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Preface 

Withm the last decade significant steps have been taken ro narrow the agricul­
tural technology gap among countries. New international agricultural research 
centers have heen established, and a number of developing countries have 
made substantial progress in strengthening their national agricultural research 
capacities. It is estimated that world expenditures on agricultural research (in 
constant 1971 u.s. dollars) have risen from approximately $1.3 billion m 
1959 to $3.8 billion In 1974. In the less developed countries of Latin Amer­
ica, Africa, and Asia, the estimated mcrease in research expenditures for the 
same period was from $141 million to $957 million. 

The creation of two international agricultural research institutes in the 
early 1960s was an important factor in this surge of research Investment. The 
establishment of the International Rice Research Institute (IRRI) in the Phil­
ippines in 1960 and the International Maize and Wheat Improvement Center 
(CIMMYT) m MeXICO In 1966 signaled a wider contemporary refocusing on 
research as an essential instrument of agricultural productivity change III the 
less developed countries (LDC's). 

The ensuing story is well known. CIMMYT and IRRI developed short­
strawed, fertilizer-responsive, high-yielding wheat and rice varieties which 
were rapidly adapted and adopted in parts of Asia, Africa, and Latin America 
and which produced an upsurge in gram production popularly known as the 
"green revolution." By 1975, nine international research institutes and two 
other international programs were either in operation or in the process of be­
ing established in the LDC's (see Table n-1). 
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The view that effective research capacity in developing countries is a prIma­
ry means to raising agricultural productivity is now widely shared. The World 
Bank, the United States Agency for International Development (USAID), and 
other donors have begun to give agricultural research a higher priority for as­
sistance. Investment in agricultural research in developing countries has grown 
rapidly in recent years. As the agricultural research system has continued to 
expand, research productivity and research resource allocation have become 
important issues for development planners and science managers. 

In order to exam me these Issues, an international conference was held at 
Alrlie House, Virginia, in January 1975. The conference had two main objec­
tives: to examine recent evidence on the returns to mvestment in national and 
international agricultural research systems; and to explore the relevance of 
social and economic factors for the organization and management of national 
and mternational research systems. Technical Issues related to the measure­
ment of research productivity, the planning of research programs, and the 
management of research systems were also discussed. 

The conference drew together over fifty natural scie~tists, social SCientists, 
and administrators from national and international research agencies, some of 
whom WOre more than one hat. The format of the conference was somewhat 
unusual. Individual papers were not read but rather circulated before the 
meeting and orally summanzed at the conference by preselected discussants, 
several of whose commentanes proved so stimulating and original that they 
are included in this volume (chapters 26 and 27). Most of the conference, there­
fore, was devoted to what turned out to be a rich and vigorous discussion. 

Following the conference, cont(lbutors were asked to reVIew and revise 
their papers in the lIght of the discussions. The revised papers were then edit­
ed and returned to the authors for their further review, a painstakmg process 
which was completed in November 1975. As they appear in this book, the 
twenty-eight papers have been organized mto SlX sections. They are preceded 
by an mtroduction (by Thomas M. Arndt and Vernon W. Ruttan) which high­
lights the main issues discussed at the conference. 

The first sectIon of thls book is devoted to a series of studies of the pro­
ductivity of natIOnal research systems in both developed and less developed 
countries. There are two papers on the organization and productivity of re­
search systems in developed countrIes: the first (by Yujiro Hayami and Masa­
katsu Akino) describes the national-prefectural system in Japan; the second 
(by Willis L. Peterson and Joseph C. Fitzharris) discusses the federal-state sys­
tem in the United States. There are also two papers on returns to investment 
in agricultural research in developing countries, one drawing upon Colombian 
experience (by Reed Hertford, Jorge ArdIla, Andres Rocha, and Carlos Trujil­
lo) and One focusing upon India (by A. S. Kahlon, P. N. Saxena, H. K. Bal, 
and Dayanath Jha). The fmal paper in this section (by Reed Hertford and 
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Andrew Schmitz), prepared after the conference, revIews some of the theoret­
ical foundations of, and empirical consIderations mvolved m, the evaluation 
of returns to research. 

The second section includes three papers on the productiVIty of interna­
tional research systems. The fIrst paper (by Dana G. Dalrymple) documents 
the impact of the CfMMYT and fRRf varietal development programs on wheat 
and rice production in Asia. A second paper (by Robert E. Evenson) revIeWS 
the history of cycles in research productivity and in international diffusion 
patterns for three commodIties. sugarcane, wheat, and rice. A thIrd paper (al­
so by Evenson) presents measures of the rates of return to the resources in­
vested in research at IRRI and CIMMYT. In a fourth paper (by Yoav Kislev) 
an attempt IS made to develop a theoretIcal model of applied research con­
sIstent with the historical experience reviewed III the earlier papers III the first 
two sections. 

The third section is devoted to the organization and development of the 
international agriG1lltural research mstitute system. The f,rst chapter (by J. G. 
Crawford) traces the development of a system for organizing, funding, and 
managing the new institutes, spearheaded by the Ford and Rockefeller foun­
dations and now gUIded by the Consultative Group on International Agricul­
tural Research. The programs that have been developed to achieve closer artI­
culation of the research programs of the international and national systems 
are outhned by the director of IRRI (Nyle C. Brady) and the director of 
CIMMYT (Haldore Hanson). The problem of establishlllg effective workmg 
relationships between the International and national agricultural research sys­
tems is then reviewed (by Sterling Wortman). The final paper in thIS section 
(by Burton E. Swanson) presents a comparison of the Impact of the IRRI and 
CIMMYT traimng programs on the career patterns and effectiveness of young 
scientists who have studied at these two institutes. 

The fourth sectIOn is devoted to issues bearing dIrectly on the organizatio11 
and mallagement of agricultural research systems. The first paper (by Albert 
H. Moseman) outlines the evolution of coordinated national research projects 
for Improving food crop productIOn. Two papers focus on the problem of re­
organizing and reformIng national research systems in the United Kingdom 
(by TIlo L. V. Ulbricht) and in Brazil (by Jose Pastore and Eliseu R. A. Alves). 
Next, the contribution of private sector internatIOnal agricultural research is 
described (by S. M. Sehgal), based on the experience of Pioneer Hi-Bred Inter­
national. A systems approach to research resource allocatIon IS then outlined 
and evaluated (by Per Pinstrup-Andersen and David Frankhn). The final chap­
ter in this section (by C. Richard Shumway) presents a review and evaluation 
of the literature on formal models and methods for allocating resources in re­
search. 

The fifth section examines the role of economic and social factors in re-
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search resource allocatiolls. The first paper (by Martin E. Abel and Delane E. 
Welsch) outlines a theoretical model for exploring the relative effects· of en­
vironmental constraints and commodity mix On research resource allocation. 
The second paper (by John W. Mellor) is devoted to an empirical evaluation 
of the effects of efforts to relate research resource allocation to alternative 
goals such as labor absorption. In a thIrd paper (by J. P. Ramalho de Castro 
and G. Edward Schuh) the use of an economic model to establish research 
priorities, based on Brazilian data, is illustrated. The role of resource endow­
ments and relative prices in inducing the choice of alternative paths of techni­
cal change - that is, labor saving versus land saving - is documented (by Hans 
P. Binswanger). The final paper in this section (by Alain de ]anvry) presents a 
theoretical model of dialectical mteraction between technical and institution­
al change in agriculture whIch suggests important directions for future re­
search. 

The final section is devoted to discussion of the research strategy and man­
agement issues that wiII affect the future of the illternatlO1Ial research system 
and the productivity of national research systems. The fIrst paper (by A T. 
Mosher) is devoted to a discussion of unresolved issues in the evaluation of 
the international system. A second essay (by Theodore W. Schultz) focuses 
on the role of economic policy m influencing the prospects for gains from ag­
ricultural research. In the final paper (by J. G. Crawford) the pohcles and 
problems facing the Consultative Group on International Agrtcultural Research 
and its Technical Advisory Committee in their efforts to strengthen national 
and international research are reVIewed. 

The papers included in this volume cannot, of course, reflect fully the ex­
citement and challenge of the Airlie House conference. Particularly signtficant 
contributions to the discussions were made also by Richard Baldwin of Cargill 
Inc., Joel Bernstein of the US. Agency for International Development;John 
K. Coulter of the Consultative Group on International Agricultural Research; 
George Darnell, James M. Fransen, Raj Krishna, and Montague Yudelman of 
the World Bank; M. McDonald Dow of the National Academy of Sciences; 
Walter L. Fishel of the U.S. Department of Agriculture; Lowell S. Hardin of 
the Ford Foundation; W. David Hopper of the International Development Re­
search Centre; Richard Nelson of Yale University; Peter Dram of the Food 
and Agriculture Organization of the United Nations; S. J. Webster of the Min­
istry of Overseas Development of the United Kmgdom; A. M. Welsblat of the 
Agricultural Development Council, Inc.; and F. R. Wittnebert of the Parker 
Pen Co. 

The Aidie House conference was given conSiderable impetus and back­
ground by the materials presented and discussed at an earlier symposium on 
Resource Allocation in Agricultural Research held at the University of Minne-
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sota in February 1969. The results of the Mmnesota conference, whIch focused 
on many of the same issues considered at Airlie House but from a domestic 
(United Stares) viewpoint, were pubhshed in a book edited by Walter L. Fishel 
and entitled Resource Allocation in Agricultural Research (Minneapolis: Uni­
versity of Minnesota Press, 1971). 

Both the Minnesota and Airlie House conferences were oriented to formal 
research carried out at nonprofit instItutions and supported pnmanly with 
public or philanthropIC funds and, to a lesser extent, to research conducted 
by private firms. It is recognized, however, that sigmflcant technical improve­
ments may also result from informal research by farmers themselves Of by 
small, local firms. Simple selection of Improved varieties of seeds has tradi­
tionally been an important source of vanetal development and yield increase. 
In the field of mechanical technology, simple but effective mechanical'devices 
invented by farmers or mechanics, such as small irngation and cultivation 
equipment, continue to provide many of the models for eqUIpment engineered, 
manufactured, and marketed by larger firms. The work of both national and 
international research programs in many cases builds on this indigenous tech­
nology. Thus while httle is said a.bout informal research in this volume, itS po­
tential importance should not go unrecognized. 

The structure of public agdcultural research differs somewhat between the 
developed and the less developed nations. In the developed countries, research 
IS conducted both by ministries (or departments) of agriculture and by, col­
leges and ulllverSlties. In the developing nations, research has traditionally 
been much more strongly concentrated in specialized arms of the ministries 
of agriculture or in autonomous, commodity-oriented research institutes. Col­
leges of agriculture in developmg countries have usually concentrated on 
teaching, although in some cases they have done significant research (the 
popular rice variety C4-63, for instance, was developed by the College of Agri­
culture at the University of the Philippines) and may well playa larger role in 
the future. A paper On "Articulation of the International System with Other 
Regional OrganizatIons Ministry and UllIversity," by Jose Drilon was origmal­
ly scheduled for the conference, but unfortunately Dr. Dnlon, for reasons be­
yond his control, was unable to prepare the paper or to participate in the dis­
cussions. 

We would also like to emphasize that, while this volume focuses on the im­
portance of improved technology in the process of agricultural development, 
we are quite aware that it is not the only factor. A host of other forces - SOCIal, 
instItutional, economic, and technical - both influence the adoptIOn of tech­
nology and set the stage for the complex of other changes which must take 
place in the process of agricultural and economic development. Although im­
proved technology may be the key factor in some societies, in others it may 
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not. Improved technology alone is clearly not tantamount to agricultural de­
velopment. But If the proper forms of technology can be efficiently generated­
through research, the development process can often be facilitated. It IS our 
hope that this volume will contribute to a better understanding of the role of 
research in the process of technical change and of the role of technical change 
In agricultural development. 

The conduct of the Airlie House conference and the preparation of this 
volume have been possIble only through the help of many individuals and 
several institutions. The conference plannmg committee consisted of Robert 
E. Evenson, Walter L. Fishel, and Vernon W. Ruttan. The conference was 
sponsored by the Agricultural Development Council under its Research and 
Training Network Program, a program which, in turn, is funded under a con­
tract with the United States Agency for InternatIonal Development. Addi­
tional support for mternational participation in the conference was provided 
by the World Bank. 

Turning a Set of conference papers by an international cast into a book IS, 
as we learned, far from a quick or simple job. Our task was facilitated by the 
cooperation and forbearance of the individual authors, most of whom found 
theIr carefully revised papers further edited and trimmed. Virgima O. Locke 
played a key role in the copy editing; her professional skills and contnbutions 
were of great assistance. We would also like to express our appreciation to 
Willis L. Peterson for his review of technical portions of the fmal page proofs 
and to Raymond D. Vlasin for his very helpful review and evaluation of a pre­
liminary draft of the conference proceedings manuscript. 

January 1976 

Thomas M. Arndt 
Umted States Agency for 
International Development 
Colombo, Sri Lanka 

Dana G. Dalrymple 
Ullited States Department of Agriculture and 
United States Agency for International 
Development 
Washington, D.C. 

Vernon W. Ruttan 
The Agricultural Development Council, Inc 
New York and Singapore 
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Resource Allocation and Productivity in 
National and International Agricultural Research 



Valuing the Productivity 
of Agricultural Research: 
Problems and Issues 

Thomas M. Arndt and Vernon W. Ruttan 

1 

The capacity to develop technology consistent with physical and cultural en­
dowments is the single most important variable accounting for differences in 
agricultural productivity among nations. Yet the process by which this capac­
ity to create and diffuse technical innovations in agriculture is realized has, 
until recently, received relatively little attentIOn from agricultural or SOCial 
scientists. 

The Alrlie House conference waS a milestone In effective collaboration be­
tween agncultural and social scientists in analyzing the sources and the effects 
of agricultural research. This interchange had been evolving hesitantly for the 
past few years, and the success of the conference suggests that it may grow at 
an accelerated pace as we add to our knowledge of the organization, manage­
ment, and productivity of agricnltural research in developing and developed 
countnes.1 

ThIS Introductory chapter will attempt to illuminate the major issues that 
activated the dialogue at the conference. These issues are organized under six 
headings: (a) the productivity of agricultural research; (b) the demand for re­
search and technical change; (c) the generation and diffusion of agricultural 
technology; (d) the productivity and potential of the international agricultur­
al research institutes; (e) the orgamzation and management of agncultural re­
search; and (f) the improvement of research decision-making. Our primaty ob­
jective In considering these issues Will be to achieve a synthesis of the views of 
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conference participants as expressed both during our discussions and in the 
subsequent chapters of this book. The concluding section of this chapter will 
outline some suggestions for further research. 

The Productivity of Agricultural Research 

The significance of any technical change is that it permits some substitution 
of a less expensive and more abundant resource-knowledge-for more ex­
pensive and often scarce resources-land, water, and'the like. In short, tech­
nical change releases the constraints imposed upon growth by inelastic re­
source supplies. Research increases agricultural productivity in several ways­
by raising returns to factors of production through lowering costs or increas­
ing output, by improving product quality or introducing new products, and 
by reducing the cultivator's vulnerability to forces beyond his control. In re­
cent years there has been a proliferation of studies which indicate that returns 
to a great deal of investment in agricultural research have been two to three 
times higher than returns to other agricultural investment. Data presented in 
several chapters of this book (2, 3,4,5,7,8, and 9) support this suggestion. 
These data, together with the findings of several other studies available to us, 
are summarized in Tables 1-1 and 1-2. 

Both the theory and the methods on which rate-of-return estimates for 
agricultural research are based were subject to careful scrutiny-at the confer­
ence. Webster pointed out that many studies have arrayed gross benefits from 
research against only direct costs, omitting or reporting only a part of the 
costs of research implementation. If this deficiency were corrected, Webster 
maintained, estimated returns would be more comparable to those realized 
from conventional development projects (for which a 15-20 percent internal 
rate of return is considered good). On the other hand, it has been argued that 
the benefits from research are conservatively stated and that indirect effects, 
such as spillover benefits beyond the country or region originating the re­
search, are not fully captured by the existing data. 

