an incumbent out of 
his post, regardless of his technical capabilities. Such 
actions are on the whole aimed at mature, experienced 
scientists, rather than at recent graduates. 

Such situations can occur while formal recruitment is 
taking place by means of public competition in 
accordance with established norms, (Castedo, 1973), or 
with "the law of the administrative career" (Montilla, 
1973). Vacancy announcements generally receive limited 
or belated publication so that many potential candidates 
never learn about suitable job openings, or only do so 
when it is already too late to apply. TIhis holds true 
particularly for those who reside abroad. Announce­
ments ibout research positions in national organizations 
are rarely published worldwide, the way they are for 
intemational organizations or highly selective national 
organizations, such as CSIRO. 
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There are reasons why vacancy announcements for 
national research enterprises are not often published 
internationally. To start with, international publication 
prolongs the selection procedure. If an organization 
keeps a vacancy open for too long, it may find when the 
selection process is finished, that funds to finance the 
position have been reduced or lost. Another deterrent is 
that advertising abroad is expensive and requires foreign 
exchange which may not be available. Salary and 
working conditions offered, moreover, may not strike 
recruiters as attractive enough to appeal to candidates 
abroad. Their assumption may be correct in some cases, 
but certaLily not in a!l. Furthermore, they may be 
overlooking the wish of certain expatrlate scientists to 
return to their home country. Nevertheless, the main 
reason for exclusively domestic circul, tion of job notices, 
appears to stem from the fact that research organizations 
in Latin America, however little or much autonomy they 
may enjoy, are state organizations; as such they are not 
permitted to include foreigners on their permanent staff, 

It is curious to note that such exclusion, which may or 
may not be justified in other fields, continues in the 
agricultural sciences with total disregard for the role 
expatriates have played in agricultural development. 
Only consider Deneumostier and Berisel in Coiombia, 
Lefebre and Renard in Chile, Daller and Brieger in Brazil, 
Spegazzini and Hauman Merck in Argentina, Boerger in 
Uruguay, Pittier in Costa Rica and Venezuela, Popenoe in 
Central America and many more. Or, take note of the 
more recent programs of the Rockefeller Foundation 
through their Special Study Workshops in Mexico, 
Colombia, and Chile (see, for example, Ardila et al. 
1980d, Elgueta 1978, Marzocca 1967, Stakman et al. 1967). 

Finally, the rigidity of this salary system, as we will 
observe later in more detail, also reduces the access of 
national research organizations to the labor market. This 
has the same unfortunate aspect as other recruitment 
problems to which we have already referred: it 
principally affects highly qualified personnel, 

Given the present labor market situation, it is perhaps 
not so surprising that already in their final years of study 
many students try to associate themselves with research 
organizations and seek to major or to specialize in fields 
where either they can identify a concrete job opportunity 
(Pefialosa, 1968) or where there appear to be clear 
prospects for further study (Marzocca, 1981). The Quito 
Seminar was of the opinion that the training of 
undergraduates at experimental sites is . a very 

adequate system for the sel;dion of initial personnel 
who later might be assigned to the research services. 
Nevertheless, for this to be effective researd., rs must be 
convinced that the time which they devote to training 
young scientists working on their experimental station 
will be justified (IICA, 1971)." 

In the past most graduates joining a research organization 
were trained in this way or similarly. With their 
unproven abilities and limited experience, however, their 
initial productivity, if not zeo,certainly is below average. 
At the same time, personnel leaving the organization are, 
to a large degree, established scient:sts. Ther2 facts 
together suggest that in-house training of students leads 
to a decline in average productivity• and to a fall in the 
efficiency of the research system. 

Intensive training programs, as we will note later, may 
compensate for this negative effect, at least in part. The 
cost of such programs, hnwever, is considerable. Rapid 
calculations indicate it would be bene,.cial to devote part 
of these hinds instead to the perfectiori and expansion of 
cunent recruitment and selection systems then a larger 
proportion of entering personnel vill have productive 
contributions to make from the mament of their 
employment. 

Discussion Themes 

Problems relating to the recruitment and selection of 
human resources fall into two main categories: those 
whose solution lies within and those whose solution lies 
beyond the realm of direct action by research 
organizatioiis. 

As far as external solutions are ccncerned, each 
organization will have to analyze and decide where and 
to what extent they might exert constructive influence. 
With respect to internal recruitment and selection issues, 
two essential discussion points arise. 

Over the past 20 years, considerable experience has been 
amassed in Latin America regarding personnel manage­
ment in agricultural research. The number of active 
researchers, with and without p'etgraduate 
qualifications, has grown considerably. It is possible to 
classify these workers into relatively homogeneous 
groups of known productivity. Thus, data necessa~y for 
the identification of effective selection criteria might well 
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be obtained through the sharing of available information 
and through the formulation and empirical testing of 
relevant hypotheses. 

Concurrently, information processing has also under-
gone impressive progress. Thus, it is now feasible to 
assemble a fii,2of information on the human resources 
avail,-ble for agricultural research in Latin America and to 
make this file accessible throughout the region. Such a 
data bank could ,ven be extended to include those from 
other areas who are v.'illing to serve in Latin America. 

Should these suggestions be deemed promising, ways 
and mean,, to put them into practice could be discussed 
during this v orkshop. 

The Role ofTraining in Personnel 
Management 

In accordance with ideas which we discussed earlier 
concerning generation of knowledge as the goal of 
research organizations, training should be devised to 
maintain, or if possible, to increase the productivity of 
member researchers, 

[his statement may be simple putting it into practice, 
however, is not. Many factors influence the productivity 
of individual scientists. These factors prominently 
include cognitive issues, technical skills, and motivation, 

It is widely recognized that increasing the knowledge of 
researchers is equivalent to raising their value as human 
capital. Yet, it is not always understood that through 
disregard and obsolescence of acquired knowledge, 
human capita! is subject to rates of depreciation which at 
times can be high (Alvez, 1980). When the knowledge of 
a large proportion of research erganization's personnel 
has gcn2 out-of-date, the organization itself ages and 
becomes ossified (Seifert, 1964). To prevent this from 
happening, it has been sugges:ed that researchers should 
spend at least one third of their time keeping abreast of 
new developments in their fie .d of activity (Raudsepp, 
1963). Still, and despite tie emphasis on cognitive issues 
in the training programs of Latin American agricultural 
research organizations, relatively little is being done 
about updating knowledge. Iratead, enormous efforts are 
devoted to formal training, especially at higher leveL 

There is also an unhealthy disposition to neglect the 
acquisition of new technical skills, possibly because the 
educational and social environment of Latin America 
does not accord prestige to manual tasks. In research 
organizations such tasks are currently assigned to 
personnel of lesser rank, such as laboratory workers, 
assistants, and helpers. Many research teams lack 
support staff possessing these skills. It is, in fact, not 
uncommon in Latin America to find a researcher whose 
career has been dictated by the techniques which he 
learned in his formative years. Large teams sometimes 
function at but a fraction of their potential capacity, for 

neither the researchers nor technicians on the team are 
skilled in handling complex equipment. It is also not 
unusual for a researcher to claim he has found improved 
ways to use a piece of equipment without his even 
knowing, completely and fully, the techniques 
recommended by the manuf.-.ctvrc.rs. 

The importance of motivation to productivity is based on 

the fact that "the attitude of staff..,towards the 
objectives of the organization and with respect to their 
own cooperation influences their ultimate behavior 
within the organization... For example, it frequently 
happens in professional life that a person is indifferent to 
the specific goals of the organization where he finds a 
post, although he accepts that post for materialistic 
reasons" (Mayntz 1972; 160). 

Training with respect to motivation rarely occurs, except 
sporadically, during induction courses and, more 
frequently, through the personal influence of charismatic 
leaders. It is often suggested that vocational challenge 

should compensate for lack of training in motivation. It is 
difficult to reconcile this point, however, with the fact 
that large organizations may have goals so general that 
they no longer seem highly relevant to the personal 
objectives of the researcher. 

Few individuals have a spontaneous vocational urge. In a 
restricted labor market, it is wishful thinking to assume it 
is impossible to recruit personnel exclusively endowed 
with this characteristic. This realization suggests that 
greater attention to motivation would significantly 
increase the contributicn of training programs towards 
achieving the overall goals of the organization. 

Training programs also customarily have specific goals 
which vary from organization to organi'zation. One such 
goal is the training of future leaders. In research 
organizations, management positions are frequently 
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attaLied by promotion, which "brings many problems 
along with it; for example, how does a candidate for 
promotion learn his new task?" (Mayntz, 1972: 159). In 
Latin America, this problem has to a large extent been 
solved by evalating the leadership potential of 
researchers prior to promotion; to some extent this may 
compensate for and replace training but leadership 
potential will not invariably blossom into leadership on 
its own. 

Conversely, training programs have frequently been 
used either as a complement to or as a tool of, personnel 
selection. -\s complement, training permits expansion of 
the organization's work program through granting 
scholarships to advanced students or recent graduates, or 
through consolidating cooperation with universities in 
mounting postgraduate courses. As a selection tool, 
training programs enable the behavior and performance 
of trainees to be observed over time so the best 
candidates to fill vacancies can be identified. Because 
these types of interaction are possible, it is difficult to 
isolate training from other aspects of personnel 
management and to treat it systematically or, its own. 

Training Programs 

Training is the aspect of personnel management in Latin 
American agricultural research about which the most has 
been said, written and done. The subject has been 
covered extensively in publications, meetings, and 
seminars, as well as in materials related to the 
organization and administration of research projects, 

Among leading reasons for such a strong interest in 
training programs, the following may be mentioned: 

1. A need to increase the limited pool of existing 
specialized researchers by the addition of well-trained 
personnel; 
2. The need to keep up-to-date in fields where 
knowledge is increasing continuously and rapidly; 
3. Given the development of technology, the need for 
acqairing new skills not always available on the labor 
market, making it necessary to re-adapt existing 
personnel so that new programs can be established and 
implemented; 
4. The growth and evolution of research organizations, as 
well as the high turnover of their personnel, often means 
an exchange of functions among staff who remain, and 
therefore a need for supplementary training. 

In the first half of this century, agricultural research 
training reeds in Latin America were often met: by 
assigning personnel to work closely with distinguished 
scientists. Shortly after the end of World War P, with the 
intensification of foreign aid, the first training progrims 
with an institutional goal or orientation appe;.red. These 
programs in most instances followed a standard foimat. 
Priority was given to in-service training. Candidates 
leamed on the job, released from the limitations of an 
almost exclusively theoretical education. Such practical 
training made it possible to transfer or adapt advanced 
technology created in developed countries. Subsequently 
it became clear this approach was in itself insufficient. 
Training scholarships gained in importance, enabling 
recipients to attend formal postgraduate courses, first at 
the M.Sc. level and finally at the Ph.D. level. 

In some instances, tra.ining programs were built up to the 
point where they acquired a stable institutional basis, for 
ex imple, the Specialization Department of INTA 
tArgentina) (Marzocca, 1981) or the Department of 
Huna,, Resaurces of EMBRAPA kCoqueiro. 1981), 
where div rse types of training, €ere possible. Elsewhere 
it has been necessary to follo,the sometimes round­
about roaus opened by foreign aid; such aid 
vnrtoiunately does not always make it possible to offer 
training to meet the real needs of ar.organization (IBTA, 
1981; Urbieta, 1981). In general, however, each country in 
the region now has a whole series of training 
opportunities available for agricultural researchers - at 
home and abroad - ranging from conferences, meetings, 
seminars, and short courses, to formal postgraduate and 
postdoctorate programs. 

The Rockefeller Foundation ha, significantly promoted 
the development of advanced agricultural training, 
particularly, although not exclusively, in Mexico, 
Colombia, and Chile. Generous assistance has been 
offered as well by other sources, including the Ford and 
Kellogg foundations, government agencies such as 
USAID and CIDA, and intenational organizations such 
as OEA, IICA, and FAO. 

More recently, CGIAR centers have applied considerable 
effort to the training of personnel from national 
organizations. These centers, which initially featured in­
service training, later switched to more diversified 
programs which may even involve formal courses at the 
postgraduate level (CIAT, 1981; Nickel, 1979; Vega, 1979). 
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National efforts, abetted by foreign aid, have made it 
possible fer the countries of Latin America to begin to 
acquire rich and varied technical skills. In Uruguay, for 
example, 120 scholarships have enabled sending trainees 
to more than 16 countries for training in no less than 14 
different agricultural fields (Allegri and Grierson, 1981). 

tOne aspect of training which has barely been touched 
upon in Latin America, however, istraining for research 
management. Indeed, whether or not research should be 
adm nistered by scientists is still a point of controversy. 
To review this rontroversv here is not of pressing
importance; to look squarelyat reality is. "Although 

administrative authority is adequate for the main 
activities in private business," says Etzioni (1965: 1,16), "in 
professional organizations the administrators are charged 
witn secondary activities; the',' administrate means for 
the main activity performed by the professionals. In 
other words: To the extent that there is a relationship 
bet~een team and line, the professionals should keep the 
r-ain authorit, and the administrators should retain a 
secondary role." Such asplit isalso to be considered in 
private businesses as companies grow and become more 
technical. Whereas in Latin America a little over half a 
century ago, only 7'! of senior executives in the private 
sector had a technical education, today, over 30 0 are 
graduates or M.Sc.s, aproportion which isgrowing 
annually. This is not to suggest that a scientific enterprise 
be successfully administered without any knowledge or 
experience whatsoever in administration, but rather to 
indicate that scientists who assume administrative 
responsibilities should undergo specific training in 
management skills, 

Participants in the Bellagio Workshop (lADS, 1979) 
closely considered the administration of agricultural 
research and development. Metz (1979) described 
courses offered at Cornell University concerning the 
administration of agricultural and rural development; 
Vyas (1979) reviewed the experiences of the Indian 
Institute of Management, which gives courses in the 
same field, at various levels and from different 
viewpoints; the South-East Asian Research Center of 
Agriculture reported cn the Project on the 
Administration of Research which has research and 
training components (SEARCA, 1978). 

Of the three work groups which participated in the 
Bellagio workshop, two devoted themselves exclusively 
to the theme of administration. In its final report, one of 
these groups addressed itself specifically to the training 

of leaders for agricultural research organizations. It 
stressed that the importance of this issue does not 
depend on the degree of development attained by a 
country. The group identified an urgent need to provide 
leadership training in this field to a target group of 6,000 
persons, indicating that a high priority should be given to 
making an early start with one third of the total number. 
It mentioned some ten organizations and agencies which 
offered some sort of training in this area and 
recommended specific initiatives (IADS, 1979:87-94). 
The third work group concentrated on in-service training 
for middle-level administrators (lADS, 1979:95-98). 

Costs, Benefits, and Sources of Funds for 
Training 

Until the late 1950s and early 1960s, external grants were 
the principal source of agricultural research scholarships 
in Latin America, nearly all of them for students to study 
abroad, because within the region few postgraduate 
courses in the agricultural sciences existed. Individuals 
were the beneficiaries of these grants, not the institutions 
to which they belonged. These institutions restricted 
their contribution to awarding grantees leave of absence. 
Sometimes they also continued to pay the national salary 
of grantees while away studying. Scholars, who were 
designated by donor agencies on abasis of academic 
ability and vocation, made relatively heavy sacrifices in 
exchange for the opportunity to study and the prestige 
associated with having been selected. 

Under these circumstances, it is perhaps predictable that 
results, scientifically speaking, were excellent. There 
were few failures. Those who finished usually achieved 
commendable records. 

Nowadays the situation is different. Although scholar­
ships are still available, many more than previously,the 
degree to which individuals are the direct recipients of 
grants is limited. Instead scholarships are for the most 
part coupled to loans or to specific projects in such a way 
that a restricted area of specialization is designated 
beforehand, one which it is believed will reinforce the 
scientific capabilities of the national institution charged 
with carrying the project out. Thus conditions 
immediately narrow the options and eligibility of 
scholarship candidates. Research institutions select 
trainees from their current or ,',spirant personnel. To be 
sure there will be researchers studying certain disciplines, 
and candidates of lower quality of motivation may be 
selected. 
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Under such conditions we might well anticipate an costs and benefits to his employer of his advanced 

inferior level of scientific achievement. Because their training. Cajueiro (1981), for example, describes three 

scholarship would be oriented more to their different situations. In each case, the candidate has a 

organization's g;oals than to their own, grantees could be scholarship during two years of university studies, before 

expected to fail :.ore frequently in their studies, to take entering the research organization. In the first case once 

more time to finsh, and to feel less loyalty towards their he is admitted, he works for three years, studies for one 

own organization. Yet this approach should help research and a half years in order to obtain his M.Sc., returns to 

organizations to meet their broad, planned objectives work for three more years and finally goes back again to 
study, this time for three and a half years, to finish his 

This said, however, it still remains to be seen whether the Ph.D. This case corresponds closely to one described by 

new approach is preferable to the previous one in terms Elgueta (1978) for the initial period of INIA (Chile). 

of advancing the overall interests of the organization. In 

other words, does today's grant system yield greater In Cajueiro's second cae, the moment the candidate 

benefits than the preceding one? It is tempting to joins the research inst*tute, he leaves to study far an 

maintain that the previous situation was preferable M.Sc.; he then returns to work for three years before he 

because it entailed almost no expenses for research leaves again to study for a Ph.D. In the third case, the 

organizations so that benefits were practically net gains, researcher's leave starts immediately afier he joins the 

Yet the fact of the matter is that in most Latin American institute; but this time he stays away for five years to 

countries a retun to the system of personal grants would complete his master's degree and doctorate in succession. 

simply be unacceptable (see Cubillos Plaza, 1981). In Obviously there are maov other variations possible in 

reality current training programs consume considerable which time spans and levels of preparation differ, 

funds which, for the most part, come ultimately from altematives where researchers break off their education 

ta:,payers and the treasury. If the flow of these funds is with an M.Sc. or push on beyond a doctorate or rest 

not to be interrupted, it is indispoin. able to demonstrate content with merely oa-the-job training. 

they are being well spent. 
Table 5: 	 Duration in years of study and work stages in the 

career of researchers who follow alternative trai-Such demonstration is not easy, however, because data 
ning sequences'.on costs is incomplete, and there is no data relating to 

benefits. All we know is that costs are considerable. 
Reference has already been made to EMBRAPA's Stage Alternatives 

III 111IV V VI 
training outlay (see Table 1). Ardila, Trigo and !'ifieiro 

Years 
(1980d) report training program expenditures for INTA 

(Argentina), ICA (Colombia) and UNA (Peru) over the Study, with scholarship, prior 

period from 1960 to 1978: in 1977 US dollars total costs to being admitted to the organization 2 2 5 2 3 2 
amounted to $5.2 million for INTA, 519.6 million for Work as Agr. Eng. or Lic. 3 - - 3 - 40 

ICA and $2.9 million for UNA. Dividing each of these M.Sc. program 2 2 - 2 - ­

amounts by the number of organization scholars who Work as M Sc. 3 - - 35 39 ­
obtained higher deg-,', (M.Sc. or .i.D.), the average Ph.D. program 33 

Ph.D. 	 2g3 3 - ­
degree cost amounted to US$16,571 for INTA; 

Work as Ph.D. 293537 - - ­
US$31,145 for ICA; and US$11,344 for UNA. In 

42 42 42 42 42 42computations for UNA, the sum dces not include the Total 

national salaries of the scholars, for these were not paid 
during their studies. The average degree cost figures are Source: Author. 

A career is considered to begin with completion ofslightly misleading, fo, the total costs include grants to 
studies for Agr. Eng. or Lic. (theoretically at age 231 and

those who did not finish their studies (not taken into 
account) as well as to recipients of more than one to end with retirement (normally at 65), which gives anaccount) astwellpasotosrcipientsfoemore2thanron 

active professional life of 42 years.
scholarship, for example, first a grant for an M.Sc. and 

then for a Ph.D. Alternatives I and IIcorrespond to the Cajueiro's 

situations A and C except for slight variations in the 
The sequence of activities which a researcher pursues duration of the M.Sc. and Ph.D. programs which here 

during the course of his studies can also influence the together last for five years. 
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In Table 5, six alternative sequences are presented. Iand followed by V (M.Sc. before employment) and VI. All 
I correspond respectively to Cajueiro's first and the third alternatives in which postgraduate study commenced 

cases; VI represents the study-work history of someone after a period of work for the research organization are 

who finishes university without fonnal or informal clearly inferior. If on the other hand, we wish to 
postgraduate training, 	 maximize the number of years in which the production 

index exceeds the cost index (annual productivity greater 

By applying the cost and production indices in than 100), then alternatives V and VI are clearly 
Appendices Iand 2 to these cases (indices which, while preferable to all strategies which include the obtaining of 
arbitrary are plausible), we obtain the data presented in a doctorate. 
Table 6, which shows costs and benefits for various 
postgraduate training strategies. The lowest cost Table 6 shows clearly that if work to be done is within 
alternative is, as was to be expected, VI (agricultural the reach of an agricultural engineer or 13c. with 

engineer or Lic.) The strategy yielding the largest benefit experience, it is not necessary to have it performed by an 

is Ill (Ph.D. before starting work). If we consider the M.Sc. or Ph.D. 
influence of different training sequences on average 
productivity, then the most favorable alternative is III, In Table 7 total training costs are shown as the 

researcher's total income. Highest in alternative Il, this 
Table 6. 	 Total costs and benefits, until 65, of researchers represents the least favorable choice for the research 

following alternative training sequences (based on organization in terms of annual productivity (Table 6 
cost and benefit indices estimated in Appendices column 5). 
1and 2). 

If this analysis had been limited to the first 10, 15, or 20 
Alternative Accumulated Accumulated Productivity years of active service, instead of to the researcher's entire 

Cost: Production' Average' Annual'
_______Production'_ Average,_Annual'_ career, results might differ. They might have differed still 

more if the indices used, particularly those of Appendix 
I 239 215 91 26 2, portrayed different behavior. It is, therefore not worth 
II 267 252 94 23 our trouble to embark on further analysis lacking an111 254 270 106 30 

IV 196 179 91 24 empirical basis. The example has been included simply 

V 199 209 105 35 
VI 157 161 103 35 Table 7: 	 Differences in total income', until the age of 65, of 

researchers who have followed alternate training 

Table 6 is derived from Table 5 data to which have sequences2. 

been applied the arbitrary c, st and production indices Alternative 
set out in Appendices I and 2. It is illustrative, not a Alternatives 11 Ill I V IV VI 
reflection of reality. Index' 267 254 239 199 196 157 

year n 
Accumulated cost (annual cost) II - 13 28 68 71 110 

year I III - 15 55 58 97 
1 - 40 43 82 

year n V - 3 42 
Acaumulated production = (annual IV - 39 

year I production) Total income is taken as the accumulated cost in 
(3) Table 6; it includes benefits received through study 

Average productivity = x 100 grants before and after the researcher has entered the 
(2) 	 organization. 

production year 1, 2..n This table is a recasting of column 2 of Table 6; it 

Annual productivity = xl00. should be interpreted as an illustration, not necessarily 
cost year 1,2...n as reality. 

The table gives the number of years, in the entire See Appendices 1 and 2 for derivation of cost and 
career, in which this value was greater than 100. benefit indices. 
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to show that, if a research organ, t jn keeps good 
records of the costs and performaice of itsscientists, it 
will have at its disposal the necessary data with which to 
choose suitable programs for training and also, perhaps, 
for planning and financing the education of human 
resources at different levels. 

Discussion Theme 

Coni~cting opinions have been expressed about the best 
way to train researchers to maximize institutional 
productivity: at home or abroad; as a simple 
specialization, with emphasis on actual practices, or in a 
fomlal degree program at the M.5c. or Ph.D. level; at the 
time the individual joins the research organization or 
later, after he has worked there for a few years; by 

selecting the most talented, competent candidates for 
training, or choosing those whose intellectual interests 

appear best to serve the goals of the organization; or by 
financing studies through guarantees, by contract, or by 

bonding the candidate to continue employment for a 

number of years after completion of his studies. 
Frequently, the approach most suitable forthe research 
organization does not satisfy the aspirations of its 
scientists. Similarly, were scientists to pursue their 

personal priorities, these would clash with the objectives 
of their research organizations. In the only case which 
came to my attention in which agricultural research 

scientists were consulted about their training wishes 
(INTA, 1971), it appeared the views they expressed were 
not translated into practical action. 

No doubt exchanges of views on training should be 

encouraged but by themselves they cannot overcome 
what is for most organizations the main problem: a lack 
of regular funds to finance a rationally conceived training 
program. A considerable part of currently available 
training funds, both internal and external, are mis-spent 
on candidates who either do not finish their studies or 
who, if they do, leave the organization a short time later, 
even if this means breaking their contract. Huge sums 
invested in training in the past have not provided the 
agricultural research organizations of Latin America with 

the competent personnel they need. It seems neither 
possible nor reasonable to expect more funds to be 
earmarked for training, or even for present funding levels 
for training to be maintained, unless waste can be 
eliminated and training benefits for sponsoring 
organizations improved. 

Under these circumstances, it would appear high time ­
using an adequate empirical base - to review the 
concepts, policies, and practices, which agricultural 
research organizations throughout the region adhere to 
for training human resources. 

Salaries and Benefits 

The Role of Salaries and Benefits in Personnel 
Management 

A research organization, like any artificial social entity 
wishing to perpetuate itself and to attain certain goals, 
must admit new researchers with a certain regularity and 
succeed in retaining their services. Furthermore, it must 
find ways to induce them to carry out tasks which 

require a major intellectual input. To obtain compliance 
from researchers, the organization has a system of 

rewards and sanctions. Rewards take the form of salaries 
and other benefits for those who show aceptable 
behaviour (average productivity); additional bonuses 

may be awarded those demonstrating exceptional 
behavior (above average productivity). 

Yet, such a description of the role of salaries and other 

benefits in personnel management is both static and 
incomplete: static in that it does not necessarily imply 
any displacement of the productivity curve; incomplete 

because it does not recognize that the participation ,f 
researchers in the organization is voluntary and their 
work has a strong intellectual component. Indeed no 
element of coL cion would be tolerable. Instead 

organizatio 'r may reort to various forms of stimulus, 

motivation, inducement, and involvement. When such 

elements are included in the total employee benefit 
package, they stimulate individual behavior (increasing 
individual productivity) and, at the same time, promote a 
positive displacement in the productivity curve. 

To obtain this result, the system of benefits must be 
based on a clear description of desired behavior and of 
methods for measuring it. 

"The output of a company... can be measured by the 
quality and quantity of their products and by the benefits 
obtained from them. The measure of output for.., a 
research organization.. is more difficult to determine. 
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The search for an output measure becomes particularly 
problematic when an organization has not defined its 
g(;als in aclear and unambiguous way or when it pursues 
several goals at the same time \ithout having established 
clear priorities among them" (Mayntz, 1972: 1741 

Researchers, however, do not invariably share the goals 
of the organization to which they beloi.6 . Their personal 
interests and goals are likely to diverge from institutional 
objectives. Inthe preceeding section, for example, we 
observed how training alternatives most atractive to 
researchers mav well be least attractive for their 
organizations, 

Perhaps a measure of alie.,ation or even conflict between 
staff and organization is inevitable. When the staff 
includes eminent 'esearchers, conflict may acquire 
major, more or less permanent proportions, constituting, 
in Stecle's phrase (1957), the "schizophrenia" of the 
organization. 

To alleviate or eliminate internal tension, it is not enough 
to enhance or diversify the organization's system of 
rewards to conform more closely with researcher's goals. 
This merely "exagerates things to the point of over-
lookirg the fact that the idea of employing somebody is 
to obtain certain services from him" (Marull, 1967: 18.11). 
Even without falling into this trap, "the exercise of 
power... keeps the subject alienated for as long as he 
conforms. He conforms for ulterior motives. His 
conformity is probably limited to subjects explicitly 
endorsed by the management. It is unlikely that he 
ventures information, shows initiative or cooperates, 
except when he isexplicitly forced to do so. In addition, 
in moments of crises, when the power structure of the 
organization is weakened, he will tend to prefer other 
norms which he favors over those of the organization" 
(Etzioai, 19o5). 

It is clear then that the izystem of rewards will influence 
researchers and their behavior differently under different 
styles of leadership, aatocratic, democratic, or permissive 
(Peltz, 1956). This .uggests a need for appropriate 
adjustments betwe n the system of rewards and 
leadership style. 

It seems hardly necessary to add that the rewards 
referred to here are not only monetary or material. They 
include other incentives which strengthen motivation as 
well (Maslow, 1954; Mendoza, 1973). 

In the interests of clarity, the system of rewards and 
sanctions discussed here is confined to the three P's; pay, 
power, and prestige, which satisfy three kinds of human 
needs. Pay satisfies material needs; power is related to 
man's need to occupy a recognized place within society, 
with recognized perogatives, often related to his status. 

I'resitge involves the value assigned to an individual by 
persons whom he himself values, particularly his peers; 
prestige assure, man's need for esteem. 

Even contemplation of the simplified three P's suffices to 
show that it is not easy to establish and operate a 
satisfactory system of rewards within a research 
organization. To do so requires an instilutional maturity 
rarely attained in Latia America. 

Possibly for this reason, Etzioni (1965:105) finds "The 
granting of part of the revards by an organization 
without first considering performance is commoner in 
the more backward areas o, acountry than in more 
advanced areas, and is also more common in the least 

developed countries than in the developed ones; one of 
the reasons for this is that the management of research 
organizations is less effective in less developed 
countries." Although in Latin America agricultural 
research organizations are certainly not free from this 
managerial shortcoming, the nature of the rewards which 
they offer isprobably a more important problem in 
sustaining motivation. Basically, rewards boil down to a 
balancing, in one form or another, of the services which a 
researcher pc'.'ides and the services an organization has 
to offer in return. This balancing must take place in such 
a way that the individual feels reasonably satisfiec', while 
the organization can attain its goals effectively. It is not 
easy to achieve such abalance in any country, however 
developed; after all, both parties are inclined to assess 
services and returns subjectively. In Latin America, 
however, the problem isespecially acute because 
researchers' salaries are so low. 

Salaries and Other BenefiLs 

The most straightforward benefit which a researcher 
enjoys is his salary. Salaries should be capable of 
attracting workers to an organization and retaining them. 
The services aresearcher has to offer, theorctically at 

least, are equivalent to merchandise subject to quotations 
on the labor market, the international labor market 
included. To set salary levels, one must first determine 
the going market rate for a researcher with certain 
characteristics, such as training, experience, age, family 
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responsibilities, etc., and then offer candidates this 
amount or slightly more. Of course, the salary flexibility 
of a research organization is finite. Furthermore, there are 
relatively well-differentiated categories of researchers. 
System can be introduced simply enough, however, With 
a salar y sctheul ole or table, subdivided into ranges or 
.,rades. each Mitd a ninmber of steps or pos.itions. 
Generally, the upper steps of one rallge coincide with the 
lower one, of the nest, making it possible to differellti,te 
salaries acLording to :haracteristics, such as previous 
ircome o1 'ears of service. Frequently, the scale is 
designed in such a way that researchers, who, atcoldinl 
to many1' elVictant to absLme ad n in istrativeaut hors, are 
rest rsibil.it's can finish their Career and attain ,atop 
"IL.' Without Iaving to octuin Ilidd le-rrranarg Irent 
t"ostions. Srci a s\'It'rr, wiLely used in developed 
countries, has Kerr ldopted in Litin America by nearly 
all agricultural rese rch organiztiors of a certain sil, 0. 

Nevertheless, rs We describetd earlier, individual research 
organliAtions, and t'l regiorr as a Vle,continue to 
suffer considerable losse,s of scientific personnel. These 
losses Cannot be ascribed to a single taise. 

InIdeed, the stisfrctitr wirith salaries, mentioned by 
Ardita and his co-workers inall their papers (100 
a,bc,d), has variours origins,, 

The restrictioirs of tire labor market rave alrcidy been 
oied. hornetilres, one scienrtist represents tilt total 

supply in a certain speciality. Yet, two or three scientists 
may mean a stirplus. Den n, for its part, is curstoirarily 
domrinated by one large public sector organization (tile 
researth organit',titl). This 1nay represent 50 0 to80"5 of 
the total demand, compleniited by tile manripower 
needs of various smaller organizations uirrrversities) aid 
a few private companies. Under such circumstances, 

oscillations inthe labor market are of such Magnitude 
that it is virtcially impossible tostaff an institution while 
adhering to categories established inthe salary scale. 

irenti 


Exceptional situations arise during the phase of 
establishment and reorganizartion throrgh which 
agricultural research organizations of tile region pass 
with a certain regularity. During !:uchperiods, the 
organiz tion usually earn count oil substantial political 
and,as a conseCllence, budgetary support. All atonce 
funds made available enable itto offer i'xceptionally high 
salaries, with a sufficient variation of vacant positions to 
preclude competition and to assure a satisfactory iiiche 
for eve- applicant researcher, almost withont exception 

Such prosperity usually lasts for alimited number of 
years. Ultimately, however, there is a reversal, usually for 
economic (mainly inflationary) or for bureaiucratic 
reasons. Often state bureaucr.acies resent t ie existence of 
organizations that have some autonomy or salary 
regimes superior to public s(rvice norms. "You have an 
arm\, with more officers of high rank than soldiers," is a 
cornment budget managers comnmonly let fall when 
reviewing the budget proposals of an agricult,,ral 
research organization. 

\,lear esaliple of what may happen in such 
circunstan:es is presented in the work of Ardila et al. 
( 1060 a: 12.1). The year after ICA (Colombia) was 
founded, the average salaries of its post-graduate 
scientists in coistailt terms, started to decline. Migration 
conrmenlced when average salaries sank to 73% of their 
initial and it became rampant when pay ievels fellvialue, 

below the mark of K'oS .Unfortunately, parallel studies 

tsr INA (Argentita) and UNA (Peru) (Ardila et al., 1980 
b,c)do tot incldle comparable data. Both these studies, 
however, demonstrate thatiil most instances researchers 
who change organizations receive . significantly higher 
salary in their new post. 

Abup migration associated with a decline in relative 
salary levels cair be alleviated by creating new demand 
through increasing remuneration in other organizations, 

by the davning of new prosperity in business, or by the 
opening ap of fresh opportunities on the international 
labor market (see, forexample, Arnon, 19i'2). 

Another source of dissatisfaction and impetus for 
migration is the political instability which, although at 
times disguised, is iearly always characteristic of 
governments inLitin America. No reference will be 
made here tothe dismissal of scientists oil political 

grounds, which is known to occur; note should be taken, 
however, that researchers vho find themselves ina 
minority, because of their social opinions, may be 
isolated and rejected by their colleagues, becoming 

victims of the political opposition endemic to nearly all 
Litin American societies. 

Although a researcher's allegiances in a volatile political 
climate may well reduce the possibilities of his 
promotion, hisviews are unlikely to mean any direct 
salary reduction. Awareness of political unrest, however, 
does affect scientists psychologically, eroding their sense 
of security in ongoing employment, counteracting the 
stability necessary to research. 
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Erroneous or arbiirar application of the salary scale also' 

provokes dissatisfaction, especially in scientists with 
post-graduate training. Uni,, tified proinot., is, 
moreover, will be resented by scientists. illI-wels. 

Motivation 

Nimeirous, systematic studies of a quantitative nature 
have dcniorntrat''d apositive relationship between 
miotivton and the q111ality' of scientific work 
(Gollem Liewvski, t ['This relationship has long beeno-1). 

recognized by Litin American agricultural rescarch 
organi/aitions: 

"The admzinistration of igricultural research personnel 
s Louldbe directed towads creating a cliniae which 
stimulates and noticates the researchers, because this is 
arsimportant as pro,.iding them with incentives of an 
e'-onomic nature. 

"It is recommended that those who direct scientific 

research should give special attentiLn to the use of all 
types of incentives for their scientists so that the\, ure 
continuously motivated and oriented with the purpose of 
maintaining a constant self-in- provement in their work. 
The product of research comes from a stimulated mind 

and, tierefore, tile administrator must do eve'rything in 
his p)ow.er to keep that mind fertile and productive" 
(Quito Serilinar, IICA, 17 1). 

A variety 'if incentives havc been used to sustain 
researchers' motivation: training; differential rewards, 
promotions; and annual bonuses based on evaluation; 
trips abroad to attend conferences and give work 
presentations; subsidies for learning foreign languages; 
loans for acquiring homes and vehicles; and, in addition, 
the organization of social, sporting, artistic, and ,ultural 
,Icivities. 

These incentives do not appear to have served their 

Firpose particularly well. Without cdoubt, under certain 
circumstances, some are welcome supplements to 
salaries which are admittedly low or which have 
diminished purchasing power. Sometimes such 
incentives are preferable to a raise in pay because they 
are not subject to tax o,social security deductions. Thus 
they increase the researcher's monthly income at 
relatively little cost to the organization. Whenever they 

consist of material benefits, such as the use ot a car, their 
value is automatically readjusted with inflation. Yet their 

motivating effect, even at best, is modest. Such an effect, 
when it occurs is rather apt to be the achievement of a 
charismatic superior w%,hocarries out his supervisory 
function skillfully, providing the sort of leadership which 
can contribute so much towards boosting productivity 
(Arnon, I078:231). 

Nevertheless, according to available literature, material 
incentives do seem to bolster motivation in countries 
elsewhere. The question rt aains, why the, are 
ineffectual in Litin America? To try to find the answer, 
let us return to the 31's: 'ayIV,Power, and Prcstige. Pay, as 
we have seen, eercises only circumstantial Motivating 
influence, if any; and even then this is frequently of short 
duration. It remains to examine how agricultural research 
organiz,ltions in the region attempt to meet researchers' 
needs which can be satisfied by power and prestige. 

Power or status -- appeasing the need to occupy a 
recognized place within society' - can be conferred by an 
organization itself. Research organizaltions inL-tin 
America, howev'er, appear to confuse power with 
administrative authority. 

Efforts to avoid overloading researchers wvith 
bookkeeping checks and bureaucratic pipenvork have 
clearly screened them from the main line of authority. 
Such authority remains vested inthe hands of 
"researchers" vho do little, if any, real research. In 
certain organizations, eminent re:,oarchers have been 
rewarded with the function of "program coordinator," 
supposedly carrying out the technical management of a 
specific program, while free from responsibility for its 
general administration. It is not uncommon for program 
coordinators to earn as much as the director of the 
organization where they work, or even more. It is the 
director, however, who wields all the symbols of power: 
the executive title, the largest and bist-funi;ired office, 
the direct telephone line, the private secretary. In 

addition the director exercises teal power: lie is the 
organization's decision-maker. It is always the 
cioordinator ,homust ask atithocization foion_thing or 

another from the director, never the other way around. 
As a result, regardless of all compensation, leading 
researchers are Prey t.,dissatisfaction. Herein lies the 
origins of ailorganiza-tion's "schizophrenia." 
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In contrast to power, aresearch organization cannot 
direly bIesto' presige upon aresearcher. What the 
organization can do isgive him the opportunity to 
[chieve itby himself. In general the great rnotiv' ting 
force of prestige i:widely reo,,gized. Ltzroni ( 10o5: 87 
rilates,
forexample,that "there are :,wyers who have 
retused Si\-figUIre to become judges with five-income, 

re saries, con penated for by the higher prestige offi,;u 


the bench." 