Evenson, concurring with the view.that exaggerated returns have been re­
ported in some studies, argues for more careful attention to the theory and 
method of rate-of-return estimates by both producers and consumers of such 
estimates (see chapter 9). In general, however, the sources-of-growth studies 
should be less subject to accounting errors than are dIrect cost-benefit studies. 

In snpport of a somewhat different point, Ulbricht contended that esti­
mated rates of return assume the accuracy of estimates of benefits while in 
his judgment, assessments of benefits are highly subjective. Furthermore, he 
,pointed out, relatively few studies, other than Schmitz and Seckler's investi­
gations of tomato harvesting in California (see Table 1-1) and Hayami and 
Akino's research on rice reported in this volume (chapter 2), have taken the 

http:scrutiny.at


Table 1-1. Summary of Direct Cost-Benefit Type Studies of 
Agricultural'Research Productivlty 

Annuallntern.1 
Time Rate of Return 

Study Country Commodity Period (%) 

Griliches U.S.A. Hybnd corn 1940-55 35-40 
(1958) 
Gnliches US.A. HybrId sorghum 1940-57 20 
(1958) 
Peterson U.s.A. Poultry 1915-60 21-25 
(1966) 
Evenson Sourh Africa Sugarcane 1945-62 40 
(1969) 
Ardito Barletta Mexico Wheat 1943-63 90 
(1970) 
Ardito Barletta Mexico Maize 1943-63 35 
(1970) 
Ayer Brazil Cotton 1924-67 77+ 
(1970) 
Schmitz & Seckler U.S.A. Tomato harvester 1958-69 
(1970) Wah no cornpensa- 37-46 

tlon to displaced 
workers 
Assumtng campen- 16-28 
sation of d1splaced 
workers for 50% of 
earnings loss 

Htnes Peru Maize 1954-67 35-40' 
(1972) 50-5Sb 

Hayami & AklDo Japan Rice 1915-50 25-27 
(1975)c 
Hayaml & Akino 
(1975)c 

Japan Rice 1930-61 73-75 

Hertford, Ardtla, 
Rocha, & Trujillo Colombia Rice 1957-72 60-82 
(1975)C Colombia Soybeans 1960-71 79-96 

Colombia Wheat 1953-73 11-12 
Colombia Cotton 1953-72 None 

Peterson & 
Fitzharris U.S A. Aggregate 1937-42 50 
(1975)c 1947-52 51 

1957-62 49 
1967-72 34 

a Returns to maize research only. 
b Returns to maize research plus cultivation Upackage." 
C From papers presented at Conference on Resource Allocation a.nd Productivity in 

National and International Agricultural Research, Agricultural Development Council] Re-
search and Trainmg Network Program. Airlie House, Virginia, Ja.nuary 26-29.1975, and 
whICh appear as chapter 2 (Hayami and Akino), chapter 3 (Peterson and Fitzharris), and 
cnapter 4 (Hereford er al.) In rho present volume. 
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Table 1-2. Summary of Selected Sources-of-Growth Type Studies of 
Agncultural Research Productivity 

Annual Internal 
Time Rate of Return 

Study Country Commodity Period (%) 

Tang japan Aggregate 1880-1938 35 
(1963) 
Grihches U.5A. Aggregate 1949-59 35-40 
(1964) 
La.timer U.S.A. Aggregate 1949-59 Not significant 
(1964) 
Peterson USA. Poultly 1915-60 21 
(1966) 
Evenson U.S.A Aggregate 1949-59 47 
(1968) 
Evenson Sou th Africa Sugarcane 1945-58 40 
(1969) 
Evenson Australia Sugarcane 1945-58 50 
(1969) 
Evenson IndIa Sugarcane 1945-58 60 
(1969) 
Ardito Barlett. Mexico Crops 1943-63 45-93 
(1970) 
Evenson & Jh. India Aggregate 1953-71 40 
(1973) 
Kahlon, Saxena. 
Bal, & jha India Aggregate 1960161-
(1915)" 1972173 63 

" From paper presented at Conference on Resource Allocation and Productivity in 
National and International Agricultural Research, Agricultural Development Council] Re-
search and Training Network Program, Airlie House, Virginia, January 26-29,1975, and 
which appears as chapter 5 in the present volume. 

Sources for Tables I-I and 1-2 The estimates presented at the Conference on Resource 
AllocatIon and ProdUCtIVIty.m NatIona.l and InternatlOnaI Agricultural Research are iden­
tified by an asterisk The other estimates have been summarized by james K. Boyce and 
Robert E. Evenson. NatIOnal mid IuternatJOllal Agricultural Research and Extellszon Pro­
grams. New York: Agnc:ultural Development Council, 1975~ The :sources of the individu­
al estimates are as follows: 

Ardito Barletta, N. "Costs and Social Benefits of AgrIcultural Research in MexIco" 
Ph D dissertation. Chicago. UniverSIty of ChIcago, 1970. 

Ayer, H. "The COSts, Returns and Effects of Agricultural Research in a Deve10ptng 
Country: The Case of Cotton Seed Research in Sao Paulo, BraziL u Ph.D. dissertation. La­
fayette. Purdue University, 1970. 

Everlson, R. Ulnternational Transmission of Technology in Sugarcane ProductlOn.H 

Mimeographed. New Haven: Yale Umversity, 1969. 

Evenson, R "The Contr.burion of Agricult;ural Research and Extension to Agricultural 
Production. U Ph D. dissertation Chicago Universlty of Chicago, 1968 

Evenson, R .. and D. Jha. "The ContributIon of Agricultural Research Systems to Agri­
cultural Production in Indi •. " Indian journal of Agricultural Economics, 28 (1973),212-
230. 

Gnhches, Z. "Research Costs and Social Returns: Hybrid Corn and Related Innovations," 
Journal of Political Economy, 66 (1958), 419-431. 
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distributional effects of technical change into account. Ulbricht stressed that 
investment in agricultural research in developing countries should be support­
ed not On the basis of the high rates of return that have been estimated but 
simply because agricultural research has been an important factor leadmg to 

increases in agricultural productivity. 
These and related arguments have been examined by Hertford and Schmitz 

(chapter 6), who point out that regardless of the methodology employed ac­
curate estimation of the change in production attributable to research is the 
most critical step in any effort to measure research productivity. It is clear 
that few of the available studies are free of methodological or empirical 
problems. Nevertheless, the overall robustness of the return figures does not 
appear to be in doubt. 

More than once in conference discussions the value for research planning 
of even· the most precise historical estimates of research productiVIty was 
quesnoned. Nevertheless, as Kahlon pointed out with reference to India, 

Griliches, Z. "Research Expenditures, Education and the Aggregate Agricultural Produc­
tion Function," American EconomIc ReVIew, 54·6 (December 1964), 961-974. 

*Hayami, Y., and M. Akino. "Organization and Productivity of Agricultural Research 
Systems in Japan." ADC/RTN Conference on Resource Allocation and Productivity in 
National and International Agr.icultural Research, Alr1ie House, Vugima, January 26-29, 
1975 (chapter 2 m the present volume). 

'Hertford, R., J. Ardlla, A Rocha, and C. Trujillo. "ProductiVity of AgrIcultural Re­
search in Colombia." ADC/RTN Conference on Resource Allocation and Productivity in 
National and International Agncultural Research, Alrhe House, Virgima, January 26-29. 
1975 (chapter 4 10 the ptesent volume) 

Hines, J. "The Utiitzatlon of Research for Development Two Case StudIes In Rural Mod­
ermZa.tlOn and Agriculture in Peru." Ph D. dissertation. Princeton Pnnceton Umverslty, 
1972. 

*Kahlon, A. S., P N Saxena, H. K. Bal, and D. Jh •. "Retu!ns to Investment 10 Agricul­
tura.l Research in IndIa." ADC/RTN Conference on Allocatlon and ProductIvity in Na­
nonal and International Agrlcultura1 Research, Airlie House, Virgmia, January 26-29. 
1975 (chapter 5 In the present volume). 

Latimer, R. "Some Economic Aspects of Agncultural Research and Extension In the 
U.S." Ph D. dissertation. Lafayette! Purdue Umverslty, 1964. 

Peterson 1 W. L "Returns to Poultry Research in the United States," Journal of Fann 
EconomIcs, 49 (August 1967),656-669. 

'Peterson, W. L., and J. C. FItzharris. "The Organization and Productivity of the Federal­
State Research System in the United States."' ADC/RTN Conference on Resource Allo­
cation in National and International Agncultural Research, Alrhe House, VIrgima, January 
26-29, 1975 (chapter 3 in the present volume). 

Schmitz, A., and D. Seckler. "Mechanized Agriculture and SOCial Welfare, The Case of 
the Tomato Harvester," American Journal of Agricultural Economics, 52,4 (November 
1970), 569-577. 

Tang. A. "Research and Education in Japanese Agricultural Development," Economic 
Stud;e' Quarterly, 13 (February-May 1963)' 27-41,91-99. 
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there is continual pressure from political leaders for evidence of the produc­
tivity of public investment, including investment in agricultural research. And 
productivity estimates are a useful device for monitoring research program 
performance. 

The studies under discussIOn, however, provide only partial information on 
the policy choices Involved in research resource allocation. They explain nei­
ther the variability in returns to research (e.g., the disparate results of Colom­
bian research, as reported in chapter 4) nor the many unsuccessful research 
invesouents around the world. They indicate little about the distribution of 
the benefits of research among various groups in society. And they do not 
fully explain the relationship of research Investments at home to research 
done elsewhere. Collectively, though, the studies do serve as a point of de­
parture for exploring these issues in greater depth. 

The Demand for Research and Technical Change 

The theory of Induced innovation served as a launching point for attempts to 
develop a more complete understanding of the nature of the demand for tech­
nical change in agriculture. The 1971 study by Hayami and Ruttan dealing 
with technical change in agriculture in Japan and [he United States indicated 
that both countries have experienced similar agricultural growth rates despite 
radically different factor endowments.2 In Japan land was expensive and 
labor was cheap. In the United States labor was expensive and land was cheap. 
The ability of each country to introduce a series of technical innovations 
which utilized cheap factors while conserving expensive factors was a key 
source of productiVIty growth in their respective agricultures. 

In both Japan and the United States factor endowments have provided the 
compass and much of the motive power for technical change in agriculture. 
Relative factor scarcities have been reflected in relative factor prices which in 
turn have induced a search for technical innovations to conserve scarce fac­
tors. In Japan this led largely to land-saving biological innovations; in the 
Umted States it led to labor-savmg mechanical technology. 

The effectiveness of the process through which technical progress is gener­
ated, along a path induced by relative factor scarcities and by final demand, IS 

conditioned by many circumstances. These include the state of scientific 
knowledge, the capacity of industry to supply inputs and materials, the levels 
of techmcal and scientific skill embodied in people, the distortions m the 
market, and the tugs and pulls of social and political circumstances. 

In its Simplest form, the theory of induced innovation assumes that all 
technical innovations are equally possible. Binswanger presents evidence (see 
chapter 25) that technical change may be more easily produced in some direc­
tions (e.g., labor-saving technology) than in others. If hiS evidence is COn-
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finned, it implies that there are "fundamental biases" In technical change 
which may offset or neutralize the inducement mechanisms whICh bring about 
the conservation of relatively scarce factors. Binswanger concludes that it 
may take massive changes in relative factor prices to alter the direction of 
technical change. Such changes have In fact taken place. The Inducement 
mechamsms described by Hayami and Ruttan, though buffeted by counter­
currents, have operated In those countrIes which successfully escaped from 
the low-productivity trap. 

In an attempt to aniculate the variety of forces which condition technical 
change, de Janvry presented the conference with a conceptual model of the 
process involved in the inducement and diffusion of technical innovations 
(chapter 26). De J anvry vIews technical change as occurring in a dialectical in­
teraction with institutional change rather than as the essentially 1m ear process 
proposed by Hayami and Ruttan. 

The key to the de Janvry model is the payoff matrix, which describes the 
partitioning of the gains from research among particular interest groups in 
society-commercial farmers, landed elites, subsistence fanners, consumers­
who derive income gains or losses from alternative public goods such as re­
search (see Figure 26-1). The supply and demand for research is centered in 
the payoff matrix and is conditioned by the socioeconomic structure on the 
One hand and the political-admimstrative structure on the other. Each social 
group pressures the political-administratIve structure for research depending 
on the parricula( payoff such group expects. The relative social power of 
different groups determines whether and how their demands are translated 
into the allocation of people and money for particular lines of research. The 
extent of basic scientific knowledge determines the area within which techni­
cal innovation IS possible. 

The resulting supply of research is filtered through the socioeconomic 
structure and produces specific payoffs for different social groups. In agricul­
tural research, these payoffs are detennined by (1) the physical character­
istics of the innovation in tenns of its ability to raise yield or reduce costs; 
(2) the extent of the diffusion of the innovation, which is conditioned by its 
suitability to varied physical and cultural environments; and (3) the prices 
of factors and products, which determine the relative profitability of particu­
lar technical innovations. High payoffs, of course, induce further demands for 
new research. 

The study on Japan by Hayami and Akino (chapter 2) indicates how agri­
cultural research can prosper where social and economic forces flow together 
to induce a clear demand for technical change. During the Mel]I era when 
Japan was modernizing, several groups converged in their demand for agricul­
tural research_ Fanners sought land-augmenting technology, consumers sought 
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lower food prices, industrial employers wanted low-priced wage goods to 
keep costs down and save foreign exchange, and governments sought highef 
land tax reVenueS. Several features of the social and political structure of 
Meiji Japan, particularly the breakdown of feudalism and the high degree of 
social orgamzation at the rural level, were uniquely conducive to the genera­
tion and diffusion of agricultural technology. 

Similarly, Peterson and Fitzharris's study of United States agricultural re­
search (chapter 3) Illustrates how the "more successful, wealthier fanners," 
abetted by a social structure which encouraged the organization of farm 
gfOUpS and a political structure which enabled them to press their demands 
on the body politic, succeeded in establishing a favorable environment for 
the emergence of a highly productive federal-state research system. 

In most countries, particularly the developing countries, effective chentele 
groups capable of serving as an "agricultural research constituency" have not 
emerged, and the demand for technical change in agriculture is only latent. 

The analysis of research in Colombia by Hertford and his associates (chap­
ter 4) indicates that the concentration of rice, soybean, and cotton pfoduc­
tion In limited areas or in the hands of tightly organized gfOUpS was a major 
factor in inducing research and in effecting the adoption of research results. 
By contrast, the land tenure arrangements among Colombian wheat growers 
had a negative effect on the spread of new wheat technology and on the sub­
sequent demand for technical change. 

The Colombian study also reveals the importance of prices m inducing or 
hindering research. Rice research was stimulated by the 82 percent increase 
In the price of nee which took place In the three years following the imposi­
tion of import controls. On the other hand, incentives for wheat research 
were dampened for a number of years by the avallabihty of PL 480 wheat. It 
is important to note, as Schultz pointed out in the discussion of this point, 
that the persistent underpricing of food grains by political authorities in 
developing countries is a force majeure constraining the demand for research 
and for the diffusion of its products. 

The conference's exploration of the demand side of technical change end­
ed with a trail of question marks leading to unexplored territory. There have 
been only a limited number of empirical studies in LDC's that describe how 
the demand for new technology derives from particular groups and how the 
payoffs are distributed. The studies on returns to research mentIOned earlier 
are based on aggregate estimates of benefits. Research on how various input 
and output OWners appropriate the surplus generated by agncultural research 
would be an Important means to understandmg how research IS Induced, why 
it takes the direction it does, and whether it will serve broad development 
goals. 
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There remains a persistent question: why, despite the evidence of high re­
turns, has there been so little investment in agricultural research in developing 
countries? Does the answer lie primarily on the demand side, as some at the 
conference argued? If so, what IS the nature, origin, and direction of this de­
mand?3 

The Generation and DiffuslOn of Agricultural Technology 

Several recent econometric investigations, primarily those by Evenson and 
Kislev (chapters 8, 9, and 10), have made some major inroads into under­
standmg how advances in agricultural technology are made and diffused_4 

Applied agricultural research may be understood as a search for new tech­
nology Within the limits of existing scientific knowledge. Basic knowledge 
establishes the boundaries within which innovation is possible. If basic knowl­
edge is static, applied research is subject to the principle of diminishing returns 
and Will eventually come to a halt as the cost of successive technicalmnova­
tions within the existing knowledge boundary rises. Without an increase in 
baSIC knowledge, technical change will eventually stagnate as the marginal 
cost of Innovations nses to meet marginal returns. 

Advances in basiC knowledge extend the frontiers of applied research and 
make it more productive by providing new opportunities for technical innova­
tions. Kislev argues that the faster the advance of basic knowledge, the greater 
the productivity of applied research will be. The rate of technical progress 
thus reflects both the rate of growth in the supply of new knowledge, result­
ing from investment in basic or supporting research, and the rate of growth 
in the effective demand for technical change as reflected by investment in 
agricultural experiment station capacity. 

Since basic knowledge does not expand continuously or smoothly, tech­
nical progress can be expected to move in cycles or spurts. A breakthrough 
typically leads to an initial rapid harvest of innovations, followed by a slow-

.' ing down of innovative activity. 
Evenson documents the existence of such spurts In the successive break­

throughs in the development of improved sugarcane varieties throughout the 
world, beginning in the late 18005 (chapter 8). SimIlarly, Hayami and Akino 
show that agricultural research in Meiji Japan, which was based on the devel­
opment of technology from existing knowledge, was slowing down until it 
was revitalized by a turn to more basic research in the 19205 (chapter 2). 

Given this characteristic of technical progress, the introduction of "mira­
cle" rice and wheat by the International Rice Research Institute (IRRI) and 
the International Center for the Improvement of Maize and Wheat (CIMMYT) 
was not miraculous at all. These pioneering Institutes filled a gap created by 
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the delay of the developing countries in taking advantage of technical oppor­
tunities that were available to them through previous advances in scientific 
knowledge. The primary reason for this failure, Evenson asserts, was the low 
level of research investment in LOC's in the 1940s and 1950s and the con­
sequent incapacity of these countries to capitalize On the stock of knowledge. 
The delay was particularly apparent in many former colonial countries where 
agricultural research capacity had been developed to faCIlItate the production 
of export commoditIes rather than of domestically consumed food commodi­
ties. 

If techlllcal mnovation is defmed as filling the gap between the technology 
in practice and the technology which is possible given existing knowledge, 
then innovations are achieved by well-trained scientists who know what IS 
possible and who can design new technology to take advantage of it. This 
skill-which Swanson, in chapter 15, terms the skill of the "biological archi­
tect"-is what made CIMMYT and IRRI so successful. 

Productive applied research in LDC's, Evenson argues, is strongly depen­
dent on the avaIlability in such countrIes of this type of high-order technical 
skIll. The highly tramed scientist has an understanding of science and the 
basic knowledge embodied in existing technology which he manipulates to 
create superior technology for the production conditions in his country. 
Evenson demonstrates that the availability of high-order research skills 
represents an important source of agricultural productivity growth in LOC's. 
Without these high-order skills, Evenson asserts, LOC's tend to engage in 
relatively unproductive low-level research, which often unnecessarily repeats 
work done elsewhere. 

Evenson's studies of the international diffusion of sngarcane varieties and 
other commoditIes show direct as well as adaptive diffusion processes at work. 
He demonstrates that the rate of both processes depends on the availability 
and qualIty of indigenous research capabIlItIes. 

The availability of the capacity to do research on sugarcane made It possible 
to speed up the importation, testing, and release of sugarcane varieties gener­
ated elsewhere. Evenson reveals that in Australia, South Africa, and the Carib­
bean area this diffusion effect alone Justified the countries' investment in re­
search even without considering the benefits from the adaptive research 
which resulted from the neW research capacity. 

Hertford's studies of cotton research in Colombia showed a similar result. 
Initiation of cotton research there facilitated the importing and the testing of 
United States cotton varieties which yielded high returns, even though the 
Colombian research itself did not produce varieties superior to United States 
varIeties. Research leading to the introductIon or adaptation of new crops or 
varieties is often accomplIshed by the private sector too (see Sehgal, chapter 
19). 
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Evenson concludes that countries wIthout the capacity to do sIgnifIcant 
agrIcultural research also lack the capacIty to benefit fully from the research 
of others in sImIlar geoclimatic zones. His estimates of the magnitude of these 
spillover effects are shown in Table 9-5. His conclusions buttress the argu­
ment for investmenr in agricultural research in developing countries. His data 
imply, though they do not yet prove, that developmg countries will need to 
emphasize the development not only of the capacity for adaptive or applied 

\ research but also of high-order conceptual·sclentlflc skills If they are to take 
full advantage of the potenrial contribution of agrIcultural science to national 
development. In the future, according to Evenson, it will be primarily people 
with high-level conceptual skIlls who WIll break new ground and lead effective 
national research programs. 

'The ProductiVIty and Potential of the International 
Agricultural Research Institutes 

In the early 1970s the mternatlonal agricultural research instItutes accounted 
for about a tenrh of 1 percent of world expenditure for agricultural research. 
Even in the developing countries they accounted for less than 5 percent of 
agricultural research expenditure. Yet, their impact has been great. Dalrymple 
estimates that the technology packages derived from the work of the institutes 
added 1 billion dollars in wheat and rice production m Asia alone during 
1972-73 (chapter 7). These technology packages were the joint products of 
research at the mstitutes and of original and adaptive research within the 
LDC's. 

In addition, the Institutes have had substanrial indirect consequences, 
which are not measurable. As Wortman points out, they have demonstrated 
the potential of science-based agriculture and thus have ?timulated investment 
in agrIcultural research in LDC's. Through such example, the institutes have 
mitiated trends in a numper of countries toward problem·oriented, com· 
modity-focused, multidiSCIplInary research. 

It is important, however, to place the success of the institutes in perspec­
tive. As we have already noted, the fact that the level of investment in applied 
agricultural research in the LDC's was very low from about 1940 to 1960 pro­
vided an excellent opportunity for the new international institutes to convert 
existing scientific knowledge into technologies which were superior to those 
in use m the tropICS. Furthermore, both CIMMYT and IRRI adopted research 
strategies designed to develop gram varieties which were usable under a rela­
tively WIde spectrum of environmental conditions. 

Progress has slowed as the new varIeties have spread into less favored lands. 
The productivity of the international institutes remains high, but it wIll be 
dIfficult to maintain the rate of return that was achieved from the initial in-
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vestments. Evenson estimates that the "second generation" returns to wheat 
and rice research, though exceedingly high by conventional standards, have 
fallen below the "fust generation" levels (Table 9-7). 

Progress has not been Uniform. The return on investment ID corn research 
at the international centers (and predecessor institutions) has been realized 
more slowly than that for wheat and rice, although private research on corn 
has been relatively profitable. Moreover, some of the international institutes 
are in their early stages and have yet to make major contributions. 

This does not mean that in the near future the international center will be­
come just another type of research unit. The centers are at present uniquely 
structured for effective action. They have independent boards of trustees, 
organizational discipline, established pipelines to the fmancial resources of 
donor countries, and the ability to recruit skilled staff from all over the world. 
More importantly, the institutes have carved out central roles for themselves 
in the constellation of research institutions working on improved agncultural 
technology worldwide. They have access not only to scholarly capital but to 
genetic materials from around the world. They have established communica­
tion links With national research systems and with related productIOn pro­
grams that focus on commodities on which the international centers are con­
ducting research. 

The centers' relationships with developing countries are described in the 
papers by Brady (chapter 12) and Hanson (chapter 13). The institutes have 
utilized international collaboration on research and training systems to 
achieve significant multiplier effects from limited resources. There are, for 
example, only thirteen wheat SCientists at CIMMYT itself. It is this organiza­
tional innovation which may in the long run be judged the most outstanding 
accomplishment of the institutes and which may ensure their continuing 
relevance. 

The established institutes are now vigorous adolescents. What sort of adult­
hood lies ahead? A rare path to maturity IS taken by planning an adult role 
based On a careful assessment of one's strengths and limitations. Another 
allows one just to grow, responding appropriately to present circumstances 
and ttustmg m one's mnate ability to bring One out all tight in the end. Mosher 
sees the institutes as tending to follow the latter path (chapter 27). He notes 
that at present the institutes seem to be evolving out of research and training 
centers into research-based institutes of agricultural development. To their 
core research and traming programs they have increasingly added commit· 
ments to strengthen the national research capabilities of LDC's. Moreover, 
some institutes are beginning to involve themselves in production programs in 
these. countries. 

These developments have come about because the institutes are condi-
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tioned to judge the success of their programs by the actual increases in com­
modity productIOn In LDC's. This has given them a practical orientation and 
a sharp SenSe of purpose. As the spread of high yielding vaneties has slowed, 
and as evidence mounts that farmers are not adopting the whole package of 
practices and that the yield increments achieved by LDC farmers are low 
relative to the increments obtained under experiment station conditions, the 
tendency for IRRI and CIMMYT to be concerned about LDC production pro­
grams has increased. 

Mosher asked if these developments will dilute the centers' abtlity to apply 
high-level conceptual-scientific skills to research problems. Evenson's analysis 
shows that the productivity of scarce research skills such as those found at 
the institutes is higher than almost any other agricultural or nonagricultural 
investment available m developing countries. Evenson also notes that the m­
stirutes may need either to establish closer working relationships with other 
centers engaged in baSIC or supporting research or to turn themselves to mare 
basic research in order to sustain their productiVity. If this is true, Mosher 
asked, should not the institutes sharply limit thelt actlvltles outside research 
and training? 

On the other hand, the evidence on the mternational diffusion of tech­
nology supports the view that the institutes should focus on production as 
well as research and training programs. If a lack of capacity for indigenous re­
search implies a lack of capacity to benefit from international research, then 
the institutes, the developing countnes, and AID donors can expect high re­
turns in both the short and the long term from the centers' outreach effon. 

The important question, as Mosher points out, is how the centers Will 
defme their role in relation to other actors who are either on stage or m the 
wings. The former group is composed of LDC governments and traditional aid 
agencies. The latter includes representatives of the private sector, whose role 
in production programs and adaptive research may well expand, and various 
regional institutes-such as the West African Rice Development Association 
(WARDA) and the South East Asia Regional Center for Graduate Study and 
Research in Agriculture (SEARCA)-funded by the developing countnes 
themselves and by aId consortia. 

Although these questions were considered by the conference, they were 
not resolved. Representatives from the institutes did not think their involve­
ment With outreach programs would dilute their effectiveness. Moreover, the 
institutes have yet to confront the budget restraints that would require them 
to make hard choices. The consensus was that the institutes probably should 
and will continue to evolve as research-based agricultural development insti­
tutes. However, some participants did question whether the institutes' accep­
tance of a broader charge might weaken their capacity to contribute in the 
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area where their advantage is greatest relative to national institutions: the 
design of efficient technologies capable of bypassing many of the instirutional 
consuaints in production. Crawford, in particular, pointed out ihat the insti­
rutes ·could not, and should not, try to assume responsibility for changing 
economic policies that may limit the diffusion of institute technologies or 
methodologies in certain countries. 

The Organization and Management of Agricultural Research 

The United States and Japanese agriculrural research systems have been 
more thoroughly studied than any others. The HayamilAkino (chapter 2) and 
Peterson/Fitzharris (chapter 3) papers indicate that each country responded 
successfully to the needs of its farmers. The two nations shared certain attri­
butes. Both, for example, evolved decentralized federal-state systems. The 
state (prefectural, in J~pan) units were able to respond fleXibly to changing 
local circumstances and to develop locally appropnate technologies even for 

. . 
micro-enVironments. 

In each country the state units Were backed up by national research 
systems. In 1926 Japan and the United States independently of each other 
reinforced their federal-state systems by introducing centrally orchestrated 
nationwide research programs on specific crops and problems. The imtiation 
of these coordinated research programs coincided with a trend toward more 
basic research in both countries. The programs were effective in mobilizmg 
scientific talent around specific problems without sacrificing the responsive­
ness to local problems which characterized the state, or prefectural, units. 

The United States formally integrated research, extension, and education 
in its land grant colleges. In Japan a liaison between these three levels was 
maintained by a less formalized arrangement. Both countnes had the ad­
vantage of well-organized groups of farmers, relatively equitable land distribu­
tion, high levels of educatIOn, growing industries, progressive government, and 
a sociopolitical structure which favored commuDlcation with farm groups. S 
Whether the Japanese and United States experiences will be modeled by the 
LDC's, howeVer. is an open questIOn. 

The study by Pastore and Alves on the reform of Brazilian agriculrural re­
search argues that the decentralized model is not applicable to the extent that 
it implies relatively autonomous, multipurpose, locally responsIble institu­
tions such as the United States land grant colleges (see chapter 18). The SOCial 
and economic Circumstances, such as the presence of farmer organizations, 
that ensured that these institutions responded to farmers' needs are not pres­
ent in most developing countries. 

Pastore and Alves assert, In effect, that autonomous institutions work best 
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in cohesive social structures. They imply that the unorganized, particularistic 
structures which characterize rural areas in developmg countnes favor the 
development of a centrally directed, aggressive research system. A "directed" 
system has a central planning unit which coordinates the actlvities of various 
subunits. An '''aggressive'' system proceeds in a logical, organized manner to 
seek information about the farm sector through social research or other 
means, to orient itself around expliCit development and production goals, 
and to gear its research program to these ends. 

Brazil, then, is moving toward a more centrahzed and coordinated natlonal 
and state research system. Wortman argues that research should be organized 
on a multldlSClphnary, commodity basis in order to achieve production targets 
established by governments (chapter 14). Moseman urges governments. to take 
hold of their typically scattered research units and to mstitute centrally 
coordinated national programs around specific crops or problems (chapter 
16). 

Moseman's appeal IS, in a sense, the reverse side of Evenson's in respect to 
the productivity of national and mternational research. Evenson, from an 
analytic standpoint, notes that decentrahzed, small-scale research stations are 
charactenstic of countries with low skill levels. As skillleve1s rise, concentra­
tion occurs in order to take advantage of the economies of scale and higher 
productivity which the consolidation of high-order skills can achieve. Mose­
man, from a practitioner's standpoint, urges governments to begm the process 
of consolidatIon which will be needed to fructify the high-level skIlls that the 
country presumably will be developing 

The argument for coordinated or directed natlonal research programs 
shifts our focus from the traditIOnal debate over what type of research insti­
tute works best in an LDC (slUgle crop versus multi-crop; land grant college 
versus government research institute) to the development of a national system. 
It implies that many types of institutions can be productive if their programs 
are coordinated effectlvely to work on speCifIed national-regional research 
goals. Bur can a research system contmue to be productive If research decislon­
making is highly centralized? For example, Kahlon mentioned that one effect 
of a productive agricultural research program (as in the Indian Punjab) is to 
create a local or regional research constituency. 

This discussion of the central coordination and planning of research 
systems touched off some Itvely debate at the conference. Nelson raised the 
issue of whether formal criteria should be used in research planning and 
project selection, questiomng what such criteria should be and how the 
weights could be derived. He reported that studies by the Rand Corporation 
of the economics of research and development had shown that estimates of 
the cost of research and development projects were typically inaccurate. 
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Moreover, Mansfield's studies of industrial research have indicated substantial 
error in predictions of the amount of time needed for project completion and 
for effect on output. Ulbricht reported that at a recent OECD conference on 
the relationship between agricultural research and socioeconomic policy there 
was a general consensus that attempts to develop weighting criteria generally 
result in spurious precision. He stressed that reliance on subjective judgment 
was inevitable but that such judgment could be refined by systematic analysis 
utilizing technical and economic information. Schultz argued strongly that re­
search is an entrepreneurial activity whose SucCeSS depends on such relatively 
rare personal qualities as creativity and insight. Thus the organizational task 
of research is to build structures where talented individuals, working mde~ 
pendently and in teams, can exercise their creativity. He pointed out that the 
markets are effective transmitters of information about technological needs 
and that researchers usually read these signals pretty well. In Sum the ques­
tion is, as,Nelson put it, do we want to bet on proposals or on people? 