S)eDiber,teh' or not. agricultu:'al research organizrltions of 
Litin Americar have Made coInsiderable efforts, withiin the 

Scope avarlable to them, to give their researcherS the 
'pportun ity to gain p.;restige. At ties, however, it seems 

that tile itment of the organizaition to this third I'corc 
(pre'tige stop short ,tthis point, , if man,,genrent is 
preoccupied with raising the potential productivity of 
resercher soI that,at its oen conrveincrce, tile 
org.'n z.rtion itself car benefit. It is all too 0n1nmon for a 
researcher who retun, cloaked inglamor from hisI'l.D. 
studies, to find himelf obliged to assume responsibility 
for wor k which corresponds. poorly, if at alt, with hisfield 
of specializttion. lie seldom has the personnel and 
supplies athIk command topernlit Iilli to cotnduct 

meaningful research. h-hemust conforri tothe pursuit of 
goal., for the chievement of which his level of training 
may be ilLogir0uLs. 

Eveir whe n oilrgani,tion decides ti provide a 
re,;archer with iii appropriate team,it too often 

ecrionomizes falSely by delaying the recruitment of 
,support staff and purchase of equ;pment. Apparent 
,;avirgs are negated, however, by tile cost of leaving an 
e\pensi\ e researcher dangling under-employed - to say 
nothing of the risk of fruLtrating amajor investment in 
hunan resources. Extensive, rigorouus studies 
derrons,rate that scientific output increases considerably 
where researchers share in the decision-niaking process 
(I'eltz, 1%4). Nevertheless, researchers are seldom 
permitted by their organiz.rtions toparticipate in this 
process. 

We should not forget that researchers are only human. 
Tlrcy may interpret obstacles to personal career progress 
as abarrier deliberately erected to exclade them from 
competition for management positions. Where this 
Occurs, in addition to signs of schizophrenia, a research 
organizatio, may break out in symptoms of "paranoia." 

One way in which it Iscustc mary for research 
organizations to afford their researchers an opportunity 
to garner prestige, bevonc, that which they have achieved 
during their formal training, is to encourage them to 
present their research findings at profess ,'nalmeetings 
or congresses. lhis will !.,illy ent.ii international travel, 
an occasion to mi\ with specialists fon other countries. 
Reple, cntation at such events contributes to the prestige 

of both the idividualIresearclher and his parent 
organization. [hr stimuius of conlact with others at work 
ill rr4e field cal be invaluabe. lnt'llectual cross­the 
fertiliu.on nla' acce!erate con1,1etion of a research 

project by years, or lead tOtilefornulation of new and 
revo'lhtionarv discoveries. h'uch results, at least 
p.citialiv,are of benefit to the research organizat ions 
with wh ichthe inspired researchers are affiliated. Of 
coirse, to be realistic, to tilee'xtent that a scientist 
achieves eminmence, he gain ; prestige; and the nore he 
escels, the easier it becomes for him,in tIre end, to 
migrate to a more attractive research position. 

[or organizartion and rearcli'r alike, it is convenient and 
necessar for tile prestige in hisindividual to add to his 
own coUnt ry, too. O)rganii,.tions have various means to 
combat the anonynmity of their research staffs, making it 
possible for scientists togaiin public attention and, 
perhaps oIf evein more importance, tire notice of their 
peers. One rather direct approach to this end consists of 

endorSing professional and specialist associations 
supprrtinlg them intheir conferences attire national level 

or when they iost international meetings. These groups 
generally have a precarious, faltering life. Regular 
seminars, as well as active participation irspecialist 
associations and in the planning and decision-making 
procedires of their own organiza.tion, constitute other 
opportunities for reserchers toenhance their local 
prestige. To become known within and beyond his own 
immediate profesional environment enables ascientist 
to develop a sense of beionging, which reinforces his 
loyalty and counteracts any inclination to migrate. 

Discussion Themes 

In Litin America, agricultural research organizations are 
'mgenerally state institutions which o not enjoy broad 

autonomry. Salary policy is out of their hands. They 
conform to guidelines laid down for the whole of the 
public sector. It is conceivable that one day, within this 
context, an exception willbe made for research activities. 
At that time, certain current recruitment problems will be 
solved. Such a result, however, i,;unlikely to be achieved 
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by agricultural research organizations on their own. 
Indeed organizations invol'-ed in medical science, nuclear 
physics, or defense, to name afew highly influential 
research i;eas, are more likely to be the first to make any 
breakthrc.ug e reg7arding the alarv structure of researd 
woi kers At this conference, extCnive dicussi'n of the 

a
ucll-.t on 1nHot hltitiable. t hercfore, uinle' we 

consider hlpoh-l illity of 1estruturing agriculItural 
h u,eted in the eailier '.ection of this paper,eardla. 

on phmniiiig. It participants;wih to go so far, then we 
nIiAht ,igithiadvkataget'.roAd dilad taitges of a 
priNate 0oman111V-\ -t'lcimiore Or It'-, Iikled to the state, 
one 'imilar o the 'teri n hiIing teted in Brazil and 

Chi i ely the mei it, or, alternati of the research 
IouniLation, leni froM the exlperiences of the 
TeCC,,1iilogica!aiid U111 iitsIx 'itldies oft Ihm1titute 

Moniterev (N' Io. 

Nlotivation of research organiitiois i, far mole than 
mereVy ai1 internal resource iil Latin Ameri-a. fit the past 
iti1i ,iganilation reied largely (oiisalary adiustnits or 

.cippheillt'. to keep mtaff itt;kIng contentedlv. It i> 
po- ible that inivada\"., because resc, r11 orga ninatiolls 
hat e difficulties i .ffering itractite, competitive 
.alarie, they willbe )bl e ileig('d tou rrnate formn of 

benat-fits to acqMuire ,;,L!,wii able reseirchiers. Wha' 
kind, of bencfit,-might tc.,t pi'vide th,'J"ired 
1du:enient'k is sioncthiiig for this oil I,-ineto discuss, 
ilcluding %aiv to direct vaiilable funds or,,tleast port of 

thIli to adliiVe iaximuii n-otivatioiial effict. There 
a-'0 irt nainy, the posilihtv of considering how to devise 
reWad of a -oc,1i1, io:i-niater;al nature Which %e,'ithotlt 
entailing more tha) minor coists, might stimulate 
researchers to ,iall-out etforton the job. 

Evaluation 

The Role of Evaluation in Peisornel 
Management 

Within a retearch organization, the evaluation Of 
persotiel fulfills several functiois: it analyzes the 
professioial bickgrouncd and characteri,,tics of 
employees, seeking admittance, simplifying selection and 
placenent within the salary scale; it allows manlagement 
to.exercise control over the organization, enisuring that it 
operates in the way planned and that it remains directed 
towards its goals; it serves as a basis for the applicatio, of 
the rewards and sanctions systen, justif'ing promotions 

and bonuses to thosef who show desired behavior, as %vell 
as penalties or the transfer or dismissal of those who fail 
to contribute as expected to the organization. 

The effeCts of evaluation, then, are mostly indirect, 
accomplished by means of mechanisnis referred to 
earlier (e.g., selection, rewards and sanctions). Evaluation 
supports and reinforces these mechanisms and, in turn, is 
supported and reinforced by them. Evaluation as an 
independei, process becoIes less necessary as other 
mechanisms operate satistactoriiy. Intensive ;election 
and training programs make it possible to employ able 
personnel who enibrace the goals of the oi ganization and 

facilitate achieving desired staff conduct without strict 
supelVision. 

Nevertheless, the goals of an organization evolve. The 
woi kof researcher;, whatever their itrinsic merit, must 
not remain unrelated, but rather be "aimed towards 
solving the fundamental problems of each country" 
t§iamper, to-o4. Without coordination, the products of 

staff efforts may prove only marginally relevant to the 
organization's goals, barely contributing to its total 
productivity. 

For this eason, it is essential to exercise a certain degree 
of control over the organization. In reality, even if all 
personnel nianagenent factors operate smoothly, it is 
almost impossible to prevent asmall proportion of 
unproductive, or uncooperative researchers from being 
recruited Dismissal cif these employees is necessary to 
maintain a viable oiganii7t ti . Hlere evaluation has a 
diict role toplay: by idCrtif,-ing sub-standard 
performance it can help eliminate deadwood and thereby 
prevent the regression and possibly the demise of the 
organization. 

Forms of Evaluation 

The form of evaluation will be a function of its purpose. 
When evaluation relates to .,electionand recruitment, for 
example, and its task isto estimate the probable outbut 
of a candidate, gixen his personal characteristics and 
prior performance, it will take the form of a prediction. 
When evalciation appraissc ongoing actions to determine 
how well they correspond to plans, to reveal possible 
deviation in orde, to correct or tojustify them, then it is 
tantamount to operational control. But it is when 
evaluation turns toproductiity that it acquires its most 
specific character. 
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Paez (1079), who describes these three forms of CSIRO (Australia), for example, considers it neither 
evaluation which refer to the future, the piesent and the necessary nor desirable to establish formal evaluation 
past, as evaluation ex-inte, :oncomitant and ex-p t, proLCedures. Department managers submit propo.,als for 
respectively, offers an elaborate methodology for thrir promotion or other relevant actions annually. The nine­
application. member body which controls the organirtion, known as 

the Eecutive, reviews t!ese proposals; in addition it may 
Many other methods of clalsit-ving different forms of con ult with relevant ma.lgers and consider researchers' 
evahlation exist. [ ee may be pyr :nidal, when publications and other accompl i,lhmnts. When 
folk,',ng a hierarchic scaling; parallel, %-,hencarried out he [secut ye solicits advice from en nentleessry, 
by the peers of tile person ev'aluaed; or special, whlen sc,',;tists with1in o outside Australia. It ,:ompares 
confined to committees or pers.ns; iippointod for this candidates for advancernent with other membe- of 
,p,,cit;c purpose. Lvaluation can be in.,'rnal or e\,ernal, CLi)RO mulLwith outside researchers. As a Lonsequence, 
dependiPg on %xhethcror nt it is peiformed by it may come tup \eith researchers to pronlcte or to reward 
nwaebers of the satme organLation. It can be subicctive, otherwise not included in the originai proposals. Finally, 
wl-en bsed orl pe,,,nal criteria; cormparative, when decisions are nade in consultation with the department 
p sl'1cilt managers.are ninaesured againswt ei Ii other and t istributed 
mer rank of merit; or iIrmaiive, wvhen staff 

perftoru.tLe i , rated accordiig to an elaborate table Of particular note is that no special report is required 
describing L,eh,etor. front the researchers themselves. They do n more than 

carrv on with their work, disseminating re;ulIts through 
Whatever technique is adopted, evaluatioin requires publications or other suitable media. Once they reach a 
paperwork. tote, ftorms, or reports whicrh must be certain level of ;peciaI merit, and this is decided on an ad 
elaborated anld treated rccord ing, to prcedLiurcs regulated hoc basis, their names ar inltided among the limited 
in a more or les formal rnner. It is obvious that these number placed before The Exccutive foi special 
documents antd procedures ,rt ,iot thentselves the goals c romotion or reward. INRA (France) achieves 
of the organiiarion, but only an ittdirect means to achieve comparable re--:lts by means of radically diff2rent 
the -e goals. It is counterprodutive to over-utilize procedures. Whenever avacancy occurs, an internal 
resources for evalua1tion, eSpecially hlinran resources ,'ompetition i, announced; personnel may participate 
whose main task it i- to deliver research results. "In who consider themsnl ves eligible. The selection process 
profe'sional orami/ationis, tl.e excessiye inluence of ille thus involves ,, genuine comparative ealtiation of the 
,d ministration which iakes on the form of rituaiLed c.rrtdidiates. 
n,'ans, underm ines the goals for \hich the org aniztion 
has,e n esablished and endangers the conditions in In Lit;i America, two extremes of evaluation procedures 
which -.ience can be created and institotionalized" may be o'aserved. In some agricultural research 
(Etzioni, too5: 14t1). It e\treme instances, researchers may organiiutions, especially smaller ones, evaluation of 
translate a ietailed description of desired behavior into a p,-sonnl iscustomarily left to the subjective judgment 
guideline to Which they blindly conforrm renclncing all of the head of the organization. This process can all too 
personal initiative, ttrning oblivious to the organization', easily become arbitrary and, therefore, is not to be 
tre goals In this way tire possibilit of arescarchet encouraged., 
making any genuine scientific and creative contribution 
,t'.,' vanishes. Elaborate and complex evaluation systems also have 

been institutrd; these generally require such a quantity of 
It is probably to prevent this from happening th.it major paperwork and procedures that they effectively paralyze 
prestigious research organiattions, without losing sight of tile organization annually for aperiod of two weeks up to 
the recognition due to merit, have reduced the a month. After afew years, evaluation becomes a hollow 
administrative work required by evaluation to r ritual, tile sole result of which is tile cramming of nearly 
minimum. In so deing, they have especialy limited the all staff researchers into few categories at the extreme 
participation in evaluation which they require from their upper end of the organization's qualification scale. This 
researchers themselves. pacement entitles them to asalary supplement, but one 

which has lost all motivational effect because the reward 
does not reflect real productivity differences. 
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Specific Evaluation Criteria 

At the outset ,I this paper, we discussed criteria for 
per.onriel ietio hflieand recruitment. following 
section will be devoted specifically to critCr;a employed 
in the evaluation of performance, a topic which is 
Lomparatively sirnlh, since it does not involve 
Fredittions - which are ahvays a risl&y busin-ess, 
ivaluation of performance means the appraihal of how 
Work advance, t e goals of the orgaliAtiol. et, this 
aloentails diffic1t!tie-;. not onlyv is it ;eldom easy to 
define ihe output e\rected by an orl.,: ,iation precisely, 
but it isu.;.allv difficult to measure this output 
objectively. 

As '.-id earlier, the products of a researdl orgalization 
inariably fall into the category of knols ledge. The 
di'tco,'cry and decii pdioii of new facts are involved, 
together with th forinulatiOc, and testing of nesv ideas or 
theories, or the elaboriation, and empirical assesstment of 
neix technological re;ources. But hov.' can these be 
twaured or appraii td? I lOw do WeI'compare, for 
e\amiplc, in terms of oiganizational productivity, the 
botanic.al identification of three new species of fodder 
grasse, wi'h the selection of a rhizobium capable of 
entering into svmliosis with a certain variety of sova or 
with determination of optimal fertilizer treatment for a 
given soil and crop? 

Ulthrnately, research results are as a matter of course 
converted i,'tepublications. If these could be appraised, 
one would have an indirect, b'it valid, means to measure 
researchers' productivity. Much has been written on this 
sibject, but nothing resembling a consensus has been 
reached. Klopsteg (1045) ha:. stated: "Nobody has yet 
encountered a formula to translate the number of pages 
published into a factor which describes the merit of the 
work published." Shaw, vho should be able to speak 
from e\periene, for he served as director of the 
Agricultural Reearch Service of the U. 5. Department of 

Agriculture for many years, worked out a method which, 
(according to its originater) without pretending to be 

e\act, makes it posible, to obtain an acceptable 
numerical appreciation (Shaw, 10o7). According to 
Krohn (1071), publications are "unfortunately" tileonly 
possibility for quantifying the production of researchers, 
Meltzer (105o) maintain, that frequent publication is 
considered representative of a high degree of 
performance in scientific circles. 

Others maintain that the measure of quality is not so 
much the fact of publication itself but the number of 
times a paper is cited by other researchers (Cajueiro, 
1981; De Solla, 1965). One might argue, however, that 
frcquenc of citation simply indicates that an active or' 
controversial scientific area is involved, one inwhich 
many authors are publi;hing and quoting each other. 
indeed, major seminal works like those of Mendel can 
continue in obscurity for years. 

On the other hand, researchers do not ahways hurry to 
publish their findings. They may! old them back for a 
lot,time, restrained by perfectionist zeal, or by lack of 
time to write, or because they are primarily interested in 
satisfying their own curiosity. Whatever lhe cause, the 
urgency to publish does not appear deeply felt among 
Latin Arnerican resecrchers. Diaz Bordenave (I1968b) held 
i survey atnong the participants of the VII Conference of 
ALAF (today ALCA) about how they perceived tile 
career significance of publishing: 75% of the respondents 
indicated "it is not necessary to publish" or "publishing 
helps, but it is not necessaiy." He con.luded, "It is clear 

that inLitin America the policy of 'publish or perish' 
does not reign." 

most reliable 
measure of a researcher's productivity is the quality and 
quantity of his publications, evaluated by his peers. 
A researcher, however, may also contribute to the goals 
of an organization in other ways: by training young 
scientists, for example, or cooperating intihe planning of 
workteams, or helping the internal harmony of his 
research group. During evaluation it is desirable, 
therefore, to use a number of criteria which, though not 
very reliable or perhaps subjective singly, together may 
yield amore secure and objective appreciation. 

When all has been raid and done, tile 

Armon (1978), citing systems which use Qto 14 different 
criteria, gives a brief description and comparison of 
evaluation methods used in Israel, France, and Great 
Britain. There is no proof though that the sum or 
combination of ,n not very reliable criteri, should be 

trusted. Would anyone suppose that ten burglars 
together would behave like an honest person? As a 
consequence, the solution to designing valid evaluation 
techniqu,es is not to accumulate criteria indiscriminately, 
more by imitation than by reflection; the challenge ;sto 

examine performance in ways genuinely related to the 
person to be evaluated and to avoid unnecessary 
complexities by confusing the means with the end. 
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Discussion Theme 

While it may be said that evaluation is necessary and 
even indispensable for personnel control, the process 
does consume time and funds. Poor evaluation systems 
may be wasteful and ultimately prejudicial, even to the 
point where they distort the operations of an 
organization. Where researchers are evaluated purely on 
a basis of teir successes and failures, for example, those 
who work on topics vith minimal risks however minor 
their importance, may end up being favored, while 
imaginative scientists with initiative and courage may be 
discriminated against (Stearns, 1978). 

There isconsiderable experience of personnel evaluation 
in lItin America. Some highly sophisticated approaches 
havC been utilized. It should therefore be possible to test 
whether complex methods really interfere with 
researchers' work, are not entirely rcliable, or even ma. 
have counterproductive effects. Should such anegative 
picture emerge, it would be appropriate to discuss how to 
simplify., the evaluation of scientific personnel and make 
it more efficient. 

Research is increasingly being organized according to 
specific projects or programs; which fall under the 
responsibility of work teams. From outside the team, it is 
difficult to appreciate which of its members contribute 
most - in terms of knowledg', industry, and attitude ­
to overall team results. Under such conditions it may be 
more understanding to evaluate team performance as a 
whole rather than the achievements of individuals. One 
might assign acertain number of merit points to ateam 
which could then be divided :nkeeping with the merits 
which the group itself allocates to each member. At first 
conflicts may arise from egotistical claims. Egotism, 
howcver, is not favorable for teamwork. Presumably, 
under such a system the rest of the group will correct 
those whose claims are extravagant or even eliminate 
them from their midst. 

Perhaps, up to now in deriving evaluation systems, so 
much effort has gone into details that we no longer "can 
see the forest for the trees." It may be worthwhile to 
stand back, to reconsider the subject from a point where 
the panorama can be better appreciated. Possibly, Louis 
de Broglie (1974) was right when he askLd, "Could it not 
be universally true that the concepts produced by the 
human mind, when they are formulated in a slightly 
vague form, are on the whole valid for reality, but that, 
when an extreme precision is looked for, they are 
converted into ideal forms, whose real content tends to 
vanish? In my opinion, that is the way it is; and I think 
that agreat number. f examples from all fields can be 
quoted, above all in the fields of psychology and ethics, 
as well as in daily life." After all, for agenuine man of 
science no human trait is alien. 
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Appendices 

Table I. Arbitrary annual cost indices in the course of the 
career of researchers who follow alternative 
training programs'. 

Age Annual cost indices for the alternatives indicated2 
(in 
years) I II Ill IV V VI 

24 (1) (1) (l) (1) (1) (1) 
25 (1) (1) (1) (l) (1) (1) 

26 1 (4) (1) 1 (1) 13 
27 1 (4) (2) 1 2 1 
28 2 (6) (2) 2 2 1 
29 (4) (6) 3 (4) 2 1 
30 (4) (6) 3 (4) 2 1 
31 2 3 3 2 2 2 
32 3 3 3 2 3 2 
33 3 4 4 3 3 2 
34 (6) 4 4 3 3 2 
35 (6) 4 4 3 3 2 
3o (6) 4 4 3 3 2 
37 3 5 4 3 3 3 
38 4 5 5 3 4 3 
39 4 5 5 4 4 3 See the description of alternatives in text, Table 5. Cost 
40 4 5 5 4 4 3 indices in brackets correspond to number of years of 
41 4 5 5 4 4 3 study prior to admittance to the organization (I) and (2), 
42 5 6 5 4 4 3 or after admittance, (4) for M.Sc. and (6) for Ph.D. 
43 5 6 6 4 4 4 
44 5 6 6 4 5 4 The annual cost indices have been estimated based on 
45 5 6 6 5 5 4 the following assumptions: 
'16 6 6 6 5 5 4 
47 6 6 7 5 5 4 1. The annual cost of an agricultural engineer, 
48 6 7 7 5 5 4 agronomist or Lic. gradually rises fIl 1 to 6 as he 
49 6 7 7 5 5 5 accumulates years of service and experience. 
50 7 7 7 5 6 5 2. The cost of an M.Sc. rises from 2 (no previous work 
51 7 7 8 6 6 5 experience) to 8, depending on years of service and 
52 7 8 8 6 6 5 experience. 
53 7 8 8 6 6 5 3. The cost of a Ph.D. varies from 3 to 10, depending 
54 8 8 8 6 6 5 on the same criteria. 
55 8 8 9 6 7 6 4. The cost of apprentices is equal to the minimum cost 
56 8 9 9 7 7 6 of an agricultural engineer or Lic. (1) for scholarships 
57 8 9 9 7 7 6 prior to admittance, but doubles (2) during the last 2 
58 9 9 9 7 7 6 years of a doctorate program. Once the candidate has 
59 9 9 10 7 8 6 been admitted to the organization, his cost covers all 
60 9 10 10 8 8 6 scholarship expenses in addition to salary and other 
61 9 10 10 8 8 6 benefits, and becomes (4) for M.Sc. and (6) for Ph.D. 
62 10 10 10 8 8 6 aspirants. 
63 IC 10 10 8 8 6 
64 10 10 10 8 8 6 
65 10 10 10 8 8 6 
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Table 2. Arbitrary annual production indices in the course 
of the career of researchers who follow alternative 
training programs'. 

Age Annual Production Indices fcr the Alternatives 
(in Indicated: 
Years) I I1 I11 IV V VI 

24 (0) (0) (0) (0) (0) (0) 
13
2o 

(0)
1 

(0)
(1) 

(0)(1) (0)1 (0)(t) 
(0)1' 

27 1 (t) (I) 1 2 1 
28 2 (1) (1) 2 2 1 
29 (I) (1) 2 (1) 2 1 
30 (1) (1) 2 (1) 2 2 
31 2 2 3 2 3 2 
32 2 2 3 2 3 2 
33 2 3 3 2 3 2 
34 
35 
36 

(l) 
(1) 
(1) 

3 
3 
4 

4 
4 
4 

2 
2 
2 

3 
3 
4 

2 
3 
3 

See the description of alternatives in text Table 5. 
Production indices in brackets correspond to number of 
years of study. 

37 3 4 5 3 4 3 
38 3 4 5 3 4 3 The annual production indices have been estima.tpd 
39 3 5 5 3 4 3 based on the following assumptions: 
40 4 5 b 3 4 4 
41 4 5 6 3 5 4 1. The annual value of production from an agricultural 
42 4 6 6 4 5 4 engineer, agronomist, or Lic. varies from I to 6, as a 

43 5 6 7 4 5 4 function of his contribution to the goals of the 
44 5 6 7 4 5 4 institution. 
45 5 7 8 4 5 5 2. The annual production value for an M.Sc. varies 
46 6 7 8 4 6 5 from 2 (no previous work experience) to a maximum 
47 6 8 9 5 6 5 of 8. 
48 6 8 9 5 6 5 3. The annual production value for a Ph.D. varies from 
49 7 9 10 5 6 5 2-3 to amaximum of 10. 
50 7 9 10 5 7 6 4. Annual production grows wxth experience to peak in 
51 8 10 10 t 7 6 a period which starts between 49 and 55 and ends at 
52 8 10 10 6 7 6 60. Productivity decrlines slightly throughout the last 
53 9 10 10 7 8 6 five years of the research career (60 to 65). If periods 

54 9 10 10 7 8 6 of different annual production were displaced in time 
55 10 10 10 8 8 6 while maintaining the same duration, total results 
56 10 10 10 8 8 6 would not alter, but partial results (at 10, 15 or 20 
57 10 10 10 8 8 6 years of service, for instance) would vary 
58 10 10 10 8 8 6 substantially. 
59 10 10 10 8 8 6 5. The production of student apprentices at university 
60 10 10 tO 8 5 6 level contributes nothing to the goals of the 
61 9 9 9 7 7 5 organization (0). The production of those doing 
62 9 9 9 7 7 5 postgraduate studies is minimal (1); which implies 
63 8 8 8 6 6 4 the writing of a thesis on some theme of interest to 
64 8 8 8 6 6 4 the organization. Financing of post-graduate 
65 7 7 7 5 5 3 scholarships can be justified as an investment, 

provided the greater productivity of such personnel 
at least covers the cost of the training investment. 
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Table 3-I. 	 Cost, production and productivity, by years of Table 3-il. Cost, production and productivity, by years of 
service, of researchers who follow training service, of researcher who follow trainir.g 
alternative I' alternative Ill. 

Years ef Situation Accurn. Production P'roductivity'
 

service Cost .ccurn. average annual' average Yei's of Situation Accum. Production Productivity
 

0 0 	 0 0 service cost accum. average' annual' average
-2 E 1 

- E 2 0 0.0 0 0 
33 -2 E 1 0 0.0 0 0

1 L 3 1 1.0 100 
E 	 2 0 0.0 0 0

2 L 4 2 1.0 100 50 -I 

3 L 0 4 1.3 10o0 t7 1 M.Sc. 6 1 1.0 25 17 
2 M.Sc. 10 2 1.0 25 204 M.Sc. 10 	 5 1.2 9 50 

o L., 25 49 3 Ph.D. 16 3 1.0 17 '9
5 M.Sc. 	 14 

50 4 Ph.D. 	 22 4 1.0 17 18
6 M.Sc. 	 16 8 1.3 100 PI.D. 28 5 	 1.0 17 187 M.Sc. t 	 0 I4 7 53 5 

b7 55 	 6 Ph.D. 31 7 1.2 67 238 M.Sc. 22 	 12 1.5 
46 7 Ph.D. 	 34 9 1.3 67 269 Ph.D. 28 	 13 1.4 17 

34 14 1.1 17 41 8 Ph.D. 38 12 1.5 75 3210 Ph.D. 

17 37 9 Ph.D. 42 15 1.7 75 36
 

11 Ph.D. 40 15 1.4 

10 Ph.D. 46 18 1.8 75 39
12 Ph.D. 43 	 18 1.5 100 42 

21 1.6 	 75 45 I Ph.D. 50 22 2.0 100 4413 Ph.D 47 
47 12 Ph.D. 	 55 26 2.2 80 4714 Ph.D. 51 	 24 1.7 75 

55 28 1.9 100 51 13 Ph.D. 60 30 2.3 80 5015 Ph.D. 
2.0 100 54 	 14 Ph.D. 65 35 2.5 100 5416 Ph.D. 59 32 


17 Ph.D. 64 36 2.1 80 56 
 15 Ph.D. 70 40 2.7 100 57
 

18 Ph.D. 
 69 41 2.3 lCO 59 l l'h.D. 75 45 2.8 100 60
 

19 Ph.D. 74 46 2.4 
 100 62 17 Ph.D. 81 51 3.0 100 63 

2 ' Ph.D. 79 51 2.5 100 65 18 Ph.D. 87 57 3.2 100 65 

21 Ph.D. 85 57 2.7 100 67 19 Ph.D. 93 63 3.3 100 68 
69 20 Ph.D. 	 99 70 3.5 117 7122 Ph.D. 91 63 2.9 100 

23 Ph.D. 97 69 3.0 100 71 21 Ph.D. 105 77 3.7 117 71 

24 Ph.D. 103 76 3.2 117 74 	 22 Ph.D. IIl 85 3.9 133 76 
23 Ph.D. 118 93 4.0 114 7925 Ph.D. 110 83 3.3 100 75 


26 Ph.D. 117 91 3.5 114 78 24 Ph.D. 125 102 4.2 129 82
 
80 25 Ph.D. 132 Ill 4.4 129 84
27 Ph.D. 124 	 99 3.7 114 

Ph.D. 139 121 	 4.6 143 8728 Ph.D. 131 	 108 3.9 129 82 26 
117 4.0 	 112 84 27 Ph.D. 147 131 4.8 125 8929 Ph.D. 139 


86 28 Ph.D. 155 141 5.0 125 91
30 Ph.D. 147 	 127 4.2 125 
155 137 4.4 125 88 29 Ph.D. 163 151 5.2 125 9331 Ph.D. 


125 90 30 Ph.D. 171 161 5.4 125 94
32 Ph.D. 163 	 147 4.6 
31 Ph.D. 180 	 171 5.5 111
33 Ph.D. 172 157 4.8 111 91 95 

34 Ph.D. 181 167 4.9 Ill 	 92 32 Ph.D. 189 181 5.7 Ill 96 
93 33 Ph.D. 198 191 5.8 Ill 9635 Ph.D. 	 190 177 5.0 Ill 


199 186 5.2 100 93 34 Ph.D. 207 201 3.9 111 97

36 Ph.D. 


5.3 90 93 	 35 Ph.D. 217 211 6.0 100 97

37 Ph.D. 209 	 195 


97
36 Ph.D. 227 	 220 6.1 90
38 Ph.D. 219 203 5.3 80 93 
211 5.4 	 80 92 37 Ph.D. 237 229 6.2 90 9739 Ph.D. 229 


40 Ph.D. 239 218 5.4 
 70 91 	 38 Ph.D. 247 237 6.2 80 96 
39 P.D. 257 245 6.3 80 95 

Computed from text Table 5,and Appendix, Tables 1 40 Ph.D. 267 252 6.3 70 94 
and 2. 
Calculated from: Accumulated production/Years of Computed from text Table 5, and Appendix, Tables I 
service and 2 
Calculated from: Annual production x 100/Annual cost Accumulated production/Years of service
 
Calculated from: Accumulated production x 100/ Annual production x 100/Annual cost
 
Accumulated cost 
 Accumulated production x 100/Accumulated cost 
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Table 3-111.	Cost, production and productivity, by years of Table 3-IV: Cost, production and productivity, by years of 

service, of researchers who follow training service, of resear:hefs who follow training 

alternative III'. .lter,.ative IA'. 

Years of Situ',tion Accurn. Production Productivity 

Years of Situation AccUm. Production I'roluctivity service cost acctm1, average' annual' average, 

service cost accun. average annual average' - ­
-2 E 1 0 0.0 0 0 

-5 E 1 0 0.0 0 0 - I E 2 0 0.0 0 0 

-. 1 E 2 0 0.0 0 0 I L 3 I 1.0 1-0 33 

-3 E 3 1 - 100 33 2 L , 2 1.0 1U 50 
2 E 5 2 - 50 40 3 L .1 1.3 !00 67 

43 4 M.Sc. 10 	 5 1.2 25 5) 

1 PhD. 10 5 5.0 67 50 5 M.Sc. 14 6 1.2 23 43 
-I E 7 3 	 - 50 

67 54 6 M.Sc. 	 16 8 1.3 1'00 50 
18 10 1.4 100 50 

2 Ph.D. 13 7 3.5 
3 Ph.D. 1I 10 3.3 100 02 7 M.Sc. 

4 Ph.D. 10 13 3.2 100 68 8 M.Sc. 21 12 1.5 67 57 

9 M.Sc. 24 14 1.6 67 E85 Ph.D. 231 16 3.2 75 70 
20 3.3 100 74 10 M.Sc. 27 16 1.6 67 596 Ph.D. 27 

77 1I M.Sc. 30 	 18 1.6 67 60 
21 17 100 04 

7 Ph.D. 31 24 3.4 100 

8 Ilh.D. 35 2,q 3.5 100 80 12 M.Sc. 33 
0 Ph.D. 39 33 3.7 125 85 13 M.Sc. 36 24 1.8 100 67 

10 Ph.D 4-1 38 3.8 100 8b 14 M.Sc. 40 27 1.9 75 67 

11 Ph.D. ,40 43 3.9 100 88 15 M.Sc. 44 30 2.0 75 68
 

12 l'h.D. 51 40 4.1 120 Q1 16 M.Sc. 48 33 2.1 75 69
 
100 71
13 Ph.D. 5) 55 4.2 120 03 17 M.Sc. 52 37 2.2 

14 Plh.D. 04 bl .1.4 120 95 18 M.Sc. 56 11 2.3 100 73 

15 Plh.D. 70 6Is 4.5 117 97 19 M.Sc. 60 45 2.4 100 75 

10 Ph.D. 70 75 4.7 117 1)9 20 M.Sc. 65 49 2.4 80 75 

17 Ph.D. 82 83 4.9 133 101 21 M.Sc. 70 53 2.5 80 76 

is Ph.D. 88 91 5.1 133 103 22 M.Sc. 75 58 2.6 100 77 

10 1'h.D. 05 100 5.3 129 105 23 M.Sc. 80 63 2.7 100 79 

20 PhlD. 102 109 5.5 129 107 24 M.Sc. 85 68 2.8 100 80 

21 'h.D. 10o 119 	 5.7 143 109 25 M.Sc. 90 73 2.9 100 81 

22 Plh.D. 110 129 5.9 143 Il1 26 M.Sc. 06 79 3.0 100 82 

23 Ph.D. 124 139 6.0 125 112 27 M.Sc. 102 85 3.1 100 83
 

24 Ph.D. 132 149 6.2 125 113 28 M.Sc. 108 92 3.3 117 85
 

25 Ph.D. 140 159 6.4 125 114 29 M.Sc. 114 99 3.4 117 87
 

20 'h.D. 1.18 169 6.5 125 I [4 30 
 M.Sc. 120 107 3.6 	 133 89 
114 9127 Ph.D. 157 179 6.6 11 114 31 M.Sc. 127 115 3.7 

28 Ph.D. I6o 189 6.7 111 114 32 
 M.Sc. 134 123 3.8 114 92 

20 Ph.D. 175 199 6.9 111 114 33 M.Sc. 141 131 4.0 114 93 

30 Ph.D. 184 209 7.0 111 114 34 M.Sc. 148 139 4.1 114 94 

31 Ph.D. 194 219 	 7.1 100 113 35 M.Sc. 156 147 4.2 100 94 

32 Ph.D. 204 220 7.2 100 112 36 M.Sc. 164 154 4.3 87 94
 

33 Ph.D. 211 2.8 7.2 90 II1 37 M.Sc. 172 161 4.4 87 94
 

34 Ph.D. 224 247 7.3 90 110 38 1.Sc.1 180 167 4.4 75 93
 

35 Ph.D. 231 255 7.3 80 109 39 MA.Sc. 188 174 4.5 75 93
 
62 91
3o Ph.D. 244 263 	 7.3 80 108 10 M.Sc. 196 179 4.5 

37 Ph.D. 2-1 270 7.3 70 106
 
Computed from text, -rable 5, and Appendix, Tables I
 

Computed from text, Table 5, and Appendix, Tables I and 2. 

and 2. 	 Calculated f:om: Accumulated production 'Years of 
Accumuated production/Years of service service 

Annual production x 10/Annual cost 	 Calculated from: Annual production x 100/Annual cost 

Accumulated production x 100/Accumulated cost Calculated from: Accumulated pioduction x 100/ 
Accumulated cost 
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Table 3-V: 	Cost, production and productivity, by years of Table 3-VI: Cost, production and productivity, 'vyears of 
service, of resear.hers who follow training service, of researcher %ho foliow training 
alternative V. alternative VI 1. 

Years of Situation Accum. ['roduction l'roductivit' Years of 'itUation Accu,,. Production Productivitv 
t accurn. iver. annual' aver.service cost cunlaver. annual, aver. servic e c. 