The counterargument was that coordination and planning need not be 
stultifying. On the contrary, they can enhance the effectiveness of individuals 
and organizations by clarifying goals, increasing the flow of information, and 
promoting teamwork. Smce many LDC's have fewer qualified research sci­
entists than are on staff at a single major UUlted States experlment station, 
the question of competition among multiple centers arises primarily in larger 
countries. It was also argued that the entrepreneurial concept of research 
reflects a Western philosophy which does not provide appropriate guidelines 
for transitional societies where economiC Signals may be distorted and where 
particularism and communalism are still strong social values. There may be a 
tendency for scientists in developing countries, left to respond on their own, 
to direct their entrepreneurial talents toward the international scientific 
market from which rewards and emoluments flow. Or they may respond to 

highly limited demands, such as those from large landowners. 
The discussion of this issue was characterized by Fishel as excessively 

Ideological and inconclusive. He insisted that it is pOSSible to quantify and 
communicate eventS that he in the undiscovered future based on the experi­
ence of the past. Ideally the resulting measures should not be neat pomt esti­
mates but probability functions which incorporate all the information about 
the future including the uncertainty involved. 

Bernstein stressed that the diSCUSSion was hampered by a failure to differ­
entiate between the control and ratIOnalizing dimensious of research manage­
ment. He pointed out, in discussion, that systems for determiUlng the use of 
scarce and potentially high-yielding research resources can operate with 
minimal budt-in controls. The diSCUSSion did underline the need for better 
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understanding of the origin, nature, and direction of demand for agricultural 
research in developing countries. Such understanding would make it possible 
to consider whether to stimulate research productivity by altering the market 
rather than by striving for more comprehensive systems of planning. 

The Improvement of Research Decision-making 

There are several reasons why optimal allocation of research resources, 
though important, is extremely difficult. First, research resources in develop­
mg countries are scarce. A particularly severe constraint on research capacity 
in many countries is the scarcity of well-trained scientiSts. The lack of the 
organization necessary to permit the eXisting research capacity to function 
effectively is often an even more serious constraint. Because research is poten­
tially very productive, the opportunity costs of bad decisions are high. 

Second, different kinds of technical change brought about through re­
search have unequal effects on a natIOn's economic and SOCial goals. Monothe­
ism in development planning, with its primary focus on growth, has been 
superseded by pantheism in recent years as other social goals have moved into 
the sanctuary. There are economic growth goals, such as increasing the net in­
come of the agricultural sector or maJClmizing the contribution of agriculture 
to the economy as a whole; [here are welfare goals, such as increasing employ­
ment and the income of labor employed in agriculture, reducing the real price 
of food for consumers, and improving health and nutritIOn; and there are 
equity goals, such as mitigating mcome inequalities and openmg the benefits 
of growth to particular groups, such as small farmers. The chOice of crops, 
regions, or disciplines for research affects these goals unequally. 

Third, choice is further complicated by the element of uncertainty in the 
process and outcome of research. This uncertainty has two primary sources, 
(a) the time and reSourCeS required to attain stated technical objectives can 
only be estimated, and the risks of miscalculation are high; (b) benefits, once 
techmcal objectives have been attamed, mayor may not be appropriated. In 
agriculture, the deCIsion whether or not to adopt new technology flowing 
from research is in the hands of an independent individual-the farmer-who 
maximizes his private welfare and acts in accordance WIth his own assessment 
of the risks involved. 

Research may shift production functions, but many farmers will tend to 
operate at less than what appears to be the optimum level of production. 
How much below and for how long is Imponderable. ThiS depends on ex­
tension, input supplies, access to credit, economic poliCies, and other circum" 
stances. It also depends on the accuracy with whIch the research planners 
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have assessed the private welfare criteria of the farmer. Agricultural commodi­
ties are produced hy farmers-not by planning commissions, research sci­
entists, or extension workers. 

Fourth, the marketplace is imperfect as a decision-making gUIde for re­
search. Society places a value on research, but the marketplace may not reflect 
this valu~ accurately. New knowledge produced by research enters the public 
domain, and the benefits of such research cannot ordinarily be captured by 
the indlyidual or organization that bears the cost of producing it. This IS also 
true of much agricultural technology produced by research (e.g., new seeds or 
cultural practices). Hence, private profit is often an inadequate incentive for 
research, particularly in industries such as agriculture that are characterized 
by many small producing units_ The market undercompensates private in­
novation in agricultural research. Research decision-making receives indirect 
guides from the marketplace through factor and product prices, but little 
direct guidance. 

Discussion of these uncertainties evoked two types of responses from the 
conference, neither of them mutually exclusive. 

The first was a consensus that there are severe limits on our ability to 
make quantitative objective assessments of the value of particular kinds of re­
search. This implies that choice must continue to be determined to a great ex­
tent by subjective judgment. The objective criteria available to guide research 
decision-makers through the uncertainty surroundmg research decisions are 
limited. Use of conventiorial tools such as cost-benefit analysis is limited by 
the degree of precision with which the research scienti~t can estimate both 
the resource requirements and the output of a research project or program. 

At the research project and program levels, the judgment involved is es­
sentially scientific. At higher levels, the judgments are partly scientifiC and 
partly political There was agreement among conference partIcipants that the 
high rates of return from past research imply that the subjective judgment of 
knowledgeable SCientists and science admimstrators should receive good 
marks. Given the right institutional and social setting, including efficient 
markers for inputs and commodities, scientists' judgments of technical con­
straints and opportunities for increasing production have led to effective re­
search reSOurce allocation decisions. Nevertheless, the second response to this 
consideration of uncertainties was that the tools of social science can and 
should be developed as guides to decision-making. The use of such tools be­
comes even more significant in countries characterized by the absence of ef­
fiCient input and commodity markets. 

On the micro-level, Pinstrup-Andersen described a methodology being 
developed at CIAT for determining research priorities m respect to a single 
commodity (see chapter 20). The method proceeds through logical stages: 



VALUING THE PRODUCTIVITY OF RESEARCH 21 

(1) attempt to Identify reasons for low productivity; (2) identify researchable 
problems which, when solved, wIll improve productivity; (3) estImate the im­
pact on productlOn of solvmg each of the problems; (4) estimate the probabil­
Ity of research success, the hkelihood of the results being adopted, and the 
time required for solving the problem; and (5) estimate the Impact of alterna­
tive research results on product supply, input demand, farm mcome, and farm 
size. 

The methodology developed by CIAT and the other methods reViewed by 
Shumway proVide research managers with vastly more information than do 
tradItional informal methods (chapter 21). However, the methods also entail 
costs, in both time and trained people. Whether their margm of advantage 
over informal methods justifIes theIr cost is not yet certam. One mdication of 
their potential value IS CIAT's report that several research agenCIes m Latin 
America have shown interest in their systems 

Attempts to introduce social goals, in addition to explicitly economic con­
siderations, into agrIcultural research planning are relatively new. Data from 
Brazil were used by de Castro and Schuh to demonstrate a prelIminary model 
for assessing national research priorities in the light of a country's factor en­
dowments and socioeconomic goals (chapter 24). This model adopts the 
Hayami/Ruttan theSIS that the task of'fesearch m promotlng economically ef­
ficient growth is to introduce techmcal change which conserves rdatlvely 
scarce factors of production. Using trends in relative factor pnces in Brazil, de 
Castro and Schuh show that even in land-rich BraZil research effiCiency has 
begun to reqUIre greater emphasis on land-augmenting technology. This In­

cludes, for example, sod research directed at opemng problem lands to pro­
duction and biological research focused on improvmg yields. The authors 
note that there is great regIOnal variation within Brazil, however, and that in 
some parts of the country a labor constraint is emergmg which calls for a dif­
ferent technical choice. 

Knowmg what research IS consistent with relative factor scarcities does not 
answer the question of how to allocate rcsearch resourCeS among commodi­
tieS. In consldenng thiS Issue, de Castro and Schuh pose the question of 
whether a nation wishes to favor the \velfare of consumers or of producers. 
Hertford and Schmitz have demonstrated that whether the beneflt of tech­
mcal change In particular commodities redounds to consumers or producers 
hinges primarily on the relationship between thc demand and supply elastici­
ties for the commodity (chapter 6). Crops With low relative demand elaStIcities 
(e.g., food grains, beans, manioc) distribute their benefits primarily to con­
sumers in the form of lower food prices. Lowering the price of food gram 
also releases wage-good constraints. and permirs the expanSIOn of employment 
programs. However, as prices fall, acreage devoted to food grain may shift to 
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other crops. Even labor·intensive technical change in crops with low demand 
elasticities can displace labor, moving it from that crop to other crops or ro 
the nonfarm sector. Crops with high r~lative demand elasticities (e.g., cotton, 
sugarcane, export crops, or other crops where the producing region must ac· 
cept the prices set in national or international markets) return most of the 
benefits of technical change to producers and thus can stimulate the demand 
for labor and increase rural incomes. If the goal of planners is to increase iw 
come and the employment of agricultural labor, emphasis in research should 
be given to crops with high relative price elasticities of demand. If the goal is 
to increase consumer welfare, research emphasis must be placed on food grains 
and other crops With relatively low demand elasticities. 

Mellor has elaborated on these trade-offs in an analysis of research alloca­
tion and social goals based on Indian data (chapter 23). He argues for a 
sequence of agricultural pohcies to which research should be tied. First, stress 
must be placed on increasing yields of food grains in productive areas of the 
country. This increases both the supply of calories, which improves the health 
of the poor, and the supply of grain, which relaxes the wage-good constraint 
on employment growth. RelaxatIOn of the wage·good constraint should be 
followed by employment programs to maintain demand. Otherwise, the in· 
centive for mcreased production may diminish with falling prices. 

As the wage-good constraint is released, the next strategy should be to pro­
mote the production of food grains in less productive regions and to expand 
the producnon of labor·intensive crops. These usually have relatively hIgh de­
mand elasticities. PromotIOn of labor-intensive crops needs to be supplement­
ed With policies encouraging the demand for them through either the expan­
sion of exports, which raises domestic incomes, or subsidies. 

The implications of the Mellor and de Castro/Schuh papers are clarified by 
the de J anvry model of Induced technological and institutional innovation 
(chapter 26). And several important points about relating research resource 
allocation to social goals emerge from the papers in the section on economic 
and social factors in reseilrch resource allocation. 

In the first place, the models clearly indicate that the contnbution of re­
search and technical change to society's goals is dependent on other policies. 
Economic policies, such as the systematic reduction of product prices, can 
weaken the ability of research to contribute to growth or welfare goals. Dis­
tortion of input and product prices affects not only farmers' decisions regard­
Ing the use of inputs and the selection of commodities to produce, but also 
deciSIOns regarding research priorltles and hence the new technologies that 
will become available in the future. 

By the same token, many social goals may be achieved more effectively 
through poliCies otherthan research, such as, for example, land tenure reform. 
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Conference participants generally agreed with Mellor's point that biological 
research is an inefficient mstrument for solving problems involving the dIstri­
bution of rural income. Too much reliance on such research may interfere 
with ·both the generation of improved technology and the achievement of 
desired goals. Yet, as Ulbricht insisted, the design of agricultural research 
strategies should not ignore the potential effects of technical change on the 
distribution of income. Crawford noted that it should be the pohcy of inter­
national institutes to make a range of techmcal options available and hot to 
bIas the technical innovation in a capItal-intensive direction. It may also be 
Important to provide technologies that are less "management intensive." 

A second conclusion is that economic models of the type presented at the 
conference have a great deal of diffIculty in accommodating multiple social 
goals. The definitions of welfare used m the models dIscussed above are 
relatively sImple. A country's actual welfare is more complex. Development 
planning is still in an early stage of specifying what the variOus SOC1al goals of 
developing countries may be, let alone of understanding the relationships 
among such goals. However, clear articulation of long-term objecdves 15 
critical for making research choices. Consideration of research priOrities must 
proceed from an understanding of the goals of a given country or regIOn. 

Another problem with such models is that, because of uncertainties about 
the production process for research, they are forced to make highly uncertain 
estimates of returns from alternative research mvestments. Margmal returns to 

certain lines of research may be mcreasmg while others may be declming. ThiS 
would sigmflcantly affect the flow of benefits and would condItion research 
choices, but It is dlff1cult to specIfy m advance. In addition, there are the 
problems, ment10ned earlier, of predicting research cost functions and the dis­
tribution of benefits flowmg from research. 

These uncerta10tles are stubborn barriers to developing better tools for 
predIcting the consequences of research choices on social welfare. Economic 
analysis at present yields only gross indicatIOns of the consequences from 
various choices. More data on the appropriation of research benefits and on 
the research cost function, 10 addition to further theoretical development and 
empirical testmg of models, are needed to Improve decision-mak1Og tools. 

Conclusion: Areas for Research 

Viewing the conference and the chapters in thIS volume in retrospect raIses 
the proverb1al question of whether to measure how far one has come or how 
far one has to go. From the latter perspective, It is eVIdent that we remain 
some distance from a full understand10g of agricultural research and from a 
fully convincing theory of technical change. The capacity of scientists to gen-
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erate new technology outstrips our understanding of the social and economic 
Implications of techmcal change and our ability to provide guidance for 
policy makers. Yet the essays on the future of the International system by 
Mosher (chapter 27), Schultz (chapter 28), and Crawford (chapter 29) pro­
vIde some clear·cut guidelines for agricultural research resource allocation and 
for the organizatIon of agricultural research systems. We do not attempt to re­
peat these authors' summary comments' here. We do suggest, in the following 
paragraphs, some areas in which further research IS clearly warranted. 

1. A more precise understanding of the sources of demand for technical 
change In agncultute is needed. ThIS includes further specIfication of the 
natural and instItutional biases which condition the processes by whIch tech­
nical change IS induced. The need for more careful analysis of the incidence 
of benefits from technical change is particularly important for understanding 
more about the origin and nature of demand for agricultural technology and 
for the further development of allocatIOn tools. Study of research "failures," 
such as the relative lack of payoff to date from wheat research in Colombia, 
mIght also be instructive. Furthermore, there is a need to study how the 
polincal-bureaucratic process impinges on research allocation and conditions 
the demand for technology 

2. More analysis of research cost functions and the production process for 
research IS needed. One area for further inquiry IS signaled by Evenson's 
hypotheSIS on the relatIve productivity of various levels of research .skIll in 
conjunction WIth dIfferent levels of research organization. Thus far, efforts in 
this dIrectIOn have had to rely on a relatively small amount of data. Although 
the results are consistent with economic principles regarding the productiVIty 
of scarce resources, they do counter some popular views about the relevance 
to LDC's of simple adaptive research and low-level skrlls. 

3. There is need for further understandmg of the national and international 
diffusion of agncultural technology and scientIfic knowledge. We need to 
know more about the relationships between different types of technology 
and advances in SCIentifIC knowledge. We need more information about the 
Interaction between the prOdUCtIVIty of Investments in technology-based 
andlor science-based research within a country or region and SImilar invest­
ments in other agroclimatic regions. 

4. There is also need for research on some elements of the process of tech­
IlIcal change which were not well covered at the conference. One example is 
the relationship between technology policy and economIC policy (particularly 
prtce policy). Another is the relationship between formal schooling (or literacy) 
aud rates of technical change. 

Even though all these areas still need further explanation, when we look 
back at the dIstance we have traveled, it is clear that advances have been made. 
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There have been great strides forward in our general understanding of how 
technical change is induced, in the modeling of the discovery process, and in 
mapping worldwide diffusion of technology and scientific knowledge. 

There is solid evidence that investment in national and international re­
search has been highly productive. The social returns to agricultural research 
have been high relative to the alternative mvestments available to most pOOl' 
countries. It is clear that investment in agricultural research in developing 
countnes by both national and international agencies should expand. 

NOTES 

1. FOl additional lOformation on [he orgamzation, management. and productivity of 
agriculrural research systems, sec r. Arnon, OrganizatJon and Adnnnistyation of AgrJCll/~ 
tural Research (Amsterdam, London, New York: Els-cvier, 1968h L Arnon, The Planmng 
and Programming of Agricultural Research (Rome, FAO, 1975); James K. Boyce and 
Robert E. Evenson, National and Internauonal Agricultural Research and Extenszon Prrr 
grams (New York: Agricultural Development Councli, Inc., 1975); Albert H. Moseman. 
BUIlding Agricultural Research Systems iu the Developmg NatIOns (New York. Agricul­
tural Development Council, Inc., 1970). 

24 Yujiro Hayami and Vernon W. Ruttan, Agricultural Development 4 An Intemal10nal 
Perspectrve (Balrimore, Johns Hopkins University Press, 1971). 

3. These questIons are not confmed to agricultural research. There has been a loW 
rate of investment in research by LDC's In aU fields For one interpretation of thIS phe .. 
nom.non see the journal of Development Studies (SpeCial Issue on Science and Tech­
nology in Development), 9 (October 1972). 

44 In addition to chapters 8,9, and 10 in thiS book, see Robert E. EVenson and Yoav 
Kis!ev, Agncultural Research and ProductivIty (New Haven- Yale University Press~ 1975). 

S. In regions where these conditions did not prevail, as in the United States "Old 
South, II agriculroral research, agricultural productivity. and rural development lagged. 
For a description of the social and economic environment which conditioned rural devel­
opment 10 the United States South see V. O. Key, Jr ,Southern Politics In State and Na~ 
tron (New York. Alfred KnopflVintage Books, 1949). 
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Organization and Productivity 
of Agricultural Research Systems in Japan

1 

Yujiro Hayami and Masakatsu A kino 

2 

Agricultural growth in Japan since the Meiji Restoration (1868) is unique in 
that it was achieved without disrupting Japan's traditional rural structure 
even though rhere were strong constraints on the land. Data indicate that 
Melji Japan inherited a man/land ratio from the feudal Tokugawa perIod 
WhICh was even more nnfavorable than that in South and Southeast Asia to­
day (Table 2-1). However, it appears that the unfavorable endowment of 
land relative to labor was compensated for by hIgher land productivity. Be­
cause of rhis, labor productivity In agriculture in MeiJI Japan was at the level 
prevailing in Asia today. 

From rhlS initially low level, Japanese agriculture has grown to a level of 
agricultural output per male worker which exceeds Asian standards by a wide 
margin. A major component in this growth of output per worker was the in­
crease in yield per unit of agricultural land_ Meanwhile, there has been little 
change in rural structure; Japan remains a nation of small farms (Table 2-2). 

This clearly indicates that technical mnovations in Japanese agriculture 
were consistent with both its resource endowments and- its rural organization_ 
Central to these innovations was the development of biological technology in 
the form of fertilizer-responsive high-yielding varieties of major cereal crops, 
especially rice, complemented by improvements in land infrastructure. 

The agricultural research system that developed the land-saving and yield­
increasing biological technology was essential to the growth in output and 

29 
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TabIe 2-1. Agricultural Productivity and Man/Land Ratios 
In Japan and Selected As-Ian Countries 

Agricultural Output AgrIcultural Output Agricultural Land 
per Male Farm per Hectare of Area per Male 

Workera AgrIcultural Landb Workero 
(wheat units (wheat umts (hectares per 

Country per worker) per hectare) worker) 

Japan 
1878-82 . 2.5 2.9 0.9 
1898-1902 .. 3.4 3.6 0.9 
1933-37 ... 71 5.5 1.3 
19S7.(i2 ... 107 7.5 1.4 

Asia, 1957-62 
Ceylon 3.9 29 1 3 
India ..... 21 1.1 19 
Pak,stan ... 2.4 fl.a. n.a. 
Phihppines .. 3.8 1.9 2.0 

Source, Yujiro Hayami and Vernon W. Ruttan, AgrIcultural Development· An [nterna­
tion.1 Perspective (Baltimore and London- Johns Hopkins Press, 1971), pp. 70 and 328. 
Japan's time series revIsed to accord with presentation in Yujiro Hayami~ in association 
with M.sakatsu Akino, Mas.hiko Shint.ni, and Saburo Yamada, A Century of Agricul­
tural Growth m Japan- Its Relevance to ASIan Development (Mmneapolis and Tokyo 
Umversity of Minnesota Press and University of Tokyo Press, 1975), pp. 220-230 

a Farm workers = economical1y active male popUlation engaged in agriculture 
b Agricultural output in wheat units is the gross agrIcultural output net of mtermedi­

ate products such as seed and feed. IndIvidual products are aggregated by the price ratios 
to the pnce of wheat per one metric ton. 

e Agricultural land area includes permanent pasture land. 

productiVity of Japanese agriculture. This chapter will review the current sta­
tus and the histoncal evolution of agricultural research in Japan and Will meas­
ure the productivity of Investments in agricultural research. 

CUrrent System of Agricultural Research in Japan 

In Japan, research is conducted mainly in public experiment statIOns under 
the auspices of national and prefectural governments. The mix of public and 
private agricultural research is shown in Table 2-3. Measurmg both research 
expenditures and personnel, we fmd that about 59 percent of agricultural re­
search is conducted at government mstitutions, nearly 38 percent at universi­
ties, and Just over 3 percent in the private sector. 

This structur<;: contrasts markedly With industrial research m Japan (Table 
2-3). It also differs from the Umted States, where roughly half of all agricul­
tural research expenditure is made by private firms.2 

Another distinctive aspect of the agricultural research system in Japan is 
the separation of agricultural experiment stations from education and exten-



Table 2-2 Distribution of Farms In Ja.pan by Size of Cultivated Land Area 

Number of Farms, in thousands (% of total in parenthesis) 

Less Than Larger Than 
Year 0.5 Ha. 0.5-1 H •. 1-2 Ha 2-, H •. 3-5 Ha 5 Ha. Total 

1908 .. _ ... 2,016 1,764 1,055 348 163 62 5,408 
(>7.3) (326) (19.5) (6.4) (3.0) (1.1) (100.0) 

1910 ...... 2,032 1,789 1,048 322 156 71 5,417 
(37.5) (33.0) (19.3) (5.9) (2.9) (1.3) (100.0) 

1920 · ..... 1,935 1,829 1,130 341 154 92 5,485 
(35.3) (33.3 ) (20.7) (6.2) (2.8) (1.7) (100.0) 

w 1930 · .. , .. 1,891 1,892 1,217 314 128 70 5,511 
H 

(34.3 ) (34.3) (22.1) (5.7) (2 3) (1.3) (100.0) 
1940 · ..... 1,796 1,768 1,322 309 119 76 5,390 

(3).3) (32.8) (245) (5.7) (2 2) (1.4) (100.0) 
1950 ...... 2,531 1,973 1,339 208 77 48 6,176 

(41.0) (3~.0) (21.7) (3.4) (1 2) (0.8) (100.0) 
1960 2,320 1,923 1,430 233 91 60 6,057 

(383) (31.7) (23.6) (3.8) (1.5) (1.0) (100.0) 
1970 2,025 1,614 1,286 256 90 71 5,342 

(38.0) (30.2) (24.1) (4.8) (1.7) (1.3) (100.0) 

Source' Institute of Developing Economics, One HU1ldred Years of Agr,clliwral Statistics ill japall (Tokyo, 1969), p. 116, Mmistry of Agri-
culture and FOleStry, Statistical Research DlVlsion, 1970 World Census of Agriculture Report 011 Fannbousebolds and Populatton (Tokyo, 
1971). 
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Table 2-3. Allocation of Expenditures and Staff to Agriculture and Nonagriculture 
in PublIC and Private Research in Japan, 1972 

Type of Research Expendituresa. Staff 

Institution Agricultureb NonagricultureC Agricultureb NonagricultureC 

Universityd 35% 14% 40% 24% 
Public 

National 
government '17. 4 17 3 
Local 
government 44 2 40 2 

Private ..... 4 80 , 71 

Total. ..... 100 100 100 100 

Source: Bureau of Statistics t Office of the Prime Minister, Kagaku Gijtltsu Kenkyu Cbosa 
Hokoku (Report On the Survey of Research and Development in Japan) (Tokyo, 1972), 
pp 62.150. and 166. 

a Includes both current and capital expenditures. 
b Includes: forestry and fisheries research. 
C Excludes medical research. 
d Includes both public and private universities. 

sion. This contrasts with the United States land grant college system. which is 
characterized by the trinIty of education. research, and extension. In Japan, 
agricultural expertment stations are under the Ministry of Agriculture and 
Forestry. Agricultural colleges or university faculties of agriculture are under 
the Ministry of Education. No formal links between experiment stations and 
universities have been estabhshed. 

Extension programs are also separate from the experiment stations. They 
are carried out by the prefectural extension services. However. because both 
the prefectural experiment stations and the prefectural extension services are 
under the agricultural departments of the prefectural governments. they op­
erate in close cooperation. In many cases, senior extension specIalIsts are 
stationed in the experiment stations. . 

There is also a division of labor between the national and the prefectural 
expenment stations. National experiment stations under the administration 
of the Agricultural. ForestrJ: and Fishery Technology Commission within the 
Ministry of Agriculture and Forestry include the following: the Central Agri­
cultural Experiment Station at Konosu and the seven regIonal stations for 
Hokkaido. Tohoku. Hokunku. Tokai-Kinkl. Chugoku. ShIkoku. and Kyushu. 
six specialized experiment stations for horticulture. tea. sericulture.livestock. 
veterinary medicine. and agricultural engineering; one station for forestry; 
and nine st.J.tions for fisheries. 

Under the same admmistration are the NatIOnal Research Institute of Agri-
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cultural Science, engaged In more basic research in the natural science aspects 
of agriculture; the National Research Institute of Agriculture, which is Con­
cerned primarily with social science aspects; the Food Research Institute for 
research on food nutrition, chemistry, and processing; the Plant Virus Re­
search Institute; and the newly established Tropical Agriculture Research 
Center. In addition, there are the Farm Mechanization Research Institute and 
the Beet Research Institute, which have semipublic status, and more than 300 
agricultural experiment stations and research institutes (including those for 
fishery and forestry research) operated by the forty-six prefectural govern­
ments. 

The division of labor between the national and local experiment stations IS 
rather broad, and there is considerable overlap. The national stations em­
phasize research projects for wide areas, while the prefectural stations tend to 

concentrate on research of local significance. Consequently, there is a tenden­
cy for the former to engage in more basIC research and the latter in more ap' 
plied research. 

This dlVlsion of labor IS reflected In the differences In staff size between 
the national stations and local government research stations (Table 2-4). The 
universities and the national experiment stations, which conduct more basic 
research, have larger staffs than the prefectural stations, which stress applied 
research. 

Evolution of the Agricultural Research System 

This section outlines the historical evolution of agricultural research in Ja­
pan. 3 First, we will quickly review the quantitative growth of Japanese agri­
culture. The trends in agncultural output, inputs, and productivity are shown 
in Figure 2-l. 

For the period 1878-1972, total output, input, and productivity in Japa­
nese agriculture show secular growth trends except during World War II. Over 
the whole period total output more than tripled. Inputs of the two primary 
factors, labor and land, changed relatively slowly: labor measured by the 
number of farm workers declined about 30 percent, and land measured by 
cultivated land area Increased by about 25 percent. To a large extent, the 
changes in labor and land canceled each other out in the growth in total in­
puts (aggregate of all conventional inputs by the shares of respective inputs in 
the total cost of agricultural production). Capital grew relatively slowly in the 
prewar years, only starting to rise at a rapid pace In the postwar period. The 
rates of growth in current nonfarm inputs, particularly fertilizers, have been 
much faster than in other inputs. 

Overall, total inputs grew by about 80 percent over the whole period, 
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Table 2-4. Comparison of Staff Size and Amount of Expenditure for Agricultural 
Research among Universities and Government Institutions in Japan. 1972 

Institutions 

National Local 
Universities Government Government 

Item (N=63) (N=30) (N=336) 

Staff 
Total number .. .......... 7,174 3,127 7,290 
Average number per institution . . 114 104 22 

Expendituresa. 
Total 

Yen (million) ......... 34,200 16,300 42,400 
U.S. dollars (thousand). 129,000 62,000 160,000 

Average per mstltuuon 
Yen (million) .. 543 543 126 
U.S. dollar. (thousand). 2,049 2,049 475 

Average per staff member 
Yen (mIllion) ...... 4.8 5.2 5.8 
US. dollars (thousand) ....... 18.1 19.6 21.9 

Source, Bureau of StatIStics, Office of the Prtme Minister, Kagaku GiJutsu Kenkyu Cbosa 
Hokoku. (Report on the Survey of Research and Development in Japan) (Tokyo, 1972). 
Note ~ Agricultural research here includes research jn forestry and fisheries. 

a Conversions from yen to dollars at rate of 265: 1. 

while the total output grew by as much as 280 percent. Consequently, total 
productivity, or output per unit of aggregate input, more than doubled. Three 
phases can be dlstmgUlshed In the total output and productivity trends: rela­
tively fast growth up to the late 19105; relative stagnation in the interwar 
period; and a spurt forward m the post-World War II period. 

In the following historical review we will describe the ways in which these 
growth patterns were related to the evolution of agricultural research. 

National Government Initiatives 

The national government fust sought to develop agriculture by importing 
farm machinery, plants. and livestock. The Farm Machinery Exhibition Yard 
was established in 1871 in Tsukijl, Tokyo, to exhibIt large-scale farm machin­
ery imported from England and the United State •. The machines were demon­
strated at the Naito Shinjuku Agricultural Experimental Station, set up in 
1872. The government also tried to transplant foreIgn plants and livestock. 
The Mita Botanical Experiment Yard (1874), the Shimofusa Sheep Farm 
(1875), the Kobe Olive Farm (1879), and the Harima Grape Farm (1880) 
were established for these trials_ 

The government also established institutions of advanced agricultural edu­
cation: the Komaba Agricultural School in 1877 (now the University of 
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Figure 2-1. Trends in the indIces of output, inputs, and productivity in Japa­
nese agriculture (l878-82~lOO), five-year aveTages, semilog scale. 
Source: Yujlro Hayami, et al., A Century of AgTiculturarCrowtb m Japan Its 
Relevance to Asmn Developme~lt (Mmneapohs and Tokyo: University of Min­
nesota Press and University of Tokyo Press, 1975), pp. 32, 39. 

Tokyo, College of Agriculture), and in 1875, the Sapporo Agricultural School 
which was deSIgned to develop Hokkaido. the last fronner of Japan .. BrItish 
Instructors were invited to staff the Komaba School and instructors from the 
UOlted States were invited for the Sapporo School. The schools taught Anglo­
American, large-scale mechanized farming. 

This early "technology borrowing" IS one example of the broad effort of 
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Meiji Japan to catch up with Western technology. But, in contrast to similar ef­
forts in industry, this attempt was largely unsuccessful. Factor endowments 
arid farm size in Japan were simply incompatible with large-scale machinery. In 
most cases the efforts to transplant foreign plants and livestock were not 
successful because of different ecological conditions. 

The Meiji government quickly perceived this mistake and redirected its 
development strategy toward searching for modern technology that would be 
consistent with the factor endowments and ecological conditions of Japanese 
agriculture. In 1881, when their contracts were completed, the British agricul­
tural instructors at the Komaba School were replaced by German scientists. 
Thereafter agricultural education in Japan placed primary emphasis on agri­
cultural chemistry and soil science of the Liebig tradition. The facilities for 
demonstratmg Western machinery, plants, and livestock were largely discon­
tinued during the 1880s. 