-3 L I 0 - 0 0 -2 E 1 0 - 0 0 

-2 E 2 0 - 0 0 -1 E 2 0 - 0 0 

-I E 3 1 - 100 33 1 L 3 1 1.0 100 33 
I M.Sc. 5 3 3.0 too o0 2 L 4 2 1.0 100 50 
2 M.Sc. 7 5 2.5 100 71 3 L 5 3 1.0 100 60 

3 M.Sc. 0 7 2.3 100 78 -1 L 6 4 1.0 100 o7 

4 M.Sc. I Q 2.2 100 82 5 L 7 6 1.2 200 86 

5 M.Sc. 13 12 2.4 1ISo 02 o L 9 8 1.3 100 80 

o M.Sc. 16 15 2.5 100 04 7 L 11 10 1.4 100 01 
7 M.Sc. 10 18 2.6 100 05 8 L 13 12 1.5 100 02 

8 M.Sc. 22 21 2.o I00 95 0 L 15 1 1.0 IC 03 

9 M.Sc. 25 24 2.7 100 
0
oc 10 L 17 17 1.7 150 100 

10 M.Sc. 28 28 2.8 133 100 I1 L 19 20 1.8 150 105
 

11 M.Sc. 31 32 2.0 133 103 12 L 22 1.0 1oO 105
 
12 M.Sc. 35 30 3.0 100 103 13 L 25 Z6 2.0 100 104
 
13 M.Sc. 3- -10 3.1 100 103 II L 28 29 2. 100 10-1 
11 M.5c. .13 .1-1 3.1 100 102 1I L 31 33 2.2 133 100 
15 M.Sc. 47 40 3.3 125 104 10 L 34 37 2.3 133 100-Y 

10 M.Sc. 51 5.1 3.1 125 10o 17 L 37 41 2.1 133 I11 

17 M.Sc. 55 50 3.5 125 107 18 L 41 45 2.5 100 110 
18 N.Sc. CIO (A 3.6 100 107 1( L 45 ,10 2.u 100 100 

IO M.bc. 05 00 3.6 100 lob 20 L 40 54 2.7 125 110 

29 M.Sc. 70 75 3.7 120 107 21 L 53 50 2.8 125 I11
 

21 M.Sc. 75 31 3.0 120 108 22 L 57 61 2.0 125 112
 
22 M.Sc. 80 87 4.0 120 109 23 L 61 60 3.0 125 113
 

23 M.Sc. 85 03 4.0 120 109 24 L 66 74 3.1 100 112
 
2.1 M.5c. L 100 4.2 117 H10 25 L 71 80 3.2 120 113 

25 M.Sc. 97 107 4.3 117 110 26 L 76 86 3.3 120 113 
2o M.Sc. 103 IW. I.1 117 Ill 27 L 81 92 3.4 120 114 

27 Nl.Sc. 109 122 4.5 133 112 28 L 86 08 3.5 120 114 

28 M.Sc. 115 130 4.6 133 113 20 L 91 104 3.6 120 114 
20 M.Sc. 122 138 4.8 114 113 30 L 97 110 3.7 100 113 
30 M.Sc. 120 1.16 1.9 114 113 31 L 103 116 3.7 100 114 

31 M.bc. 136 15.1 5.0 114 113 32 L 109 122 3.8 100 112 
32 M.Sc. 1,13 162 5.1 114 113 33 L 115 128 3.0 100 Ill 
31 M.Sc. 151 170 5.2 100 113 34 L 121 134 3.0 100 Ill 
3.1 M.Sc. 15- 178 5.2 100 112 35 L 127 140 4.0 100 110 

35 M.Sc. 167 185 5.3 87 Ill 36 L 133 1,15 4.0 83 109 

30 M.Sc. 175 102 5.3 87 110 37 L 130 150 4.1 83 108 

37 MSc. 133 108 5.4 75 108 38 L 1,15 154 4.1 67 106 

38 M.Sc. 1l1 201 5.1 75 107 30 L 151 158 4.1 67 105 
30 M.Sc. I10 200 5.,1 62 105 40 L 157 11 1.0 50 103 

Computed from text, Table 5 and Appendix, Tables I Computed from text, Table b and Appendix, Tables I
 
and 2. and 2.
 
Calculated from: Accumulated production/Years of Calculated from: Accumulated production/Years of service
 
service Calculated from: Annual production x 100/Annual co't
 
Calculated from: Annual production x 100/Annual cost Calculated from: Accumulated production x 100/
 
Calculated from: Accumulated produclion x 100/ Accumulated cost
 
Accumulated cost
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CHAP3TER THREE: Improving the Global System of Support for
 
National Agricultural Research 
in Developing Countries 

W. K. Gamble 
Director General 
International Service for National 
Agyicultural Research (ISNAR) 

Introduction 

The archi -cts of post-World War II international 
institutions clearly rcognized the need for a global effort 
to reduce hunger and insecurity. Their concern led to the 
creation of the Uniied Nations Food and Agriculture 
Organiztion (lAO),which at present has 152 member 
nations. During the car y ears of FAO, there were fewer 
countries in the world and oniy a ,mall number of 
agricultural a,;.stance organizitions. An explosion of 
nation-!;t.ites during the dr-colonization era of the 10305 
and lOt.0,,howcver, created demands for additional 
hielp. \s a result, a-selter of multilateral, regional, 
bilateral, and autonomoLs institutions and programs 
sprang up iii the agricultural sector. 

AnongC multilateral initiatives sere international
agricultu~ral research center' (IARCsI whose work, since 

1072, has been coordinated and supported by the 
Consultative Group for International Agricultural 
Reseatch (CGIAR). For the large nuniber of bilateral 
agencies involved in agricultural research and 
development, however, no comparable organ at the 
national level is generally available. In fact, these bilateral 
and many similar multilateral enterprises are so project-
orientcd that, in part as aconsequence of the mode o" 
support they provide, the viability and productivity ,' 
the institutions they exist to ielp are in no sene assured, 

This paper, therefore, isconcerned with possible reforms 

in modes of support for national agricultural research 
systems in their search for improved products. The 
reforms proposed seek to exploit lessons learned from 
the CG'AR experience and to match these lessons with 
the specific needs of developing countries and of donor 
organizations. While primarily addressing problems of 
funding, I am well aware that a support system is but one 
of many important factors that influence the performance 
of a ,esearch institution. The discussion that folIos's is 
predicated on three convictions: 

1.Effective agricultural research systems are critical to 
improving the well-being of people in most developing 
countries. 

2.1e accon kp(ihments of agricultural researchers and 
institutions are materially affected by the support system 
which provides their backing. 
3.Given changes th.t have taken place in developing 
countries and ;vithin the donor comoanit, reforms in 
traditional support stens may well be overdue. 

Shortcomings of Present Suppoit
Systems 

Over the past 0 y'ears, the number of people zctive in 
agricultural development assistance has increased 
rapidly. This growth has beei largely uncoordinated, 
with expansio taking place most rapidly at the bilateral 
level. Assistance has been subject to the ups and downs 
of political fortune and to the vagaries, often Eudden, of 
the trade cycle in donor country economies; Among 
pooier countries priorities have too often been 
deternined by the availability of development assistance 
rather than by domestic needs or comparative advantage. 
These developments have spawned a situation in which 
an aggressive scramble for scarce assistance resources 

among and btween aid agencies and their beneficiaries 
is more typical than cooperation or mutual achievement. 

Actual investment in agricultural development and in 
agriculhuial research in particular have bLIt recently 
shown sig;nificant growth. For a group of 51 developing 
countries, it has been estimated that resources invested in 
national igricultural research have risen from 0.3% of 
their collective agricultural gross development product 
(GDP) in 1975 to 0.56% in 1o80. These figures translate, 
for a large number of prominent developing countries, 
into an annual growth rate exceeding 10% in expenditure 
or the number of scientists employed in agricultural
research (Orarn and Bindlish, l1O511. 

This rise in the level of investment in agricultural 
re earcn is important. It comes, at least in part, in 
reognition of the critical function that effective research 
can perform. Policy-makers are reaching for the high 
rates of -eturnthat have been generated by successful 
agricultural research programs. Such expenditures 
embody tie belief that development of agricultural 
research rapacity in poor countries may be one of the 
most effective ways for them to meet their basic needs. 
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In principle, increased attention to agricultural research is 
ashift in the right direction. The outcome of this shift 
depends, however, upon the effectiveness vith which 
increased resources invested in national agricultural 
research are used. Performance isclosely related to the 
mode and continuity of support provided to acountr , 
from both external and internal sources. Without reform 

support system. th- re is reason to believc that 
returns on additional investments in the development of 
improved agricultural technology will fall short of 
expectations. 

in tile 

Ruttan (1062) has identified four basic organizmtional 
models of agricultural research: 

. e U.S.A. land-grant, research-extension-education 
model. 
2.The research institute model. 
3.The department or ministry of agriculture model. 
.1.ltle agricultural research council model, 

While significant differences among these organizational 
models e\ist, the principal source of funding for all is 
government - natkonal, state, or provincial. Private-
sector funding of agricultural research isnominal in most 
developing countries, though a levy is sometimes 
colected to support research on particular export 

ommodities (for example, coffee and rubber). 

In developing contries, most research institutions 
augment the funds available from their governments 
with grants, loans, and technical assistance. Each aid 
agency (mi dtilateral, regional, bilateral, or private) that 
provides such assistance has its own priorities, 
capabiliti-s, nd mode of operation. 'hese may or may 
rit mesh \.,Il ,'h fhe needs, prioii.res, procedures, and 
ab,,or ,tive capacities of recipient countries. Donor 

r..av use foreign aid as an instrument of 
national f,,cign po,,cy and diplomacy, an area in which 
goals are not necessarily compatible with those of 
development assistance itself. During the 1070s, for 
eample, while there was adecline in USAID .resources 
aliocated to countrie; where technical and institutional 
needs .weremost severe, increased allocations were made 
to countries considered politically sensitive. In recent 
y-ar,, over 80U o,' 

c,,untric, 


the Econorlic Support Fund has been 
disbursed to three countries - Israel, Egypt, and lordan. 

Clearly, much latitude exists for both disagreenent and 
improvement. Experience over several decades of 
development assistance, however, backed by studies of 

what has been done and how, in support of agricultural 
research, suggests seven major shortcomings to our 
present system of providing assistance, policy-making 
and implementation. 

Over-reliance on the Project Approach 

M ost major development assistance agencies rely 
primarily on the project approach which appeals to them 
as flexible, and as convenient for: 

Assuring donor identity. This may be crucial to the 
asistance agency in its continuing efforts at home to 
obtain resources for ongoing work. The project as a 
discrete unit can be dew 'ribed in presentations to 
Congress, for example, or to governing councils, boards 
of trustees, or citizens at large. 

Administration and management. Fle project provides 
ahandy unit for purposes of resource allocation, 
accounting, implementation, and evaluation. 

Leverage. This may be important to the achievement of 
donor diplomatic or political goals at home, as ameans of 
enforcing 'tied' sales, and in requiring certain 
performance standards in orde, to extend agrant or 
provide continuing technical assistance. 

Participation. Because a projec has an identity, this 
increases opportunities for, personal donor-recipient 
relationship, especially in oilateral arrangements. A 
project usually involves more than a cold, mechanical, 
financial transaction. Where technical assistance is 
involved, both the giver and receiver may benefit. First­
hand involvement in and familiarity with international 
agriculture, as acquired through projects, by donor 
country professionals, for example, can constitute a 
distinct gain in human capital development for the donor 
nation. 

Despite these desirable attributes, the project approach 
has serious drawbacks as it generally functions. Through 
it, assistance agencies may exert undue influence on the 
content of national programs. Donors, bilateral as well as 
multilateral, may dominate programs through their own 
perceptions of priorities, through efforts to maintain a 
commitment schedule (c.g., push ahead with facilities 
even though they cannot be domestically staffed), or 
through a self-interested desire to market 'tied' inputs (to 
sustain political support from suppliers, universities, or 
consulting firms at home). lIdeed, selectivity in program 
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support and donor bias may result in the funding of 
projects that are inconsistent with national priorities or 
national program development. Such projects, as a result, 
art often unproductive because the associated 
inxustments required for overall pi ogram effectieness 
are lacking (Gamnble, 1062). 

Of even gicate. concern isthe awareness, won from long 
experience, that iii itse!f project support has rarely 
contributed efectivelv to the development of viable 
national agricultural research 1l4titutions. To speak 
positively tor a niotnerIt, in a number of coun tries the 
project approach has assisted the rapid development of 
profesional capacity and facilities. Unfortunately, such 
rapid de'elopoent ha too often been followed by the 
erosion or collape of overall program capacity once 
external project sopport starts to decline (Ardila et al., 

l. Inlfact, one may speculate that altelnating t-ycles of 
developnment and erosion are inherent in the project 
approach as it i-ow generally is applied, 

External Orientation of the Incentive System 

Lxternal project assistance often provides an alternative 

to the winning of internal political and financial support 
for a program or institution. National program directors 
frequently find thatthe generation of external support 
requires less intensive entrepreneurial effort than 
cultivation of in-country backing. The kind of domestic 

sup110rt for a project commonly r,'quired by donors (for 
example, matching funds, provision of counlterpart 
funding) can often be conjured tipthrough creative 
maniptlation of budget categories or irnag rative 
accounting rather than by doing any real inc emenital 
spending. Such 'paper' financing is particularly prevalent 

when donor represtntatikes are themselves under 
pressure from the assistance agency management to 
move resources. Plans drawn up frequrcntly over-extend 

existing domestic investment capacity (for example, 
recurrent costs). 

As a conseLtunce of the various forces just mentioned, 
nros;t existing project systens hav built-in incentives for 
national program leadership to direct their 
entrepreneurial efforts towards the donor community' 
rather than towards the domestic political system. The 

external rather than internal orientation of the incentive 
systeni therefore du,,slittle to promote Activity towards 
developing, building, and sustaining a domestic 
constitu' ncv (for example, commodity groups among 

producers within the country). Over-dependence on 
foreign support and the associated absence of any 
politically o,economically powerful indigenous 
constituency contribute significantly to cycles of 
development and erosion in national agricultural 
research and extension organizatiors. Any reforms in 
support systems should, to be s,ire, attempt to reverse the 

prverse orientation of incenCtves that now characterizes 
existing modes of research operation, 

Inadequate Effort te Build Institutional 
Support 

Another reason why the fortunes of national research 
ebb as well as flow is that no means of generating 
understanding and politicai support are built into 
operations hom the onset. While assumed to be 
important, the development of institutional viability is 
seldom made an explicit goal of a project - or of the 
program of which the project is a part. Actions designed 
to help assure continuity within the country itself are 

frequently given low priorit ,if undertaken at all. 
Experience suggests, however, that the long-term 
viability of agricultural research systems depends on the 

emergence of organized producer interest groups who 
are willing and able to exert influence on the legislative 

and executive budgetary processes. This is because the 
support of agricultural research forthcoming from 
finance and planning ministries, given the pressures 
under whith these ministries must operate, is not 
dependable. Their support is likely to fluctuatc with 
perceptions of the severity of temporary food crises and 
foreign exchange demands. 

TO assure reasonable domestic levels of fiscal support on 

,.regu!ar basis, national research program leaders and 
program beneficiaries have to commit themselves to a 

sustained political development effort. From the 
inception of .,ny research endeavor, such an effort needs 
to be planned for and made an integral part of program 
activities. This means establishing contacts with farmers, 

exporters, consumers, and decision-maker- on a scale 
and with ail intensity unusual for developing countries. 

Excessive ")iffusion of Resources 

rhe project system ids itself to latnching a fragmented 
set of initiatives. This is especially tre when individual 
proje, ts are inde;,rndently negotiated with different 
donors. The temptation is to initiate a multiplicity of 
small, short-term activities without concern for weiether 
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they are adequately linked .o one another. Many of these 
separate projects or sub-projects may not fit into, or in 
any tangible sense support, a coherent national strategy 
oi program. Ifso, diffusion of domestic as well as 
external resources inevitably occurs. 

In the absence of adequate, unrestricted core budget 
support and, tarried to an extreme, narrowly defined and 
closely restricted project funding, whi!e helpful for 
accounting and for some monitoring purposes, can 
ultimately strangle an overall program. Diffusion of 
support among many short-term projects can also 
generate excessive administrative costs. Relative to 
support that remains for productive research, an unduly 
large proportion of limited available resources is spent 
bureaucratically, in project formulation, negotiations, and 
monitoring. 

Stop-and-Go Funding 

Abrupt adjustments in resource flows, often a 
consequence of some revision in a donor's political views 
or even of the individual preferences of different donor 
representatives, also contribute to the erratic alternating 
periods of plenty and want which characterize the life of 
national research institutions. This de-stabilizing force is 
exacerbated by the inconstanc-v of domestic support. 

Most institutions, to a greater or lesser degree, face 
funding discontinuities. In newly developing countries 
with fragile institutions, such financial disruption can be 
fatal. If vital scientists and administrators are lost (to 
international organization,; or other countries) during a 
prolonged lean period, years may elapse before 
replacements can be found, or trained. 

Inadequacies in Communicationi Among 
Donors 

In several countries information exchange is limited 
among donors about their programs and intentions. This 
may be the result of policy either on the part of the 
donors or of national leadership in the developing 
countries concerned. Poor communication, however, also 

may occur simply because no appropriate mechanism 
exists for assembling and exchanging reliable 
information of this type. Whatever the reason, instances 
do occur where donors, perhaps unknowingly, compete 
for what they consider to be attractive individual projects. 
What is cause for concern here is that for want of more 
adquate information, projects of one type flourish while 
other equally critical aspects of the o%,tall program 
languish or die. 

Collectively, shortcomings of the above types impede 
effective use of avaiiable resources. If it were possible to 
reduce or to eliminate the undesirable effects of these 
constraints, the support provided could have a far more 
constructive impact on development. 

The Needs of National Programs 

A great deal of the foregoing discussion has concentrated 
on donors and patterns of their cooperation with national 
programs. The problem for development that national 
needs may not always coincide with donor priorities has 
been stated explicitly in some places and alluded to in 
others. Not everything about the project approach,should 
be condemned. What is absolutely necessary, however, 
is a well-articulated program developed by the national 
institution responsible for the work, a program which 
clearly sets forth overall goals and then estab!ihes 
procedures so that aid projects will be compatible with 
them. National institutions should be able to formulate 
their needs and make clear what assistance will be 
required to meet these needs. This is already happening 
in some countries, but more need to follow. 

How then might existing support systems be reorganized 
in order to mitigate or even to eliminate the harmful 
effects of the present shortcomings which we have 
identified? 

Approaches to Reform 

To improve support systems there are at least four 
possible approaches: 

1. Modified project support mode. 
2. Multilateral mode. 
3. Formula funding. 
4. Country-level research support group. 

These approach s are not mutually exclusive; they all 
contain common elements. 
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Modified Project Support Mode 

lf we ate realistic, the project appears likely to remain the 
major development support vehicle, bec,,use of its m my 

attributes. Because of the rising cost of launching and 
sustaining development initiatives that make arty 
appreciable difference, however, governments, private 

voluntary organizations, foundations, and otl,.:r 
assistarce agencies now increasingly seek partners. 
Instead of competing among themselves, they are often 
interested in becoming partners in program suppon. 

even in the absence of any formally organized 
consortium or consultative group. With guid;ince from 

national officials in those countries where priarities have 

been systematically established, individual danois con be 

encouraged to help underwrite components (projects) 
within a coherent program. Such support can be 
structured to include contributions toward essential core 
or unrestricted budget categories as well. 

The shortcomings of the "self-contained" project 
approach have become increasingly well undei stood. 
Modifications are being made. The World Bank now 
offers project loans within the framework of a program 
development plan. At the U.S. Agency for International 
Development, internal discussion is focusing on the use 
of "common theme" regional approaches to the transfer 
of technology and the development of institutional 
capacity. Such developments are to be encouraged and 
their pace accclerated. What the research support ),roup 
approach, to be discussed presently, can do that the 
project mechanism alone cannot is to assure multiple 
donor participation with the host country in the 
developing and funding of the overall program of an 

institution. 

Multilateral Mode 

This approach would channel all support through 
multilateral organizations. In theory this zppeais to be an 

uncomplicated. straightforward way to improve support 
systems. A-sistance suited to the circumstances of 
individual countries could be provided onla program 
rather than a project basis. 

The problem here is that donors appear reluctant to 

adopt this mode as a means of allocating and 
administering their bilateral assistance. They are not 
prepared to consign their bilateral funds to a common 
pot which will be managed by a third party. The reasons 

for their unwillingness are many, but they boil down to 

the donors' insistence (quite understandable) that, as the 
sources of funding, they retain a direct voice in 
determining where and how their gifts are used. 

On the other hand, several bilateral donors are 
apparently predisposed to join in Fartnership with 

multilateral organizations in support of a program, if 
appropriate arrangements can be made. According to its 

advocates, the fourth approach to the reform of support 
systems mentioned earlier, the one which involves a 

research support group, can be designed to preserve 
"donor sovereignty" while encouraging joint 

participation. 

Formula Funding 

Envisioned here is a move on the part of the donor 
commuotty i;e.%.:!rds orogram funding. In order to induce 

national program directons to r-direct thneir 
entrepreneurial efforts toward, building domestic 
political and economic support, a formula needs to be 

developed which would tie the size of donor 
contributions to the growth of domestic program 
support. As domestic support increased, donor 
contributions would also rise. The formula would adjust 
the ratio of external to domestic support to take into 
account differences in fiscal capacity. Donors might 
agree, for example, to provide as much as 40% of the 
national agricultural research budget in a country with 
low fiscal capacity, while the externally provided share 
might drop to 10% in a country with 1-gh fiscal 

capability. 

How could such a system evolve from the multiplicity of 

existing bilateral and multilateral assistance programs? 
One possibility would be for the donor community to 
place into a common fund its resources in support of a 
national agricultural research system. The formula 
a.,thod of allocation, as agreed upon by the countries 
involved, would then apply. The common fund, in turn, 
would be administered by an existing international 
agency, such as the World Bank, the United Nations 
Development Programme, or the Food and Agriculture 
Organization. 

There are decided advantages to this approach. Support 
would go to an integrated program, not be parceled out 
project by project. The level of support to the program 
would be determined by taking into account national 
fiscal capacity, the importance and potential of the 
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agricultural sector, and the level of domestic resources 
actually provided. The matching of funds would be real 
and subject to careful audit. Formula funding would thus 
be conducive to building national support for agricultural 
research because of the modified incentive structure, 

If, however, donor resources were contributed to a 
common fund for third-party administration, donor 
interest and commitment might rapidly fade. The 
discretionary latitude oi foreign affairs ministries in 
donor countries would be somewhat compromised. 
Legislatures and administrators in donor countries might 
view formula funding as an "open checkbook" approach 
with retention of only limited control over program level 
or content. Resistance to formula support through a 
common fund might also be expected from special 
interest groups: assistance agency staff members, 
consulting firms, and universities which would foresee 
less need for their services; developed country exporters 
of goods and services whose sale of "tied" items might be 
threatened; multilateral agency staff members who might 
anticipate adecreasingly important role for their 
institution if theirs were not the coordinating 
organization; and the leaders of projects in developing 
countries who have a proprietary interest in maintaining 
present modes of funding. 

For a reform to be adopted, it mst achieve general 
acceptance at the outset. The formula-funding concept 
embodying Icommon fund cannot claim such approval, 
Resistance is too widespread to becoming a contributor 
to a common fund administered by another agency. 

Country-level Research Support Group 

The research support group approach is indebted to 
experience accumulated with the CGIAR model. To 
establish and operate acountry-level research support 
group (RSG) will require close working relations 
between the host country and aid agencies and improved 
collaboration among donors. An RSG needs at its 
disposal arelatively long-tcrm program for the 
development and operation of the national agricultural 
research system. To draft and keep this program tip to 
date, the national research system may require external 
assistance, but in general the progro:i should be the 
product of indigenous experts in agricultural science and 
development. To help shelter the program from shifting 
political breezes, emphasis should be placed on long-
term agricultural research needs and goals and on tile 
incremental steps reqtuired for implementation. 

It is expected that long-term program development and 
the setting of priorities would be undertaken together 
with members of the RSG. Once an acceptable program 
has been framed, donor members of the RSG, it is 
hoped, would collectively agree to help provide the host 
country with the components essential to the execution 
of the program as awhole. The host country, in turn, 
would assume responsibility for moving its national 
research program along the agreed-upon development 
path. 

Initial commitments might be for three to five years, 
subject to annual review and course corrections 
suggested by analysis and feedback from actual 
experience. 

Use of an institution such as an RSC can potentially help 
a developing country in avariety of ways: 

I. To avoid many of the pitfalls of the project mode, 
while retaining several of its positive attributes. Donor 
identity could be retained by relating grants to 
components of the agreed-upon overall program. These 
could then even be called projects if, for administrative 
purposes, this was considered desirable. Donor-recipient 
negotiations, most of which would take place at group 
level, would become meaningful: the RSG, like CGIAR, 
would be likely to involve bilateral grants developed in 
the framework provided by a forum of multiple donors 
and the host country. Tle impersonal process of 
contributing to acommon fund is not envisioned. This 
does not, however, preclude incentive funding of a 
formula type At the same time the danger would be kept 
to aminimum that any single donor dominate the 
priority-setting process or that essential program 
components be slighted. 

2. To build anational constituency by concentrating right 
from the start on this essential ingredient for viability. 
The donors, for example, might agree to increase their 
contributions by some fraction of the rise that occurs in 
the real support provided by the nation involved. 
Alternately, other matching provisions might be agreed 
upon to provide incentives for nurturing and cultivating 
national constituencies. 

3.To provide reasonable continuity in support. 
Commitments would be fairly long temi, subject to 
review and extension well in advance of tuimination 
dates. This would diminish the risk of program 
fragmentation frequently associated with narrowly 
defined project funding. 
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4.To reduce the administrative and management 
workload of the host country through the planning and 
review processes which the RSG would follow 

5. To place donors in a position of genuinely 
complementing and supplementing one another and the 
national progam instead of wastefully competing for 
"good investment opportunities." 

6.To tighten its own priority setting, perfomance 
evaluation, and program modification process by 
svstematically meeting RSG requirements, drawing 
whenever necessary upon the professional expertise of 
RSG members. 

Fundamentally, success in the use of th "G approach 
would require all parties involved to be open to learning 
by doing. Such a support mode isoften discussed, but 
little used, a fact which suggests perhaps that its 
implementation ic,no simple matter, 

Implementation 

The preceding assessment of approaches for reforming 
support systems indicates that the research support 
group merits our recommendation. It must be rczognized 
that the RSG procedure is not one that can or should be 
applied to all countries. Many countries have alternate 
systems already at work. Elsewhere, however, if there is 
interest and need, host countries may wish to test the 
idea in cooperation with donors. No precise pattern for 
such a funding arrangement exists. Before implementing 
any such system, however, it would seem that members 
of the incipient RSG would have to reach agreement on 
structure, governance, function, and related matters. 

Membership 

The host country, probably through its national research 
institution and the appropriate ministry or ministries, 
would delegate members to the RSG. Each external 
donor, multilateral or bilateral, prepared to provide a 
specified minimal level of support would also designate 
members, presumably professionals familiar with the 
host country. 

Organization 

The RSG's chairperson should be named by the host 
country. In some countries a rotation of the executive 
position among group members might be preferred. The 
RSG's secretary would also, in all probability, be 
provided by the host country. In the initial stages, 
external technical assistance to the secretariat might be 
provided by one of the donor members or by an 

organization such as ISNAR. Leadership responsibility 
for the management and operation of the group would 
be vesed in the host country. 

Functions 

1.The RSG would participate in discussions through 
which a program of development for the agricultural 
research system is formulated. Such a program, perhaps 
encompassing the first five years of the RSG's existence, 
would specify awork plan, prior. , -ctivities, elements to 
be expanded or reduced, and,. roposed budget. The 
program budget would be developed within the 
framework of the country's needs and expected resource 
availability. The RSG would not develop the document 
itself but might provide technical assistance as well as 
guidelines for internal review (that is,means for 
determining the local relevance and importance of the 
problems being addressed and of the research 
methodologies being used; procedures to establish links 
with the country's extension and educational institutions). 

2.The RSG would work out, within the limits of 
a'ailable resources, how to provide the external support 
required collectively to sustain components judged 
essential to the program as a whole. If the procedures 
evolved by CGIAR were followed, individual donors 
would make grants in support of identifiable 
components of the agreed-upon programs (including 
allocations to core activities of the system). These would 
be bilateral and negotiated in the multilateral forum of 
the RSG. Such grants would be subject to rules 
governing both the grantor and the grantee. Every 
reasonable effort would be made to simplify the terms of 
the grants, however, as %vellas to provide relatively long­
term and harmonious time frames, to stan..rdize review 
and evaluation procedures, and to meet matrhing 
requirements. 
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3. The RSG would develop provisions for integrating 
existing project or program grants and loans into ongoing 
budgets. This process would be virtually automatic if the 
initial donor mcmbers of the RSG represent institutions 
already active in the country. 

4. The RSG would formulate operating guidelines for 
itself, principles to hellp establish procedures, attitudes, 
and s"yle of operation. These might include: adoption of 
relativcly informal or consensus modes of decision-
making- building 'nof incentives for developing 
increased support for and commitment to agricultural 
resnarch within the country (for example, provisions in 

fund-matching arrangements for external assistance to 
rise as real domestic rupport increases); encouragement 
oF interdisciplinary approaches to problem diagnosis and 
solution; institution of on-farm research, possibly as a 
joint effort with extension services; and systematic 
feedback from representatives of producer groups in the 
evaluation process. 

5. The RSG would establish a meeting schedule and 
agenda. Initially it might be desirable for the RSG to meet 
tsvice per year. The first of the two meetings could well 
be devoted to an assessment of the program's 
performance, a review of plans, and discussion of needs 
for the coming year. Major policy issues would be 
addressed in this forum. The second meeting would then 
concern the buidgetary process itself - the matching of 
program requiiements with available resources. The 
productivity of these meetings will be determined, in no 
small measure, by the adequacy and quality of the 
materials assembled or prepared in advance by the 
secretariat, 

Budget 

While tbe members of the RSG would underwrite th 

costs of the participation of their representatives, the 
secretariat, the program-budget group, and possibly the 
chairperson will require budgetary support. One of the 
tests of the RSG concept may be the capacity and 
willingness of the host country to meet the essential 
running costs of the new organization. As a gesturc at the 
start, donors might decide to provide technical assistance 
and/or financial help to the secretariat for the first three 
to five years. Without a substantial national financial 
input and commitment, however, the new RSG might 

coine to be viewed as a foreign implant rather than an 
indigenou -organi7,ation created to serve local needs. 

Next Steps 

Before meaningful discussions concerning the 
establishment of an RSG can be undertaken between a 
potentially interested developing country and donors, 
some individual, group, or institution must accept 
resoonsibility for elaborating the ideas discussed here, 
for helping design and implement trials - if an 
experimental effort is to be made - and for analyzing the 
results. Then national leaders will have to decide if they 
wish to pursue the RSG approach further. Should they 
wish to embark on a field-testing venture, they must: 

1. Identify countries and donors interested in exploring 
and implementing the ideas sketched in this draft paper; 

2. Seek ways to assemble infomiation on and 
simultaneously assess worldwide experience with 
consortia, consultative groups, or similar instituti6nal 
arrangements for mubilizing support for the 
development and operation of research systems; 

3. Revise the content of this draft paper in light of 
comments and suggestions received and insights 
obtained from research on prior initiatives of this nature; 

4. Determine ways to help one or more of the countries 
and associated donors that desire to do so to develop and 
operate a RSG or similar system; these efforts vould 
include the formu!ation of testable hypotheses and goals 
for evaluation purposes; 
5. Establish a means to monitor whatever trial efforts are 
undertaken, subsequently analyzing performance and 
reporting the results. 

Conclusions 

While interest in national agricultural research 
institutions is increasing, together with available levels of 
l unding, serious shortcomings in their systems of 
support have become apparent. These have arisen in part 
from an over-reliance on the project approach and the 
perverse twist which it gives to research entrepreneur­
ship. Incenti," .-are stacked in favor of cultivating 
external agencies rather than building up national 
support. leadership is preoccupied courting foreign aid, 
so ti,,,tno eftec, - Zonsituency (producer groups, 

exporters, consumers, suppliers) emerges inside the 
country. As a result, the viability and long-term 
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productivity of the national research establishment is 
reatened because it enjoys inadequate political and 

grassroots support. Often then, the effectiveness with 
which resources are used falls far slnrt of the 
e.pectations of both donor- and 6eveloping countries 
:hemselves. 

tl*. 


Whilr the system of support is but one factor influencing 
research productivity, its imptovement can contribute to 
huge gains in performance. All available information 
indicates r2form is overdue. Otherwise, the transfer of 
resources to national research may even prove 
counterproductive. 

Identification of the shortcomings of current research 
support systems facilitates the choice of a preferable 
approach. A mode that places principal responsibility for 
planning and implementation squarely on the shoulders 
of the host country - at the same time providing 
incentives to build local constituencies holds exciting 
promise. The innovative system of support developed by 
the CGIAR contains many elements worth trial and 
adaptation. Reforms might proceed along other lines as 
well. In general, however, evidence encourages the belief 
that the most promising and comprehensive approach to 
reform involves creation of country-level consultative 
groups composed of host country and donor members. 

This draft paper catis these proposed institutions 
research support groups tRSGs). It suggests that national 
leaders consider establishing RSGs in those developing 
countries where both the national leadership and donors 
are prepared to exper'ment with the concept. 
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CHAPTER FOUR: Information Systems for the Scientific 
Management of Agricultural Research 

Basilio A. Rojas 
Director Sugar Cane Research Institute (IMPA) 
Mexico 

Introductien 

In the 15th century, printing created a revolution in 

written information. Scientific knowledge became 
available to a much wider audience. During the past 30 
years, asimilar revolution, the fuli consequences of 
which we have not yet understood, has taken place in 
information science. Newly developed information 
systems and processes represent immense resources 
whose potential remains to be recognized more widely 
by agricultural research institutes. Even in developing 
countries up-to-date scientific documentation can now 
be made available by the use of new information sourcesand techniue. 

Information is basic for ensuring that researchers exploit 
the latest technological know-how, that methods are 

backed tip by alarge reservoir of moden tests, and hat 
no unecssay f efors ocurs Siilaly,no unnecessary duplicaton of efforts occurs. Similarly,dipli~iton 

relevant information facilitates the optimum allocation of 

human and financial resources in research programs; it 
monitors progress or setbacks; and allows for judicious 

decisions at various levels to guide and regulate both 

strategic actionsand scientificand technical tactics. 

This paper describes the principles which characterize an 
information system for scientific management. It 
discusses the quality, level, and processing of datareurdto plan, monitor, and make decisions, Several 
required tnf onto yst mae decisiortoevral 
existing infonination systemnsare described prior to thc 
discussion and analysis of the prop'oscd new system. 

Information 

Information means the communication of knowledge 
about an event or given condition or the spread of 

knowledge derived from study, experience, or 
instruction. Information may be stored in many differentways aslangagegrphsboos, hot~grahsoutside 
ways,as language, graphs, books, photographs, 
diagrams, formulas-,records, magnetic tapes, punch 
cards, etc. Our modern capacity to codify, register, 
reproduce, and transmit information has brought abouto 
revolution in information processingnd an explosion in 
the dissemination of knowledge. 

Today information should be considered abasic 
resource, every bit as essential as minerals and other 
natural sources of energy. Indeed, such aresource needs 
to be exploited globally if our total reservoir of scientific 
and technological knowledge can be made accessible to 
developing countries, its intelligent use may shtrink the 
gap separating them from developed countries. 

Although infor.. tion potentially represcnts a vahable 
resource, itwill prove valueless unless its collection, 
processing and storage are systematic. 

information o be olrcica values 
information should possess the following qualities: 
1.Accessibility. This refers to the easeand speed with
 
which the information can be obtained.
 

2. Co mnprehensivenless. Informatio.n should be complete. 
3. Precision. Infonnation should be free from errors. 

.1.Compatibility. Information should suit its user's needs. 
5.Timeliness. Information should be up-to-date. 
6.Clarity. Information should not entail ambi oruities. 
7. Flexibilitb . Information should be useful to more than 
one decision-maker. 
8. Verifiability. There should be ways to test the accuracy 
of the information. 
9. Free of bias. Information should be objective, 
presented without favoring any particular viewpoint. 
10. Quantifiable. Information should be measurable. 

Levels of information. Foran agricultural research 
semelscinformation wir b rired rseai 

system, basic information will be required for planning,control, and decision-making. Levels of information will 
relate directly to strategic, tactical, and technical activities
of the research system. 

Information at the strategic level is that which enables 
planners to formulate long-term programs and to rank 

various alternatives and decisions with respect to their 
anticipated contribution towards desired results. 

This type of information may orignate from sources the research institution: production statistics, 
trend-;, yields; descriptions of soil, water, climate; data 
relevant to production techniques, mechanization, seeds, 
fertilizers, pests and diseases; population studies 
including social, economic, nutritional, and economic 
characteristics; analyses of production costs at home and 
abro;.. ,;supply and demand forecasts. At the strategic 

level, information should include an account of scientific 
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and technological advances throughout the world, with 
a5sessments of potential implications for national 
agricultural development. 

Information atthe tactical level serves to implement 
short-term regional and long-tern national goals. Similar 
to strategic infornation, tactical information includes the 
detail and analysis necessary to prepare projects: for 
example, what combinations of fertilizer should be 
tested; what type of genetically improved sced is to be 
used; what agronomic and industrial characteristics are 
desired of crop varieties under investigation; what 
irrigation, drainage, and desalinization studies are to be 
carried out. 

The technical level of information, basically interal to 
an institution or organization, refers to experimental 
procedures, operational schedules, resource 
requirements, both human and physical (such as 
agricultural machinery and laboratory equipment), and 
input costs It also deals with such subjects as probable 
cropping dates, types of analyses required, and 
presentation of research results. Technical information is 
also essential for establishing supervision, monitoring, 
and evaluaticn procedures. 

Information classification and codification. Information 
may vary widely in source and in nature, in descriptive, 
qualita'.ive, and quantitative features. In addition, the 
volun of infonnation available on just about any 
subject is vast. Therefore, before embarking on the costly 
task of amassing information, it is advisable to order and 
classify information needs according to clearly defined 
purposes. Information should be collected and stored 
systematically according to how it is to be processed and 
retrieved, 

The aim of classification is to identify and place the 
elements of information into categories relating to future 
use. The universal procedure for classifying an element 
of infomiation is to assign it akey - a short group ol 
numeric, alphabetic, or mixed (alphanumeric) characters 
- for its registration, communication, processing, or 
retrieval. Keys allow electronic digital computers to be 
used for information storage, processing, and retrieval. 

Classification of scientific knowledge has now become a 
reality. Keys are assigned to unit concepts (terms, words, 
or topics) according to certain rules. This permits a 
specific piece of technical information to be found, 
providing the book or journal which contains the item is 

known. Major libraries now catalogue books and 
journals for location purposes, and index them. Indexing 
consists of assigning a series of keys to each book or 
article related to its subje2ct matter. 

The indexing of scientific and technical information 
sin plifies lassification into broad a.eas of knowledge 
ana application. The process has spurred crPA on of 
specalized centers of documentation or information, I 
nourishes amassive new information industry, one in 
which the private sector has become progressively more 
intercsted and involved. 

Historically, scientific and technical knowledge have for 
the most part been the heritage, pride, and asset of 
developed countries. Today, however, data bases or 
banks are able to place at the disposal of researchers in 
any counttr the accumulated wealth of books, jourmals, 
and scientific documentation found in the most extensive 
libraries of the world. What remains is for policy-makers 
and scientists in developing countries to summon the 
will, imagination, and audacity to make meaningful use 
of these resources. 

A relevant thesaurus greatly simplifiei computer access 
to data banks of agricultural, scientific, and technical 
information systems. The thesaurus is an information 
index stored in the computer which consists of a list of 
key words or topics included in the data base. Retrieval 
of desired information is facilitated by using the correct 
key to designate relevant terms or concepts. 

A research institute may set up an index and 
classification system for its projects; the organization of 
this system will be a function of the nature and aims of 
the research envisioned. Indexing may be 
straightforward or complicated, deper ding on the 
availability of human, financial, and computer resources. 
Any research project can be summarized in aregister 
which contains identification data and keys to a relevant 
index. Information from a large number of different 
projects or institute programs can be stored in the form 
of a group of registers known as an archive. 