The newly founded Ministry of Agriculture and Commerce (1881) estab­
lished the itinerant instructor system in 1885. Instructors traveled throughout 
the country holding agricultural extension meetings. In contrast to the earlier 
emphasis on importing Western technology, the itmerant instruction system 
was deSigned to diffuse the best seed varieties and cultural practices already 
used by many Japanese farmers. Not only the graduates of the Komaba 
School but also veteran farmers (rono) were employed as Itmerant instructors 
in order to combine the best practical farming experience with the new sci­
entific knowledge of the mexperienced college graduates 

To provide better information for the Itinerant lecturers, the Experiment 
Farm for Staple Cereals and Vegetables was set up in 1885. By 1893, the 
farm, considerably expanded, had become the National Agricultural Experi­
ment Station with SIX regional branch stations across the nation. The itinerant 
instuction program was subsequently absorbed by the National Agricultural 
Experiment Station. Meanwhile, the national government encouraged the 
prefectural governments to set up local experiment stations. However, only a 
few prefectures had established their experiment stations before the Law of 
State Subsidy for Prefectural Agricultural Experiment Stations was enacted 
in 1899. 

The development of agricultural experiment stations in Japan was charac~ 
terized from the beginnmg by the strong initiative of the national government. 
This experience in Japan contrasts with the experience III Western Europe. In 
England the famous Rothamsted Experimental Station was established in 
1843, financed by Sir John Lawes. The Edmburgh Laboratory (founded in 
1842) was supported by the Agricultural Chemistry Association of Scotland, 
a voluntary agricultural society. In France the first agricultural experiment 
station was established by Jean Boussingaullt in his estate at Bechelbrom in 
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1834. Even In Germany, where the first experiment station was publicly sup­
ported, Saxon farmers initiated the movement for the station and drafted its 
charter. 

Why was the government of Mei]i Japan (its leaders were primanly from 
the ex-Samurm class) clearly determined from the very beginning to take 
responsibility for conducting agricultural research? A part of the answer ap­
pears to he in the organization of Japanese agriculture - a host of dwarf.sized, 
family farms. Individual farms were too small to take advantage of scale econ­
omies Inherent m research. They were too small to exerCIse monopolistic 
power and gain enough benefit from research to cover the costs. 

Because land was the factor Iimiring agricultural production, farmers de­
manded technology which would save land. Research emphasized the develop­
ment of biologIcal technology such as improved seed varietIes. There was no 
incentive for private fIrms to conduct biological research SInce there were no 
institutions, such as patent laws, to allow them to profit from the research. 
Furthermore, because of the low price elastiCity of demand for staple foods­
the major products of Japanese agriculture - the gains from agricultural re­
search were transferred primarily to consumers through declines In food 
prIces. In thIS situation, the need for public support of agrIcultural research 
was obVIOUS. Why did the national government rather than the local govern­
ments take the Initiative? Why was It not left to cooperatives of farm produc­
ers, especially in the case of export crops? 

The answer must be sought in the basic approach of Meiji Japan to eco­
nomic development, which was to exploit agriculture for industrialization. 
When it opened ItS doors to foreign countries shortly before the Meiji Restora­
tion, Japan was In danger of colonialization. The national slogan wasfukokll 
kyohei, to "bUild a wealthy nation and strong army," and to attain thIS goal 
It was conSIdered necessary to "develop industries and promote enterprises," 
or shokllsa,! kogyo. 

In predommantly rural MeiJi Japan, industrialization was necessarily fi­
nanced from agrIcultural surplus. Revenue for industrIal development was 
raised by taXIng agricultural land. Foreign exchange needed for imported 
goods was earned by exporting primary products. In a sense, the establIshment 
of the Natlonal Agricultural Experiment Station in 1893 was a response to 
agItation for the reduction of the newly established land tax The KOl101 onsakll 

(A TreatIse OIl the Strategy of AgllclIitural Development), whIch was drafted 
in 1891 by the Agricultural SCience AssociatIOn and whIch had an immediate 
impact on the establishment of the experiment station, demed the argument 
for a land tax reduction on the basis that it would only contribute to the wel­
fare of landlords and give no benefit to a large number of tenant farmers; it 
advocated "more positive measures to develop agriculture such as agncultural 
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schools, experiment stanons, itinerant lecturing, and agncultural societies" to 

reduce the burden on farmers.4 

More fundamentaBy, increasing the supply offood forthegrowmg urban in· 
dustrial populatIOn was critical for mdustnalization. If the food supply had not 
kept up with urban demand, tbe price of food would have risen. In the early 
stages of development characterized by a high Engel coefficient, a rise in food 
prices would have significantly increased the cost of living and wages. This 
would have reduced profits and depressed industrial accumulation of capital. 

Given its aspirations for mdustrial development, it was natural for the 
government to undertake measures, including agricultural research, to develop 
agriculture and to increase the supply of food, a critical wage-good for indus­
trial development. Furthermore, because foreIgn exchange was a constraint 
on the importation of capital goods and on economIc development, it was 
rational for the government to use tax revenues to support research on export 
products such as tea and silk, even though this research might benefIt the pro­
ducers primarily. 

Linkage with Extension and Education 

The linkage between agricultural research and extension has traditionally 
been strong in Japan. As mentioned previously, the Experiment Farm for 
Staple Cereals and Vegetables was designed to provide relevant data for itiner­
ant mstructors. The Itinerant extension program was later absorbed into the 
National Experiment Station. As prefectural experiment stations were estab­
lIshed, extension programs were transferred to them. When the agricultural 
associations organized under the Agricultural Association Law (1899) began 
to develop extension programs with government subSIdies, their extension 
workers were trained in agricultural training centers attached to the prefec­
rural experiment stations. 

In contrast, the connection between agricultural experiment stations and 
educational mstitutions has not been formally estabiisbed. The pioneers of 
agricultural science in the Meijl period had expected otherwise. In the Treatise 
011 the Strategy of AgrIcultural Development they proposed: 

It is advantageous that the agricultural experiment stations and the itin­
erant instruction system are combined ... it is advantageous if the agri­
cultural experiment stations belong to agricultural colleges ... it is 
hIghly effectIve for students to see the projects in the experiment sta­
tions. The results of experiment are useful for experiment stations ... 
Agricultural associations should encourage the study of students, and 
encourage farmers to use the established results of experiments.5 

It appears they had in mind a trinity of research, exteusion, and education, 
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supported by agricultural associations - a system similar to that of the United 
States. However, the National Agricultural Experiment Station. was estab­
lished independently from the Komaba School. The system of national and 
prefectural experiment stations developed separately from institutions of ad­
vanced agricultural education. 

This development may be explained by the strong (and hasty) demand of 
the government that experiment stations produce practical results for farmers 
immediately and by the fact that basic research at universities in the Meiji 
penod was not producing practical techniques. 

In the beginning stages, the staff at the agricultural colleges primarily 
studied prmciples and theories developed abroad. Although a few produced 
distinguished research, this was not immediately applicable on the farms. In 
the short run the more productive approach was to exploit the best indige­
nous farming practices by simple tests and demonstrations. 

The initial research conducted at the Experiment Farm for Staple Crops 
and Vegetables and at the NatIOnal Agricultural Expenment Station waS pri­
marily applied research. The major projects were field expenments comparing 
various seed varieties or husbandry techmques (for example, checkrow plant­
ing of rice seedlings versus irregular planting). Facilities, personnel, and, above 
all, the state of knowledge were not adequate for more than simple compara­
tive experiments. Nevertheless, such experiments provided a basis for the 
rapid growth of agricultural productivity during the latter years of the Meiji 
period. This was a result of the substantial indigenous technological potential 
which could be further tested, developed, and refined at the new experiment 
stations as well as the strong propensity toward mnovation among farmers, 
with whom the research workers effectively interacted. 

For 300 years before the Mei]i Restoration, farmers were constrained by 
feudalism. Personal behavior and economic activity were highly structured 
Within a hierarchical system of social organization. Farmers were bound to 
their land and were, in general, not allowed to leave their villages except for 
such pilgrimages as the lse-Mairi (Pilgrimage to the Ise Grand Shrine). They 
were not free to choose which crops to plant or which varieties of seeds to 
sow. The division of the nation mto feudal estates discouraged communica­
tion. In many cases, feudal lords prohibited the export of improved seeds or 
cultural methods from their territories. Under such conditions the diffusion 
of superior seeds and husbandry techniques from one region to another was 
severely limited. 

The Meiji Restoration removed feudal restraints. Farmers became free to 
choose which crops to plant, which seeds to sow, and which techniques to 

practice. The introductIon of a modern postal service and of railroads re­
duced the cost of diffusing information about technology. The land tax re-
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form, which granted a fee Simple tItle to (he farmers and transformed a feudal 
share tax on crops mto a fixed land tax, increased the farmers' incentIve to in­
noVate. The farmers, especially of the gano class (landlords who personally 
farm part of their holdings), vigorously responded to such new opportunities. 
They voluntarily formed agricultural societies called noda1lkai (agncultural 
discuSSIOn society) and billsbukokankai (seed exchange society) and searched 
for better techmques. Rice production practices, such as the use of salt water 
in seed selectIOn, improved preparation and management of nursery beds, and 
checkrow planting were discovered by farmers and propagated by the itiner­
ant instructors. They were sometimes enforced by the sabers of the police. 
The major Improved vanetles of seeds, up to the end of the 19205, also result­
ed from selections by veteran farmers. 

Experiment station research was successful in testing and refming the re­
sults of farmer mnovations. The rono techniques (veteran farmers' techniques) 
Were based on experiences in the specific localitles where they OrIginated. 
They tended to require modifIcation when transferred to other locations. 
Simple comparative tests effectIvely screened the rona techniques and vari­
eties, thereby reducmg greatly the cost of technical mformatlOn for farmers. 
Slight adaptations of indigenous techniques based on experiments often gave 
them wide applicability. 

Given the backlog of mdlgenous technological potential, the mnovative at­
titude of farmers, and the mfant state of university educatIOn and research, It 
might have been mOre effective at that time to orgamze the experIment sta­
tions and extensIOn services separately from the umversities. Also, the loose 
Imkages between experIment stations and universittes dId not pose a senous 
problem during the Meljl penod when the agricultural research-education­
extenSIOn complex was small. Since the key personnel in expenment sta­
nons, extension servIces, and agrIcultural colleges were all graduates of either 
the Komaba School or the Sapporo School, the interaction among experI­
ment stations and agricultural colleges worked sufftciently well on an ad hoc 
basis. 

Centralization versus Decentralization 

It appears that the evolution of the organization of agricultural research in 
Japan has been marked by a search for an optimum balance between centrali­
zation and decentralizanon. The pioneers of agricultural SCIenCe in Japan 
seem to have recognIzed that agncultural technology is highly location-specif­
IC. To produce practical results for farmers, agrIcultural. research must be con­
ducted m vanous ecologIcal regions. They also appear to have recognized the 
need for toe coordinadon of central and local experiment station~. In the 
Treatise on tbe Strategy of Agncultlllal Development they proposed to estab-
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lish one central experiment station in Tokyo, fIVe regional stations, and one 
or more statIOns in each prefeccure.6 However when the National Agricultural 
Expenment Station (headquartered in Nishigahara, Tokyo) and the six re­
gional branch stations were established, the director, Atsushl Sawano, consid­
ered the system inadequate. He remarked that "regional breakdowns are not 
sufficient for the variatIOns In sod and climate. If additional budget IS avaIl­
able, another forty-fIVe stations must be established."7 

Local polttical groups lobbied the National Diet for more branch stations, 
and the number of these was increased from six to nine III 1895. But the ex­
periment stations were strapped for funds. The initial staff, including that in 
the branch stations, comprised only twenty research scientists and seVen 
techmcians. This increased to thirty scientistS and fIfteen technicians in 1899. 
Experiments were always handicapped hy insufficient facIlities and logIstical 
support.S Under such condItIons it was hardly pOSSIble to conduct mOre basic 
research In addition to the simple tests and demonstrations noted previously. 

Meanwhile, the backlog of indigenous technological potential was gradual­
ly exhausted as it was exploited. Research institutions felt the need to re­
charge this declining potentIal by turning to more basic research. The prefec­
tural experIment stations gradually accepted responsibility for more applied 
research. The raptd expansion of local research during this tIme IS shown by 
the prefectural government's increasing expenditure for agricultural research 
(Table 2-5). 

In response to the establIshment of the prefectural experiment stations, 
the National Experiment Station reduced its branch stations from nine to 
three in 1903, with the intention of exploiting scale economies in more basic 
research by concentrating research resources III fewer stations. The following 
year, for the first time, the National Experiment Station launched an original 
crop breeding program at ItS Kmai Branch. The object of this project was to 

develop new rice vaneties by artificial crossbreeding based On the Mendelian 
prInCIples rediscovered in 1900. It took almost two decades before new van­
eties of major practical slgmficance were developed, though the project con­
tributed greatly to the accumulation of experience and knowledge. Another 
project was started in 1905 at the Rikuu Branch to improve rIce varieties by 
pure line selection. ThIS approach brought about quicker practical results. 
Thereafter the main efforts of crop breeding in the Taisho era (1912-25) were 
in pure line selection. 

Rice breedmg by pure line selection represented the final exploitation of 
the indigenous technologIcal potential embodied in the rono varieties. As the 
purity of those varIeties was raised, the potentIal was exhausted.9 The ex­
plOItation and consequent exhaustion of Indigenous potential became evident 
in the 1910s before more baSIC research represented by the crossbreeding 
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Table 2-5. Expenditures for Agricultural Research by National and 
Prefectural Governments in Japan. 1897-1970 (in thousand yen)a 

Yea.r Total Nationalb Prefectural 

1897 ..... 616 367 (60) 249 (40)c 
1902 ..... 2.044 930 (45) 1,114 (55)c 
1907 ..... 2,032 718 (35) 1,314 (65)c 
1912 ..... 3,044 822 (27) 2,222 (73)c 
1918 .. 2,521 849 (34) 1,672 (66)" 
1923 .. 5,385 1,286 (24) 4,099 (76)c 
1927 6,561 1,251 (19) 5.310 (81)c 
1932 ..... 8,196 1,686 (21) 6,510 (79)c 

1955 ..... 9,478 4,190 (44) 5,288 (56)d 
1960 ....• 12,300 4.661 (38) 7,639 (62)d 
1965 ..... 38,814 12,257 (32) 26,557 (68)b 
1970 ..... 60,093 17,257 (29) 42,836 (71)b 

Source: Yujiro Hayami et al., A Centflry of Agricultural Growth in 

Japan (Minneapolis and Tokyo, University of Minnesota Press and 
Umversity of Tokyo Press, 1975) 

a Based on 19:14-1936 prices. Parentheses enclose percentages of 
total expendItures. 

b FIVe-year averages ending the years shown, except for the 1918 
and 1923 figures which are the five-year averages ending in 1917 
and 1922, respectively. 

C Single-year figures of the years shown. 
d EstImations: (1) Change in percentage between 1951-55 and 

1956-60 was assumed to be the same between 1956-60 and 1961-65. 
(2) The percentage for 1958 was used for 1956-60. 

project produced major breakthroughs. The rate of mcrease in nce yield 
began to decline. Japanese agriculture began to stagnate during the interwar 
period. 

Meanwhile. not only the National Experiment Station but also the prefec­
tural stations began crossbreedmg projects. The projects were handicapped by 
a lack of coordmation which tended to dissipate the limited research funds. 
In these circumstances, a nationwide coordmated crop breeding program called 
the Assigned Expenment System (the system of experiment assigned by the 
Ministry of Agriculture and Forestry) was established, fltSt for wheat (1926), 
next for rice (1927), and subsequently for other crops and livestock. 

Under the Assigned Experiment System, the national experiment stations 
were responsible for crossbreeding up to the selection of the first several filial 
generations. The regional stations, in each of eight regions, conducted further 
selections to adapt the seeds to regional ecologies. The varieties selected at 
the regional stations were then sent to the prefectural stations to be tested for 
their acceptability in specifiC locations. The varieties developed by this system 
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were called Norill (abbreviatlon of the words "Ministry of Agriculture and 
Forestry" in Japanese) varieties. 

This system was outstandingly successful. The Mexican dwarf wheat, 
which is revolutionizing Mexican and Indo-Pakistan agriculture, was based on 
the Norill No. 10 wheat variety. The Nor;'l numbered varieties successively 
replaced older varIeties in the late 19305. If the supply of fertilizer and other 
agricultural inputs had not been restricted during World War II, the second 
epoch of agricultural productivity growth in Japan - which occurred after the 
war - would probably have started in the late 19305. 

The ASSIgned Experiment System was an institutional innovation which 
economized on research resources - above all, knowledge and experience­
while satisfying the requirement for locatlon-specific agricultural research. 
The system has evolved so that now both the national and the prefectural ex­
periment stations conduct crossbreeding from the first step of artificial cross­
mg. This change reflects the increase m knowledge and experience of the pre­
fectural stations. It has enabled the prefectural stations to conduct research 
more specifically designed to satisfy local demand. 

Social Returns to Agricultural Research Investment 

From the historical review in the previous section it seems reasonable to hy­
pothesize that the evolution of agricultural research in Japan was spurred by 
the benefits which research contributed to society and to national develop­
ment. To demonstrate the gains from pubhc investment in agricultural re­
search, we will attempt in this section to estimate the social rates of return to 
rice-breeding research. 

Theoretical Framework for Estimating Social Returns 

Using Marshallian concepts of social welfare and cost, social returns to rice­
breeding research are measured by the changes in consumers' and producers' 
surpluses that result from the shift in the rice supply curve corresponding to a 
shift in the rice production function. (Producers' surplus is defined as the 
total value of output in agriculture minus the payment to the inputs apphed to 
agrtcultural production that are sllpplied from nonagrtculture; it includes not 
only the entrepreneunal profit of farmers but also land rent, wages to family 
labor, and returns to farm capital. For a more detailed discussion see chapter 
6.) This relationship is shown in Figure 2-2, in which d and So represent the 
actual demand and supply curves, whereas sn represents the supply curve that 
would have existed if improved nee varieties had not been developed. 

Assuming market equilibrium and no rice imports, the shift in the supply 
curve from sn to So would increase the consumers' surplus by (area ABC + 
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d 

Rice quantity 

Figure 2-2. Model of estImating social returns to rice-breedmg research 
Source: Masakatsu Alcino and YujltO Hayaml, "Efficiency and Equity in Pub­
he Research: Rice Breeding in Japan's Economic: Development/' Amerrcan 
Journal of Agricultural EconomIcs, 57 1 (February 1975), 4. 

area BP nP oG), the producers' surplus by (area AGO - area BP nP oC), and the 
social benefit by (area ABC + area ACO). 

In reality. however, Japan remained a net importer of rice durmg thIs peri­
od. Rice imports were regulated by government tariffs and quotas. lO As dis­
cussed previously, the government sought to prevent a rise in the cost ofliv­
ing of urban workers. In fact, the government maintained stable rice prices 
relative to the general price index until around 1960. Rice prices then began 
to rise sharply because government policy regarding rice shifted to protecting 
producers (Figure 2-3, lower section). 

If basic policy was to SeCure sufficient rice to prevent a rise In the urban 
workers' cost of living. and, if increasmg domestic rice production owmg to 
varietal improvement and other means did not meet increasing demands, the 
gap would have to have been filled by imports. Let Pain FIgure 2-2 be the 
price of rice that the government determined to maintain. If the domestic 
supply schedule did not shift from sn to so. the government would have in-
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Figure 2-3. Changes in rice prices. both current and deflated by the General 
Price Index (1934-36=100), in Japan (Iog-scale in brown rice term), 1880-
1937 and 1951-70. 
Source: YUJiro Hayami, "Rice Policy in Japan's Economic Development," 
Amertcan Journal of Agrtcultural Economics, 54,1 (February 1972), 22 

creased rice imports by o.'n Q o' Then, the producers' surplus would have 
been reduced by area BPnPoC without being compensated for by area ACO. 
In this case, foreign exchange would have been reduced by area ACQ'nQn-

If there had been no breeding program to shift the domestic supply from 
sn to so' the producers' surplus would have been smaller by area ACO. ThIS 
area may be defIned as the producers' gain in economic welfare from the rice 
breeding research (assuming price stability through rice imports). Since the 
consumers' surplus would remain unchanged under this assumption, the pro­
ducers' gain would equal the total social benefit produced from the rice breed­
ing programs. Another contribution of the breeding research to the national 
economy In the open economy case would be the gain in foreign exchange by 

I 
area ACQnQo' 

In reality, in spite of the efforts to shift the rice production function up­
ward, domestic supplies did not keep up with demand. This resulted in rice 
imports of about 5 to 20 percent of domestic production. Therefore, So in 
Figure 2-2 would have been located somewhere to the left of A if we define A 
as the POInt of equilibnum of total market supply and demand. However, this 
does not require modification of our model. We will now estimate the social 
benefIts of rice research in Japan using this model.ll 

Distribution of Social Benefits 

Estimates of social benefits were conducted separately for the breeding 
programs before and after the introduction of the Assigned Experiment System 
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Table 2-6. EstImates of Social Benefits from Rice-Breedmg Research'Programs Begun 
before the Establ.shment of the Assigned Experiment System, Jap.n 

(million yen in 1934-36 prices) 

Open Economy Case 

Autarky Case Producers' 
Gain 

Producers' COnsumers' Total Sod al (Total Saving in Foreign 
Gain Gain Benefits Benefits) Exchange 

Year (1) (2) (3)~(1) + (2) (4) (5) 

1915 - 0.30 0.45 015 0.15 0.18 
1916 - 0.32 0.48 0.16 0.16 0.19 
1917 -1.80 2.70 0.90 0.90 108 
1918 -4.20 6.30 2.11 2.10 2.52 
1919 - 7.68 11.52 3.85 384 460 
1920 ... - 12.47 18.75 6.28 625 7.50 
1921 ... - 15.69 2364 7.95 7.88 945 
1922 .. - 26.21 3951 lUO 13.17 15.80 
19B ... - 33.49 5073 17.24 16.91 20.29 
1924 .. -45.90 69.75 23.85 23.25 27.90 
1925 - 60.97 93.03 3206 31.01 37.21 
1926 .. - 5737 87.54 30.17 29.18 35.01 
1927 ... - 66.07 100.86 34'.79 33.62 40.34 
1928 ... - 67.65 103.38 35.73 34.46 41.35 
1929 ... -7068 108.12 37.44 36.04 43.24 
1930. - 86.68 132.87 46.19 44.29 53.14 
1931 -8080 124.23 43.43 41.41 49.69 
1932 ... - 102.25 157.86 55.61 52.62 63.14 
1933 . . - 102.56 157.62 55.06 52.54 63.04 
1934 ... -77.01 118.41 41.40 39.47 4736 
1935 .. - 86.21 13263 46.42 44.21 53.05 
1936 ... - 103.53 15935 55.82 53.12 63.74 
1937 ... - 104.33 160.67 56.34 53.56 6427 
1938 ... - 103.65 159.62 55.97 53.21 63.85 
1939 ... - 110.97 171.07 60.10 57.03 68.43 
1940 ... - 95.79 147.52 51.7> 49.18 59.01 
1941 ... - 84.69 130.35 4566 43.4:> 52.14 
1942 ... - 100.18 154.12 53.94 51.38 61.65 
1943 . - 91.07 139.95 4888 46.65 55.98 
1944 ... - 8111 124.52 43.41 4151 49.81 
1945 ... -7869 120.62 4193 4021 4825 
1946 - 73.44 112.35 38.91 37.45 44.94 
1947 .. - 65.79 100.55 34.76 33.52 40.22 
1948 ... - 69.27 105.70 36.43 3524 4228 
1949 .. - :>2.91 8062 27.71 26.88 3225 
1950 .. - 57.49 87.50 30.01 29.17 35.00 
1951 -48.99 74.50 25.51 24.84 2980 
1952 -48.84 74.15 25.31 24.72 29.66 
1953 - 36.42 55.20 18.78 18.40 22.08 

46 
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Table 2-7. Estimates of Social Benefits from Rice-Breeding Research Programs 
Established under the Assigned Experiment System, J opan 

(million yen in 1934-36 pnccs) 

Open Economy Case 

Autarky Case Producers' 
Gam 

Producers' Consumers t Tot.1 Social (Total Savmg in ForeIgn 
Gain Gam Benefits Benefits) Exchange 

Year (1) (2) (3)=(1) + (2) (4) is) 

1932 - 0 66 0.99 0.33 033 039 
1933 - 2.32 3A8 1.16 1 16 1.39 
1934 - 3.12 4.68 1.56 1.56 1.87 
1935 -4.72 7.08 2.36 2.36 2.83 
1936 -7.40 11.10 3.71 3.70 4.44 
1937 -1090 16.38 5.48 5.46 655 
1938 -15.15 22.80 765 7.60 912 
1939 -19.61 29.55 9.94 9.85 11 82 
1940 -19.96 30.09 10.13 10.03 1203 
1941 -19.86 29.94 10.08 9.98 11.97 
1942 - 26.97 40.71 13.74 13.57 16.28 
1943 -28.13 42.48 14,35 1416 1699 
1944 - 29.69 4488 15.19 14.96 17.95 
1945 - 33.30 50AO 17.10 16.80 20.16 
1946 ... -37.74 57.18 19.44 19.06 2287 
1947 . -40.18 60.93 20.75 2031 2437 
1948 - 50.49 76.68 26.19 25.56 30.67 
1949 - 47.81 72.72 24.91 2424 29.08 
1950 - 59.86 9120 31.34 3040 3648 
1951 -61.52 93.87 32.35 31.29 37.54 
1952 .. -6264 95.43 32.79 31.81 3817 
1953 ... -4818 73.32 2514 24.44 29.32 
1954 . - 51 04 77.64 2660 25.88 3105 
1955 -6673 10140 3467 33.80 4056 
19,56 ... - 47.42 71.88 24.46 23.96 28.75 
1957 ... - 39.98 6048 20.50 20.16 24.19 
1958 ... - 37.64 ,56.88 19.24 18.96 22.75 
1959 ... - 34.58 52.20 1762 17.40 20.88 
1960 - 32.79 4947 1668 16.49 19.78 
1961 ... - 28.51 42.99 14.48 1433 17.19 

based on the data In AppendIx 2-3. The results are summarized in Tables 2-6 
and 2-7. The most remarkable aspect of the autarky case results IS that the 
social benefIts produced from the research were totally captured by the con­
sumers; the producers were worse off. Such results were derived from the ap­
plIcation of low price elasticities of demand and supply. In partIcular, the de­
mand elasticity plays a decisive role in the distributIon of benefIts among con­
sumers and producers. 

In reality. however, Japan did not operate in the condition of rice autarky 
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during the period of this analysis. If it is assumed that rice was lmported, the 
producers' situation would have been even worse (as shown in Figure 2-2 by 
area ACO and as measured in Tables 2-6 and 2-7) if there had been no pro­
gram for rice-breedmg research. Thus, rice research preserved a larger share 
of the Japanese rice market for domestic producers. Without the research the 
Japanese economy would have lost foreign exchange, by area ACQnQo. In 
fact. as the estimates in Tables 2-6 and 2-7 indicate, the possible loss of for­
eign exchange owing to the shortage in the domestic rice supply during the 
1930s would have amounted to about 5 percent of the total commodity im­
port of Japan. Consldering the chronic shortage of foreign exchange in the 
course of industrIalization m Japan. the contribution of rice-breeding research 
to economic growth was qUlte signiflcant. (However. it is difflcult to estimate,_ 
m a term comparable to that of consumers' or producers' ~urplus, the gain in 
national economic welfare as a result of the saving of foreign exchange.) 

In the open economy case, the producers were made better off by rice­
breeding research, while the consumers continued to enjoy the Same level of 
economic welfare without causing a drain on foreign exchange. In reality, 
however. it would appear that consumers' welfare could not have remained 
the same in the absence of the nee-breeding research. The constraints on for­
eign exchange would not have allowed additional rice imports on such a large 
scale. The autarky and the open economy CaSeS in our analysis represent the 
polar cases between which reality lies. r 

The Social Rate of Returns 

In order to assess the effIciency of rice-breeding research, both the external 
and the internal rates of returns are calculated by re1atmg the research costs 
(data reported in Appendix 2-3) to the estimates of social benefits shown in 
Tables 2-6 and 2-7. (See accompanying box.) 

The social rates of returns for the breeding programs before the Assigned 
Experiment System are calculated for two alternative cases· Case A assumes 
that net returns (Rt - Gt) in 1935 would have been maintamed forever from 
that year; Case B assumes that net returns would become zero after 1953. 
Case A represents a polar case in which the knowledge and experience ac­
cumulated in a breeding program would continue to be utilized even after the 
varieties developed by the program were replaced by varieties developed by 
subsequent breeding programs, whereas Case B assumes that the life of the 
varieties ends when they are replaced by new ones. 

In calculating the rates of returns in the programs under the Assigned Ex­
periment System, two alternative assumptions about the stream of returns 
were made: Case A assumes that the net returns would have continued to be 
mamtained forever at the 1951 level since that is the year when the area plant-

• 
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The external rate of returns (re) is defined as the rate calculated 
from the following formula: 

100 (iP + F) 
re = C 

where i is the external rate of interest, P is the accumulation of past re­
turns, F is the annual future returns, and C is the accumulation of past 
research expenditures. The external rate of interest (i) is applied to the 
accumulatIon of both returns and expenditures. In this study 10 per­
cent is assumed for the Interest rate. 

The internal rate of returns (ri) is the rate that results in 

T 
~ 

t = 0 

R, -C, 
-"'-";' = 0 
(1 + r;lt 

where R
t 

is the social benefIt in year t, Ct is the research cost in year t, 
and T is the year that the research ceases to produce returns. 

ed In the Norm varieties reached a peak; Case B assumes that the net returns 
would have become zero after 1961. 

The results of the estimates of the social rates of return for the autarky 
and the open economy cases are reported In Table 2-8. There are only small 
differences between the two. Both indicate that the crop-breeding research 
represents a lucrative public Investment opportunity. 

The estimates for the programs before the introduction of the Assigned 
Experiment System are comparable with Griliches's estimates for hybrid corn 
research m the United States (about 35 percent for the internal rate and 700 
percent for the external rate of return); they also compare favorably with 
esttmates for poultry research In the UnIted States reported by Peterson 
(about 20 percent for the internal rate and 140 percent for the external 
rate).12 The estimates of the rate of returns for rIce research under the As­
signed Experiment System are comparable WIth those for the cotton research 
III Sao ,Paulo, BraZIl, by Ayer and Schuh (about 90 percent for the internal 
rate) and for wheat research in Mexico by Ardito Barletta (about 75 percent 
for the mternal rate).13 Judging from these estimates, there has been gross 
underinvestment in research to improve grain varieties in the world. 

The results in Table 2-8 show that the SOCIal rate of return increased after 
the introduction of the Assigned Experiment System. This SeemS to suggest 
that effiCIency was Improved by this instItutIOnal mnovation. We do not deny 
the possibility that the increase in the rate of return over time reflects scale 
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Table 2-8. Estimates of Social Rates of Returns to Rice-Breeding Research in Japan (mllhon yen in 1904-36 constant prices) 

Rates of Return 

External Rate 
(1) Ncr cumulated past returns 
(2) Past returns expressed as annual flow 
(3) Net annual future returns .. 
(4) Tot.1 net annual returns, (2) + (3) ... 
(5) Cumulated past research expendItures. 
(6) Rare of return, 100 x (4)/(5) 

Intcrmd Rate . . . . . . . .. 