Data processing methods. The method of choice for 
processing information, varying with volume and 
complexity of data, can range from elementary manual 
techniques to the sophisticated use of electronic 
computers. Common data processing methods include 
simple manuals with registers kept as notebooks, 
manuals with edge-punch cards which facilitate 
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classification, electromechanical equipment; punch-card 
equipment, and electromechanical computers. The 
quality of data processing does not necessarily bear a 
direct relation to the cost of the equipment involved, 
Costs indeed, are largely determined instead by class, 
quality, and relevance of primary information. 

Existing Information Systems 

From time immemorial man, in his zeal to become 
acquainted with the physical laws of the world around 
him, has applied his gifts of reasoning and observation to 
the dynamics of natural phenomena. He has classified his 
findings in a handful of sciences which in modem times 
have sprouted comp!ex, :,pecialized branches. A further 
characteristic of the curren: research era isthe 
prolifer:.tion of scientific priblicau.ons. In 1970 alone, 
250,000 scientific articles wore published by 236,429 
authors working fur 33,1441 institutes in 168 countries. If 
this staggering volume of information is to contribute to 
improving' man's well-being, it requires both orderly 
classification and an efficient and rapid system of access. 

In additic,i. research institutes generate new knowledge 
which isnot necessarily published. These findings, too, 
however, riced to be classified, and made available to 
researchers elsewhere so that advances in science ca. 
yield maximum benefit to the common good. Similarly, 
on a smaller scale, adirector needs to be aware of all 
research projects in his particular institute before he can 
plan and coord;nate activitie; effectively. 

Otnr umulative reservoir of scientific knowledge, the 
ongoing generation of discoveries, and the inventory of 
research projects in progress, combined with various 
forms of access to information, have given rise to three 
principal types of contemporary information systems: 
librarv documentation; documentation systems with 
computer access; and information systems related to 
research work in progress. 

Library documentation. Libraries have existed for more 
than 2,000 years. Some - specialized agricultural 
libraries among them - now have large collections. The 
United States National Agricultural Library, for example, 
has 1.6 million catalogue entries (microfilms, microfiles, 
aerial photographs, maps, and audiovisual matcial); it 
subscribes to 22,000 journals; and it indexes some 
200,000 articles a year. The Central Library of Agriculture 

in Mexico contains approximately 250,000 books, 
pamphlets, and other materials. The library of the 
Colombian Agricultural Institute comprises some 40,000 
items. 

A number of libraries and documentation centers 
produce specialized bib!iographies and abstracts of 
publications relevant to their field of interest. Of 
abstracts important for agricultural research, the 
following deserve mention: Bibliography of Agriculture, 
Chemical Abstracts, Biological Abstracts, Animal Science 
Abstracts, Dairy Science Abstracts, Field Crop Abstracts, 
Forestry Abstracts, Plant Breeding Abstracts, and Weed 
Abstracts. Of guides to sources of information and 
bibliographies (which deal with igroindustrial topics), 
those produced by the United Nations Agency for 
Industrial Development are of singular impoi tance. 
Various Latin American libraries have produced biblio­
graphies on spheres of particular interest within the 
agricultural sciences. The Inter-American Institute for 
Cooperation in Agriculture (IICA) has been a pioneer of 
agricultural information in Latin America: since 1956, 
IICA has produced more than 120 documents and 
bibliographies totaling over 15,000 pages. 

The United States of America, United Kingdom, France, 
and Soviet Union have important abstracting services 
which cover abroad spectrum of contemporary 
knowledge. These services are available for international 
use. 

Documentation with computer access. In the last 20 
years the electronic digital computer has revolutionized 
the spread of knowledge. Today acomputer terminal can 
instantly connect researchers to masses of the most up­
to-date international information available in their field. 

Table I (De Caldas y Estrada, 1982) lists the data bases 
with comouter access most relevant to agricultural 
literature. 
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Table 1. 	Automated agricultural science documentation systems 
(De Caldas and Estrada, 1982). 

Code Name 	 Subject Name Responsible Body 

AGRICOLA 	 Natural and AGRICOLA U.S. National Agricul­
agricultural tural Library 
resources 

AIDS Forest products 	 Abstracts information Forest product 
Digest service 

CRIS 	 Agricultural Current Research U.S. Department of 
research Information System Agriculture 

SSIE 	 North American Smithsonian Science Smithsonian 
researdi Information Exchange Institution 

BIOSIS Bio;cience Biosciences Informa- Biosciences Inforna-
PREVIEWS tion Service (Biologi- tion Service (Biologi­

cal Abstracts and Bio cal Abstracts and Bio 
Research Index) Research Index) 

CAB Forestry, crop, Commonwealth Agricul- Commonwealti; Agricul-
ABSTRACTS and animal 	 tural Bureaux 

Abstracts 

FIREBASE 	 Fires in FIREBASE 
fores!ry areas 

INRSIC Water 	 Water Resources 
Scientific Inforna-
tion Center 

We should also cite here AGRIS (Agricultural 
Information System for the Agricultural Sciences and 
Technology) and AGRINTER (Inter-American 
Information System for Agricultural Sciences). AGRIS, 
set up by FA ) in 1971, contains a world bibliography of 
literature on agriculture, livestock, forestry, fishing, 
primary forest products, foodstuffs, soils, and other 
ielated scientific fields. AGRINTER, founded in 1972 
with its headquarters in IICA, Costa Rica, was designed 
to integrate Latin American and Caribbean literature on 
agricultural sciences. The AGRINTER/AGRIS systems 
ultimately rely on the participation of all Latin American 
and Caribbean countries. It is vital for institutes of 
agricultural, livestock, and forestry research in the region 
to give their utmost support. Argentina's cooperative 
efforts have been particularly outstanding. 

tural Bureaux
 
Abstracts
 

U.S. Forest Service 

U.S. ! Vater Research
 
and Technology Service
 

Agricultural Research Studies in Progress 

Information systems foragricultural research studies in 
progress have been set up in various countries. These 
systems all have some of the following purposes: 

1.To maintain an up-to-date directory of agricultural 
research institutes, researchers, and research projects; 

2. To promote and improve communication among 
researchers; 

3. To store basic information on major areas of 
agricultural research and to determine the extent of the 
effort devoted in particular countries of the region to the 
scientific and technological problems of agriculture; 
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4. To identify areas of agricultural research which do not 

receive sufficient emphasis; 

5. To analyze and adjust budgetary allocations to 
agricultural research activities; 

6. To supply directors and administrators of agricultural 
research organizations with up-to-date information 
which will enable them to report on the activities of their 
organizations; 

7. To supply information to governments, to the private 
sector, and to the public at large. 

Information systems for research work in progress, as 
developed in Brazil, the United States, FAO, and the 
United Kingdom, are described below. Thereafter the 
information system set up in Mexico is discussed in 
greater detail. 

Bracaris 

Bracaris, the Brazilian information system for current 
agricultural research work, is a nationwide system 
embracing more than 500 institutions. It gathers 
information on 17 areas of research, including 
administration, economics, animal and crop production, 
animal and crop protection, scils, rural engineering, 
climatology, fisheries, natural resources, and food 
technology. Bracaris produces registers of research 
institutions and of researchers in the agricultural sciences. 

Current Research Information Systems (CRIS). 

An automated system developed by the United States 
Department of Agriculture (USDA), CRIS has had 
computer access since 1977. Its data base includes all 
USDA agricultural research projects plus those from 56 
different state agricultural experimental stations, 19 
forestry schools, and other institutions. CRIS i~intains a 
bank of information about 24,000 current projects. 
Operational guidelines require each project entered in 
the CRIS data base to be described on four forms, as 
explained below. 

Form 1. Project summary. This form is completed 
whenever a research project is approved, started, and 

undergoes review. The following information is elicited: 

1.Project identification: key number, title, responsible 
body, res ,rcher in charge and collaborators, location oi 
the research study. 
2. Project status: new, extended, revised, pending, or 
completed. 
3. Finaicing sour,:es. 
4. Objectives. l'rc blems to be resolved and methodology 
to be used; described in 1,200 characters. 
5. Key concepts. Up to 10 to classify the type of research. 
6. Starting and completion dates. 

Form 2. Classification of research. This form is 
completed when a project is started c,r revised. It 
provides the following ini ormation: 

1.Project identification: key number. 
2. Type of research: basic, applied, or developmental. 
3. Activities: A total of 40 possible activities are classified 
in nine major groups - conservation, development and 
use of resources; productivity and improvement of 
quality; marketing; development of human resources; 
scientific and test methodology; protection of man, 
products, and resources; etc. 
4. Scientific field: This includes a total of 78 scientific 
fields - biological (48), physical, chernical, and 
engineering (20), and social and economic (t0). 
5. The product, resource, or technology under 
investigation: There are 450 pos.,ibilities - so;l, water, 
climate, forest products, fauna, crops, livestock, markets, 
administration, cooperatives, etc. 
6. Area of research: One hundred areas grouped 
according to nine major goals - stability and 

productivity in agriculture, phytosanitary protection and 
other risks, meeting demand, increasing demand, 

protecting the health and nutritional intake of the 
consumer, improving the quality of rural life, etc. 

Form 3. Financing and scientific personnel. This form, 
filed annually on December I, specifies the federal, state, 
arid private fund& budgeted for each project. Information 
is given about the allotment of man-years differentiated 
by scientific, professional, and technical personnel and 
support staff. 

Form 4. Progress or completion report. A progress report 

is submitted annually on March 15; a completion report 
follows whenever a project ends. These reports supply 
the following infonnation: 
I. Identification: Key number, project title, researchers, 
responsible body, date. 
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2.Progress report: A maxim un. of 1,600 characters is 
available; results are listed, together with an e aluation of 
the scientific or practical implications of these results. 
3.Completion report: Also I,o00 characters; major 
achievements during the lifespan of the project are 
summarized, 

l'ublications: Reports aic listed vrhich present the 
results of scientific discoveries and advances made 
during the project; unpublihed material is not included. 

.1. 


Current Agricultural Research Information 
System 

Both initiated and operated by FAO, CARIS gathers 
information on cun-ent projects developed in all member 
countries. It collates the following data: 

I. Identification' Country, institution, date of 
commencement, completion, and information. 
2. Project: Title, ainis, indication of the nature of the 
investigation; reseirchers, principal and collaborators. 
3,Budget. 

Agricultural Research Current Information 
System 

ARCIS is an automated system developed and operated 
in the United Kingdom; it registers the following 
characteristics of agricultural research ventures: 

I. 'roject identification: Key number an.i institute; 
department within the iirstitote; person responsible; and 
collaborators. 
2. Project title, 
3.Type of research: Strategic - to explain a project in 
progress; fundamental or basic; applied; development; 
briefing, 
4. Research activity: Sixty poiibilities - improvement of 
crops and livestock; protectit i of crops and animals; 
physiology of crops and animals; soil; entomology; 
biology; economics; engineering; etc. 
5. Agricultural area: Twelve alternatives - general 
agriculture; crop production; animal production; 
processing of products; by-products; pollution; etc. 

Crops, livestock, animal and crop product; 
and by-products, animal feed, etc. 
6. Prot act: 

7. Key words: This includes 1,926 key concepts 
comprising agricultural inputs, sciences and technologies, 
plant and animal cells, physical, chemical and biological 
phenomena, etc. 

The Mexican System of Information for 
Agricultural Research in Progress 

In February 1979, a System of Infornation for 
Agricultural Re'earch in 'rogress (SINIAGEC) was 
established in th? Mexican National Institute of 
Agricultural Research (Instituto Nacional d-
Investigaciones Agricolas - INIA). ,Sincethen, 
SINIAGEC has; expanded and has corrected its initial 
defects. The sytcm's importance and value now exceed 
original expectatius;. 

SINIAGEC was initiated in 1078 at the request arid with 
the full support of Dr.Eduardo Alvarez-Luna, then 
director general of INIA. Within a few months it was 
pos,;ible to publish an internal SINIAGEC manual and to 
carry out the first tests on the system. 

SINIAGEC was created in answer to concrete needs: 

I. To provide an up-to-date inventory of all research
 
carried out by INIA within agiven period.
 
2. To classify INIA research according to scientific,
 
agricultural, geographic, economic, and social criteria.
 

3.To supply information for budgetary action as well as
 
for monitoring budgetary control.
 
4.To assess researchers' workloads.
 
5. To facilitate the planning of a research strategy iii
 
accordance with national and regional priorities.
 
6. To furnish policy-makers with current information on
 
the state of rese,'rch activities.
 
7. To promote diffusion of information among the
 
institute's researchers to strengthen their unity of
 
purpose and spirit of collaboration.
 
8. To avoid unnecessary duplication of research.
 
9. To secure information about the proportion of
 
research studies which reach planned completion and
 
about the principal factors which account for failures.
 
10. To specify the number of experiments on land
 
belonging to cooperative farmers.
 
1I. To identify imbalances in national agricultural
 
research strategy.
 

Operated with these objectives in view, SINIAGEC 
supplies high-level administrators with data enabling 
them to control certain research operations and to make 
informed decisions. From the start, however, it was 
recognized that SINIAGEC would not be exhaustive. 
Two supplementary systems were created to facilitate the 
management, direction, and administration of research 
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within INIA: (1)a system for evaluating the planning and 
performance of research activities; (2) a system for 
disseminating research results 

Organization of SINIAGEC 

In 1078 INIA had its headquarters in Mexico City and 
maintained I I agricultural research centers and 48 
experimental stations throughot t the counti'.V. By 1081 
the number of experiment stations had risen to 55. The 
direcoor general's office and senior managerial and 
administrative staff were still located in the capital. Each 
of the II research centers had a director responsible for 
between 3and 7 experimental stations, with a staff of 
from 10 to 50 researchers. 

INIA's central office in Mexico City housed the biometry 
unit, responsible for developing SINIAGEC. This unit 
prepared ,ll SINIAGEC forms ind fonvarded them, at 
the appropriate time, to the heads of experiment stations 
who acted as regional coordinators. These regional 
coordinators distributed the farms to researchers who 
completed and returned them. Via the regional 
coordinators, the form were then sent back to the 
biometry' unit, whre they were subject to revision, 
processing, and report publication. To accomplish its 
task, the biometry unit had access to the IBM 370/1,15 
computer of the post-graduate college at Chapingo. 

Because in Mexico crops are planted during both the 
autumn-to-winter and the spring-to-summer cycles, it 
%v.snecessary to collect two sets of responses from many 
research workers. On dry, tropical-type lands, where 
cereals and beans are the most important crops, planting 
depends totally on rain and takes place during the 
spring-to-summer cycle. In humid tropical areas and 
irrigation districts, however, planting takes place during 
both cycles, 

Definitions 

The following definitions, some arbitrary, may be helpful 
to understanding how SINIAGEC functions, 

SINIAGEC collects, verifies, organizes, processes, 
classifies, and summorizes information from sub-
projects, experiments, and surveys carried out by INIA 
researchers, and it maintains up-to-date archives on 
current research. 

Sub-project. The sub-project, the basic unit of research, 
is defined as a research activity at an experiment station 
directed towards the solution of a clearly specified 
problem. A sub-project may consist of one or more 
experiments or a survey. 

Autumn-winter cycle. Every sub-project, experiment, or 
survey which starts between tha first Friday of 
September and the first Friday of the following March 
belongs to the autumn-wnter cycle. 

Spring-summer cycle. Every sub-project, experiment, or 
survey which starts between the first Fiday of March, 
and the first Friday of the following September belongs 
to the spring-summer cycle. 

Start of experiment. A crop experiment is considered to 
start on the day planting takes place or, more generally 
speaking, on the day when land isready for planting. A 
sur.ey starts officially with the initiation of information 
collection. A laboratory test begins with commencement 
of experimental work. 

End of experiment. A crop experiment is considered to 
end on the day the cop is harvested or observations 
terminate. For a survey, the end coincides with final 
collection of information. A laboratory test concludes 
when all experimental work has finished. 

Start of sub-project. A sub-project is considered to begin 
with the setting up (if the firs: experiment or survey 
which is a component Of tire sub-project, or with 
commencement of research activities. 

End of sub-project. A sub-project is considered to end at 
'he conclusion of the last experinient, survey, or piece of 
work carried out to achieve the objectives of the sub­
project. 

New experiment. As part of an updating procedure, new 

experiments are those initiated during the autumn-winter 

or spring-summer cycle referred to in the updating, 
regardless of whether they end during the same cycle. 

Current experiment. An experiment is considered 
"current" in a specific cycle if it was initiated during a 
previous cycle but has not ended by the time of updating. 

Ongoing experiments. In any given cycle, ongoing 
experiments are the sum of the new experiments in that 
cycle plus the current ones of previous cycles. 
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Sub-projects in progress. A sub-project is considered 
"in progress" with respect to a specific cycle if it contains 
experiments, surveys, or work actually in progress or 
planned for the following cycle. It should be noted that 
a sub-project may be in progress without having 
experiments actually under way. 

SINIAGEC Operation 

Each and every researcher responsible for a sub-project 
completes the questionnaires required in his respective 
experimental fields annually. Ten weeks later, officials 
and researchers at INIA have a printed SINIAGEC report 
showing all research activities grouped and classified in 
a suitable manner, 

SINIAGEC carries out two surveys per year, timed to 
correspond respectively to the autumn-winter and the 
spring-summer c\,cles. At a given moment, a researcher 
may face one or more of the following conditions: 

1.The sub-project which he reported to be current 
during the previous cycle has now ended, i.e., all 
experiments planned within the sub-project have now 
been concluded. 
2. The sub-project %nich he reported during the previous 
cycle to be current continues to be current, i.e., it still has 
one or more experiments outstanding, or it is envisaged 
that, in the present or subsequent cycles, new 
experiments will be established, 
3. He is involved in a new sub-project, one with or 
without experiments. 

To meet its goals, SINIAGEC uses seven forms for the 
collection of information: 

Form 01: New sub-project registration. The researcher in 
charge of the sub-project completes Form 01. 

Form 02. Reistration of new experiments or surveys. 
The researcher in charge of the sub-project, experiment, 

or survey fills in Form 02. 

Form 03: Record of current or completed sub-projects, 
experiments, or surveys. This computer output from the 
SINIAGEC archive relates to the sub-project entailing 
experinents from the immediately preceding cycle. The 
person in charge of the sub-project, experiment, or 
survey mat ks those activities which are current and those 
which have ended. He also provides explanations for 
why certain activities have come to a close. 

Form 04: Record of information regarding new sub­
projects. This computer otput relates to sub-projects 
reported as new in the immediately preceding cycle. It 
also contains the most salient parameters reported in 
Form 01. The researcher in charge of each sub-.project 
indicates omissions, errors, or changes. 

Form 05: Record of information regarding new 
experiments or surveys. Similar to Form 04, Form 05 
concerns the experiments or surveys that are components 
of sub-projects. 

Form 06: Summary of information per station. Form 06 
contains a summary of the accounting for current and 
completed sub-projects, experiments, and surveys. The 
regional coordinator completes Form 06 with the aid of 
Forms 03 and 07. 

Form 07: Preceding cycle information summary per 
station. Form 07 is a computer output giving the names 
of persons in charge, numbers of sub-projects, 
experiments, and surveys for the immediately preceding 
cycle. 

Tables 2, 3, and 4 present the timetable of activities for 
which the biometry unit, regional coordinator, and 
researchers in charge are responsible respectively. 

Description of Forms 01 and 02: Forms 01 and 02, the 
registration of new sub-projects and experiments, those 
in progrcss about which no report has been previously 
filed, presetit the system's essential information. 

The questions contained in both may be classified as 
follows: 

1. Identification of research: economic and register 
number; location in the center and experiment station; 
program; name of person responsible and collaborators; 
and commencement and completion dates. 
2. Scientific and technological definition of the research: 
title; objectives; rese'rch area; crop; animal or product; 
scientific field; key concepts; experimental design; 
numbers of treatment applications; and experimental or 
sample units. 
3. Agroecological and social parameters: geographical 
sector; irrigation or rain-fed agriculture; type of p~operty; 
location in INIA or with farmers; sector benefited. 
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Table 2. Biometry unit activities. 

Activity 

1. Distribution of forms 01,02,03 
.07 to regional coordinators 

2. 	 Processing of forms 

3. 	 Preliminary report from 
SINIAGEC 

4. Full report from SINIAGEC 

Table 3. Region: i coordinator activities. 

Activity 

1. Distribution of forms to 
researchers 

2. 	 Revision of forms 01,02,03, 
04 and 05, submitted by 
isearchers 

3. 	 Completion of form 06 

1.Forms 01,02,03,04,05 and 06 
sent to Biometry Unit 

Final Dates 
Autumn-winter 

Cycle 

First Friday in 
February 

The end of April 

First Monday in 
May 

Third Monday in 
May 

Final Dates 
Autumn-winter 

Cycle 

Last Friday in 
February 


Third Friday in 
March 

Third Friday in 
March 

Third Friday in 
March 

Table,4. Researcher-in-charge activities. 

Activity 

1. Completion of forms for sub-
projects and new 
experiments (01,02) 

2. 	 Filling; in of completion and 
corr- :tion forms (03,04,05) 

3. 	 Forms 01,02,03,04 and 05 sent 
to regional coordinators 

Autumn-winter 
Cycle 

First Friday in 
March 

First Friday iii 
March 

Second Friday in 
March 

Spring-summer 
Cycle 

First Friday in 
August 

The end of Oci-ober 

First Monday in 
November 

Third Monday in 
November 

Spring-summer 
Cycle 

List Friday in 
August 

Third Friday in 
September 

Third Friday in 
September 

Third Friday in 
September 

Final Dates 
Spring-summer 

Cycle 

First Friday in 
September 

First Friday in 
September 

Second Friday in 
September 
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SINIAGEC tables: To automate information provided on 

norms 01 and 02 and to expedite the electronic process, 

replies need to be converted into keys which a computer 
can interpret. Similarly, it is necessary for information 
supplied by the researcher to be organized and classified 
by the system so that it can be identified according to 
certain characteristics and attributes and in relation to its 
planned use. 

The computer cannot interpret a sub-project title and 
objectives, but if the descriptions of these a, broken 
down into different categories - such as research areas, 
crop, animal or preduct, scientific fie!d, and key concepts 
- then information relating to the title ond objectives of 
the research can be readily retrieved 

Description of information produced: SINIAGEC 
retains information about sub-projects, experiments, and 
surveys in progress in an archive, whch is updated twice 
a year, corresponding to the spring-summer and 
autumn-winter cycle sur.,eys. Ten weeks after the final 
date when researchers subn,'t their infonnation, the 
biometry unit produces the principal summary tables for 
sub-projects and classified experiments, 

Obviously the number of tables classifying sub-projects 
or experiments is large, forthere are many possible 
combinations of the parameters recorded. Of the many 
possibilities, however, only certain ones prove to be 
valuable. By way of illustration, some results are shown 
below corresponding to the 1P78 and 1979 spring-
summer cycles. 

Table 5. 	 Number of experiments associated with each 
regional center (spring-summer cycle, 1978). 

Center At INIA On producer Total 

CIANO 140 51 191
 
CIAPAN 205 220 495 

CIAPAC 157 415 572
 
CIAPAS 94 376 470
 
CIAGON 349 261 610
 
CIAGOC 36 84 120 

CIAPY 96 231 327 

CIAN 171 541 712 

CIANOC 374 418 792 

CIAB 238 352 590 


Tables 5,6, and 7, taken from the INIA report on the 

1978 spring-summer cycle, represent a classification of all
 

5,404 experiments in progress during that cycle. Table 5
 
shows both the number of experiments at INIA centers
 
and the number of irials on producers farms. Table 6, the
 
number of irrigation and rain-fed experiments during the
 
cycle; Table 7, the number of trials per crop on both
 
INIA centers and producers' f,,rms. e
 

In order o make information stored under SINIAGEC 
known to researchers both in INIA and elsewhere, 
catalogs of experiments for various crops such as wheat, 
sesame, and cotton, were published in 1980. The sesame 
catalog for example was a listing of all sesame 
experiments in progress at that time, including the 1980 
spring-summer cycle. For each experiment the catalog 
contained the following data: experir.,ent number 
assigned by SINIAGEC; experiment title; name of 
researcher in charge; whether irrigated or rain-fed; 
whether located at INIA or on a farm. Table 8 is an 
extract from the sesame catalog. 

Table 6. 	 Number of experiments per center set up under 
irrigation and rain-fed conditions (spring­
summer, 1978). 

Center Irrigation Rain-fed Total 

CIANO 168 23 191
 
CIAPAN 223 202 425
 
CIAPAC 106 466 572
 
CIAPAS 43 427 470
 
CIAGON 487 123 610
 
CIAGOC 12 108 120
 

CIAPY 46 281 327
 
ClAN 492 220 712
 

CIANOC 2,7 515 792
 
CIAB 163 427 590
 
CIAMEC 12 433 595
 

Total 2179 3225 5404
 

Since the respective key numbers do not follow 
sequentially this catalog is an indirect one. The key 
numbers do, however, form a link with the crop 
experiment classification (Table 9) added at the end of 
the catalog' in which experiments are grouped according 
to research area. This m,',es it possible to know, for 

Total 2041 3363 5,104 example, which experiments relate to biological pest
 
control for sesame.
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Table 7. 	 Number of experiments per c:op on INIA
 
stations and producers' farms
 
(spring-summer, 1978) 

Crop 	 At INIA On producers' Total
 
stations farms
 

Maize 486 1,208 1,694 
Wheat 38 90 128 
Rice 96 117 213 
Sorghum 202 260 462 
Barley 28 43 71 
Oats 12 37 49 
Cereals 49 84 133 
Beans 164 300 464 
Soybeans 95 115 210 
Industrial and 
medicinal crops 15 2 17 

Maize-beans 27 95 122 

Other associations 25 40 65 

Total 	 2,041 3,363 5,404 

Table 8. General catalogue of sesame experiments: Spring-summer 1979. 

No. 	 Person/Body Responsible Center Station Water Use 

31 	 Roberto A. Gallardo CIAPY CAECHET Rainfed 
Guajordo 

127 to 	 Ignacio L6pez Gil CIAPAS CAECOAX Rainfed 
129 

141 	 Sergio Poot Caamal CIAPAS CAECOAX Rainfed 

143 	 Sergio Poot Caamal CIAPAS CAECOAX Rainfed 

144 	 Sergio Poot Caamal CIAPAS CAECOAX Rainfed 

410 	 CAEIGUA sesame group CIAPAC CAEIGUA Irrigation 

6j 

Location Title
 

Farmer Batch of sesame for observation.
 

Farmer 3 Studies on the influence of 
different dosages of phosphorous 
and potassium and different 
planting densities of outstanding 
sesame varieties 

INIA Increased quantity of sesame seed 
of Colorado Tepequefio regional 
variety. 

INIA Sesame demonstration batch with 
Padilla, Cola de Borrego and 
Colorado Tepequefio regional 
varieties. 

INIA Sesame demonstration batch with 
Blanco Ro Grande, Regional Verde, 
Instituto 21 y Regionales y 
Canasto 1.5 varieties. 

Farmer Determination of optimum planting 
time for sesame cultivation. 



Table 9. Classification of sesame experiments per research area; Spring-summer. 

Genetic resources 
416 417 4585 5031 5368 5369 6006 6007 6008 6693 6694 6695 

Conservation and recovery of soil and water 
5035 5370 5371 7140
 

Ecosystems and agrosystems 
5375 5376 5736 5737 5738 5739 5740 6707 7079 7080 7081
 

Other areis of natural resources 
5370 5371
 

Description of pests 
5036 6703 6704 6705 6706
 

Inventory of pests 
5036 7136
 

Biological pest control 
i2 413
 

Genetic pest control 
412 413
 

Chemical pest control 
6703 670.1 6705 6706 7137
 

An Information System for National A satisfactory national agricultural research information 

Agricultural Research system will contain the inputs, throughputs, and outputs 
necessary to 'nable the national research institutes' 

Effective management of a national agricultural research various scie..ists and administrators to carry out 
institute requires the best us- of the human, physical, planning, control, and decision-making intelligently. 

and financial resources available so the institute may 
fulfill its mandate. In most countries, this mandatc Planning 
involves the institute in long-term scientific and technical 
studies to resolve high priority agricultural problems. Most governments have definite agricultural 
These priorities w.;l be a reflection of the physical, social, development policies which they attempt to implement 

historical, cultural, and economic context within which through a variety of organizations. There is usually one 
the national agricultural research institute must function. organization to undertake or coordinate agricultural 

Manal;ers thus require an understanding of the national research. In Mexico this is the task of the Institute of 
political system and of governmental decision-making Agricultural Research (INIA). The INIA information 

proces, ess so that not only budgetary support can be system might well be adaptable to the needs of similar 
obtained, but favorable political patronage as well, institutes elsewhere. 
influential support ,vhich will back up the application of 
positive research results. Awareness of the current agricultural situation in Mexico 

indicates that the following information is required for 
research planning purposes: 

1.Statistics: production, yields, costs, prices. 
2. Technologies applied: seeds, fertilizers, pesticidcs, 

mechanization. 
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3. Natural resources: soil, climate, water, 
4. Tcchnical constraints: seeds, pests, diseases, frost, 
salinity, drainage, drought, 
5. Economic constraints: profits, commerce, 
communications, credit. 
6. Social constraints: agrarian system, traditionalism, 
organizaition, leadership. 
7. Institutional constraints: lack or inadequacy of services, 

Definition of the goals of a national research plan 
requires selection from among the following alternatives: 

I. Increased food production. 
2. Increased export products. 
3. 	Increased agricultural products for domestic 


industries, 

4. Increased productivity of land, labor, and inputs, 
5. Ensured agricultural stability, 
6. Encouragement of rural employment, 
7. Conservation of natural resources, 
8. Protection of health, 
9.Increased agricultural profitability, 

10. Reduced crop losses, 
II. Improved product quality, 

Generally speaking, these objectives are complementary. 
Their achievenent, however, may require different 
actions and lie constrained by r.]ferL,,. physical, 
economic, and social conditions. Lick of scintific and 
technical knowledge, nationally but also globally, may 
also obstruct progress. National documentation and 
computer access o intemaz!nnal data bases will increase 
the probability of success in agicultiml research 
projects Skilled exploitation of infomation systems can 
akle increase the likelihood that farnies themselves will 
adopt research results and innovative teclhniques. 

A directory of iesearch expert,;, with notation of their 
various scientific and technical specializations, is also an 
extremely important reseach aid, accelerating tile 
possibility of locating proper sources for consultation and 
advice, 

A complete inventory of research assets is a further 
constructive measure; this listing should inciude not only 
laboratory fatcilities, equipment, instnuments, materials, 
germplasm banks, but also human resources (scientists, 
technologists, technical experts, assistants, workers). 
Ultimately, human resources are the driving force behind 
research work; who they are, where they are, and what 

experience they have will largely determine an institute's 
or country's capacity to develop projects of a certain 
nature, depth, and scope. 

Finally, an appreciation of tile physical, social, and 
economic nature of agriculture, of tile relative urgency of 
general development objectives, of the present state of 
agricultural technology, and of research institutions' 
sientific capacities and financial resourcc, are 
fundamental for determining national agricultural 
research priorities. Indeed, this decision-making process 
demands extraordinary powers of intelligence and a firm 
grasp of all relevant circumstances. 

Regional planning, similar to national planning, is bound 
by regional guidelines. The information needed a! :ut 
human, physical, and financial resources is nre 
detailed. Requirements in terms of land, materials, 
machinery, equipment, laboratories, and workers must 
be specified and located. A budget for each project must 
be calculated, including estimates oF probabe cots and 
benefits. Tle potential users of research results must be 
identified and the probability assessed that they will 
adopt new technologies. 

Control 

One product of the research planning process, whether 
national, regional, or local, is a list of rojects and 
programs complete with standards, schedules, and costs. 
Once who will work where and with what is clearly 
indicated, research activities can be initiated, later to em, 
it is tile hope of all concernd, as originally planned. It is 
of paramount importance that procedures be established 
to ensure the quality of project design methods and the 
use of appropriate and efficient research techniques. 
Control must also be exercised over the use of 
experimental designs, plot dimensions, and numbers of 
replicates; the measurement techniques applied to make 
experimental observations; tile selection of treatments 
and applications; tile selection of appropriate parent 
stock for cross-breeding; correct dosages for 
agrochenicals, and appropriate sampling times for 
quality determinator:;. Similarly, steps should be taken to 
confi.m that tile theoretic.l basis of research hypotheses 
is sound and that it is feasible to reach the project's goals 
in the time specified and with the means proposed. 

Once research is operational, there should be periodic 
comparisons of projected and ,-,al costs and resource 
consumption. Real progress should regularly be assessed 
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against the initial planning timetable. Towards these 
crucial ends, it is advisable to set up a monitoring system. 
Monitoring can be more cost-effective in alarge institute 
if a mechanism for rotation sampling is adopted. In this 
way, over time, all researchers in charge of projects are 
included in the control samp!e. 

It is also important for tile management of a healthy 
agricultural research institute to monitor the progress 
reports of each project, and asso2ss the results achieved, 
including publications. Likew'ise, it is essential to abstract 
and to analyze the value of tile end results of projects and 
the uses to which they will be put. These results should 
be classified according to their likely impact. Should they 
be corroborated by undertaking trials with farmers? 
Should they be applied immediately? How should they 
be disseminated? What is the likely cost-benefit to the 
farmer? 

Decision-making 

The executive authorities of anational research 
institution must arrive at a number of fundamental 
policy and operational decisions, including: 

1.How to implement in efficient decision-making 
proce,,swhich allows for earticipation of researchers in 
determining an overall rescarch plan and budgetary 
allocations, 
2.Whether or not to p:omote or discharge scientific 
personnel and administraLive officials, contract outsidt., 
consultantts, or conclude inter-instittional agreements. 
3. Whether to expand or cut back tile institution's human 
and material resources. 
.. Hlow to create adiniistrative standards to improve the 
working environment. 
5. Hlow to facilitate fin,,ocial transactions and storage 
operations. 

Research coordinators or committees have the following 
decisions to mske: 

1.Whether to approve, reject, or modify research 
proposals. 
2.Whether to accept, adjust, or cancel projects as a result 
of internal or external project reviews. 
3. How to use re:earch re',ults once a project is 
completed. 

The researcher in charge of a project is faced with various 
alteratives in project formulation. He has to choose 

between different scientific opinions vis-a-vis the 
physical and sociAl world. Such choices invariably 
involve weighing uncertainties against each other. Samne 
of the risks inhere at in proposed research may be 
quantifiable; others may not even be apparent. 

Management Research 

It is particularly important for an agricultural research 
institute to channel knowledge and action towards 
maximizing available resources; creating aspirit of 
scientific excellence; encouraging creativity and 
discipline; and promoting coordination and cooperation 
among all the institute's researcher- .id workers, After 
the study and analysis of manage,rient research topics 
relevant to the institute's characteristics and conditions, 
ultimately aset of work guidelines should be established. 

The following topics might merit consideration: 

1.Evaluation of criteria for assessing research proposals. 
2.Evaluation of criteria for assessing the results of 
research studies. 
3. Methods for measuring individual researchers' 
productivity. 
4.Methods for measuring the institike's productvity. 
5. Identification of appropriate incentives for researchers. 
6. Methods to optimize the use of installations and 
equipment. 
7. Methods for developing researchers' capaciti s and 
efficiency. 
8. Improvement of communication among researchers. 
9. Improvement of relations between re: aarchers and 
producers; means of transmitting information. 
10. Corielations between research and deveiopment. 
1I. Improvement of relations with academic and 
development institutions. 
12. Means for 'ostering tile use of documentation 
systems. 
13. Means to e-'ate afavorable dispo-ition towards 
research among political leaders and public authorities. 

For each of the above topics, several answers may occur 
with varying degrees of feasibility. To rank them will 
demand amethodical approach based onl adequate data. 

Scientific Personnel 

Assessment of scientific personnel is an essential 
component of any management information system; for 
a research institute's human resources coi itute it­
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greatest current and potential isset. Superior scientific 
management encourages creativity, diligence, and willing 
participation through some form of incentive system. In 
this way it heightens job satisfaction and, therefore, 
extracts excellent job performance. 

The evaluation of a researcher should include 
consideration of the following: 

1.Academic degrees, professional honors and citations. 
2. Scientific and technological productivity; significance 
of his contribution. 
3. Recognition by peers. 
4. Number of published articles, documents, and books; 
their quality, originality, and theoretical or practical 
importance. 
5. Number of times his work is cited in scientific 
publications. 
6. Analytical and synthesizing abilities. 
7. Ability as a research leader. 
8. Sense of responsibility and trustworthiness. 
9. Health. 

Budget 

The financial management of a research institute 
involves the formulation and maintenance of a research 
budget, its correlation with investment plans, and its 
breakdown into programs and projects. In its 
configurations, this breakdown should represent the 
relative importance ascribed to each area and type of 
research, each agricultural region, and each kind of 
agriculture. Analysis of budgetary information may 
reveal, given institute goals, that particular elements are 
receiving too little or too much support. 

The research institute's structure, its bureaucratic 
procedures, its salary schedule, the balance between 
wage and operating costs, and the balance between 
running and investment costs constitute basic 
information which decision-makers need to be able to 
make necessary spending adjustments towards achieving 
a healthy, strong, and productive organization. 

Modem accounting and management techniques do not 
pose problems in terms of budgetary cantrol. 

Management Aids 

Scientific management requires written rules for the 
running of acti v.ties and projects. These rules, 
standardizing procedures, should be known to all 
relevant personnel. Research institutes would do well to 
produce a procedural manual covering all routine 
operations. Although computers are increasingly being 
used, manual methods are stil! common for the following 
procednres: 

1.Financial contiol. 
2. Contracting of personnel. 
3. Correspondence and communication. 
4. Use of vehicles. 
5. Maintenance of equipment, machinery, and veheles. 
6. Purchase of materials. 
7. Usting of personnel and their job classifications. 
8. 1lvento;ies and stores. 
9. Patent procedures and marketing. 

10. hIterinstitutional agreements. 

Data Processing 

Care should be taken not to collect information irrelevant 
to the purpose for which the data proce2ssing is intended. 
Too often surveys amass large amounts of statistics and 
great quantities of documents, the profusion of which 
engenders more confusion than clarity. In gei eral, 
quantity of information means loss of quality. Ob!ectives 
become obscure, the mind distracted, and goals more 
distant. Illusions are created which mislead the 
institution. 

Information selected for processing should be validated 
and verified (edited). It should be transcribed according 

to a set structure. The data and its classification, nature, 
and dt wcriptors form the register of each item, a register 
compo. d of a specific number of fields with a character 
for each o,,:.A group of the same kind of registers forms 
an archive. The archives together make up the data base. 
The size of the registers and the number of archives, as 
well as the frequency of changes to update the archives, 
and the class and number of arithmetical and logic 
operations to be applied serve ,-a basis to decide 
whether to use manual or electromechanical procedures, 
a punch-card system, or an electronic computer. 