External Rate 
(1) Net cumulated past returns ..... 
(2) Past returns expressed as annual flow 
(3) Net annual future returnS . 
(4) Toral net annual returns, (2) + (3) .. 
(5) Cumulated past research expenditures. 
(6) Rate of return, 100" (4)/(5) 

Internal Rate ...... ....... 

Au tar ky Case 

Case A Case B 

Before ASSIgned Experiment System 

985.88 
98.58 
44.63 

143.21 
12339 
116% 

27% 

7,660.95 
766.09 

o 
766.09 
783.47 

98% 
25% 

Under Asstglled Expermleut System 

48798 1,639.77 
4879 163.97 
31 73 0 
8052 163.97 
14.51 46.78 

554% 350% 
75% 73% 

Open Economy Case 

CascA 

952.52 
95.25 
42.41 

137.66 
123.39 
112% 

26% 

480.11 
4801 
3067 
78.68 
14.51 

542% 
75% 

Case B 

7,392.64 
73926 

o 
73926 
78347 

94% 
25% 

1,61065 
161.06 

0 
161.06 
46.78 

344% 
73% 

http:1,639.77
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economies inherent in the process of research in producing knowledge and in­
formatIOn. However, if there were no organizational improvements to permit 
better coordmation of the enlarged research complex, the increase in the ef­
ficiency of rice·breeding research would not have been as dramatic as meaS­
ured in this study. 

Conclusion and Implications 

The Japanese agricultural research system evolved under the strong leadership 
of the government. The current system is dominated by public-supported in­
stitutlOns, includmg both national and prefectural experiment stations. 

We hypothesized that the government's involvement m agricultural re­
search activities was prompted by the high rate of social returns. The case 
study of nee-breeding research indicates that the investment in agricultural re­
search was indeed lucrative for society. Moreover, we found that financmg 
agricultural research out of tax revenue can be justified because the major 
gams from the research increased consumers' surplus or contributed to eco­
nomic development by lowerIng the cost of living for urban workers and sav­
ing foreign exchange. 

The government's recognltlon of the need for agncultural research is one 
of the keys to understandmg how agriculture grew in Japan despite the very 
unfavorable endowment of land relative to labor. However, It appears that 
there was gross underinvestment in agricultural research even in Japan. For 
example, if many more resources had been allocated to agricultural research 
in the early days of modern economic growth, the interwar stagnation of 
Japanese agriculture might have been aVOIded or reduced considerably. Public 
planners and policy makers in the world should be constantly reminded that 
there is a tendency to underestimate the returns to research because of un­
certainty and long gestation periods. Rarely are sufficient resources allocated 
to agricultural research. Hence, efficient allocatIOn of research resources 
among different research enterprises is important. 

The conflict between the needs for location-specIflcity and scale economies 
poses a critical problem in the allocation of scarce research resources. The As­
Signed Experiment System in Japan represents a successful attempt in solving 
this problem. Such organizational innovations should be promoted in develop­
ing countnes whose research resources, particularly in research and technical 
staff, are very limited_ . 

InteractIOn among research administrators, scientists, and farmers is of 
critical importance to produce information useful to farmers. At the same 
time, the interaction of agrIcultural scientISts with those in neighboring diSCI­
plines is a source of research productivity. The close association of agncultur-
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al experiment stations with extension programs and agricultural associations 
in Japan increased the responsiveness of agricultural research to the needs of 
farmers. 

It must be noted, however, that this system Was established without for­
mally linking experiment stations with universities. Perhaps this represents a 
bad example which should not be repeated in developing countries. Today 
agricultural science in Japan is far more advanced than it was in the MeiJi 
period. Specialized research with an interdisciplinary approach seems to be 
required for the transfer of technology developed in advanced countries to 

developing countries. For this reqUIrement the close linkage between experi­
ment stations and universities is necessary. 

At the same time, the close lmkage between experiment stations and uni­
versities should by no means be established at the sacrifice of the responsive­
ness of agricultural research to the needs of farmers. How to establish a close 
association between experiment stations and universities while promoting 
active interactions among farmers and research workers, either directly or 
through extension agents, remains a major unsolved issue in organizing agri­
cultural research for agricultural economic development. 

APPENDIXES 

Appendix 2-1. Specification of Demand 
and Supply Schedules 

The fust step to estimate the changes in consumers' and producers' surpluses 
is th,e specifIcation of the demand and supply schedules. In this study a con­
stant elasticity demand function is assumed as 

where q and p are, respectively, the quantity and the price of nee, and 1) is 
the price elasticity of demand. Similarly, a constant elasticity supply function 
is assumed as 

q ~ Gp'Y 

where "f IS the price elasticity of the rice supply. We assume a hypothetical 
supply curve that would have existed in tBe absence of improved varieties as 

q = (1 - h)Gp'Y 

where h represents the rate of shift in the supply function owmg to varietal 
improvement. In competitive equilibrIUm the supply function is equivalent to 

f 
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the margInal cost function derived from the production function. Since the 
relation between the rate of shift in the marginal cost function (h) and the 
rate of shift in the production functlon (k) can be approximated by 

h::::: (1 +'Y)k 

the following approximation formulas hold in equilibrium: 

1 [k(l + 7)J2 area ABC :::::::;P q .'o.::~':""':~_ 
2 00 1'+1/ 

area ACO ~ kpo go 

Poqok(l + 'Y) 1 k(l + 1')1/ 1 
areaBPnPoC~ [1- --k{l +"Y)] 

1'+1/ 2 1'+1/ 2 

and 

area ACQ'nQo = (1 + "Y)kPoqo' 

For the derivation of the above formula, see Appendix 2-2. 

Appendix 2-2. Derivation of the Model of Estimating Social 
Benefits from Rice-breeding Research 

The relationship between hand k 

,The actual and the hypothetical supply functions that would have existed 
in the absence of improved varieties are assumed, respectively, as 

q = Gp'Y 
q = (1 - h)Gp'Y. 

(1) 

(2) 

Assuming that the supply curves are equivalent to the marginal cost curves, 
dc 

the marginal costs ( dq) are 

de 
-= p = G- ll'Y ql/'Y 
dq 

(4) 

Total cost curves derived by taking "the integrals of the marginal cost curves 
which are assumed to pass through the origin are 

"I 
C= G-l/'Y q(1 +'Y)/'Y 

(1 + "Y) 
(5) 
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C= 1 G-ll'Y(l_h)-l/'YqCl+'Y)I'Y. (6) 
(1 + r) 

Let qo and q'n represent respectively the output levels for a given cost in 
equations (5) and (6) Then, the relation between qo and q'n is represented 
approximately for a sufficiently small value of h as 

(~/~)~1-hn1+r). en 
Since k is denoted (qo - q~)/qo' the relationship between hand k can be 
shown approximately as h ~ (1 + 'Y)k. This formula implies that h becomes 
infinite when r = 00. ThIS is due to the approximate nature of the formula. 
Actually, h is equal to k/(l - k) when'Y = 00. 

The Formulas of Social Returns, Changes in 
Consumers' Surplus, and Producers' Surplus 

Area ABC IS derived as follows. 
Po and Pn in Figure 2-2 are represented respectively as 

Po'" (H/G)lfC'Y + TI) 

P
n 

= (H/G)lfC'Y + TI) (1- h)- I/C1' + TIl. 

(8) 

(9) 

Hence, (Pn - Po) ~ Poh/C1 + 1) for a sufficienrly small value of h. Thus, area 
1 1 

ABC ~2 poqoh2/(r + 1) = zpoqo Ik(l + 1)]2/(1 + 1). 

Area ACO is derived as follows: 

Area BPnPoC is derived as follows: 

1 
area BPnPoC ~ (Pn - Po)qo -"2 (Pn - Po) (qo - qn) - area ABC. 

Since CPn - Po) is approximately equal to poh/cr + 1). and (qo - qn) to 
qoh1)/(r + 1), then 

Poqok(l +'Y) 
area BPn Po C ~ -'--"'-'-"--'----'­

'Y+1) 

1 k(1 + 1)1) 
I 1 - - --'----'....:. 

2 r+1) 

1 
-k(1 + 7)]. 
2 

Appendix 2-3. Pammeters and Data of Estimating the Social 
Rates of Returns to Rice-Breeding Research 

Demand and Supply Parameters 

The estimate of the price elastiCIty of demand for rice ('I) is available from 
Ohkawa, whose estimates are based on 1931-38 household survey data for the 
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urban population, and on 1920-38 market data for the rural population.14 

The estimates differ for different occupational, regional, and income groups, 
but they cluster around 0.2. We will adopt 0.2 for 7). 

The price elasticity of the rice supply ('Y) was estimated by Hayami and 
Ruttan on the basis of 1890-1937 tlme-senes dataJ5 The supply elastICIty 
was also estimated by Yuize on a 1952-62 time-series.16 The results of the 
former study mdicate that 'Y was in the vicinIty of 0.2; those of the latter in­
dicate that I ranged from 0.2 to 0.3. Here we wIiI adopt 0.2 for 'Y. 

Shift in Rice Production Function 

We estimated the rate of shift in the aggregate rice productIon function (k) 
by averagmg the yield differences between the Improved and the unimproved 
varieties for the same level of inputs, usmg the areas planted in the improved 
varieties as weights The data for the differences in yield between the im­
proved varieties and the varieties that were replaced by the improved varieties 
at the same level of inputs are based on the results of the comparative yield 
tests at various agricultural experiment stations. 

A good collection of the results of comparative rice yield tests for the varI­
eties developed before the ASSigned Experiment System is available in the re­
ports of a survey conducted by the MinIstry of Agriculture and Forestry. 
These reports have gathered the results of the three years' tests for the 130 
improved varietIes In comparison with those of the varietIes that they re­
placed. We used these data to calculate ~he rate of shift in the aggregate rIce 
production function in the t-th year owing to varietal improvement (kt) by 
the following formula. 

where klj IS the ratio of the Increase In rice Yield of the i-th variety In the j-th 
region over the variety that it replaced, and At and AiJt are, respectively, the 
total rice area m the nation and the rice area planted in the i-th variety in the 
j-th region. 

Because of data limitations a cruder method IS applied for the estimatIOn 
of the rate of the production functIon shift owing to the varieties developed 
by the ASSigned ExperIment System. ]udgmg from a limited number of the 
results of comparative yield tests, we adopted 6 percent as the average rate of 
yield mcreases of the Narin varieties over the varieties that they replaced. 
ThIS rate was multiplied by the ratio of the area planted in the Norin vanetIes 
in order to calculate the rates of shift In aggregate nce productIon owing to 

the breedmg research under the Assigned Experiment System. The results of 
the estimation of the kt's are shown in Table 2-9. 

http:time-series.16
http:population.14
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Table 2·9. Estimates in the Rate of Shift in the Rice PrQduction Function 
owing to Varietal Improvement in Japan 

Programs Initiated Before the Programs Established Under the 
Assigned Experiment System Assigned Experiment System 

Year kt Year ~ 
1915 ... (J.Ol % 1932 ... 0.02% 
1916 ... 0.01' 1933 ... 0.06 
1917 ... 0.06 1934 ... (J.ll 
1918 .•. 0.14 1935 ... 0.15 
1919 ... 0.23 1936 .•. 0.20 
1920 ... 0.36 1937 .•. 0.30 
1921 ... 0.52 1938 ... 0.42 
1922 ... (J.79 1939 0,52 
1923 ... 1.11 1940 ... 0.60 
1924 ... 1.48 1941 ... 0.66 
1925 ... 1.89 1942 ... 0.74 
1926 ... 1.91 1943 ... 082 
1927 ... 1.97 1944 0.93 
1928 ... 2.08 1945 ... 1.02 
1929 ... 2.20 1946 ... 1.13 
1930 ... 2.41 1947 ... 1.26 
1931 ... 2.73 1948 ... 1.40 
1932 ... 3.17 1949 ... 1.56 
1933 ... 2.70 1950 ... 1.72 
1934 ... 2.77 1951 ... 189 
1935 .•. 2.80 1952 ... 1.75 
1936 ... 2.87 1953 .. 1.62 
1937 ... 294 1954 ... 1.55 
1938 ... 294 1955 1.49 
1939 3.01 1956 ... 1.20 
1940 2.94 1957 ... 0.96 
1941 2.87 1958 ... 0.86 
1942 2.80 1959 ... 0.76 
1943 2.72 1960 ... 0.70 
1944 ... 2.58 1961 ... 063 
1945 ... 2.44 
1946 ... 2.22 
1947 ... 2.08 
1948 ... 1.93 
1949 ... 1.79 
1950 ... 1.65 
1951 ... 1.50 
1952 ... 1.36 
1953 ... 1.22 

Value of Rice Output 

Data for the value of rice OUtput (Poqo) are obtained by valuing the 
physical outputs of rice by the 1934-36 average price in order [0 estimate the 
stream of social benefits in real terms. The years generally used as the basis of 



Table 2-10. Expenditures on Rice-Breeding Programs by National and Prefectural 
Governments in Japan (thousand yen in 1934-36 constant prices) 

Programs Initiated Before the Programs Established Under the 
AssIgned Experiment System Assigned Experlment System 

Year NatIonal Prefectural Total Year National Prefectural Total 

1904 ... 135 330 465 1927 97 97 
1905 ... 136 327 463 1928 ... 83 83 
1906 ... 137 362 499 1929 ... 87 87 
1907 ... 130 365 495 1930 ... 94 94 
1908 ... 162 445 607 1931 98 98 
1909 ... 158 439 597 1932 ... 86 11 97 
1910 ... 160 489 649 1933 ... 79 29 108 
1911 185 502 687 1934 ... 70 58 128 
1912 ... 142 465 607 1935 ... 65 86 151 
1913 .. 113 402 515 1936 ... 58 116 174 
1914 ... 121 468 589 1937 ... 49 166 215 
1915 .. 134 520 654 1938 ... 44 198 242 
1916 142 541 683 1939 ... 36 205 241 
1917 106 483 589 1940 ... 32 192 224 
1918 94 499 593 1941 32 193 225 
1919 100 538 638 1942 ..• 30 187 217 
1920 98 657 755 1943 ... 41 178 219 
1921 130 923 1,053 1944 37 167 204 
1922 119 834 953 1945 .. 2S 131 156 
1923 150 877 1,027 1946 ... 108 108 
1924 . 182 785 967 1947 194 194 
1925 ... 112 818 930 1948 ... 298 298 
1926 ... US 1,035 1,170 1949 417 417 
1927 ... 126 1,180 1,306 1950 479 479 
1928 ... 139 1,265 1,404 1951 624 624 
1929 ... 147 1,140 1,287 1952 652 652 
1930 ... 163 1,297 1,460 1953 685 685 
1931 ... 175 1,350 1,525 1954 ... 729 729 
1932 320 1,450 1,770 1955 ... 642 642 
1933 .. 243 1,456 1,699 1956 . 588 588 
1934 252 1,454 1,706 1957 ... 527 527 
1935 261 1,536 1,797 1958 ... 505 505 
1936 1,323 1,323 1959 ... 480 480 
1937 1,257 1,257 1960 ... 419 419 
1938 1,150 1,150 1961 ... 403 403 
1939 1,075 1,075 
1940 791 791 
1941 690 690 
1942 593 593 
1943 500 500 
1944 ... 401 401 
1945 ... 265 265 
1946 .. 186 186 
1947 ... 268 268 
1948 ... 337 337 
1949 ..• 394- 394 
1950 ... 382 382 
1951 409 409 
1952 424 424 
1953 427 427 

57 
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mdex construction are 1934-36 because it IS considered that "normal" price 
relations prevailed during this period. The price of rice relative to the prices 
of other commodities was somewhat lower dunng thIs time because this peri­
od was characterized by a large inflow of fice from overseas territories - Korea 
and Taiwan - although the government tried to support the price of rice by 
increasing the government mventory. The valuation of outPUt by the 1934-36 
average price might result in an underestimatIOn of the stream of social bene­
fit. 

Cost of Rice-Breeding Research 

Data for the expenditure on nce-breedmg research before the ASSIgned