Data processing usually includes listings, classification 
into frequency tables of one or more entries, rankings 
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under different criteria, arithmetical operations, decision-
making logic operations, and numeric and logical 
algorithms for the development of certain mathematical 
models for operational research. These models, for 
example, may assist with inventory control, budgetary 
control, or linear programing. 

Data processing design should be adaptable to suit the 
different information and decision levels required. There 
are filtering and monitoring methods to facilitate such 
adaption. 

Filtering is a process for sifting or extracting redundant 
information by means of summaries or classifications 
which eliminate all elements not required for a specific 
information or decision level. Senior decision-makers 
need concise reports; area heads and research 
coordinators generally require more detail. 

Monitoring is another method for paring down the 
amount of detailed information, simplifying it, and 

reducing the time needed to make decisions. A reduction 
in information, however, should not diminish the 
rfficiency of the decision-making process. There are 

three procedures for implementing monitoring: (1) 
variation reporting, (2) decision-making program, (3) 
automatic notification. 

In variation reporting, only facts or activities involving 
major deviations are entered. In the decision-making 
program, qualitative or quantitative condition criteria are 
established to determine alternative modes of action. In 
automatic notification zt periodic intervals, the computer 
or system gives information on specific aspects which 
serve to regulate action criteria. 

Information System for the Scientific 
Management of Agricultural Research 

Table lO is intended as a summary of the explanations, 
considerations, and recommendations presented in this 
paper. An information system should be the coherent 
embodiment of a series of information sub-systems or 
archives. Information sources may be external or 
internal, with specific features and aims, and with a 
strategic, tactical, or technical orientation. fhese sources 
of information create sub-systems or archives. As shown 
in Table 10, activities resulting from study, analysis, and 

interpretation, lead to decisions which become 
crystallized as products or actions. 

Simple information systems, such as the one we have 
been discussing and such as the system considered in 
Table 10, consist of the following sub-systems or data 
archives: 

1.National reference marks. 
2. Regional reference marks. 
3. Scientific documentation. 
4. Scientific human resources. 
5. An institute's physical resources. 
6. Budget. 
7. Current research. 
8. Evaluation of current projects. 
9. Research study results. 

10. Production formulas. 

All agricultural research institutes keep registers of the 10 
topics listed above. The compilation procedures they use 
range from the simplest manuals to the most advanced 
electronic computer systems. The updating of all this 
information, the timing and ease cf access, and the 
integration for control and decision-making are, in many 
institutes, a major con, r iint challenging the 
management or administration. There is a pressing need 

' for those authorities responsible for the planning, 
operation, and control of agriculural research to examine 

their individual situations and take firm actions to 
improve their information systems. 
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Table 10. Information system for the scientific management of agricultural research. 

Inputs Activities Decisions Prodocts 
Sources Description Levels Subsystems Level 

External a) Socioeconomic Strategic National reference 1. Indicator plans Strategic a) Saimmaries 
production framework a) Policies High government officials b) Monographs 
statistics b) Production problems Planning Committ-es c) Pubications 

c) Socioeconomic Industrial, agricultural d) National science 
problems and workers' associations and technology Plan 

d) Markets 
e) Natural rescurces 
f) Science and 

technology 

External a) Scientific and Strategic a) Dccumentation: 2. Programming Strategic a) Summaries 
and technological AGRIS, AGRINTER, a. Priorities Board of directors b) Publications 
Internal documentation AGRICOLA, CAB, etc. b. Budget Institute board c) National program per 

b) Science and tcch.Plan b) Institutional c) Human resources directors product and scientific 
c) Human resources for resources. d) Physical resources area 

Science, technology c) Human resources d) Budget pee program 
d) Institutional d) Budget 

resources 
e) Physical resources 

External a) Scientific and Tactical a) Documentation 3. Project Tactical: a) Approval, modification 
and technological Technical AGRIS, AGRINTER, a) Scientific, techno- 1) Regional projects or rejection of 
Internal documentation AGRICOLACAB,etc logical feasibility committee projects 

b) Hurnar' resources b) Local rc'erence b) Physical resources 2) Researches in charge b) Bulletins 
c) Physical resources framework c) Human resources of projects c) Budget per project 
d) Regional reference c) Budget d) Probability of Technical: d) Budgetary allocation 

frac,vork success 1) Scheduling of e) Methodology activities 
f) Budget 2) Human and physical 
g) Duration elements 
h) Probabilities of 

implementation 

i) Sphere of adoption 
j) Cost-benefit 

Internal a) Current research Tactical a) Current research 4. Inventory, Control Technical, Tactical: a) Summaries 
studies Technical study a) Research inventory a) Researcher,; b) Publications 

b) Research study b) Evaluati- . b) Supervision b) Directors c) Cancellation of export 
progress c) Evaluation by products 

d) Reconfirmation 
e) Ramification 

External a) Evaluation survey Tactical a) Results 5. Completion Tactical: a) Progress of experiment 
and b) rroduction a) Analysis a) Directors b) Publication 
Internal formulas b) Conclusions b) Researchers c) Extension 

c) Recommendations d) Reconfirmation 
e) Ramificatioa 
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CHAPTER FIVE: Funding Agricultural Research
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Introduction 

The organization of agricultural research, conceptualized 

in terms of the institutional forms and mechanisms 
through which human, physical, information, and 
financial resources converge in the operation of research 
processes, has received growing attention in recent years 
Concern has focused on the overall features of 
organization as well as on such crucial components, as 
training of human resources, development of physical 
infrastructure, and relationships between national and 
international research institutes, 

At the same time, it is becoming increasingly clear that 
the productivity of national research systems is not 
independent of their organizational format. Inparticular, 
the effectiveness of these sytems may in large part be 
determined by the forms and mechanisms through 
which they obtain their financial resources. This linkage 
suggests that the nature and structure of research 
institutions are influenced by the cultural, economic, and 
political context in which they operate. Italso implies that 
characteristics of this context act as determinants of 
organizational alternatives that should be considered in 
designing national research systems (Ruttan, 1982; 
Rigney, 1981; Trigo, Pifieiro and Ardila, 1982). 

These relationships have not been fully recognized in the 
past. They ar pear to be a primay reason, however, why 
national efforts to establish a highly productive research 
infrast:ucture have not attained anticipated success. 

It is against this background that we will examine the 
financing of agricultural research. This paper places 
special emphasis on existing alternative financing 
mechanisms and on factors that atfect the impact of 
resources on the effectiveness of research organizations. 
The paper comprises seven sections. The first is this 
introduction. The second gives a brief description of the 
organizational and budgetary background of agricultural 
research inLatin America. The third concerns the 
magnitude of financing for this type of activity, especially 

the comparison standards used for measuring resources. 
The fourth and fifth discuss alternative sources of 
funding and the real possibility of linking the intended 
recipients of benefits with the financing of research. The 
sixth presents several ideas for financing research by 
institution and by project. The final section contains 
general comments on all issues raised in the paper. 

Background of Agricultural Research
and its Funding in Latin America 

Historically, agricultural research in Latin America can be 
divided into two periods. The first began with early 
research effoi ts during the second half of the last century, 
and lasted until the 10.5s. 

Throughout this st; ,e,activities unfolded in institutional 
structures which vo generally unstable. On the whole, 
institutional developments were closely allied to meeting 
crisis situations in specific crops. Examples include 
tanguis cotton inPeru and sugarcane in the Cauca Valley 
of Colombia. During this period, experimental stations 
were built, later to become the cornerstones of modern 
research institutes (Estanzuela in Uruguay, Pergamino in 
Argentina, the National Agricultural Association in 
Chile, the experimental farms in Palmira, Medellin, and 
Bogoti inColombia, the Cafiete and La Molina 
experiment stations inPeru, etc.). 

The second period of institutional development, the one 
in which we find ourselves today, began towards the end 
of the 1940s. Ithas been characterized by the 
establishment of more integrated research structures with 
a nation.l scope. Initially, agricultural research was 
centered integrally in the ministry of agriculture. After 
1960, however, most countries in the regior 'ntroduced 
decentralized, independent research organizations with 
administrative autonomy. This new institutional model, 
generically known as the National Agricultural Research 
Institute, provided abasis for the expansion and 
strengthening of research activities which, until the mid­
1970s, received uninterrupted growing financial support 
from international as well as from domestic sources. 

This expansionary period, included a "territorial 
occupation" phase featuring the establishment of new 
experimental stations and networks of extension 
agencies. Inaddition, broad training programs were 
initiated, oriented toward developing the critical mass of 
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human resources needed for meeting the requirements 
of research processes. These processes received strong 
impetus from external assistance programs that call on 
beneficiary nations to assume prog;essively more 
firianc:ial responsibility for their own research system(s). 
Such i ational funding occurred only to a limited extent, 
howevc , leading to a dramatic decay of programs once 
external issistance came to an end (Pifieiro and Trigo, 
1083). 

Table I shc, ,s the evolution of budgetary resources for 
agricultural research from 1960 to 1980 in Latin 
American countries for which information is available. 
The table reveals, almost everywhere, a strong growth of 
resources for research. This general expansion, however, 
conceals adifferent pattern which emerges after closer 
scrutny. It is true that from 1960 to 1970 budgets rose 
steadily, but after 1970, the upwards trend faltered 
throughout the region, and in some countries, research 
funding even suffeced acutback, 

A further observation is that during the 1970, 
agricultural reseaich budgetary resources in any given 
country were extremely mercurial. This is reflected both 
in differences between peaks and valleys, often 
surpassing 50%, and in year-to-year variations. Table 2 
illustrates these annual variations, showing the frequency 
with which budgetary allocations dropped off fiom one 
year to the next, and the magnitude of these reductions, 
The problem of budgetary instability is a particularly 
acute one, given the long-term nature of national 
research programs and thus their inflexibility for abrupt, 
short-term adjustments. 

Indeed, year-to-year funding variations are particularly 
drastic for research institutes in view of their budgetary 
structure. In general, over 70% of total organizational 
resources are used for personnel costs; these are 
relatively hard and fast over the short-term. Therefore, 
any drop in funds must be fully absorbed by the budget 
post for direct research, 

"'tismeans that, in practice, a total budgetary variation of 
5%has an impact on the organization's operating 
capacity equivalent to acut of 20% to 25%. 

It should be noted that the countries most affected by 
budgetary instability include some of those with the 
oldest research infrastructures: Argentina, Colombia, 
Ecuador, Uruguay, and Peru. 

Financing Models 

The funding of agricultural research activities has 
proceeded by and large on the basis of annual allocations 
from national budgets. This funding mechanism is 
characterized primarily by: (a)public nature of the funds, 
paid out of general revenue, which means that agri­
cultural research competes directly with other public 
sector activities; and (b)allocation of funds is per 
institution, leaving decisions concerning specific 
spending to the research organization itself. 

In addition to this general approach, several important 
alternatives with respect to the origin, means of 
acquisition, and use of resources continue in use. To give 
an example at the National Research Institute level: 
Argentina's INTA has until recently received budgetary 
resources from a specific tax on agricultural exports. 
Elsewhere, atax on exports of a particular commodity 
has been used to support research on that commodity. 
Both the Executive Commission of the Plan for Economic 
Recovery of the Cacao Industry (CEPLAC), in Brazil, and 
the National Coffee-Growers' Federation 
(FEDER ACAFE), in Colombia, finance their research in 
this way. 

Similarly, the Sugar Cane Research Center of Colombia 
(CENICAKAPNIA)receives financing through a formula 
based both on sugar exports and Ln the differential 
between domestic and foreign sugar prices. This type of 
commodity funding for an individual institution may be 
supplemented by support from additional sources. We 
might cite, for instance, the resources received by the 
Colombian Agricultural Institute (ICA) through the Fifth 
Law of 1974, and specific programs developed with the 
local brewing industry by the Colombian Rice-Growers 
Federation; the pasture research programs under way in 
the National Agricultural Research Institute (INIAP) in 
Ecuador, which receive funding from the Highlands 
Livestock Association; and a number of ventures in Brazil 
such as the programs of the Sugar Producers Cooperative 
(COPERSUCAR) for sugar cane and the National 
Association for the Use of Fertilizer (ANDA) for cotton, 
beans, corn, soybeans, and wheat (L6pez, 1979). 

International loans and grants from both the multilateral 
credit organizations and bilateral aid programs of 
developed countries have also become impnrtant sources 
of support to national agricultural research budgets in 
Latin America. The Inter-American Development Bank 
(1DB) and the International Bank for Reconstruction -nd 
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1 Table 1: Latin America and the Caribbean: Budgetary resources for agricultural research from 

1960-1980.Values expressed in constant t975 currency (inthousands). 

1900 1965 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 

North Zone: 
Costa Rica (Colones) 3,565.1 5,210.6 4,637.5 13,521.9 14,387.5 9,235.3 7,081.0 8,972.8 9,937.9 10,839.5 10,329.1 12,525.9 12,143.7 
El Salvador (Colones) 1,177.5 1,072.5' 1,280.3 1,552.2 1,812.5 2.295.1 2,570.0 2,500.0 4,530.4 4,095.8 5,077.2 4,409.2 3,906.3 
Mexico (Pesos) 58,325.0 65,27.0 30,900.0 41,912.5 65,812.5 109,337.5 116,812.5 173,427.5 199,912.5 166,612.5 450,600.0 510,750.0 579,4875 
Nicaragua (Cordobas) - 5545.8 7,209.5 7,469.3 7,729.0 6,430.3 6,830.5 7,855.4 ,.494.2 0,343.6 7,848.4 8,508.2 9,168.1 
Guatamala (Quetzales) 1,940.0 - - 1,911.0 1,578.9 2,330.7 2,380.0 2,293.7 2,668.8 2,841.2 3,426.7 5, .4.9 
Panama (Balboas) 417.0 - 1,176.0 1,437.0 1,698.0 1,649.0 1,600.0 1,213.0 850.0 989.9 1,014.2 1,709.8 1,t22.3 

Caribbean Zone: 
Barbados (BBDollars) - 480.0 1,179.7 1,258.5 1,100.9 943.3 843.4 747.4 735.3 735.3 50.4 1,149.4 1,012.0 
Jamaica (] Do!lars) - 137.5 138.0 760.0 814.0 1,257.3 1,360.7 1,301.3 1,340.9 1,178.1 841.5 504.9 554.4 
Guvana (G Dollars) - - - - - 1,218.7 1,131.8 1,543.4 1,094.9 583.5 - - -

Andean Zone: 
Bolivia (Pesos) 10,820.0 - 30,980.0 31,360.0 25,080.0 25,620.0 26,140.0 24,820.0 23,520.0 41,240.0 46,020.0 42,080.0 36,680.0 
Colombia (Pesos) 213,751.2 234,312.0 667,944.0 764,755.0 750,562.0 760,760.0 701,984.0 711,454.0 747,173.0 641,682.0 807,461.0 739,899.0 697,114.0 
Ecuador (Sucres) - 42.850.0 72,628.0 96,552.0 125,80o.0 137,143.0 12o,025. ' 128,825.0 131,600.0 132,880.0 109,321.0 124,156.0 99,666.0 
Venezuela (Boliva-es) 19,850.6' 31,757.6 - - - - - 85,207.7 96,647.0 99,330.8 84,387.4 97,699.8 
Peru (Soles) 76,948.8: 114,933.6 351,818.0 271,279.2 269,353.o 308,937.6 297,962.4 415,711.2 376,552.0 211,028.0 188,975.0 174,644.0 161,188.0 

Southern Zone: 
Argentina (Pesos) 1,099,Q7,b.4 1,066,998.8 1,113,000.0 936,000.0 1,028,000.0 1,283,000.01,534,000.0 1,222,000.0 1,145,000.0 1,165,000.0 1,218,000.0 1,209,000.0 1,301,000.0 
Brazil (Cruzeiros) 67,316.4 - - - 19a,569.0 237,608.0 - - 700,307.0 713,405.0 758,027.0 945,240.0 949,561.0 
Chile (Pesos) 13,701.7: 13,554.4 41,173.5 45,711.6 46,787.1 26,745.3 25,690.1 26,151.1 33,252.4 32,957.7 31,253.1 32,373.3 33,208.2 
Paraguay (Guaranies) - - - 68,164.0 75,982.0 - - - 208,232.0 205,767.0 213,733.0 441,135.0 
Uruguay (Pesos) 215.0 484 5 372.3 399.0 425.7 525.6 584.1 730.2 573.6 663.3 585.3 773.4 817.8 

Source: Oram and Bindlish, 1981; Pinero and Trigo 1983. 
Note: A Hyphen (-) signifies that the data was not available. 

Corresponds to 1962 
Corresponds to 1964 
Corresponds to 1966 



Table 2. Latin America and the Caribbean: Annual variations in budgetary resources for agricultural research. 1970 - 1950 

1971/1970 1972/1971 1973/1972 1Q74/1973 1975/1974 1976/1975 1977/1976 197b/1977 1979/1978 1980/1979 

Northern Zone 
Costa Rica 2.91 1.06 0.64 0.7o 1.27 1.11 1.10 0.95 1.21 0.97 
El Salvador 1.21 1.17 1.26 1.12 0.97 1.80 0.90 1.24 0.62 0.88 
Mexico 1.36 1.57 1.66 1.07 1.48 1.15 0.83 2.70 1.13 1.13 
Nicaragua 1.04 1.03 0.83 1.06 1.15 1.05 1.10 0.84 1.08 1.07 
Guatemala - - 0.82 1.47 1.02 0.96 1.16 1.06 1.20 1.02 
Panama 1.22 1.18 0.97 0.97 0.76 0.70 1.16 1.02 1.69 0.95 

Caribbean Zone 
Barbados 1.07 0.87 0.86 0.89 0.58 0.98 1.00 1.16 1.35 0.88 
Jamaica 5.57 1.06 1.54 1.08 0.96 1.03 0.88 0.71 0.60 1.09 
Guyana - - - 0.93 1.36 0.71 0.35 - - -

Andean Zone 
Bolivia 1.01 0.80 1.02 1.02 0.95 0.09 1.75 1.12 0.91 0.87 
Colombia 1.14 0.98 1.01 0.92 1.01 1.05 0.86 1.26 0.92 0.94 
Ecuador 1.33 1.30 1.09 0.9Z 1.02 1.02 1.01 0.82 1.13 0.80 
Venezuela - - - - - - 1.13 1.03 0.85 1.16 
Peru 0.77 1.06 1.07 0.96 1.39 0.91 0.56 0.89 0.92 0.92 

Southern Zone 
Argentina 0.81 1.10 1.25 1.20 0.79 0.94 1.02 1.05 0.99 1.08 
Brazil - - 1.21 - - - 1.02 1.06 1.25 1.00 
Chile 1.11 1.02 0.57 1.07 0.91 1.27 0.99 0.10 1.03 1.03 
Paraguay - 1.11 - - - - - 0.99 1.04 2.06 
Uruguay 1.07 1.07 1.23 1.11 1.25 0.78 1.16 0.88 1.32 1.06 

Source: Table I 
Note: A hyphen (-) means that the data was not available. 



Development (World Bank) both have active programs 
to provide loans and technical assistance to national 
agricultural research activities. From 1971 to 1980, the 
IDB granted 13 such loans to eight Latin American 
countries for atotal value of US$137.9 million. It also 
provided a total of US$25.0 million non-reimbursable 
grant aid for technical cooperation. This sum was 
distributed among 20 projects in 13 countries. The World 
Bank has granted two research loans in Latin America 
totaling U5$96.0 million. 

In 1980, the United States, the major single source of 
bilateral assistance for agricultural research in the region, 
had 25 projects under way and nearly US$70.0 million 
committed through 1985. 

International loans and grants are channeled primarily 
toward the development of physical infrastructure and 
human resources for national research systems. 
International support has been particularly instrumental 
in training human resources, not only within reseaih 
institute training programs, but also through the efforts 
of some countries to develop postgraduate programs in 
the agricultural sciences (Trigo, l'ifieiro, and Ardila, 1982) 

A different approach, with broader implications for the 
organi7ation and management of research and 
technology development in the agricultural sector, has 
recently been put into operation in the National 
Agricultural Research Institute (INIA) of Chile. This 
approach formally combines two types of financing: 
overall institutional funding and specific project funding. 
It includes basic financing to maintain core personnel, as 
well as national (public) budget allocations following the 
traditional model to meet certain operating costs; but it 
calls for other operations to be covered by contracts and 
agreements for specific research projects funded by 
interested parties. This format is a significant institutional 
innovation for mixed funding (public-private). Its 
importance lies in its implications for the role of the 
publicsector in the research process. It also has major 
consequences for administrative and managerial aspects 
of research. 

This mixed-funding mechanism represents but one of 
severai recent initiatives to revamp agricultural research 
systems. These initiatives, principally involving the 
organizational structure of research and technology 
transfer activities, also have implications for the financing 
of the system through the establishment of National 
Agricultural Research Funds. These funds complement, 

through the financing of specific projects, the regular or 
core funding of research organizations. In general, these 
initiatives have been developed within the framework of 
forging closer ties between agricultural research and the 
overall science and technology sector, including 
improved coordination and increased complementarity 
among research programs of national institutes, 
universities, and private sector research organizations. 
Together with the establishment of Research Funds, 
National Agricultural Research Plans are emerging as 
basic tools to govern the use of available financial 
resources. Agricultural Research Councils have also been 
proposed as mechanisms for overall institutional 
coordination (Anon., 198 1). 

The systems for financing agricultural research reviewed 
in the previous paragraphs differ substantially from one 
another. Each is the expression of a distinct concept of 
the nature of research and agricultural technology. 

Topics for Discussion 

Historical analysis of different ways of funding 
agricultural research in Latin America over the last two 
decades shows a clear shift away from models based on 
blanket institutional allocations from the public sector 
budget. Research has, to an increasing extent, been 
supported by sources that acknowledged both the 
participation in research, of interested sectors (research 
beneficiaries), and the need to forge institutional ties 
between agricultural sciences and other research and 
technological development activities in society. This shift 
entails that agricultural technology has been losing its 
identity as a public good. The role of government in the 
technological process has begun to change. At the same 
time, new financing mechanisms reflect an attempt to 
introduce a certain competitiveness for financial 
resources research organizations. Events point to growing 
acceptance of the principle, "whoever benefits pays." 
The new institutional trend poses the following 
questions: Can a research system be based on such a 
principle?; What constraints does it place on the research 
process?; Where should public funds come from? 

Considerable experience has now been gained with 
financing mechanisms tied to products and, more 
recently, to specific projecs. Both of these alternatives for 
financing - institutional and project funding - have 
advantages and disadvantages. They also have different 
effects on the selection of research projects, as will be 
discussed later. 

80 



The Volume of Investment in 

A icultural Research in Latin America: 

A ritical Assessment 

Profitability of Research Investments 

Most discussions concerning the scale of financing oi 

agriculturai research focus on the amount of allocated 
resources and their relation to other economic variables, 
notably, the total value of agricultural production, the 
value of individual commodities, or the total investment 
in research and development. As a complement to this 
approach, important descriptive and analytical studies 

hcve been conducted on budgetary resource allocations 
for different activities and areas of research, for example, 

applied research versus basic research, commodities, 
regions, and types of producers. 

From a slightly different perspective, resource allocation 

for agricultural research has also been studied in terms of 

investment returns. Studies of this sort also analyze 
specific commodity situations as well as aggregate cases 
either by institution or by commodity groupings (Arndt 
et al., 1977; Boyce and Evenson, 1975; Evenson et al., 
1079; Sim and Gardner, 1975). 

Table 3 presents expenditures in Latin America for 
agricultural research as a percentage of the value of the 
agricultural gross domestic product (GDP). Table 4, 
including information from Latin America and othar 
regions of the world, summarizes studies of investn ent 
returns from agricultural research. The main conclusion 
to be drawn from Table 3 is that Latin Amecica suffers 
from an underinvestment in agricultural research. The 
percentage of agricultural GDP used throughout the 
region for research is significantly lower than in more 
advanced countries, where expenditure on research and 

development easily surpasses 1.5% of the yah ' of 

agricultural production (Boyce and Evenson, 1975). In the 
majority of countries in Latin America, the equivalent 
outlay does not reach 0.5 ". 
These signs of relative underinvestment are confirmed 
by the findings of studies on the profitability of 
investment in research, given in Table ,1.In general, the 
rates of return range from 30",, to 60% per year, with no 
substantial differences between developed and 
developing countries. Returns are aso similar for 
research with partial funding (commodities or groups of 
commodities) and institutional funding. Returns are far 
higher than those observed for most other types of 
investment projects, both public and private. 

Table 3. 

Countr,, 

Costa Rica 
El Salvador 
Honduas 
Mexico 
Nicaragua 
Guatemala 
Panama 

Latin America and the Caribbean: Percentage 
of agricultural gross domestic product allocated 
to agricultural research in selected countries, 
1979' 

Percentage of 

Agricultural GDP 

0.24 
0.28 
0.13 
0.52 
0.421 
0.27

Panama0.36 

Total (Northern Zone) 0.45 

Barbados 0.90
Haitido 0.0 

0.05-Haiti 
0.25JamaicaSuriname 0.29' 

Grenada 1.19, 
Guyana 0.36' 
Trinidad and Tobago 0.51 
Dominican Republic 0.23 

Total (Caribbean Zone) 0.24 

Bolivia 0.87 
Colombia 0.56 
Ecuador 0.54 
Venezuela 0.94 
Peru 0.26 

Total (Andean Zone) 0.61 

Argentina 0.79 
Brazil 0.67 
Chile 0.48' 
Paraguay 0.2t 
Uruguay 0.14' 

Total (Southern Zone) O.tco 

TOTAL. LATIN AMERICA AND THE 
CARIBBEAN 0.57 

Notes: reliminary estimates 
1980 
1978
 
1974
 
1976
 

Sources: lnte:-American Bank 1981, International 
Monetary Fund 1981, Pineiro and Trigo 1983, 
World Bank 1981a 198tb. 
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Table 4. Summary of studies of returns on agricultural research. 

Annual 
domestic rate 
of return, % 

35-40 
20 
21-25 
40 
90 
35 
77 

37-46 

16-28 
77-110 
35-40 
50-55 
25-27 
73-75 
60-82 
79-96 
11-12 
none 
24 
50 
51
 
49 
34
 
44.1 
-47.5 

34-44 

23-37 
79-96 
35 
35-40 
not sig. 
21 
47 
40 
45-93 
58-65 

40 
63 

30.5 
27.5 
25.5
 
2.5 

Study 

Griliches, 1958 
Griliches, 1958 
IMerson, 1967 
Evenson, 1969 
Ardito Barletta, 1970 
Ardito Barletta, 1970 
Ayer, 1970 
Schmitz & Seckler, 1970 

Ayer and Schuh, 1972 
Hines, 1972 

Hayami and Akino, 1977 
Hayami and Akino, 1977 
Hertford, Ardila, Rocha 
and Trujillo, 1977 

Pee, 1977 
Peterson, Fitzharris, 1977 

Wennergren, Whitaker, 1977 

Pray, 1978 

Scobie and Posada, 1978 
Tang, 1963 
Griliches, 196,4 
Litimer, 1964 
Peterson, 1967 
Evenson, 19c,8 
Evenson, 1969 
Ardito Barletta, 1970 
Duncan, 1972 

Evenson and Jha, 1973 
Kahlon, Bal, Saxena 
and iha, 1977 
Luand Cline, 1977 

Country 	 Commodity 

U.S.A. 	 Hybrid Corn 
U.S.A. 	 Hybrid sorghum 
U.S.A. 	 Poultry 
South Africa 	 Sugar Cane 
Mexico 	 Wheat 
Mexico 	 Maize 
Brazil 	 Cotton 
U.S.A. 	 Tomato harvester 

W:!h no compensation 
to displaced workers 
Assuming compensation of displaced 
workers for 50% of earnings loss 

Brazil Cotton 
Peru Maize 

Japan Rice 
Japan Rice 
Cojombia Rice 
Colombia Soybeans 
Colombia Wheat 
Colombia Cotton 
Malaysia 	 Rubber 
U.S.A. 	 Aggregate 

Bolivia 	 Sheep 
Wheat 

Punjab- Agricultural rvsearch 
(British India) and extension 
Punjab Agricultural research 
(Pakistan) and extension 
Colombia Rice 
Japan Aggregate 
U.R.A. 	 Aggregate 
U.S.A. 	 Aggregate 
U.S.A. 	 Poultry 
U.S.A. Aggregate 
South Africa Sugar cane 
Mexico Crops 
Australia Pasture 

improvement 
India Aggregate 
India Aggregate 

U.S.A. 	 Aggregate 

Period of 
study 

1940-55 
1940-57 
1915-60 
1945-62 
1943-63 
1943-63 
1924-67 
1958-69 

1924-67 
1954-67 

1915-50 
1930-61 
1957-72 
1960-71 
1953-73. 
1953-72 
1932-73 
1937-42 
1947.52 
1957-62 
1957-72 

1966-75 
1966-75 


1906-56 

1948-63 
1957-64 
1880-1938 
1949-59 
1949-59 
1915-60 
1949-59 
1945-58 
19-13-63 
19,18-69 

1953-71 
1960-61 

1938-48 
1949-59 

1959-69 

1969-72 
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U.S.A. Cash grains 
Poultry 
Dairy 
Livestock 

Asia - Rice 
national 
Asia - Rice 
international 
Tropics Rice 
Philippines Rice 
Canada Rapeseed 
U.S.A. Aggregate 

U.S.A. Aggregate 
U.S.A. Technology 

oriented 
U.S.A. -South Tech. oriented 
U.S.A. -North Tch. oriented 
U.S.A. -West Tech. oriented 
U.S.A. Science oriented 

U.S.A. Farm management 
Research and agricultural extension 

Regardless of possible reservations about the methods 
used for estimating rates of return in Table 1, it is clear 
from the social standpoint that, instead of allocating 
resources to alternatives with less profit potential, it 
would be beneficial to increase investment in research. 

Research Infrastructure: Minimum and 
Optimum Size 

We have seen that agricultural research in Latin America, 
considering its potential contribution to development, 
L.onsistently rece ,'es an inadequate level of support. The 
absolute level of resources invested in research and 
technology development is less important, however, than 
the relationship between total resources available for 
research and the scale of operations of different research 
systems. More specifically, the crucial issue is whether 
available resources are sufficient for research actix'ties to 
operate at the mininumni level requisite for producing 
results. 

Past discussion on the scale of antecedent research 
systems has been almost totally dominated by those who 
refer to an optimum scale of operations; and this is a dual 
optimum, relating both to inter nal aspects of the research 
proccss, and to external factors (Binswanger, 1978; 
Evenson, 1977, 1978; Ho.sfall et al., 1975; Pound and 

1969 36 Bredahl, Peterson, 1976 
1969 37 
1969 43 
1969 47 
1950-65 32-39 Evenson, Flores, 1Q78 
1966-75 73-78 
1966-75 74-102 

1966-75 46-71 Flores, Evenson 
1966-75 75 and Hayami, 1978 
1960-75 95-110 Nagy and Furtan, 1978 
1949-59 66-100 Davis, 1979 
1964-74 37 
1868-1926 65 Evenson, 1979 
1927-50 95 

1948-71 93 
1948-71 95 
1948-71 45 
1927-50 110 
1948-71 45 
1948-71 110 

Waggonar, 1972; Ruttan, 1978; Schmookler, 1966; 
Sehgal, 1977). 

As far as internal considerations are concerned, a laig, 
organization, it can bc argued, has a positive effect by 
increasing possibilities of exchange among scientists and 

researchers in different disciplines and with different 
viewpoints. Such intellectual exchange may mean major 
savings (better use of experiments, etc.) on specific 
research projects. Those who hold this positi ,n regard an 
increase in the size and diversification of research 
systems as a step towards the optimum. An opposing 
viewpoint, however, maintains that research 
organizations become increasingly difficult to administer 
and manage ,is they grow larger, thereby forfeiting some 
degree of efficiency and productivity. 

Empirical evidence on thi' subj .t is conflicting. Schultz 
(1971) and Evenson (1971) both lean toward economies 
of scale, especially the association of experimental 
stations with research-oriented universities. By contrast, 
Kamien and Schwartz (1975) and Schmookler (1966), as 
quoted by Ruttan (1978), indicate that productivity ­
measured by tximber of patents per researcher - is 
lower in large laboratories than in small ones. Support 
for this viewpoint, specific to the agricultural sector, can 
be found in Pound and Waggonar (1972). 
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As far as external considerations with a bearing on 
optimum research system size, Binswanger (1978) has 
argued that the situation should be analyzed from the 
perspective of thc profitability of research investments; a 
profitability which is clearly related to the area of impact 
covered by the research in quesmion. 

For the purposes of ths discussion, we believe that the 
minimum, rather than optimum size of a research system 
provides the best basis on which to judge whchler or not 
the system is receiving adequate resources. This focuses 
discussion of resources on the question of how much can 
be achieved with what is currently available, 

of are!;earch 
system cannot be assessed in the abstract. They depend 
not only on technical questions, but also, importantly, on 
institutional ,onsiderations. The latter include the 
mandate which the research organization has to fulfill, 
both in terms of products and regions. The minimum 
scale of operations will also be affected by the type of 
problem to be researched, as well as by the possibility of 
using information gene.'ated for other purposes or 
available internationally. It ikvital to stress, however, that 
the capacity to apply research findings from abroad 
cannot be divorced from the capability for performing 
original research. 

The minimum operating requiremer t,; 

Evenson and Kislev (1175) estimated that a low-income 
country with average research capabilities could obtain 
US$55,000 of benefits from US$1,000 of research 
performed inother countries located in asimilar 
geographic and climatic zone. For a country with no 
indigenous research capability, however, the benefit only 
would be US$1,700. This clearly demonstrates the 
importance and need for achieving and sustaining 
minimum levels of investment and expertise in national 
agricultural research organizations, 

The objective of this paper is not to expound at length for 
the minimum scale needed for a research system to work 
properly. This is a topic which we lack the background 
and information to pursue in depth. Consequently, we 
would be overeachiug ourselves to discuss seriously 
whether or not budgetary resources are adeCtuate from 
this standpoint. Given the importance of the issue for 
proposing reinforcements to national research systems, 
however, we believe it is appropriate to touch on the 
subject briefly in an attempt to assess current and 
potential capabilities for maintaining a minimum 
research module, 

8,1
 

Table 5 gives an estimate of maintenamne costs for a 
minimum research module for a single product. If this 
estimate is compared with current research budgets in 
U.S. dollars (see Appendix I),we find that only the larger 
countries in Latin America appear to be in a position to 
finance a broad coverage (multi-product) research 
infrastructure. This opinion is wholly confirmed if we 
analyze the ,ituation For specific commodities, taking the 
figue of I% of their production value as a basis for 
investment in research. Appendix 2 presents production 
values for six basic commodities from Ltin America and 
the Caribbean: wheat, rice, corn, potatoes, cassava, and 
beans. Of the IH.value data presented, only 40 were 
sufficient to cover (at 1%) the costs of the minimum 
research module in Table 5. Oram (1977), analyzing 
national capabilities foi funding research programs of 
different sizes, on the basis of land surface area under 
different crops, reached asimilar conclusion. 

Topics for Discussion 

Our observation,; on the magnitude of investment in 
agricultural research in Latin America suggest two broad 
areas for discussion. 

The first is exploratory: to look into why there is 
underinvestment in agricultural research despite the high 
rate of return. An important point to consider is the 
possible influences exerted by sources of funding by the 
nature of the mechanisms through which finaural 
resources are channeled into research organizations. 
Several authors have suggested that one of the difficulties 
faced by agricultural research organizations in their 
efforts to obtain higher budgets isthe long-tern nature 
of their research activities. It is this which places them at a 
disadvantage in the eyes of political decision-makers 
when investment in agricultural research is weighed 
against alternatives that produce results more rapidly. 
Discovery of ways to help agricultural research comp-te 
for investment ftnds is an important prerequ,isite for 
reinforcing the operating capabilities of national research 
systems. 

The second topic fordisct.sion involves the apparent 
absence in many countries of the legion of the economic 
capacity to make research investments. In this 
connection, we should consider the validity of the 
concept of minimum research infrastructure and we 
should also examine how international reciprocal 
cooperation might contribute to overcoming national 
constraints. 



Table 5. 	 Estimated cost of a minimum research module for one product, 
(in thousands of current U.S. dollars). 

US$ 306I. 	 Direct research costs (60% of total budget) 

A. 	 Personnel 245 
1. 	1chief researchers, M.S. or Ph.,D.
 

3 person/years in plant breeding, agronomy
 
and pest and disea.e control and
 
I person/year equivalent i, socioeconomics
 
and other specializations, ac.ording to
 
requirements (soils, physiology, etc.).
 
Total cost per person/year"US$30,000 120
 

2. 8 specialists, university gradiates.
 
Total cost per person/year US$12,500 100
 

3. 	Training 25
 
Calculated on the basis of 2x I rate of
 
retention; to'all rotation every 15 years;
 
cost of US$100,000 per Ph.D. (M.S. 6,0%)
 
Total annual cost for a permanent team of 3
 
Ph.D. and 1M.S. (approxinately).
 

B. 	 Services and materials 
Calculated as 12.5% of direct costs. 38 

C. 	 Equipment 
Calculated as 7.5% of direct costs. 23 

11. 	 General Costs and Administiation 
(40% of total budget) 204 
Includes direction, support and services (administration, 
laboratories, library, communications, field, etc.). 
A. 	 Personnel 122 

Calculated as 60'o of general and administrative
 
costs.
 

B. 	 Services and materials 51
 
25% of general and administrative
 
costs.
 

C. 	 Investments and equipment 31 
15% of general and administrative
 
cotss
 

Total Budget 	 510 

Percent summary by broad budgetary items (approximate) 
A. 	 Personnel 72.5% 
B. 	 Services and materials 17.5% 
C. 	 Equipment 10.0% 

US$30,000 was used as an average of the case 
for the different countries of the region.
 

The estimates were made using the budgetary The sum includes salaries plus benefits.
 
structure of the international agricultural A variation of US$1,000 above or below this
 
research centers as aguideline for determining average figure implies an increase or decrease
 
the percent of each item o expenditure. of US$4,250 iii the total budget.
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Public vs. Private Financing of 
Agricultural Research: Implied
Economic Forces 

Budgetary resources for research have evolved over time. 
Increasingly nowadays, funding schemes are being tied 
dicectly either to the users oi the beneficiaries of new 
technological findings, 

The central issue relating to private sector financing of 
research is the extent to which a proportion of the 
economic benefits derived from the use of new 
technologies can be appropriated for financing discovery 
costs. This proportion, which ideally must be large 
enough to cover all research costs incurred, will depend 
essentially on the nature of the findings or products 
emerging from the research process, and specifically on 
their economic characteristi, s. Here it may be helpful to 
examine two closely related questions: (a) whether or not 
rrojected research findings are likely to have an 
economic value; and (b) whether or not this economic 
value can be appropriated by specific economic sectors. 

The Economic Value of Agricultural Research 

In conceptual terms, all findings or products of the 
research process have a potential economic value. Certain 
intrinsic characteristics, however, will determine whether 
or not given results have a real economic value in the 
marketplace that can be translated into a price. In general 
this value is associated with whether or not .esearch 
findings can eventually be incorporated into physical 
inputs and capital goods. 

It isthe nature of physical inputs and capital goods that 
they call be bought and sold and may be protected by 
patent and copyright laws which entitle the holders of 
official rights to exclusive use. Thus a proportion of the 
economic value generated by new technology can be 
transformed into private benefit through concessions in 
the form of patents and the receipt of ro Nltics, or 
th,-ugh the pricing system itself. 

The findings of basic scientific research and of research 
and development activities oriented toward improving 
productive processes, agror'onic practices, and 
management do not offer the same possibilities for 
private appropriation of the economic value generated 
through their use. 

On the whole, new scientific research findings are useful 
for highly diverse situations and problems and have no 
direct application to productive processes. This makes it 
difficult to determine their economic value. These 
findings and information are difficult to patent; their use 
is practically cost-free. In this context scientific research 
findings are publicgoods, and no economic agent can 
exclusively appropriate the economic value generated by 
them. Added to high investment costs and the uncertain 
nolure of research processes, this means that such activity 
can only be of interest to the private sector tnder special 
conditions. "Public goods" are thoue that, once they 
become available, can be enjoyed by anyone whether lie 
contributed to their provision or not; their essential 
characteristics are that they are enjoyed but not 
consumed and their benefits are derived without any act 
of appropriation. (S;teiner, 1977). 

By contrast, research findings related to organizational, 
methodological, agronomic, and management practices 
are generally tied to specific productive processes. 
Consequently, it is possible to determine precisely what 
economic benefits will be derived from their use, and 
thus to attach an econom "value to them. Nevertheless, 
beca. se of the difficulty ol framing policies of exclusion 
for the use of these findings, the possibi jty of these 
benefits accruing only to those who gen !rated them is 
recuced substantially. Thus, this type of information also 
has the characteristics of a public good just as the 
findings and scientific principles discussed above. 

As aresult, the private sector is interested primarily in 
research activities that have to do with commodities and/ 
or inputs. Part of the economic value generaled by this 
type of research can easily be appropriated and 
investments can, therefore, be recovered. Other research 
activities are less attractive to profit-seeking investors; 
they are likely to recL:ive private sector attention only in 
specific institutional settings as discussed below. 

Risk, Level of Investment, and Private Interest 

The general assertions about the economic value of 
research presented above may be altered by certain 
specific characteristics of the research processes 
associated with different types of output. This is 
particularly true for the risks involved in obtaining 
results and in recovering investments. 
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The probability is uncertain that certain types of research 
%Vill ultimately produce results of economic value. This 

would be true, for example, of preliminary research for 
exploring ideas and approaches that have intuitively 
practical implications for solving production problems. In 
other situations, such as research for generating know-
how and methods for preventing the occurrence of some 
given event, uncertainty stems from the impossibility of 
determining when tile output might be used in such a 
way that the inve:Arment can be recovered. lIhis 
uncertainty has a negative effect on private-sector 
willingness to assi me tile risk of funding tile research, 

Other basic factors related to tile interest and likelinood 
of private-sector participation ii funl.ng research 
activities are the magnitude a'd complexity of the 
required investments and the scale of potential 
application of the findings. Certain types of research 
require acritical mass of physical and hunman resources 
that can be provided only by the public sector. TFhe scale 
of application of research findings has asubstantihl 
impact on tile rate of recovery of researth L.w t,; and, 
consequently, on tile Lxient to which the private sector 
may be interested in advancing funds. If new 
technologies have a broad field of application, benefits 
will be greater and/or recovery of initial research and 
development costs will be faster. As a result, ilvestments 
will be more profitable. Regardless of tile economic 
nature of specific research outputs, the private sector is 
likely to have limited interest if the application of 
findings istoo narrow to ensure profitability. 

In the final analysis, however, the choice between public 
and private financing depends not only on the 
characteristics and nature oi participated reaearch 
finding,, but also on the ec,:onomic and political contexts 
in which the research unfolds. The possibility of private 
participation will be greater in larger countries with more 
homogeneous production situations. This further 
underscores the problems discussed above. It is also clear 
that certain models for organizing economic activities, 
such as multinational initiatives, offer much broader 
alternatives than those which are limited to the national 
context. liese considerations form plausible hypotheses 
for explaining differences in the degree of private sector 
participation in agf icultural research in different 
countries and they explain tile dynamic activity of 
multinational enterprises in this area. 

Topics for Discussion 

Private participation opens an array of possi!.ilities for 
achieving budgetary increases to support agricultural 
research. Nevertheless, such participation, far from 
universal is closely tied to certain types of research and 
production situations that have the potential for adequate 
returns on investment. Furthermore, the interest and 
capability of the private sector to participate are closely 
related both to the state of progress of scientific 
development and to the nature and degree of econonic 
development (presence and extent of technological input 
markets) in any specific research setting. In this 
conneilion, there are two key questions: To what extent 
can private financing rrplace public funding? Cn a 
research system exist that obtains its financing 
exclusively through the market, - that is to say, is a 
system feasible where those who 'wnefit from the 
research bear the brunt of its funding? 

The major point for consideration in discussing these 
questions is tile closeness of the ties that bind together 
the different types of research involved in the process of 
developing new technologies. Adequate financing 
mechanisms must be able to ensure that all these types of 
research can be undertaken, otherwise, the potential of 
the total system for generating concrete technological 
answers to production problems will be drastically 
reduced. 

Is It Possible to Develop Mechanisms 
Through Which the Beneficiaries Fund 
the Research? 

I, the previous section we identified the economic 
characteristics of different types of research and their 
implications for research financing. The possibility of 
private-sector participation in funding certain types of 
research was indicated, paiticularly those types related to 
technological advances where private appropriation of 
benefits would eventually be possible. 

Ill this section, we Wilt evaluate such private-sector 
funding, analyzing the institutional mechanisms needed 
to make it work. Discussion vill first deal with those 
processes through which research produces benefits and 
the principles that guide the distribution of those benefits 
among different economic sectors. It will then move on 
to the limitations and real possibilities of having potential 
beneficiaries pay for research costs. 
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Economic Sectors Participating in the 
Distribution of Agricultural Research Benefits 

Broadly speaking the benefits of research consist of 
increased economic surplis as the result of production 
cost reductions through technical change. This process 
takes place through ashift to the right in the supply curve 
for the commodity under consideration, thereby 
permitting reduced production costs and increased 
consuniptiori levels. Both the reduction and increase 
imply rising levels of economic activity ard, 
consequently, the greater well-being of society. 

The distribution of research b'rnefits is shown in Figure 
1(a). Line AD is the demand curve, and line CO is the 
supply curve before technological change. inlthis 
situation, QI is the quantity being produced for price II, 
and the total econormic surplus consists of ;.rea ABC. (It is 
assumed that the demand curve reflects the commodity's 
marginal utility for consuners; and the supply curve 
reflects the rirginal opportunity cost of resources used 
inlproduction). Techn1ological change displaces the 
supply curve to CO', generating a new equilibriIm 
situation with a higher qtraritity Q2 and a lower price 1P2. 
In the new scsratiori, the economic surplus is AFC, and 
are,' CIIF is the net increase in the surplur" produced by 
technical change, 

The econumic surplus generated by research through 
technical change is distributed among five different 
economic sectors. 

1.Consuniers 
2. Agricultural producers 
3. Liridowrners 
4. Producers of technological inputs 'hybrid seed, 
machinery, fertilizer, agrochemicals, etc.) 
5. Rural workers. 

The proportion of total benefits from technical change 
that accrue to each sector depends on the shape 
(basically, the elasticity) of the supply and demand 
curves, the type of technology involved, and Ie structure 
of the market for inputs and products. 

From the point of view of appraising alternative methods 
of research funding there are thret 'istributive conflicts 
that should be considered: 

* between producers and consumers 
*between producers and manufacturers of technological 
inputs 
* between producers (as entrepreneurs) and landowners 

Between producers and consumers. This conflict 
concerns what proportion of the economic surplus flows 
toward the consumers in the form of lower prices and 
higher consumption, and how much is obtained by the 
producer sector. Given a strpply situation (changes), the 
distribution of any ';urprlswill depend onl the elasticity 
of the demand curve for the commodity in qiuestiori. 
When the demand forthe goods is more elastic (inelastic), 
price changes produced by supply increases are smaller 
(greater) and the benefits to consumers are greater 
(smaller) than those to producers. 

Between producers and manufacturers of technological 
inputs. The crux of this equationl is the abilit" of those 
who produce the inputs to protect the know-how 
embodied in their product through patents, brands, or 
other mechariisms of exclusion for the use of the inputs. 
If this protection is possible, input suppliers obtain a 
certain degree of oligopolistic power which becomes 
monopolistic in the extreme case of total protection. 
Under srcLIa ,rket structure, suppliers have the 
leverage to set !;iputprices above production costs, thus 
securing for themselves part of the surplus generated by 
the use of their input in the prodIctive process. Through 
this process, part of the surplus obtained by farm 
producers will be transferred, via higher input prices, to 
producers of inputs. Input prices, which are higher than 
those that would prevail iu a perfect competition 
situation, limit the adoption of the new technology and 
the total surplus generated by technical change thus falls 
short of meeting its full potential. 

Briefly, when input producers are able to protect the 
know-how incorporated into their goods, the total 
surplus generated by technical change is Itssthan when 
the .,ew know-how can be used free of charge. Input 
producers are also capabie of appropriating part of the 
production surplus. In a temporal context, however, the 
ability to appropriate surpluses depends oir the effective 
capacity to protect new knowledge through patents and 
brands; inlgeneral, this capacity diminishes as the period 
of analysis isextended. 
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Between producers (as entrepreneurs) and landowners. 
Competition here is only relevant where producers do 
not own their land. Then the distribution of benefits 
between these two groups depends essentially onl the 
impact of new techniques on tile productivity of other 
production factors. 

This, inl turn, depends on the type of innovative 
technology in question and tile relative availability of 
leading priduction factors: land, capital, and business 
skills. Because in most countries there are absolute 
limitations to land availability, benefits generated by 
technical change are appropriated by landowners 
through increases in tile price of land. 

How the Economic Surplus Generated by 
Technical Change Can de Channeled Toward 
Research Funding 

Three econonmic sectors nust be considered when trying 
to determine how to divert economic surplus to research 
funding: consumers, input producers; and agricultural 
producers, including landowners. 

Consutmers are usually tile major beneficiaries of 

technical change processes. rron an institutional stand-
point, however, they are tile most difficult sector it) 
involve directly in research funding. The sheer number, 
dispersion, and poor organization of consumers are 
ma jor drawbacks. So is the minimal A.ize of the benefit 
that accnies to each individual consumer. Another 
difficulty isthat consumers seldom relate benefits (lower 

prices, better product quality) to technical change and 
research. The sun of these argunents means that as far 
as consuiners are concerned the sutrp1lus needed for 
research funding must be obtainel th1'ough indirect 
meclhaniisins. 

As for agricultural producers, it is more feasible to 
channel tovards research funding the suplus generated 
by technical change which they enjoy. Here too, 
however, we encounter onsiderations similar to those 
that inir,ede direct consuner contributions. The major 
problem is the relative difficulty of demonstrating tile 
exact telationship between researh, technical change, 
and econonlic surplus. Consequently, producer 
enthusiasm for research activities has rimained rather 
low, with interest flaring up largely in crisis situation,;, for 
example, pests or drought. Producers' lack of 
commlitment to agricultural research has on occasion 

been used to justify indirect mechanisms traditionally 
adopted to raise funds. Over time, economic surplus 
generated by technical change generally acciues to higher 
land prices. Thus, land taxes appear to be a legitimate 
mechanisn for redirecting surplus toward research. 

Other alternatives for obtaining part of the economic 
surplus generated by technical iange are also available. 
These, however, depend both oil the nature of the 
markets in which production is sold and oil certain 
characteristics of the economic and institutional structure 
of the agricultural sector. 

The fund-raising strategy of INTA in Argentina 
demonstrates an awareness of such depenidency. Because 
a considerable percentage of nation,'l agricultural 
production goes to tile foreign ma, ket, the agricultural 
sector contends with highly elastic demand. Any shift in 
supply primarily benefits tile producing sector. In this 
economic setting, an export tax serves to capture part of 
those benefits. INTA's budget draws largely on export 
taxes. This same type of economic alternative is feasible 
in economies with a broad potential for import 
substitution. In such a situation, expansion in production 
has no substantial impact on donestic prices and the 

producing sector captures the benefits of technical 
chan:ge. 

Another example of direct financing occirs when 
institutional formats bring toge!her different groups or 
subsectors of agricultural producers, thus facilitating an 
awareness among then of the importance of research 
and its instrumental contribution to the generation of 
econonic surplus. Awareness paves the way toward 
instituitonalizAtion oIfdirect financing miechalismls, as 

rTI)ERACAFE and CENICAKAPI'A in Colombia, and 
CIII'L\C in Brazil illustrate. These organizations ,ppear 
related to certain characteristics of the products which 
they produce, to tile degree ot regional concentration of 
production, and to tile honiogeneiy of the producing 
se"tor (Iifeiro and Trigo, 1083). 

Direct financing may take the form of specific taxes for 
research or allocations from promnotional funds, fed by 
taxes or direct producer contributions. It provides better 
opportunities than national agricultural research 
institutes oit)for est iblishing ties between producers and 
research, 

In this conteyt, we would like to mention the experience 
of the Regional Consortia for Agricultural 
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Experimentation (CREA Groups) inArgentina ald other 
Sou~thern Cone countries. Their producers participate 
directly in tile dissemination of nev technologies by 
setting tip producer groups which fund technical 
assistance and horizontal exchange of technology. On 
occasion, they also participate in testig and adapting 
technologies to the specific conditions of each producer 
group (especially for agronomic and management 
practices). 

Any discussion of the economic consetuences of 
research for the pioducers of technological inputs must 
distinguish between two situations essentially related to 
the nattire of tile input markets involved. Ini the first 
situation, if markets operate under standards of perfect 
competition, research costs are reflected in the input 
supply curve and are IasseL on throungh prices. The 
maglitunde of the increase delpeTs O tihe shape 
(elasticity) of tile demand curve. Increases in input prices 
reduce tile level of adoption ad tile technical chnge will 
produce a sm-aller sutpl us than if the research had been 
conducted by the public sector. Under such 
circumstanIces an alternative financial mechanism isthat 
of researIVI subsidies to prevent research costs from 
being added to input prices. The advisability of such a 
system must be assesse Iby comparing tile inagnitude of 
needed subsidies to surpluses that would otherwise be 
lost through higher input prices, 

A further point to be considere, I,although not one 
directly related to the appropriation of sulrplus, is that this 
reseaith subsidy mcIanism muight facilitate tile 
decentralization of certain phases oif tile process of 
developing nev technollotgies. IDecent raliA1tion ivoUld 
meanl greater competitive potential ald perhaps kep 
researchers lore closely in touch with tie problems and 
needs of the production process. An important topic for 
discussion here concerns policies onl brand nlates and 
patents for technologies develotped tuoder subsidy, for the 
possibility of taking out a patent would incorporate 
in perfect ions into tile market by al lowing inlpUt 
mantfacturers Ito raise tht,'ir ,rices in order to recover 
part of tile econom iCSimtpliulS genlerated by technical 
Jh. nge. 

'hIte second situation that we need to consider involves 
impuit markets which operate under oligopolistic or 
nionopolistic comnditions. I lere,input prices do not 
responid to production costs or to research and 
development costs, but instead are determined by the 
degree of excuilsive central exercise by timeproducing 

LgO 

firm. Subsidy mechanisms are of limited use. The 
alternative is to establish taxes based onl the economic 
benefits (earnings) of enterprises. This would make it 
possible to recover part of tile surplus appropriated by 
the producing enterprie, withtout total loss of the surplus 
resulting from higher input prices. 

A final consideration relevant to how the economic 
surplts generated by technical change can be channeled 
toward financing research relates it tile long-term nature 
of research. While research costs must be met il the 
present, research benefits materialize in the fultre. The 
temporal dissociation between financial requirements 
and research impact is generally associated with the usual 
limits of political support for research. Traditionlal 
research financial schemes, based oil public fMds 
(annual allocations from the national budget) mean, in 
effect, that income from today's taxpayers is being 
forcibly extracted to subsidize future generations. 
An alternativ, woOUd be the use of medium- and long­
term credits to finance research. Those who actually 
benefit from neV technology Vold then assume the 
costs of generating it. Such a credit system, however, 
woUld intensify one of the problems already plaguing 
research in Litin America: the o is too little contact 
between those Who use new technological discoveries 
and those who selmIt research priorities. Indeed, 
financing through credit weakens the ties between 
research organizatiotn'; ,Id research users; it also 
complicates follow-U t; studies on tile effectiveness and 
relevance of tile inn .. ,at,rn process. 

Topics for Discussion 

I-ack of boclgetay sunpport for agricultural research is 
frequently attributed to its long-term nature and to the 
difficulty beneficiaries have in linking research 
investnmenis directl' to research benefits, whether in the 
forn of higher prodiuction, better products, or lower 
prices. As a consequence, agricultural research has had to 
rely oii tu'atitional fimting mechanisms, most commonly 
Oil direct allocations f;om the national budget. This 
approach, however, has Ilot provent sounlld for obtaining 
stable budgetary support. The persistent economic crises 
beleagtering many countrie., in n'cent decades, and poor 
ties betwe'', otganizations and research users'.'search 

'rode the dep , .ibility of traditional modes of 
finialcing. 



In recent times, discussion of these issues has gravitated 
increasingly towards the forging of stronger relationships 
between researchers and research users as asolution to 
fu ding problems. The positive experiences of specific 
agricultural research organizations such as those for 
coffee and sugar cane in Colombia, and cocoa in Brazil, 
have contributed to growing interest in alternatives for 
financing research, 

'rhis paper has analyzed such alternatives by examining 
the processes through which different types of research 
generate benefits, and the economic and institutional 
mechanisms available for converting part of these 
benefits into substantial financing for research activities. 
The analysis has shown, however, that for purposes of 
implementation, the concrete possibilities we can identify 
for appropriating benefits as research financing are not 
generic. In most instances, possible funding mechanisms 
are related to characteristics of aspecific type of research, 
commodity or institutional organization in the 
agricultural sector, or to a specific production situation. 
What we need to consider, therefore, are the validity of 
indirect fund-raising mechanisms (for cxample, specific 
taxes or credits), the feasibility of implementing them 
under different circumstances, and the reliability of 
various institutional formats for exploiting this financial 
potential without altering either the long-term objectives 
or the productive capacity of the technological system. 
We cannot dissociate this last point from tle issues 
discussed in the previous section regarding different 
types of research an1dthe necessary interrelationships 
among them. 

Operational Alternatives: Institutional 
and Project Funding 

In Latin America the basic funding mechanism for 
agricultural research has been functional at the 
institutional level: resources are apportioned to support a 
research organization, in accordance with the budgetary 
needs of its operations and overall research program, 
Several countries have been introducing modifications in 
recent years that incorporate prc-'zct funding schemes. In 
such schemes, funds are allocated to researchers or 
research teams oilthe basis of specific research 
proposals. Both the basic ftnding mechanism and this 
increasingly popular alternative have advantages and 
disadvantages in administrative and in manageriil terms, 
as Well as found long-term implications for research 
prieritie. .1(' institutional organiation. 

Advantages and Disadvantages of Funding 
Options From the Point of View of Resources 
Available for Research 

listitutional funding involves fewer administrative costs 
per unit of resources used for research (Ruttan, 1982). 
Similarly, this format minimizes the time researchers 
must spend obtaining funds to support their projects 
(Bredhal, Bryant, and Rultan, 1980). 

The major advantage of project financing, on the other 
hand, is the way in which it increases an institution's 
ability to moltl I research programs to the needs of 
spvcific users. Consequently, project funding enhances 
the possibility of maintaining better, more direct ties with 
users. rhis format can, therefore, help eliminate barriers 
between research institutes and the production sector, 
barriers which heip account for the lukewarm political 
support that has affected research in recent times. At the 
same time, the greater flexibilityof the project-funding 
system is important for attractini, specific resources that 
would othervise not be channeled into research, also for 
harnessing the research capabilities of organizaltions not 
oriented towards researh as a high priority activity, but 
which, nevertheless, have htm an and institutional 
resources useful for developing this type of activity. In 
Latin America, this is a particularly important possibility 
for universities, given their large contingents of human 
resources and lack of budgetary support needed for 
incorporating research effectively into their educational 
activitie,. In certain respects then, project financing 
permits a freei flow and better use of certain resources 
than institutional funding does. It does not appear to be 
as effective, however, for assuring the development of 
certain typos of basic research, e:-the persistence of long­
term programs in specific areas. Concrete examples bear 
Oiti this contention and suggest that institutional 
fitiancing schemes have special advantages in assuring 
systematic research coverage. Consider, for example, the 
funding of coffee research in Colombia and Costa Rica, 
cocoa research in Brazil, rbber research in Malaysia, and 
the experiences of the international centers financed by 
the Consultative (roup on International Agricultural 
Research (CGIAR). 

rinally, r:'search programs in sytems that depend 
primarily on institutional support tend to be hermetic 
and self-pertuating to a high degree, a phenomenon that 
has been identified as a main cause for the loss of contact 
with user groups. The greater flexibilityof project 
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financing facilitates the introduction and incorporation of 
new areas of scientific and technological interests, 
counteracting any "geriatric" tendencies in the institute 
concerned and orienting research more intensively 
towards solving production problems. 

Long-term Effects of Funding Alternatives on 
Research Priorities 

Choice of funding systems is likely to bear important 
implications for the composition of an institution's 
research package and the organization of its research 
system. These implications derive from how different 
funding systems involve different points of decision-
making about research priorities. In the case of 
institutional funding, such deci,,',nsare made by the 
research organization itself which submits a 
tomprehensive program of proposed activities to the 
central government. The government then usually 
allocates funds without analyzing research priorities or 
needs, but purely on a basis of overall fiscal 
considerations. In the case of project funding, however, 
decisions about what research will be carried out are 
largely a perogative of the funding source. 

This difference has a dccisive impact on the continuity of 
research prograns and on the possibility of ensuring a 
proper balance between differ'nt types of research and/ 
or the needs of different clientele groups. With 
institlitioal funding, such continuity balance is 
ostensibly achieved through the processes of planning 
and allocating priorities for the agricultural sector, 
Formally, these processes are the responsibility of 
external planning agencies but, in practice, research 
instittles have considerable independence in decision- 
making (ifw'eiro and Trigo, t 82). This has made it 
possible for thew to maintain a certain continuity in their 
research programs, even though in too many cases their 
course may have diverged from national priorities in 
general, from agrarian policies in particular, and from the 
priorities of users. 

The use of project funding decentralizes decision-making 
about research priorities. It,thert ore, introduces a need 
to develop alternative mechanisms for maintaining 
consistency among re:earch prograns and for keeping 
them relevant to overall policy objectives. The LuTent 
trend toward the establishment of National Research 
Councils recognizes this need. Such Councils provide an 
appropriate framework for coordinating the full array of 
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research activities in the national system and for striking 
a balance among various types of research and the needs 
of users. 

Topics for Discussion 

The inadequacy of budgetary support that haunts 
agricultural research in Litin America and the Caribbean 
has been attributed to different causes. These include the 
economic restrictions and fiscal crises seemingly endemic 
to the countries of the region and the common notion of 
politicians and consumers alike that agricultural research 
activities are sluggish, ineffective, and unrelated to 
production problems. 

These difficolties, especially those involving the public's 
perception of research, may derive from certain 
characteristics of existing institutional models for the 
generation and transfer of technology. These models 
have tended to minimize contact between researchers 
and clientele for specific technology. Instead they have 
favored centralized institutional schemes designed to 
make more efficient use of comparatively scarce 
available resources. 

Developments in recent times indicate that if new 
flexible schemes for financing research can be more 
widely introduced, such as project funding, for example, 
then research programs might be streamlined and the 
resources available for agricultural research might even 
increase. At the same time, the use of these mechanisms, 
it must be conceded, introduces the risk of disintegration 
of the research system in the agricultural sector and loss 
of the capability to embark on long-term programs in 
pursuit of comprehensive objectives for scientific and 
technological development. 

The central issue, therefore, is how to incorporate the 
advantages of acompetitive mechanism such as project 
funding, while maintaining the capability of the overall 
system to embark on long-term programs. In the light of 
recent experiences in the region, the main topic we wish 
to suggest for discussion is how we can achieve 
institutional alternatives that would both allow this 
balance to be maintained and permit current 
organizational structures to be adjusted while the chosen 
alternatives are put into effect. 



Summary and Closing Remarks 

The problems of funding agricultural research in Litin 
America are embodied in two closely interrelated issues. 
The first involves the amount of budgetary support 
forthcoming during the past 20 years. The second 
involves the nature of tile mechanisns through which 
allocated funds flow into research activities, 

TIe agricultural research budget for the region as a 
whole has expanded dramatically in the last two decades. 
Yet, the picture varies strikingly in different countries. In 
some, budgetary growth in the lOs gave way to 
stagnation, even collapse in the 1070s. Extrenle year-to-
year variations ako have characterized recent agricultural 
research budgets in a number of countries, 

When the budget situation in Latin America is compared 
with that elsewhere in tile world and the profitability of 
investment in agricultural research isconsidered, the 
con1clusion is inescapable that the region is 
underinvesting. Moreover, once budgets are compared 
with the requirements of a mininun research module, it 
becomes clear that ill all too many LItin American 
countries, the financing made available is inadequate to 
maintain an agricultural research infrastructulre with any 
realistic chance of success. 

[he challenge that emerges from this analysis is how to 
obtain larger, more stable budgets for the better 
development of research activities. 

Traditionally most agricultural research has been a 
public-sector activity funded through anational research 
institute by an annual allocation froma the natioo1al 
budget. [his has placed agricultural research in direct 
financial coi petition with other public-sector activities. 
In view of groving fiscal deficits in many Litin American 
countries, and given the predoiminantly long-term nature 
oif agricultural research activities, tile competitive 
:;ituation has meant a loss of budgetary support for 
research. The rise of alternative methods of funding 
agricultiiral research, such ,is financing from spocific 
private sources and project funding may, perhals, be 
interpreted as responses to this unsatisfactory sit ation, 
responses which, at least in theory, promise to be able to 
provide some remedies. 

Participation of Ile private sector in financin,,agricultural 
research augurs well for increasing and stabilizing 
budgetary support. Yi. certain matters nust not be lost 

sight of in designing financing mechanisms for the 
technological system as awhole. 

In the first place, participation of the private sector is
 
usually confined to certain types of products and specific
 
institutional situations, for example, export goods and
 
commodity organizations. For this reason, public
 
participation remains indispensable for maintaining a
 
proper balance in efforts to supply new technological
 
know-how.
 

In the second place, private participation is partial to 
certain types of agricultural research, applied and 
adaptive, and to activities closely related to the 
development or inprovemnlt Of inputs, capital goods, 
and in general, technologies for more economically 
developed sectors. As a result, public participation 
assumes great importance, both for providing services to 
the small farring sector and for maintaining the overall 
productive capacity of the technological system. 

Project financing mechanisns offer greater flexibility for 
adapting research to the conditions and needs of users. 
Consequently, they are a better vehicle for connecting 
users to research organizations; arelationship 
inadequately developed by nlo;t systems that receive 
institutional financing. Indeed, a short circuit between 
researchers and prospective clients is regarded as one 
cause behind the decline in political and budgetary 
support for agricultural research. 

It is important to realize that financing schenes based on 
proiect funding may well fragment tile capacity of a 
research system. T'he~e schemes hinder long-term 
research programs, especially for basic research. They 
also tend to interfere with the setting of research and 
development priorities which confirm to national 
objectives for overall development. 

There is no doubt that private participation in project 
financing may help improve tie level and stability of 
financing for research activities. It isclear, however, that 
private participation cannot replace public funds. Proje:t 
funding does not eliminate tile need for effective 
institulfional financing. The central thesis of this paper is 
that tie funding of agricultural research institutions 
should be designed to make use of the advantages of 
bt h public and private schemes. The end result should 
be a research package that maintains a proper balance 
anong different types of research, sensitive to the diverse 
technological needs of the many research users in the 
agricultural sector. 
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APPENDIX 1: 	Litin America and the Caribbean: 
Budgetary resources for agricultural 
research in 1980. 

Zone and country 	 Budgetary 
iesources 
(US$1,000) 

Northern Zone 

Costa Rica 2,083 
El Salvador 2,875 
Honduras 979 
Mkxico 66,155 
Nicaragiua 1,815 
Guatemala 5,785 
lPa,ama 2,255 

Caribbean Zone 

Barbados 901 
Hlaiti 290' 
Jamaica 770 
Surinam 2481 
Grenada 206 
Guyana 419' 
Trinidad and Tobago 771 
Dominican Republic 2,336 

Andean Zone 

Bolivia 3,292 
Colombia 2,610 
Ecuador 0,857 
Venezuela 39,171 
l',r6 ',355 

Southern Zone 

Argentina 152,410 
Brazil 142,317 
Chile 12,866 
Paraguay 0,547 
Uruguay 8,17 

1'78 
" 1973 

1077 
Sources: Oram and Bindlish (1981); Pifielro and Trigo
(1983). 
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APPENDIX 2: Production value of wheat, rice, corn, potatoes, cassava and beans for countries of Latin America and 

the Caribbean - average for 195u-19FO (data in thousand U.S. dollars). 

Zones and Countries Wheat Rice Corn Potatoes Cassava Beans 

Northern Zone 
Costa Rica - 59,332 9,639 2,775 3,586 7,873 
El Salvador - Io26 54,740 1.332 2,527 23,352 
Hlonduras 147 9,128 ,2,126 555 1,712 23,908 
Mexico 397,920 156,480 1,097,180 83,916 5,151 479,828 
Nicaragua - 21,842 23,443 222 3,847 29,079 
Guatemala 7,641 10,758 97,818 5,550 1,891 42,236 
Panama 59,658 8,330 1,221 6,520 2,129 

Caribbean Zone 
Birbados - - 179 - 163 -
Haiti - 37,164 22,372 888 32,682 26,132 
Jamaica - 1,304 1,309 1,221 3,423 -
Suriname - - - - -
Grenada - - 119 - - -
Guyana - - - -
Triniidad & Tobago - - - - 815 -
Dominican Republic - 106,602 5,355 2,664 28,574 21,217 

A ndean Zone 
Bolivia 8,350 33,904 38,437 84,582 44,499 1,112 
Colombia 6,659 545,398 98,770 197,469 343,115 41,70 
Ecuadoi 5,954 109,536 28,203 44,955 49,389 15,56E, 
V'nzcuela 147 167,564 82,467 21,423 58,517 25,57b 
Peru 16,905 166,912 73,780 184,371 68,297 30,580 

Southern Zone 
Argentina 1,198,050 101,386 925,582 175,824 35,860 101,748 
Brazil 374,556 2,749,810 2,055,963 212,343 4,111,512 1,177,608 
Chile 120,687 36,838 41,293 89,910 - 32,820 
Paraguay 4,998 20,212 51,884 666 280,360 31,136 
Uruguay 49,333 75,958 16,898 15,207 - 1,573 

Source: 	 Compiled on the basis of data from FAO production yearbooks using average national and iniernational 
prices during the years 1975-1980. 

Note: 	 A hyphen (-) means that data were not available or did not exist. 
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CHAPTER SIX: International Cooperation in Agricultural Research
 

Eduardo Venezian L 
Director of the Postgraduate 
Program in Agricultural Economics 
Catholic University of Chile 

It is widely acknowledged at the present time that the 
solution to world food and rural development pioblems 
depends largely on agricultural research. Farmland is 
becoming scarce throughout the world. Growth of 
agricultural production and income must come 
increasingly, therefore, from the higher productivity of 
resources employed in agriculture. It is not surprising 
then to observe amounting interest on the part of 
international organizations and development agencies 
based in industrial countries to encourage and support 
agricultural research on a worldwide basis. 

This interest has been reinforced by abundant evidence 
from economic analyses which show high social returns 
from investment in agricultural research, both in 
developed and in developing countries (Evenson et al., 
1980). 

Intern,,donal cooperation for agricultural research 
involves multiple objectives, disparate participants, and 
widely varied me hods of action. The composite picture 
is acomplex one. There are far-reaching, specialized 
international and regioa.al organizations, such as the Food 
and Agriculture Orgaaization (FAO) and other United 
Nations agencies, the Inter-American, African, Asian, 
and World Banks, and the Inter-American Institute for 
Cooperation on Agriculture (IICA). Additionally, there 
are the foreign aid agencies of more advanced countries: 
the United States Agency for International Development 
(USAID); the Canadian International Development 
Agency (CIDA); the International Development Research 
Centre (IDRC); the Swedish Internatior.al Development 
Agency (SIDA); the United Kingdom Overseas 
Development Agency (ODA); and others. Finally, there 
are philanhropic foundations like Ford, Rockefeller, and 
Kellogg, multinational companies, and other private 
institutions that give international aid. 

These three types of institutions assist agricultural 
research programs financially and/or technically.They 
act bilaterally or multilaterally, or else work in an indirect 
wa' as, for example, when financing international 
centers for agricultural research (the International Center 
for Improvement of Maize and Wheat (CIMMYT), the 
International Center for Tropical Agriculture (CIAT), the 

International Rice Research Institute (IRRI), etc.) We have 

had considerable experience with this kind of assistance 

which is well documented, even if rigorous evaluations of 

its effectiveness remain to be made. 

Another form of international cooperation known as 
"horizontal cooperation," has been acquiring growing 
importance in recent years. Horizontal cooperation 
involves groups of developing countries working 
together in programs or organizations that entail a 
significant amount of mutual aid, without this 
collaboration curtailing in any way the contributions 
from outside bodies that Fuch programs cr organizations 
may receive. The institutional forms of horizontal 
cooperation for agricultural reaearch have been labelled 
"international associations," to distinguish them from 
traditional international organizations (Venezian, 1982). 
Examples include IFARD, SEARCA, PRECODEPA, 
CONOSUR, regional scientific agricultural and animal 
associations, and others. In general, these associations 
have alimited scope, are regional, far from rich, and their 
activities are not well known or documented. 
Nevertheless, it appears that sometimes they help 
strengthen national agricultural research, especially 
aspects not amenable to intervention by larger agencies. 

Whatever form international cooperation or assistance 
may take, it implies decisions and the use of 
complementary national resources. Furthermore, 
international assistance necessitates administrative tasks 
which represent significant inputs for the research 
institutes of developing countries. The economic and 
administrative implications for national institutes are 
particularly important; while such cooperation demands 
active participation, it contributes little by way of foreign 
financial resources. 

This paper is concerned with international cooperation 
from the perspective nf the national agricultural research 
systems, or institutes, of developing countries. Special 
emphasis isgiven to horizontal cooperation because of its 
increasing prominence, particularly in Litin America, 
and because it influences the administration of research 
in developing countries more than assistance does from 
traditional international organizatior . 

See the annex at the end of this paper for an explanation 
of the acronyms of international associations appearing 
in the text. 
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The following analysis and criteria of evaluation, 
however, are applicable to allforms of international 
cooperation. In this paper, the subject will be approached 
strictly from the point of view of recipient countries, 
omitting considerations specifically relevant to donor 
agencies a,countries. 

For purposes of evaluation let us consider international 
cooperation for agricultural research as an economic 
activity; an activit, that is, using resources and 
generating a product. In this context, international 
cooperation can be analyzed in terms of the inputs that it 
contributes to the research proce,;s itself, by how it thus 
influences research productivity, 

In principle, it is widely accepted that the goal of 
cooperation is to increase the social returns from 
investment in agricultural research in developing 
countries.: The economic approach has the advantage of 
providing a frame otanalysis that makes it possible to 
identify variables relevant to the problem and to apply 
explicit criteria that may help in decision-making. It iE 
this approach which we will use to evaluate the 
implications of international cooperation for national 
agncultLral research systems (NARS). 

Because the mechanisms of international cooperation are 
diverse and complex, especially those of the 
comparatively little known horizontal cooperation, in the 
next section of this paper we examine different forms cf 
assistance to the NARS of developing countries. We also 
present a model for classification and functional analysis 
that expedites the selection of institutional alternatives in 
keeping with the specific needs and conditions of 
developing countries, 

This is followed by a discussion of the problem of 
evaluating international cooperation which introduces a 
conceptual model for guiding decisions on resource 
allocation in developing countries to cooperative 
programs for agricultural research. 

It is possible that in some instances aid provided by 
advanced couniries has other objectives (e.g., political, 
social, or economc gain for the donors). These will not 
be considered here, for they fall outside the interests of 
national agricultural research systems. 

Finally, we draw conclusions from the preceding 
analysis, and suggest areas and forms of cooperation 
promising for future actions to strengthen the NARS of 
developing countries. 

Modes of International Cooperation 

National Agricultural Research and External 
Cooperation 

International cooperation loragricultural research means 
collaborative work between developing countries, and 
international organizationn or a og.;es from advanced 
countries, or shared efforts among A three. The aim of 
cooperation is to transfer resources, scientific and 
technical knowledge, and organizational know-how to 
the NARS of developing countries effectively with the 
ultimate purpose of strengthening them .nd raising their 
productivity. 

Implicit in this definition of cooperation is that 
agricultural research on the national level is necessiry 
and cannot simply be substituted for by importing 
knowledge and hiformation from othtr centers. This fact 
is being emphasized increasingly by experts, who 
recognize that many agricultural problems and 
technologies are highly speciiqc to a country or region 
(Schultz, 179; Johnson, 1979). 

Even if a large part of availab!.: scientific and technical 
knL 'edge can be transferred among countries, its 
effec, ,euse by farmers requires adaptation to local 
conditions of soil, climate, and other variables. 
Furthermore, dissemination of new techniques 
frequently results in difficulties at the local level which 
can only be overcome by further research. 

On the other hand, modem agricultural technology, 
based on science -nd engineering, is complex. Its practice 
in a new setting can only be achieved successfully by 
1\ell-trained professionals. All this requires tlhe 
development of a national capacity for research. The 
extent and excellence of research systems may vary with 
conditions in each country, nevertheless, some type of 
indigenous research oryanization is essential in order to 
make effective use of modem technology and scientific 
knowledge in agriculture. 

The creation of international agricultural research centers 
(IARCs), beginning in the 1960s, was a most significant 
innovation in the field of international cooperation; it 
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represents an irnportant contribution by developed to 
du%eioping countries. The exi,tence of the IARCs, 
lto%%,-er, brings greater demands to bear upon the 
NARS. In fact. the present-day urgency of strengthening 
national institutes derives in large part from their 
centrality of the international centers tcthe productivity 
(Rottan, 10,t2). 

Ihis ,ituation has induced a certain reorientation of 
c\tcnal aid, with a priority for supporting the outreach 
activities (extension or links with NARS) of the 
international centers. In an ana,ogous manner, 
recognition of the need to rei frce the NARS has 
prompted creation c,specialized organizations, such as 
the International AgriLultvral Dtevelopment Service 
iA1)S,, spon-ored by the Rockefeller Foundation, and 
the International Service for National Agricultural 
Research (ISNAR), funded by the (onsultative Group for 
International Agricultural Research (CGIAR). It has .,',; 
motivated heovy loans from international banks for the 
NARS of many countries. 

Notwithstanding the result-,achieved in international 
cooperation dciriog the last ;'ourdecades, many problems 
persit. The \,orld situation a'.dpolitical conditions, 
moreover, are not what they once were, making many 
strategies and policies of the past no longer relevant. In 
effect, newly independent countries have emerged, 
increasing global heterogeneity with respect to resources, 
levels of development, and human capital. The rapid 
technologicat and economic progress of industrialized 
countries has, at the suine time, both opened up new 
agricultural posibilities and reduced the competitiveness 
of products from devdeping countries. Pol;tica[ attitudes 
in both groups of countries have changed, compounding 
the difficulty of trYing tocontinue to cany out certain 
types of traditional collabotation. Furthemmore, the 
.,mount of resources ailocated for economic aid h,.s been 
reduced significantly, and large international 
organizations have, for various reasons, lost some of their 
past eftectiveness. 

All of these developments suIIcst that maintaining active 
NARS %\illdemand new ideas, and approaches, with 
recipient countries called upon to play a more active and 
direct role. Horizonal cooperation through interational 
associati-,ns thus acquires particular, timely interest in 
relation to agricultural research, 

As a consequence of the diversity of developing 
countries, their problems, and concerned interational 

agencies, there are many ways in which cooperatio, 

agricultural research can be structured. In order to 
examine the relative effectiveness of alternate fc..i ats, it 
is convenient f,rst to define both (a) the NARS, and (b) 
their main problems It is, after all, the limitations and/or 
deficiencies of the NARS thai justify current 
international action. 

The national agricultural research systems 

Agricultural research, as a formal scientific activity, is 
relatively new in developing countries, generally only 
having started after World War 1I.From its beginnings 
until a few years ago, the most important or sole agent of 
agriculturil resear, I has been a central -ational institute 
of public character. Stuch institutes have also usually been 
the principal national recipient of foreign aid for 
agricultural research. In recent years, however, other 
institutions have gained significance in the field of 
agricultural research. These now need to be considered 
components of the NARS as well.They have also been 
een to play increasingly important roles in schemes of 

international cooperation for agricultural research. 

Alth,)ugh it is not possiole to generalize abocit a typical 
system --the heterogeneity of developing countries is too 
great - the following cotegories of institutions can at least 
be distinguished as common components of a national 
system. 

C:ntral national institute. With a network of centers and 
experiment statiois, this type is usually the largest, best­
staffed and funded agricultural researcl institution. 
Programs cover a broad spectrum of subjects and tasks, 
and research undertaken is as a rule of a long-term 
nature and has an applied, problem-solving orientation. 

Decentralized or specialized public research institutes. 
These are similar to the central national institute in 
organization, but with narrower work areas, restricted 
geographical programs (e.g., state centers in Brazil), or 
specific o ops (e.g., sugar cane, coffee, livestock) or 
problems (e.g., dryland agriculture). 

Universities, colleges, and schools of agriculture. The 
degree to which these institutions actually engage in 
research varies greatly. In some countries their research 
function is significant. Usually, however, universities 
operate on a project basis, which means commitment to 
shorter-term, sharply focused studies of a theoretical 
rather than applied nrure. 
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Farmers' organizations. In many countries, certain 
experiment stations or rm'search institutions ar supported 
by farrer ' organizations. Links with the national 
research establishment are often informal and weak. 

Industry-supported institutes. Large business or 
industrial concerns may txca-iona'lv n' agricultural 
research institutes devoted to slpecial crops (e.g., cocoa, 
malt, barley) or problem: leg., seed improvement) of 
commercial interest to thnm. The results of their research 
do not necessarilv become public. The effect on doiaeatic 
agriculture anc. overall national research is fairly Unitcd. 

Private research institutes. Several developing countries 
have research institutes supported by private groups and 
foundations or run by individuals for profit. These may 
be of importance in restricted geographical areas. 

As noted earlier, interuatien rl assistance for agricultural 
resea-ch has been concentrated on supporting ti e first 
type of institution, the rational agricultural researci. 
institute. Nevertheless, at the present time international 
cooperation must take into account the whole national 
research system. In particular ways, such as the training 
and exchange of scientists, universities now play acrucial 
part. On the other hand, the increasing interest of the 
private sector in overall research and development (R&D) 
activities ispenetrating; to the agrarian sector. To make 
the m1st of the potential contrbution of these various 
in-titutions to collaborative internatioaal programs, their 
input must be recognized. 

Problems and Needs of National 
Agricultural Research Systems 

The programing and management of foreign assistance, 
from the standpoint of donor agencies as well as recipient 
countries, is largely a function of the deficiencies and 
needs of the NARS. Depending,on the nature of local 
problems, different forms of international cooperation 
will be more or less efficient .ahelping to solve them. 
A scat-ning of evaluation reports oir tthe research systems 
of developing countries shows certain common major 
bottlenecks to perfonrance and growth - not all of 
which are present everAvhere: 

Undervaluation of research. Agricultural research is 
not sufficiently well understood and valued by its direct 
beneficiaries, farmers; it is even less appreciated by the 
general public. Polic--makers and govemmenk reflect 

this undervaluation through the expenditures which they 
approve -or national agricultural research. These are 
generally lcw, in relation to thc agricultural GNP, but the 
lowest of anywhere, in f,,ct, is in Latin America (Boyce 
and Evenson, 1975). 

Neglect of research results. For various reasons, 
research results often are not utilized, or they takea !ong 
time to reach producers. It may be that the recommended 
technology is ill adapled to local conditions, or 
uneconomical. Whatever the reason, to the e tent that 
findings are not implemented, the s. _.al i ayoff of 
investment in research is obviously iower than it might 
be. 

Weak communication within research systems. 
National research systerns do not have a cohesive 
structure. Communication among institutio. s is weak. 
National progran.. may duplicate domestic or foreign 
research efforts, leave significant gaps, subside into 
routine, or fail to respond to changing situations. 

* ln-dequate program planning and design. Poor 
planr ing adversely affects the setting of priorities, drains 
staff. aotivation, and rcduces a research system's 
sensitivity to farmers' needs. 

Scaicity of skilled managcment professionals. 
Research management, especially complex in institutes 
with outlying stations and dependencies, requires skilled 
specialized administrator. These are usually trained on­
the-job. Frequent turnover, however, for reasons often 
alien to research, make it difficult to keep proven 
managers in responsible positicns. 

* Difficulty in training and retaining staff. Fr(quent 
complaints refer to the scarcity of highly trai ,ed staff 
available for agricultural research and the "brain drain" 
of qualified personnel away from the research system to 
other better paid activities. Opportunities for training 
researchers are limited, and reduction in international aid 
for fellowsr is has aggravated the skilled rmanpower 
problem recently in many countries. 

Shrrtage of funds. Although shortage of fund's is 
practically always a prob!em in almost any research 
activity, in agricultural rese irch there is acute 
underinvestment. Budgetary inflexibility ind 
administrative procedures, moreover, far too often 
obstruct execution of projects. 
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* Wea!,ness of the professional research environment, 

Given the relative newness of agricultural research 
systems in developing countries, it is not surprising that 
much remains to impro"e about the work environment; 
there is still too little professional stimulus, exchange of 
ideas, constructive criticism, academic incentive, ind 
recognition - all essential elements for the efficient 
performance of researchers. The small size of many Latin 

American countries, or of their present agricultural 
research system, is a serious obstacle for developing a 
professional environment conducive to greater creativity 

and productivity. 

Problems of access to germplasm and other inputs. 
Restrictions imposed by various countries on the 

importation of genetic material and other elements 
required for experimentation often hamper their 
agricultural research system. 

This range of basic problems, despite differences among 
regions and countries, constitutes a generally reliable 
map of areas where international cooperation can prove 

most valuable. It provides specific targets for 
improvement, useful for evaluating how different forms 
of international cooperation perform in lerms of meeting 
the needs of NARS in developing countries. 

The persistence of the problems noted above, even after 
years of assistance ai.defforts, testifies to the great need 
which remains for innovative ideas and approacles to 
international cooperation. In answer to this need. current 
programs of horizontal cooperation appear pron ising. 

Format of International Cooperatkn 

International cooperation for agricultural research can be 
divided in two categories, depending on the origin of the 
resources involved and the degree of multilateral 
participation by developing countries. The first category 
contains "traditional" international organizatiom, foreign 
aid agencies or foundations of industrialized countries, 
and various bodies which they have established, such as 
CGIAR. The second category consists of "international 
associations" (IA) characterized by a high level of 
horizontal cooperation among countries who are 
recipients of aid. 

There is a large variety of lAs, many of them little known 
(cf. Appendix). Further discussion here of fonns of 
international cooperation refers especially to this group 

of institutions and programs, drawing on the abundance 

of examples and experience which they have to offer. 

Cooperation with traditional organizations, 
predominantly in the general context of agricultural 
development, has involved three distinctive alternatives: 
(a) counterpart professionals, that i-, foreign scientists 

and technicians, have been hent to developing countries 
to collaborate -',.dr n:itionals in performin-, research; (b) 
institutio! al agreements have been igneo, generally with 
universidis of developed countries, in which donors 
undertarke to providc a whole set 2f sor'.ices for a 
collaborative program; (c) IARCs have been established 
(Ruttan, 1982). 

The first two of these models predominated u.:til the 
beginning of the 1970s. In addition to long-teri visiting 
,taff, they might include any of the foll,.ving in their 

programs: consultants, libraries, equ.pment, new 
buildings, scholarships, administrative services, and 
operational hinds. 

With the advent of IARCs, cooperation has become 
indirect and multinational: assistance for agricultural 
research comes from various sources, is concentrated in 
the centers, and is not intended for the benefit of any one 
country in particular. Fundamentally, these centers are 
sources of new scientific and technological knowledge, as 
well as repositories of genetic materials. Unlike earlier 
models of international cooperation, however, they lack 
resources to donate to national institutions. 

The decline of bilateral aid programs and ascendancy of 
multilateral ones in the past 15 years further emphasizes 
the importance of horizontal cooperation through lAs. 
lAs provide a valuable mechanism to channel part of the 
aid given by traditional organizations. In fact, to carry out 
their activities almost all lAs attract resources from 
traditional organizations. 

lAs listed in the Appendix include the most important 
ones, those that have had or might soon have a 
significant role in agricultural research. Many have a 
wider scope of activities. In order to appreciate the nature 
of these associations and of their influence on agricultural 
research adequately, despite their heterogeneity, some 
generalizations about them are necessary. Suggested here 

is a classification of lAs based on convenient criteria, that 
might help decision-makers in developing countries 
make choices related to desirable forms of international 
cooperation. 
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Disparate criteria can be used to Llassify lAs: 
geographical area, government participation, degree of 
organization, financial sources (Venezian, 1982). Given 
the purposes of the present analysis, however, the most 
pertinent approach is clearly one that focuses on the 
objectives of various lAs and their modes of operation, 
with particular reference to agricultural research, 

Objectives 

In general, lAs are set up to achieve one or more of the 
following objectives. The acronyms of lAs listed in the 
Appendix appear in parentheses below to indicate 
associations which would include the objective in 
question among their primary goals: 

Training. Trained manpower for agricultural research 
can be acquired either through academic degree 
programs (UWI, SEARCA), in which case education 
itself assumes the highest priority, or through special, less 
formal courses, usually associated with research or with 
other primary functions of an institution (CATIE, 
CIDIAT). 

Research. When research as the pursuit of new 
knowledge is a primary goal, an IA may execute research 
itself in its own facilities (INCAP, CATIE), or execute 
research in cooperation with other institutions in their 
facilities (REDINAA, PCCMCA); or sponsor or fund 
research to be performed by external persons or 
institutions (SIECA, PRECODEPA). 

Technical assistance. Provision of advisory and 
consulting services on agricultural matters can be done 
directly by an IA, or the association may serve as a 
clearing house to bring together those who offer and 
those who require such technical assistance (INCAP, 
CATIE). 

Diffusion of information. An IA may facilitate access to 
or disseminate information. This information may be 
scientific, technical, economic, or in some other way 
related to broad areas of agriculture. It is not merely a 
question of publishing in-house rese,:rch results. 

Exchange of knowledge, professional discussion. The 
IA's task here is essentially to provid- a forum for 
agricultural scientists, technicians, and policy-makers in 
recognition of the inherent value of the excha: ge of ideas 

(ALCA, AAASA, AAACU, PCCMCA). Any additional 
effects of these exchanges would fall under other 
objectives. 

Coordination, planning, central administrative services. 
Some lAs are set up explicitly to facilitate coordination 
and joint planning to avoid duplication, to achieve a 
critical mass of manpower, to ensure proper control, 
and/or to administer collaborative agreements 
previously established (APCC, PROMECAFE, GIRSA, 
REDINAA). 

Promotion or protection. Certain lAs, especially those 
organized around a specific commodity, theme, or 
problem, are primarily concerned with promoting, 
protecting, or otherwise fostering the interests of their 
subject. Fund-raising, lobbying, advertising, and public 
image campaigns are all directed to this single end (RGA," 
APCC). 

In general, lAs pursue several objectives simultaneously. 
Niany, it should be noted, do not have agricultural 
research as explicit objective. Even the actions of these 
lAs, however, influence agricultural research with 
varying degree of intensity. 

For the sake of simplifying the complex picture 
presented by the multiple functions of lAs, let us now 
distinguish them according to the relative impotance of 
agilcultural research among their objectives: 

* Agricultural research is a primary objective. 

* Agricultural research is a secondary objective, or 
though not explicitly addressed, it is closely affected by 
the IA's actions. 

* Agricultural research is oniy incidental to the IA's 
objectives and activities. 

With this division in mind, we can more readily evaluate 
the performance or the potential of different lAs relative 
to their strengthening national agricultural research 
systems. 

Modes of Operation 

The set of organizational characteristics, methods, and 
actions which an IA develops to reach its objectives 
constitutes its mode of operation. Many combinations 
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are possible. Our purpose here is to identify a few that 1. "Executive" lAs: Fully-established agencies with 

might help in assessing the role that can be played by lAs regular programs carried out principally by themselves. 

inadvancing the cause of agricultural research. 2. "Supportive" lAs: Fully-established agencies with 
regular programs carried out largely through, or by, other 

An empirical examination of lAs suggests the following institutions. 
operational aspects might be of particular significfnce to 3. "Coordinating/pronoting" lAs: Medium- to loosely 

our analysis: degree of institutional structure (legal established agencies with less rigorous programs, carried 

statutes, official recognition, history, sources and stability out almost exclu!;ively through their members or by 

of funding, physical infrastructure and personnel); other institutions. 
definition and regularity of programs (ranging from 
formal plans subject to evaluation to ad hoc actions); and In general, the power of lAs to implement their programs 

the mode of programs, procedures, and implementation decrease, from category I to 3, even if the same is not 

(directly. through the IA's own set-up; through others by necessarily true about their degree of possible impact 

special agreements and with a minimum of own facilities; upon agricultural research at the national level. 

or working exclusively through meetings and mailings, 
without personnel or facilities). Functional Classification of Intemational 

Associations 
Each of these groups of factors allows us to rank lAs in 
terms of the complexity of their organization and Combining criteria related to objectives and to modes of 

operation. In the interests of simplification, this ranking operation in a double-entry matrix yields the 

can be split into three main institutional categories: 	 classification scheme below. lAs from the Appendix have 
been entered in their respective categories. 

Table I: 	 A Classification of International Associations by Objectives 
and Mode of Operation 

Mode of Operation 
1 2 3 

Objectives Executive Supportive Coordinating 
promoting 

A: Research AVRDC SEARCA IFARD 
is primary CARDI SAFGRAD PCCMCA 

CATIE PROMECAFE PRECODEPA 
ICIPE CONOSUR REDINAA 
ILMA CODESRIA 
CIDIAT 

B. Research OIRSA AGPINTER AACU,AAASA 
is secondary DLCOE AIBA ALCA,ALPA 

AIBDA ALEAS,AFAA 
CADI, COFAF 
UNICA,IAAE 

C. Research ALALC AOAD AAU,APCC 
is incidental CARIFTA SID IACO,CINDA 

EAEC (Commodity and 
SIECA producers 

associations) 

Note: Appendix gives full names and descript;ons of 
organizations designated here by acronym. 
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The lAs in row Bshould raise fewer expectations about 
their impact on research, for research is not their primary 
concern. Nevertheless, their effect may be significant 
where these lAs are concerned with limited aspects of 
research that happen to nave broad applications. Fol 
instance, the IAs in cell 13-I provide incentives for 
research oil pest-control, livestock, and plant diseases; 
those in B-2 deal with the question of accessibility and/or 
diffusion Of agricultural, scientific, and technical 
materials, aservice inotruniental in both facilitating 
research by national scientists and making results widely 
available to others, 

Similarly, the IAs in cell B-3, principally professional 
associations of agricultural scientists, provide the 
incentives and peer review that are basic ingredients of 
!he positive environment for research often lacking in 
national sy'stems. Indeed, the associations in this group 
might vastly increase their impact on national research 
systeils; many untapped meins are open to them, 
including more frequent research meetings and 
specialized workshops, prizes, honors, and publications. 
Th- effect ot these lAs should be especially significant 
forthe research systems of smaller developing countries, 
where the problem of scientific isolation is most severe, 

Finally, the lAs in row C are only of interest tous because 
of tile chance tht11atparticular times or under certain 
ciicunmtances they may support national agiicultural 
reearch .ystems. SlECA in cell C- 1,for e\ample, a 
powerful and effective regional agency inCentral 
America which had its heyday in the I0oCs, has 
conducted or supported many studies, institutional 
deveopMert p:ojects, research, and training activities 
which, admittedly indirectly, have benefited agricultural
research. The EAEC in Africa. now defunct, once played 

asimilar role. 

In cell C-2, institutions like AOAD might influence 
research as part of their general activities of assistance to 
agricultural development. In cell C-3, lAs are typically 
promoting or lobbying agencies devoted to particular 
commodities and problems, for example, sugar, cacao, 
and ribber. These niay seldom be concerned with 
supporting research as such, but such support may be a 
by-product of their campaigning efforts, 

LUrge intem,,tional organizations have been omitted from 
Table I. They could probably best be classified in 
column I. Yet given the multiplicity of their development 
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The analytical and programatic advantage of this 
approach is that it readily enables us to assess the 
potential and actual roles of lAs in strengthening national 
agricultural research. It also helps in devising strategies 
for tapping the resources of different types of lAs or for 
encouraging their efforts in proportion to their relative 
impact on, and effectiveness in fostering research. 

Two hypotheses are implicit in the classification 
framework: the exPected impact of ]As on national 
agricultural research should diminish as one moves from 
rows A to C; and from columns I to 3. In practice, 
significant departurts from these assumptions may be 
found, however. 

lAs in cell A-I are formally well structured. With an 
important level of dedication to agricultural research, 
they should, theoretically, have the strongest positive 
influence on national research systems. Yet, this is not 
always so, fur these very ass'xiations sometimes become 
substitutis for national institutions (particularly in the 
country where they are based), or compete with them for 
funding, scientists, and prestige. Such competition, as 
discussed later in this p,,per, usually takes place at the 
cost of the national system. 

The lAs in cell A-2 should be next in effectiveness for 
strengthening national research systems. Actually, since 
they do not have the competitive element just noted, they 
may be even superior in this respect to lAs in cell A-I. 
Indeed, this kind of association %-illcooperate smoothly 
%%ithnational research systems, while its high degree of 
institutional establishment allows it to channel 
international aid efficiently. 

Cell A-3 includes lAs that, though primarily occupied 

with research, are lcss stm-actured than those in A-I or A­
2 and do not command sufficient resources or other 
means to have astrong or broad impact on NARS. In 
fact, an historical analysis would show tile great volatility 
of institutions in this group: they may be easily created in 
response to a temporary problem, or by an energetic 
leader, but they vanish witl,similar ease. It is important 
to note, however, that this kind of IA may, in spccific 
circumstances, be of great value in helping NARS to 
solve particular problems. The Central American 
Cooperative Program for Food Crop Improvement 
(PCCMCA), for example, tile oldest IA listed in group A­
3, has exerted a positive influence in Central American 
crop research fo, many, years. 



objectives and the complexity of their internal 
subdivisions, they would not be suitable for inclusion in 
the matrix unless their activities were broken down and 
distributed among the various cells where they belong, 
For a few such organizartions, however, classificat;on in 
the matrix would be simple and straightfonvard, as with 
the international agricultural research centers (cell A- I). 

Outline for the Evaluation of 
International Cooperation 

The Problem 

International aid and cooperation for agricultural 
research, an activity that requires human and material 
resources, obviously entails a cost. International 
organizi.tiens and advanced countries do not entirely 
bear this cost; developing countries thenselves must also 
pay for cooperation. The problem, concisely, is how to 
decide where, and for what purpoce available funds will 
be used; how in other woros, to allocate each dollar of 
international cooperation among the variety of possible 
alte natives discus,,ed in the previous section, s, as to 
maximize returns in terns of incrcased produ,.'i ity from 
agricultural research in developing counlrie;, 

Donors, both countries and or',ani7.ation,,, we must 
realize, like to behave according to their own will, so that 
recipient countries Usua1lv have only limited negotiating 
capacit' to influence resource allocation. l'articularly 
knotty problems arise in the case of international 
cooperative programs, or interr itional associations irl 
which participation implies a substantial tijiuncial 
contribution. HoW should anational research institute, 
for example, decide whether to take part in an inter-
national prgr.ai? How should it determine whot part of 
its resources to allocate to it? Altheugh at times the 
estimated benefit'cost rati, may be substantial, thus 
making decisions rather obvious, on other Occasions the 
matter may require careful, detailed analysis. 

A Schematic Model of International 
Cooperation in Agricultural Research 

Agricultural research can be thought of as a chain 
production process starting from certain human and 
material resources and a stock of knowledge. It generates 
new farming techniques and practices which, eventually, 
agricultural producers will adopt. Research isas a rule 

rather slow and protracted. The knowledge-generation 
process is likely to involve successive setbacks and loops, 
aiong which various portial results may be incorporated 
at different levels or stages. B3 its very nature, research is 
subject to a high degree of uncertainty. Its ultimate 
success depends on numerous factors, not all of which 
are easy to foresee or control. 

In Figure 1,the basic elements of the research process 

occupy the center column. Here we should keep in mind 
that research is a response to aseries of demands and 

supplies (Evenson, 1971). The needs of agricultural 
production generate a demand for new technologies and 
inputs, the creation of which requires new knowledge or 
biological materials; the need to achieve these in turn 
generates an upward demand until eventually basic 
research is undertaken. The opposite process is also to be 
observed: that is,the availability of new knowledge or 
materials indCCS their use to ger.ate further knowledge 
or xsl 1a1erialsh ultimately result in new inputs or 
t'chniques of practical use to agriculture. 

The main factors affecting agricultural research 
productivity are indicated in the right hand column of 
Figure 1. Qualitative aspects of primary resources for 
research are important: the talent and motivation of 

investigitors, their work methodologies, the physical 
facilities, and equipment available to them. The 
organization of the national sys em of research, its size 
and diversity, the degree of acca.;s which it enjoys to 
information ,and scientific materials, the level of dialogue 
which takes place among professionals, peer incentives, 
the existenoc of esteem and public support for research ­
all these bear upon the results asystem will achieve, 
within the constraints, of course, imposed by the initial 

resource endowment. In a more advanced phase of the 
process, feedback mechanisms are essential to ensure the 
relevance of research to farmers' needs and interests and, 
consequently, to increase the likelihood that they will 
adopt innovations. 

Adoption of new technology will depend on the ability 
of the institutional organization to perform extension 
work, as well as on the responsiveness and skills of 

potential users. It should be noted that in the end the 
productivity of agricultural research (return on 
investment) is a function of h v effectively farners 
employ technology. 
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The schematic portrayal of agricultural research in Figure 

1 incorporates in its left hand column the contributions 
that international cooperation has to offer; these appear 
printed alongside the phases of the research process to 
which they are relevant, 

International Cooperation and 
Assistance 

Physical Resources Scientists, Funds 

Help in Institutional Organization 
and Administration 

Basic Research Methodology 
Reduction of Uncertainty 
of Research 

Genetic Material and Intermediate 
Results 

Scale Economies in Agricultural 
Research Multinational Programs 

Evaluation of Agricultural 
Research Systems 

Extension and Transfer 
of Technology 

It should be reiterated that there is a demand for 
international resources throughout the various phases of 

establishing NARS as described earlier. For instance, ir 

the early stages of the development of a national system, 
the kind of international support for agricultural research 
which developing countries require - especially the 

poorer ones -

Principal Research Process
 

Resources: 

Scientist, support staff 

Stock of knoweledge, skills, 

Physical infrastructure, funds 


Uncertainty
 

include such scarce basic resources as 

Conditioning elements 
of productivity 

Quality, talent, motivation 
Methodology of research 
Quantity and quality of material 
Resource 

B-;!c research Applied research 

Intermediate products 
New knowledge, techniques, 
Information 

Idem. Successive stages 

Final product: 
New inputs for production 
New production techniques 
Improved crops and improved 

Decisions of resource 

Allocation
 

Transfer of technology 

Farm production 

Institutional organization 
Scientific exchange 
Access to information 
and genetic materials 
Scale of researt-h activity 
Public support of retearch 

Administrative capacity 
for agricultural research 

Feedback mechanisms 

Influence of users in 
decisions of research programs 

Level of human and material 
resources 

Management capacity of farmers 
Extension organizations 

Figure 1. Diagram of Agricultural Research. 
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visiting scientists, consultants in institutional 
organizations, and experimental station management. 
Later on, the contributio.i of genetic materials, 
intermediate research results, and facilities for exchange 
and dialogue among scientists acquire greater impor­
tance, corrcziponding to the more formidable research 
capacity that already exists nowadays in some 
developing countries, 

In addi':on, programs of "horizontal cooperation" offer 
the possibility of scale economies not feasible at the 
purely national level. Logic, as well as empirical evidence, 
indicate that the pi oductivity of a research system 
increases with its size, at least up to a Lertain point. This 
can be attribut". among other factors, to the inspirational 
effect of working as part of a "critical mass" of scientists, 
to possible interrelations between concurrent research 
projects, and our conceptual model of the research 
process provides us with a frame of reference in which to 
assess the costs and benefits of different alternatives to 
international cooperation. A rigorous economic 
evaluation would require a complex series of theoretic, 
definitions related to periods of time, rates of social 
discount, and redistributive effects. Such rigor is, 
however, beyond the scope of this paper. Nevertheless, 
the model presented here facilitates a systematic analysis 
of the relevant factors which national research institutes 
should consider when making decisions about preferable 
forms of international coop-ration. 

The Costs of International Cooperation 

Developing countries are well aware that international 
assistance involves two principal kinds of costs: (a) those 
incurred by donating agencies, and (b) those incurred by 
the recipients. The first need only be taken intQ account 
in our economic evaluation to the extent that they affect 
national decisions on research programs, and hence, the 
allocation of national resources. They may also become 
of interest if only a limited supply of international 
resources for agricultural research is available so that 
each country must be concerned with the size of its share 
and with the way it uses it. Strictly speaking, however, 
the cost of donated resources is not borne by the 
developing country that receives assistance ind, there-
fore, should not be entered in any cost benefit analysis 
performed from its standpoint, 

The costs of international cooperation incurred by 
developing countries are again of two kinds: (a) direct, or 

actual costs, and (b) hidden, or indirect costs. The latter 
are perhaps more important for our analysis because, not 
being explicit, they are easy to overlook or disregard and 
their omission can lead to wrong decisions 

Actual costs. Actual costs are equal to the value of 
national resources, including financial contributions, 
spent on cooperative agricultural research programs. 
Almost all international cooperation, f ,rexample, 
requires develop!ng countries to supply counterpart 
resources: researchers, equipment and operating 
expenses. The cost of such resources .aconnection with 
well-defined, specific collaborative projects is easy to 
identify and to calculate. 

Next, a developing country's share of the budget of 
international programs or organizations, which will be 
devoted partially to agricultural research, is also to be 
taken into account. This cost, hov~cver, is not so easily 
measurable from the standpoint of the national agricul­
tural research system - except for programs such as 
PRECODEPA or CONOSUR, for instance, where 
national contributions come from the research budget of 
participating countries. 

Finally, developing countries must realize that the cost of 
certain resources may suddenly increase by virtue of 
their being devoted to an international program. This is 
rather typical of the salaries and fringe benefits of 
national personnel who collaborate in international 
programs, the result of a sort of demonstration effect. 

Indirect costs. Hidden costs arise for diverse reasons. 
They constitute a problem about which national research 
directors in developing countries frequently complain. 
The principal items contributing to these costs are the 
following: 

* Much administrative time and resources may be 
devoted to supporting international cooperative 
programs, in ways not directly linked to actual projects, 
and which never yield a tangible benefit (for example, 
hospitality, supplying information). 

* The opportunity cost of resources, above all scientific 
personnel, diverted from other uses towards cooperative 
programs. This is a real cost when an international 
program imposes an adverse shift in national research 
priorities; or when, as a consequence of their 
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participation in an international program, national 
scientists, whose numbers are limited, must devote much 
of their tirie to administrative or other duties at which 
they have no comparative adv.ntage. 

* Cuts in national research funding, that may be induced 

by successful international programs which gain prestige 
at the expense of domestic institutions and scientists, 
Some form.3 of international cooperation, such as the 
support of international agricultural centers, have been 
blamed at times for a reduction in external resources 
available to the national research systems. Such diversion 
of funds, stemming from inter national cooperative 
efforts, can indeed be considered a cost of cooperation 
for the NARS of developing countries. 

Last, kinds of assistance tied to international 
cooperation which for all intents and purposes cannot be 
refused, but which are at best marginally productive for 
the recipient country, also represent a cost. One case in 
point: "foreign experts," whose suitability and 
qualifications for the job at hand are debatable. 

Although in practice it may be nearly impossible for a 
national research director facing decisions on 
international programs to establish quantitative estimates 
for all potential costs, it will nevertheless be useful for 
him to consider and weigh each one of them specifically. 
For any item that appears important, a value can be 
assigned to ensure that it is not neglected in the ex-ante 
evaluation of projects. The conscious search for all 
possible costs attached to international cooperative 
activities obligei donors and recipients to reach an 
agreement aboat the detailed and precise definitions of 
programs. This in itself promotes better decision-
making, including the timely reformulation of programs 
in ways more advantageous to the developing country. 

The Benefits of International Cooperation 

In agricultural research, the general truth obtains that 
benefits are harder to define and estimate than costs. 
Two principal approaches for measuring the benefits of 
international cooperative programs can be adapted: (a) 
the descriptive method, which enumerates and quantifies 
the various activities, resources, or output that are 
contributed by or stem from such cooperation and which 
strengthen the NARS; and (b) the economic analysis 
method which defines the benefits of cooperation in 
terms of the savings of costs it represents for a country. 
With reference to Figure 1, both methods involve 
specification of the forms in which international 

cooperation responds to demands at various stages of the 
research process by providing resources and services not 
available in the country itself. 

The descriptive method. Ex-post evaluations of 
assistance programs of any kind are usually based on a 

lisiog and quantification of activities which represent 
program benefits. Although this procedure falls short of 
a rigorous economic evaluation, it is still useful. It entals 
the description and assessment of the principal elements 
that any research institution entering into a collaborative 
venture should consider when tryin' to determine 
possible benefits in store. 

In the case of international cooperation, benefits may 
include the following: 

* Research projects conducted cr supported by national 
research institutes and weighed by their quality and 
scope. (For reasons already alluded to, projects carried 
out by external agencies without national personnel can 
actually be detrimental rather than beneficial to the 
national institute.) Naturally, many such projects include 
in their results: The production of improved inputs, new 
techniques, and information; research publications, 
whether articles in scientific journals, bulletins, or books. 

* Seminars, meetings, congresses. and other professional 
gatherings, of direct relevance to agricultural problems, 
organized by the participant countries. 

* Funds supplied to national research institutes through 
grants, budgetary contributions, or contracts. 

* Staff and/or advisory services provided to national 
research institutes. 

* "Linkage" services with external institutions. This 
benefit is difficult to pin down, but it refers to situations 
in which an international agency acts on be) alf of a 
national research institute to acquire information, place 
research students, locate and hire personnel, etc. This 
type of assistance is of particular value to smaller 
developing countries. 

* Promotion of public suppot for national research. 
International associations can enhance public 
understanding and government support of national 
research efforts. Towards this end, many means are at 
their disposal: speeches, campaigns, and personal 
influence. 
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It is not difficult to think of ways to measure and assess 
the factors above ,o as to construct indices that permit 
comparisons among alternative project, through time, or 
with programs in other economic sector3. These indices 
could thcai facilitate an objective eval, iation of different 
situations of international cooperatin. Even though 
values obtained would not be monetary, they would sill 
provide standards to compare with the estimated cost of 
various cooperative programs, and thereby Nield some 
notion of relative productivity from the perspective of the 
research system or institute benefiting from the aid. 

The economic-analysis approach. Under the economic 
ar alysis method for evaluating the social returns of 
international cooperative programs, the starting point is 
the assumption that the agricultural research system of a 
developing country has an effective demand for the 
services supplied by cooperative programs (resources, 
output, knowledge). That is, in the absence of 
cooperative assistance, the developing country would 
itself have to incur expenditures to :;btain the same 
services. 

Thus, the benefits of international cooperation are 

represented by the savings itallows to a developing 
country that choses to participate. These savings may 
arise, for instance, from the following situations: 

* Training of research personnel. Any national research 
system must incur costs for training high level 
researchers. Fellowships abroad and in-service training 
are expensive. There are also costs for administering 
training programs. If an international cooperative 
program supplies and administers fellowships, training 
seminars, and special courses, resulting savings would 
represent a benefit the program provides, 

Hiring high-level experts and consultants. Personnel 
%,.ithspecial skills necessary for certain aspects of 
agricultural research. In general, less developed countries 
can only obtain such manpower from foreign sources 
and at a high cost. The savings represented by acquiring 
necessary experts through international cooperative 
programs free of charge, or under favorable terms, 
constitute a benefit, 

Access to intermediate research results. The 
opportunity, to make use of intermediate research results 
is offered by some international programs, such as those 
linking CIMMYT, CIAT and other insitutes of this class 
with national institutes. Not having to generate the same 

research results already available elsewhere means 
obvious savings. The value of the time saved, including 
that of confirming and adapting results before 
disseminating them, can have an enormous impact on 
the productivity of the NARS. 

* Obtaining scientific, technical, and administrative 
information. The costs of acquiring information from 
abroad can be considerably reduced through 
participation in international programs which perform 
this service for member countries. 

* Obtaining genetic materials. The time and cost of 
obtaining and preserving genetic materials required for 
agricultural research are prohibitively expensive for 
many NARS. International cooperation, especially 
involving IARCs such as CIMMYT and IRRI, permits 
access to these materials at a negligible cost to developing 
countries. Their savings represent a major benefit. 

In a similar manner, it is possible to consider other 
services secured at a lower cost through international 
cooperation programs as benefits to the national research 
institutes of developing countries. When a monetary 

value is placeH on these benefits, it is possible to compute 
the extent to which various international cooperation 
programs have solid contributions to make. 

In general terms, the minimum benefit from these 
programs is represented by how much a country itself 
would be prepared to pay for the services or products 
obtained; and the maximum benefit by the influence that 
the cooperative program has had on strengthening the 
recipient NARS. The maximum benefit can be estimated 
approximately through the descriptive method explained 
earlier, the method used customarily by external 
assistance agencies and foundations to make their own 
program evaluations. It is not surprising, given the 
commitment of international institutions to demonstrate 
the success of their activities, that the upper limit of 
possible benefits from cooperation is apt to be cited. 

Application of the descriptive method hla similar bias 
is not as opportune for national researcii institutes in 
developing countries, however; after all, they must invest 
part of their own resources in international cooperation 
activities. From their standpoint, conservative estimates 
of benefits are preferable. These, indeed, do occur in 
practice. This helps explain why it frequently happens 
that international cooperative programs, set up with a 
significant contribution from some external organization 
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(for example, ILMA and CIDIAT, founded by FAO and 

OAS, respectively), can no longer survive once their 
fimding has to come exclusively from what were once 
the recipient countries. Doubtless, the same fate will 

overtake agricultural research programs. 

Potential Prospects for International 
Cooperation 

Continuity of the Need for Cooperation 

Ve can foresee a continuing demand for some time from 
developing countries for international assistance in the 
field of agricultural resear-h. Pressures for economic and 
agricultural development are unlikely to abate, ncr is the 

predominant role of technological innovation in 
increasing agricultural production likely to diminish. 
International assistance agencies and developing 
countries both appear to appreciate the situation now 
more than ever before. This has created a favorable 
climate for cooperation in agricultural research. 

Nevertheless, the difficulty of establishing horizontal 
cooperation remains considerable. Difficulties persis;t in 
the NARS, even in countries that have benefited from 
foreign aid over two or three de,'ades. Limitation in 
research and management capability are even greater in 
poorer, smaller, younger nations, whether in Africa, the 
Caribbean, or the Pacific. It is no wonder that traditional 
assistance agencies give preference to these recipients, 

On the other hand, the enlarged research capacity that 
has been achieved by many developing nations creates 
new and different needs that must be attended to in 
order to augment the effectiveness of their research 
systems. Also, for recently created IARCs to make 
them!.elves useful they must be able, as previously 
discuised, to refer results to solid national systems that 
can profit from and sustain technological advances, 

Problems of funding cooperative ventures have been 
compounded, moreovcr, by a global reduction of the 
financial resources available for national agricultural 
research of the traditional variety. The steady expansion 
of the yea,. 1950-70 glimmers in memory. The shrinkage 
of current NARS budgets can partially be traced to the 
expense of maintaining the still comparatively new 
network of intemational reserch centers, an expense 
which can be expected to be with us for a long time to 
come. Given this financial picture, international 
programs of horizontal cooperation would appear a 

promising approach to agricultural research, not only 

because they contribute directly to the efforts of 
developing countries, but also because they offer varied 

and flexible mechanisms for selectively distributing aic. 

from traditional international sources. 

Prospects for InternationalAssociations 

Let us return now to discuss the international associations 

which constitute the principal forms of horizontal 
cooperation currently practiced in connection with 
agricultural research. Keeping appropriate cost/benefit 
criteria in mind, we can formulate several hypotheses 
about which forms of cooperation have better prospects 
under prevailing conditions in specific countries or 

regions. 

For several reasons, prospects for new executive-type lAs 

with research as their priority (for example, CATIE, 
AVRDC) do not appear promising. Such lAs that now 
exist arose during a period when external organizations 
took the lead in creating and financing them. Their 

formation took place in a vacuum of national institutions 
and personnel who might fulfill their roles. This situation 
has changed dramatically. National research systems 
have been strengthened (even in Africa where 
universities, in particular, play a significant role), while at 
the same time traditional donors have been shifting their 
support to international research centers. At present, it is 

evident that such centers enjoy a pre-emptive priority 

over lAs that might conceivably perform a similar 
function. 

Likewise, the negative aspect of competition between 
these executive-type lAs and NARS has been noted. It 
seems unlikely that developing countries will be willing 
to create and maintain such expensive associations with 
high fixed or overhead costs. They perceive too low a 
benefit/cost ratio to make the investment attractive. In 
fact, past examples suggest such lAs either evolve into 

national institutions (for example, CIDIAT, ILMA) or 
eventually attempt to join CGIAR centers (for example, 
WARDA, AVRDC). Both metamorphoses mean 
increased financial security and a greater likelihood of 
survival. 

Forms of cooperation might presently undergo a 
different development, however, in smaller or poorer 
countries in culturally homogenous regions where a 

similarity of problems prevails for example, the Sahel or 
Pacfic Islands. Yet, also in these areas, new lAs are not 
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likely to get off the ground unless they can demonstrate 
clear scale economies for agricultural research and 
generate significant international funding to complement 
horizontal cooperation. Meeting these conditions is no 
longer feasible in Latin America or Asia. 

In contrast, horizontal cooperation in the form of 
supportive or coordinating/promoting lAs has brighter 
prospects, even for associations without agricultural 
research as a primary objective. At least this is true where 
reasonably professional national research systems are in 
operation - which undoubtedly includes the majority of 
developing countries at present, especially in Latin 
America. 

Supportive lAs with research among their principal 
objectives are particularly interesting because of how 
they coordinate tasks by permitting groups of institutions 
to benefit from each others' comparative advantages. 
SEARCA in Asia is a noteworthy example. SEARCA 
combines research with graduate education in 
agricultural sciences. 

The advanced training of agricultural scientists, a basic 
problem which all national research systems must 
resolve, deserves special attention. 

Academic institutions of a fair quality at the graduate 
level sometimes as part of a national agricultural research 
institut, as, for example, in Argentina and Colombia, 
represent an important resource in many developing 
countries. It is now possible, therefore, to conduct a 
major part of the training of researchers at home, rather 
than in the United States or Europe 3s was necessary in 
the past Although some international cooperation is 
taking place on training matters (SEARCA again 
deserves mention), there remains vast potential for 
expanding horizontal programs, particularly in region 
like Latin America where language and culture are 
sufficiently uniform not to create problems. It is indeed 
surprising that no association of graduate programs in 
agricultural sciences yet exists in Latin America. Such an 
association could promote suitable curricula, as well as 
the exchange of students and professors; it could make it 
possible for candidate researchers to profit from a mix of 
the best specialized training available in mcmber 
countries. This seems a natural field for initiatives by 
IICA or some similar organization. 

Certainly, programs of this nature would have high cost/ 
benefit ratios for participating countries. Graduate 

training entails high fixed costs. Many deveioph.g 
countries at present are bearing such costs, when in fact, 
the number of graduate students pci speciality in each 
country is small It is a classic situation where the division 
of labor and scale economies woild benefit all 
participants. 

Another form of the supportive IA with good prospects 
is that which links national and international research 
institutes on specific subjects of joint interest in such a 
way that the national institutes retain executive 
responsibility. As CONOSUR in Latin Amerira and 
SAFGRAD in Africa have been demonstrating, this form 
of collaboration reinforces research directly in each 
member country, incorporates elements of external 
technical assistance, facilitates the exchange of staff and 
knowledge among countries, and utilizes the resources, 
both financial and administrative, of traditional 
intemational aid organizations. It appears, at first sight, in 
any event, to be a type of cooperation with high cost 
benefit ratios for all participants. 

In addition, horizontal cooperation appears to be 
promising in the realm of thL coordinating/promoting 
associations, even if these do not include agricultural 
research among their primary objectives. The potential 
value of such lAs derives from the fact that under the 
present state of development of most national research 
systems, there is a great need for more fluent exchange of 
information, experiences, and knowledge, particularly 
through personal contacts among scientists and 
researchers, and through reciprocal visits to their 
respective institutions. To thrive, research requires a 
vigorous intellectual environment which includes 
professional stimulus and peer recognition - under the 
best circumstances, reseaiiers feel themselves part of a 
relatively large community, motivated by the same 
objectives and professional standards. Given the diversity 
of research specializations and the comparatively small 
size of most national research systems, at least in terms of 
numbers of researchers with advanced training, a pooling 
or exchange of experts from many countries is essential 
to establish the kind of work setting which yields the best 
research results. 

The large number of associations already at work to 
bring about the exchange of professional people (such as 
AAACU, ALCA, ALEAS, UNICA) is noteworthy. There 
is also a growing number of associations whose primary 
objective is the coordination of specific topics of 
agricultural research (PCCMCA, PRECODEPA, IFARD). 
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Similarities of concern among national research systems 
also make coordination of activities among soveral 
countries attractive. Many of the problems investigated 
recur throughout large regions. Efforts to avoid 
duplication of research, to use both human and material 
resources complementarilv, and to plan research 
activities jointly will result inappreciable savings and 
greater productivity for the national systems 
participating. Coordinating lAs, moreover, are typically 
low cost operations. They can be expected to show high 
cost/benefit ratios for thcir member countries. 

On the whole, cooperation through supportive and 
cotordinatingpromoting lAs isfarly active at present. 
Yet most of it has been on a relatively limited scale. We 
can anticipate activities expanding significantly in the 
future, however, as the major benefits that result from 
exchange and integration sponsored by these 
associations become more evident to part;cipants and 
potential participants. 

These lAs might also prove invaluable for promoting 
agrictfltural research and making it better understood by 
governments and the public at large. It iscommon 
knov.'ledge that opinions and recommendations put forth 
by groups with broad representation and international 
backing have amuch greater impact than similar views 
propounded by individuals or institutions on their own. 
And to be sure, the enlightenment of policy-makers 
about the profitability of agricultural research isdevoutly 
to be wished, for as we have already had occasion in this 
paper to regret, the lack ofgovernment understanding 
and support indeveloping cou ntries frequently prevents, 
to their own loss, the expansion and strengthening of 
national research systems. 

Finally, the potential of these categories of international 
associations as vehicles for international cooperation 
gives them another role to play: to serve as mechanisms 
for attracting traditional types of aid from industrialized 
countries and international organizations and distributing 
it effectively. Although with supportive lAs this role is 
now a common enough one, there isscope for expanding 
itamong coordinating/promoting associations. There are 
good arguments, for example, in favor of IFARD's 
accommodating assistance agencies that want to reach a 
broad spectrum of domestic research institutions in 
several developing countries. Inasimilar way, an 
assistance agency interested in thc problems of 

Amazonian agriculture might find it advantageous to 
channel its assistance through an association like 
REDINAA. 

Final Remarks 

Certain aspects of horizontal international cooperation, 
baksed on the experiences of international associations, 
have so far been mentioned only tangentially in this 
paper. They need to be brought forward, however, 
because of their implications for the future development 
of this approach to cooperation in agricultural research. 

ellseaspects are summarized in the following 
comments. 

The initial, or even long-term, support by traditional 
external aid organizations seems to be indispensable to 
lAs for their development and sustained performance. 
Almost all lAs examined had such financial support, 
however modest inextent. The point isthat an external 
catalyst seems necessary to achieve institutional 
expansion in this field. 

* The majority of horizontal cooperation activities have a 
regional or subregional character; that is,they imply 
geographical proximity of participant countries. In 
addition, they concentrate on specific themes, crops or 
problems. It appears that the objectives of horizontal 
cooperation must be explicit and limiited to achieve a 
working consensus among participating countries, 
institutes, or professionals. 

* Incontrast to those inAfrica and Asia, lAs in Latin 
America are relatively abundant, particularly in Central 
America and the Caribbean. This may suggest how 
significantly homogeneity of culture, history, and 
language - as well as simi:arity of problems - increases 
the viability of association incooperative programs. The 
catalytic importance of external agencies (such zs OAS, 
IICA, Rockefeller Foundation) tends to be confirmed by 
IA experiences in this hemisphere. 

* Paired together, the two preceding statements would 
suggest that efforts at horizontal cooperation should be 
confined to situations whee objectives are concrete, 
where countries show acertain basic resemblance to each 
ether, and where distance isnot aproblem. Global 
organizations would seem well advised to establish 
subdivisions that comply with these suggested 
conditions. 
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* The reas,n tat appcai toinduce countriec, cr their * Another stimulus to the formation of international 

national research institutes and agricultural scientists, to associations is their potential to attract resources for the 
as,;ociate are diverse and varv according to circum- national research system, both from developing and 

stance:c. developed countries. New efforts at horizontalIn any'event, catalytic external agents have an 
important role to play in at curately identif\'ing latent cooperation with this objective in mind can sely be 

mo,tive, and in helping to give them e.pression and foreseen. 
fulfil through cooperative institutions. It appearsmen 
logical for external as,,irnce organizations to have an It isimportant to recognize that the cost/benefit ratiota 
interest in creating a,,ciations is mechanisms to of LO,,peraitie programs may differ amro ag participating 

reinf, -rce an, rnaintain, oo acollective, long-term basi, countries. Not ever ' COu)lnltry can, therefore, be expected 

activities vhich these organizations thenselve:.once to IeCLIUnlV enthusiastic about a give. program. For this 
supported tountry by country (for example, form.atio., of reason, it is essential to refine criteria arid methods for 

cadres otagricultural scientists), evaluating international cooperation. 

SThCIe seem to Ile few instances - atleast in recent ' In relation to the foregoing, ane,given that it isdifficult 
*iawsr-.in which an IA has been called into being to to take advantage of situations ir, which all are net 

real izepos-hi)laiis of specialization and di,...1o1i of labor gainers when cooperation exclisively involves 

among mieniber countri,'s, or to achieve economies of developing countries, it appears essential for some 
scae and thereby iiieas ,the overall productivity of transfer of resources totake mlace towards the countries 

regional agricultural research. The planning and coordi- that participate in associations. This implies that either 

natron rCqui ren rent-s, and the nolitical and domestic external funds support this cooperation, or relatively 

adinin itrative inlplications of such an ass'.ciation appear more developed countrie among those participating 
too complex at present forit sUrcCssful operation. The must be willing to subsidize the others. It other words, 
d-appointing experiences of regional economic cost/benefit ratios for weaker partners must be raised in 
integration agreements testify to the difficulties. order to provide their with an incentive to join. 

Nevertheless, the motives we have discussed shotuld, 
theoretically, continue to exercise apowerful influence Ill closing, Ne shold recognize that, notwithstanding the 
in developing countries to seek workable horizontal presentation in .nis paper, infoniation about horizi ntal 

cooperation schemes, cooperation through international associations is ,carce; 
what exists isoften incomplete and difficult to g' t. Little 

The predominant inpulse that seems to have given is yet kno,vn about st,ccessful and unssuccessfnil 

rise to many international associations is recognition of expeliences. It is hoped that this paper will stlmulate 
the need for communication arnonWt scientists and suffici,ntly systenaic and rigorous study of the topic to 

institutions. Exchange of knowledge, information on permit belter comparison among different institutional 
work plans, research results, and general intensification forms, and to help guide decision-makers in the choices 
of personal interaction anrong agricultural administrators they make about participating ii horizontal cooperation 
and researchers constitute the leit-motivs of a majority of programs for agricultural research. 
existing ]As. More complex forms of cooperation - for 
example, those suggested in the previous paragraph ­
appear likely to materialize in the future as extensions of 
lAs now principally devoted to communication. 
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Appendix 

Description of Selected International 
Associations 

Principal internatonal a;cciations that in some way are 
involved with the agricultural research systems of 
developing countries are presented in the following 
pages. A variety of organizational forms and institutional 
denominations are included under the generic label of 
"international associations," including institutes, centers, 
universities, a,sociatns, councils, organizations, 
programs, etc. All the lAs listed, however, share certain 
characteristics as discussed in the main text of this raper. 

lAs appear below by major world regions and in 
alphabetical order of their (original language) acronyms. 
Cap, ule descriptions appear when background 
information has made that possible. 

Worldwide 

AVRDC: Asian Vegetable Research and Development 
Center 

An international center devoted to research and training 
on vegetable crops in the tropics. Founded in 1I71, and 
based in Taiwan, AVRDC is supported among others by 
its host country, USAID, the Philippines, and Japan. 
Although it does not receive funds from the CGIAR, 
AVRDC has ass;ociate membership in that group. 

IAAE: International Association of Agricultural 
Economists 

A profession 1association similar to regional and 
natinal associations of agricultural economists. It meets 

tricnnially and does limited publishing of research 
reports. Supported by members' fees and special 
contributions, IAAE plays a limited, indirect role in 
support of economic research on agriculture. 

IAPB: International Association of Plant Breeders 

IFAR D: International Federation of Agricultural Research 
Systems for Development 

ISHS: International Society of Horticultural Sciences 

RGA: Rubber Growers Association 

l1 

SID: Society for International Development 

A broad-gauged professional association of 
development-oriented social scientists, which serves as a 
forum for exchanges of ideas through meetings and 
regular publications. Supported by members' fees, 
institutional contributions, and special grants, SID plays 
an indirect role in agriculture through its concern with 
socioeconomic development studies on agriculture. 

Latin America 

ACW: Andean Corn Workers 

AGRINTER: Inter-American Agricularal Information 
Service 

The regional agency fcr systematizing collection and 
computerization of published materials on agriculture, 
corresponding to FAO's Agricultural Research 
Information Service, AGRIS. It operates under the 
umbrella of I1CA. 

AIBDA: Inter American Association of Agricultural 
Librarians and Documentationists 

The regional organization of professionals in this field; its 
secretariat operates from IICA's headquarters in Costa 
Rica. 

ALALC: Latin American Free lrade Association 

See CARIFFA. 

ALCA: Latin American Association of Agricultural 
Sciences 

A professional society of plant breeders, geneticists, and 
agronomists from or interested in Latin American 
countries. Founded in the early 1960s, supported by 
niembersh~p fees and occasional grants, ALCA holds 
annual meetings within the region. ALCA has a rotating 

secretariat. 

ALEAS: Latin American Association ot Higher Schools 
of Agriculture 

A regional group of university-level advocational 
institutes and faculties of agriculture. ALEAS, formed 

about 1960, holds annual mee:ings of deans and dirertets 



to exchange views on agricultural education and 
research. Supported by member institutions and 
o4casional grants. 

ALPA; Latin American Association of Animal Sciences 

Similar to ALCA, foranimal production scientists. 

CARDI: Caribbean Agricultural Research and 
Devtelopment Institute 

CARIFTA: Caribbean Free Trade Association 

CARIFTA, ALALC, PA, and SIECA are regional 
governmental agencies for economic integration, set up 
afte the fashion of their European counterparts. Their 

research orientation las been largely economic and social 

including studies done in the agricultural sector. Through 
support of and coordination with specialized institutions 
in the region, SIECA has had a larger impact than the 

others, especially on agricultural technology. 

CATIE: Tropical Agronomic Center for Research and 
Training 

An autonomous regional center for Central America, 
Panama, and the Caribbean, established in 1973. It 
evolved out of IICA, from which it inherited its excellent 
physical facilities at Turrialba, Costa Rica. CATIE is a 
full-fledged, operational organization, similar to the 
international agricultural research centers supported by 

CGIAR. 

CINDA: Inter-University Center for Andean 
Development 

An association of the private and Catholic universities of 
five Andean countries, CINDA seeks cooperation in 
research, staff exchanges, and the educational planning 
of its member institutions. Agricultural research is 
touched upon to the extent that universities undertake 
active research in their agricultural schools. 
CLACSO: Latin American Council for the Social 
Sciences 

An independent regional association of social science 
training and research centers, including rural social 

science centers, CLAC50 coordinates, supports, funds, 
and executes research in its field. (It has had some 
in.portance in fostering socioeconomic research on 

agriculture.) Funds are obtained mainly from
 
foundations and other donors. (CLACSO and DESAL,
 
below, are only marginally related to agronomic research;
 
they are listed here because of their interest as
 

organizations at the international (regional) level.)
 

DESAL: Institute for the Economic and Social
 
Development of Latin America
 

A regional, autonomous research center, linked to and
 
largely supported by the Catholic Church, DESAL
 
conducts research on socioeconomic aspects of
 
development, including agriculture, and it provides
 

technical assistance. (See note under CLACSO.)
 

CIDIAT: Inter-American Center for the Integrated
 
Development of Soil and Water
 

An autonomous research and training institution
 
established by the OAS in Venezuela in the 1960s.
 
Although after several years of operation its funding was
 
absorbed, mostly by the host country, it continues to
 

serve the entire region.
 

ILMA: Latin American Institute of Agricultural
 
Marketing
 

A training, research, and advisory center, originally set
 

up by the FAO in the 1960s with member nations'
 
support. After several years of operation it was
 
terminated and subsequently taken over by Colombia as
 

a national institution.
 

INCAP: Nutrition Institute for Central America and
 
Panama
 

A regional research, training, and technical cooperation
 
center created in 1946 by the governments of its member
 
countries under the sponsorship of the Pan American
 
Health Organization. Among its activities, INCAP carries
 
out research on agricultural subjects such as animal
 
nutrition and cereal grains. It is a highly structured
 
organization.
 

OIRSA: Regional International Organization of Plant and
 

Animal Health
 

A regional organization for control of plant and animal
 
diseases, created in 1955 by the five Central American
 
countries, Mexico, and Panama. OIRSA devises and
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implements measures for disease control in the region, 
trains personnel, and promotes technical assistance. It is a 
full-fledged, operational institution. 

'A: Andean Pact 

See CARIFTA. 

PCCMCA: Central American Cooperative Program for 
Food Crop Improvement 

A working arrangement that since IQ4b has brought 
together agricultural tesearchers from the five Central 
American nations. I'CCMCA operates principally 
through its annual meeting at which research results and 
plans are presented and discussed. A voluntary 
participation program with no formal structure, it grew 
out of R,ckefeller Foundation activities in the region. 

ITRECODEP'A: Regional Cooperaove Potato Program 

A regional association of national potato programs of 
Central America. the Caribbean, and Mexico, formed in 
1Q78. It brings together in a loose format the national 
research institutes that control such programs. 

PROMECAFE: Cooperative Program for the Protection 
and Modernization of Coffee Culture in Mexico, Central 
America, and Panama 

A regional governmental program established in 1978 
with the participation of CATIE and OIRSA. Execution 
and coordination tasks are performed by IICA. 
PROMECAFE's functions include research, training, 
technical assistance, and other cooperative efforts aimed 
at improving coffee production in the region. 5inding 
from member country quotas, IICA, and other sources. 

REDINAA: Network of Agricultural Research for the 
Amazon 

This recently established (1080) collaborative agreement 
among the national agricultural research institutes of 
Amazonic countries (Colombia, Ecuado:, P1km, Bolivia, 
Brazil, and Venezuela), coordinates their work on the 
Amazonia, including the development of a master 
research strategy, and the promotion of information 
exchanges. It has no executive organ of its own. 

SIECA: Secretariat for Central American Economic 
Integration 

See CARIFTA. 

UNICA: Association of Caribbean Universities and 
Research Institutes 

A voluntary association of Caribbean universities and 
research institutes dedicated to directed efforts for 
Caribbean development. Founded in 1968 by 16 
universities in the islands and surrounding coastal 
countries, UNICA now has 45 members representing a 
constituency of more than 300,000 students and 30,000 
faculty. 

UWI: University of the West Indies, Agricultural Faculty 

A regional training and research institution of the former 
British colonial Caribbean nations, UNI evolved out of 
tie Imperial College of Agriculture. It is one of the most 
significant agricultural research institutions in its 
geographical area. 

Africa and the Middle East 

AAASA: The Association for the Advancement of 
Agricultural Sciences in Africa 

The agricultural scientists' continent-wide organization, 
created in 1068. AAASA is organized in a similar fashion 
to other international and North American professional 
associations. Membership consists of individuals, 
national research institutes, and agricultural faculties. 
AAASA's essential aims are to foster the development 
and application of agricultural sciences in Africa, and to 
provide opportunities for exchange of knowledge and 
experiences among agricultural scientists. It works 
through conferences, meetings, and publications. Funded 
through members fees and donations. 

AAU: Association of Arab Universities 

This independent association of all Arab universities is 
based in Saudi Arabia. AAU promotes cooperative 
programs, exchange programs, and seminars among 
member universities. Its main activity is the biannual 
meeting of deans, by faculty, including agriculture. 
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AFAA: Associations of Faculties of Agriculture in Africa 

This association, formed in 1973, has headquarters at the 
home institution of its executive secretary (at present in 
Morocco). AFAA aims generally at strengthening the 
development of agricultural education and research, and 
parti ,!arly at improving course offerings in its member 
institutio,.. Support comes from members fees, 
donations, and grants. 

AOAD: Arab Organization for Agricultural 
Development 

An official organization of the Arab League, based in 
Sudan. Its mandate covers activities such as feasibility 
studies, publications, regional meetings, seminars, and 

training courses, all in relation to agriculture. As yet, 
negligible activity in relation to agricultural research, 

APGRC: African Plant Genetic Resources Committee 

EAEC: East Africa Economic Community 

This was an important subregional government 
organization formed by Kenya, Tanzania, arid Uganda, 
until its collapse in 1977. While it operated, EAEC ran the 
major univrsities and agricultural research institutes of 
its three members as joint regional institutions. 

IACO: Inter-African Coffee Organization 

ICIPE: International Centre for Insect Physiology and 
Ecology 

This center was established in 1970 in Kenya, to increase 
the capability of African countries in pest management 
and control. ICIPE undertakes and promote. research in 
insect science and procides advanced training in this 
field. It also organizes seminars and workshops, and 
generally fosters communication among professionals. 
Supported by the Kenyan government and international 
donors. 

SAFGRAD: Semi-Arid Food Grain Research and 
Development 

A project of the Scientific and Technical Research 
Commission of the Organization of African Unity, 
established in 1977. SAFGRAD involves 26 participating 
countries. Its mandate is to undertake research on five 
basic crops on behalf of the semi-arid region of Africa. 
The project, administered by an international 
corporation based in Upper Volta, operates mainly by 
contracting out research to international centers acting 
independently or in partnership with national 
institutions. 

UASRC: Union of Arab Scientific Research Councils 

An autonomous body based in Iraq concerned with 
promoting scientific research, cooperation projects, 
meetings, and seminars. It has an agricultural committee. 

Asia and the Pacific 

AAACI 1:Asian Association of Agricultural Colleges and 
Universities 

Akin to its counternarts in Latin America and Africa 
(ALEAS, AFAA). 

AIBA Agricultural Information Bureau for Africa 

The Asian component of AGRIS, the international 
service for information on agricultural research. 

APCC: Asian and Pacific Coconut Com~runity 

An intergovernmental organization with headquarters in 
Indonesia whose purpose is to foster economic 
ccaperation in the coconut industry among member 
countries. APCC research is limited to economic aspects. 
It is primarily a promoting agency, providing information 
and limited advisory services. 

COFAF: Committee en Food, ,\griculture, and Forestry 

A specialized body of the regional Association of South 
East Asian Nations (ASEAN). 

SABRO: South Asia Breeders Organization 
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SEARCA: South East Asia Regional Cente r for Graduate 
Study and Research in Agriculture 

A regional agricultural educational center, created in 
190, forming part of the South East Asian Ministers of 
Education Organization (SEAMEO); located in the 
Philippines. SEARCA is funded by its host country and 
the SEAMEO secretariat. It is essentially an 
administering agency whose programs are conducted 
principally through the University of the Philippines at 
Los Bafios and through the use of the facilities of its 
many other participant institutions. SEARCA's aims are 
basically the improvement of graduate training in 
agriculture, sponsorship and coordinaticn of research 
programs, and dissemination of the findings of 
agricultural research. 
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EPILOGUE: Perspectives for the Future of Agricultural Research
 
in Latin America and the Caribbean
 

Eduardo Alvarez-Luna 
Vice President of IFARD for 
Latin America and the Caribbean 

We have been fortunate at this second meeting of the 
Latin American and the Caribbean chapter of the 
International Federation for Agricultural Research and 
Development (IFARD) to have had the opprtunity of 
listening to many researchers, experts, and distinguished 
guests from regional and international organizations who 
are working in the field of agrict.!tural development. We 
have listened to many suggestions and proposals made 
by experienced scientists who are very seriously 
concerned with food production. They have related this 
subject to the field of agricultural research in a very 
positive manner, 

We here are all anxious to find realistic ways of 
increasing the food producing capacity of -r countries. 
This is a goal, one with a high priority. How else can we 
hope to feed the more than five billion people currently 
living on this earth, a number which according to 
UNESCO, will have grown to 11 billion by the -,ear 
2,000. 

We have looked together at areas of urgent need for 
agricultural research and we have reached agreement that 
we must ensure that only people who are both well 
trained , nd conscious of socioeconomic constraints will 

be the ones who formulate decisions crucial to 
agricultural progress. It has been said before, but I think 
it worth repeating, that agricultural problems have to be 
resolved by agriculturalists. The best way for us tt., 
accomplish this is by providing dynamic leadership for 
our agricultural researchers, 

Obviously, human resources are the most important 
resources at our disposal. We need to concentrate on 
developing these human resources through professional 
programs in which researchers can be identified, trained, 
and learn dedication to their fields. These pregrams need 
to motivate people to participate fully iLlt: te solution of 
agricultural problems in such a way that we create a 
symbiosis between researchers with their programs, and 
farmers with their problems. 

This means that we need to exercise a sense of 

responsibility in the recruitment of agricultural 

personnel. Each and every researcher should have the 
opportunity to participate in the decision-making 
processes that affect him directly and to participate in 
periodic evaluations of institutional life and results that 
should examine both the work of researchers and the 
researchers themselves. 

On the other hand, the framework in which scientific 
innovatic.n, transformation, and development occurs 
needs to be changed. Both man and institutions must 
evolve. It ,sdesirable that scientists be in the vanguard of 

developing both the prospects and the horizons of their 
own organizations. Innovation, transformation, and 
development of institutioi s, as well as of researchers, will 
enable us to make the best possible use of financial 

resources. These need to be adequate for carrying out the 
programs proposed by scientific and technical personnel 
and they must also accord with the real potential of the 
research institution. 

Some years ago, the Food and Agriculture Organization 
(FAO) made a proposal that the governments of the 25 
most developed countries in the world should divert to 

agricultural research 5%5 of the total money which they 
spent on arms. In just one of these countries, the sum for 
weapons escalated to a total of US$385 billion in 1982. 
FAO also suggested that other countries, especially those 
of the Third World, should dedicate 3% of all public 
spending for use in research. These suggestions have not 
been implemented. Why? Perhaps because many 
countries do not understand the urgency of the situation. 
They consider fluctuations in their agricultural 
production as temporary problems which can be 
resolved in the foreseeable future. The truth of the matter 

is that this view is not necessarily correct. Our confidence 
falters when we take into account the alarming nature of 
the difficulties food production sometimes encounters 
and when we note that currently there are nearly one 
billion people in the world who suffer from malnutrition, 
almost half of them stricken with chronic hunger. In fact, 
50 million people starve to death every year. Against this 
background, it is a matter of considerable concern that so 
many countries pay such little attention as they have to 
agriculture, as opposed to other development activities. 
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We have three fundamental challenges to meet: 

I. To make the earth more productive by increasing 
agricultural output. 

2.To raise the quality of crops and livestock being 
produced. 

3. To lower the cost of their production. 

The world's population cannot be better fed if staple 
foods cost more than people can afford to pay. 

Until a few ,ears ago the main sources of funds for 
agricultural research were pubiic. It has become obvious, 
however, that the pubiic sector often focuses on too close 
a horizon, while agriculitural growth calls for short-, 
medium-, and long-term goals. This means changing the 
attitude of decision-makers. Research workers must 
influence policy-makers to utilize research funding for 
studying the rational use of soil, water, climate, fertilizer, 
and herbicides, inorder to combat pests and diseases, to 
speed up growing cycles, and to develop new strains that 
are more resistant to disease. To achieve any or all of 
these goals is to offer producers the means to realize 
greater productivity. Researchers' concems about 
funding sources have led them to explore new 
possibilities for financing agricultural research. Their 
explorations have been opening up opportunities that are 
flexible and timely, 

Non-government funding of research has already started, 
It is even growing in Argentina, Venezuela, Colombia, 
Mexico, Chile, and other countries in the region. In these 
countries, agricultural producers and industrialists in 
general, who together depend on agricultural production, 
have accepted the fact that production is likely to 
stagnate without the aid of scientific research and the 
availability of new technology and know-how generated 
inlaboratories, experiments, fields, greenhouses, even on 
farmers' lands. Without rew technology, farming is 
likely to remain primitive. Farmers will continue to.1, 
distant from the frontiers of agricultural progress. Non-
public funds for research need to be administered 
through channels which can be controlled and 
safeguarded in a ways that ensure their optimum use. 

All human activities should, without doubt, be the 
subject of continuoU study; study that generates new 
information. Indeed, we are living today in the 
Information Age. Yet sometimes one piece of 
information will contradict ,nother, requiring judgment 
about the quality of information. We mu,t be careful not 
to allow professional jealousies and interests to prevent 
us from realizing information belongs to us all and it is in 
all of our interests that it be used in the most effective 
way. Accurate information is absolutely necessary to 
ensure that those respon-ible for agricultural policies 
may be able to judge programs and support those 
carrying them out. Information should enable research 
directors to make the most efficient decisions possible 
about the use of the human and material resources at 
their disposal. Information can help them, too, to 
evaluate the benefits and costs of research and 
application of the new technology which research 
generates. 

Bibliographic information is important for research 
workers in today's world, affording them the chance to 
become aware of what other scientists have discovered 
working in the same area of specialization. Strch 
awareness prevents wasting both time and resources. We 
have enough long roads to wander to make the most of 
whatever shortcuts the work of others may provide for 
us. It is therefore important that national information 
systems be well stocked with genetic and other 
information vital to the agricultural research effort. They 
should be urged to increase their scope and interest to a 
regional, continental, even global level. To be sure, we 
must learn to look on human knowledge as the common 
property of all mankind. The world will only progress 
once itrecognizes and accepts the need for joint activities 
and interdependence. 

An ethical attitude towards the interchange of 
information on the part of researchers would help us all 
to optimize the use of resources which, although at times 
abundant, always have been and always will be too 
limited in their totality to allow irs to surmount the 
agricultural problems facing Latin America and the 
Caribbean. 

Information systems based on cooperation, 
professionalism, and equity should be the basis for 
developing standards and mechanisms which will help to 
broaden scientific exchanges and international 
cooperation. There should be a true interchange of 
information at the highest level possible, which gives 
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paramount priority to identifying the programs that 
specific national systems need in order to accomplish 
their objectives - although common courses of action are 
clearly a source of extra strength. Exchanges of 
information and collateral activities have begun to take 
place. Where countries have comparative advantages, 
they have been able to help less-privileged neighbors. 

I must also ask you to consider whether we should 
continue to give prime emphasis in our research goals to 
the competitive establishment of consumer market 
monopolies, or whether perhaps we have reached a stage 

of responsibility where our foremost objective must 
become to fight together against world hunger. Need I 
say the two approaches are not necessarily compatible? 

Bearing this in mind, IFARD should promote principles 
of ethics and morality in intra-institutional changes and 
recommend cooperation in order to ensure that research 
activities are handled and managed on a basis of equity 
and recirrocity. Otherwise there can be no social benefits 
from such interchanges, 

I am reminded of a tragedy that occurred in my country 
in the Yucatan, the home of the Mavas, an area where 
henequen is a traditional crop. At the beginning of this 
century, some botanical researchers from Europe arrived, 
apparently to study the cultivation of henequen, so that 
they could offer the benefits of their specialist knowledge 
to the indigenous people of this region. Their actions, 
however, did not fit this supposed goal. By subterfuge, 
they took the germplasm of this Mexican plant to the 
African colonies of their homeland. Twenty years later, 
the sales of Mexican hemp collapsed when supplies from 
African colonies flooded the world market. This is a 
perfect example of social injustice arising from scientific 
interchange, one from which the people of the Yucat~in 
have not yet been able to recover. 

Given the food shortage that burdens the whole world 
today, it is necessary as a first step towards survival for 
every country to become self-sufficient. That is not 
enough, however. We must also at least be able to help 
meet the demands of our regional communities, 
Researchers should not be the victims of isolationism. 
The governments of our countries have accepted the 
need to devote mor. attention to life under rural 
conditions, and to give greater support to research in 

agriculture, livestock, fishing, and forestry - not only in 
the interests of achieving self-sufficiency but, and this is 
most important, in order to treat men with equi.y and 

justice, especially those who work the land and who have 
suffered from urban and industrial development without 
necessarily reaping any benefits from it. 

In Mexico, the state has established an agricultural 
system which by 1981 enabled us to satisfy domestic 
demand for maize, beans, and rice. This year we will also 
be self-sufficient in wheat. Yet, in Mexico, we aspire to 
more: We also look forward to full econcmic self­
sufficiency and social development of producers, 
especially small farmers. 

Without doubt, we are currently witnessing what we can 
call an agricultural revolution, based on innovations in 
agricultural technology. Researchers, technicians, and 
extension workers are acting as agents of change. All 
striving towards the same goal: greater productivity of 
crops and livestock. 

In a world in which human values are apparently in a 
state of crisis, we must ask ourselves how to enhance our 

credibility; how to win the confidence of producers, 
researchers, and extension workers. I think it should be 

possible, for those people who live in the various 
countries of our region to be noble and generous people. 
We will first need to break the elitism of the past, 
however, moving ahead while demonstrating our respect 
for time-honored production techniques. We have to 
convince the rural population that our research workers 
have good intentions and the interests of the whole 
community, including produ,.ers at heart. This has to be 
done with acts rather than words. Social harmony in a 
participatory society will not develop by chance alone, 
but only in response to perceived necessity. We must be 
ready to persevere, for at times we will surely encounter 
serious problems of regional sentiment that hamper 
communication and solidarity. 

Each era of government has its own style, especially in a 
presidential system. Where executivr power enjoys 
popular support, it can provide true 1zodership, even at 
times eliminating bureaucratic impediments to progress. 
Frequently in our political system, there is too little sense 
of dynamic leadership. Instead, a kind of power vacuum 
prevails in which government officials remain the 
prisoners of an indifferent bureaucratic system. In fact, 
there may be more opposition to change and reform than 
support, especially when corrupt elements become 

embattled in self-defense. The bureaucracy may even 
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consider itself to be the supreme judge of knowledge, the 
guiding force in society. For too long, its delaying tac.tics 
may counteract the potentially beneficial impact of 
science and technology, 

Because they may be deceived or distracted, those who 
make high-level decisions sometimes underestimate the 
importance of the contribution scientific research has to 
make in the area of efficient agricultural production. On 
the other hand, leaders often condone familiar 
agricultural activities, ;uch as land clearance to increase 
the area under cultivation, expanding mechanization, and 
perhaps surface irrigation through grandiose schemes, 
Perpetuation of outdated methods, as opposed to the use 
of new technology, may create a system where consumer 
subsidies and low farm prices are the rule, where 
producers grow frustrated, and where low productivity 
helps generate inflation, 

There is no need for Latin America and the Caribbean to 
continue to suffer from this situation. We must desist 
from basing our agriculture on a subsistence system 
which leads to extensive migration and settlements of 
human poverty and misery encircling our cities. Our 
land is capable of feeding our present as well as our 
future populations, even populations several times the 
size of the present ones. First, however, we need to 
develop a commonsense, logical response to the 
production probieins raised by our growing population. 
We need to ensure that it will be scientists who 
determine future policies relating to land, water, fertilizer, 
and pesticides Linder our range cf agroclimatic 
conditions. 

Scientists in different countries demonstrate contrasting 
attitudes towards adopting this responsibility. There are 
those determined to bring about change and to 
modernize production systems; but there are others, and 
they perhaps are in the majority, who are severely 
discouraged, who have practically given up hope because 
new technology is currently not being used appropriately 
or is not reaching the smaller producers who need it 
most. 

IFARD could become a driving force to dispel this 
attitude of frustration. We should use all the means at 
our disposal to humanize academic programs, to improve 
the training of new researchers, to revitalize interest in 
creative research. We should recognize that researchers 
and producers have common goals and we should direct 
research activities to their concrete realization. IFARD 
should spare no effort to convince governments to 
provide a minimum investment for agricultural research, 
equivalent to at least 1%of the agricultural gross 
development product. Above all, we should try to 
establish the principle that the making of decisions and 
recommendations on matters related to increasing 
agricultural productivity should be the prerogative of 
scientists and scientific institutions. It is in the scientific 
community, to be sure, that true competence lies to 
formulate and organize programs to bring about 
necessary change. 

Friends and colleagues from the great countries of our 
continent, I think this second meeting has proven to be 
an excellent forum. It has enabled us to meditate together 
on the nature of our agricu'tural research problems and 
on the role IFARD might play in fulfilling the desires of 
our countries to advance through agricultural 
development. 

It is unfortunate that the world continues at such high 
cost to face up to many problems only when they 
constitute an immediate risk. With foresight and 
determination, we might save ourselves considerable 
suffering and expense. If we are not listened to today, 
however, you can be sure we will be tomorrow, for there 
is no alternative to cooperation for feeding the world. 

124 


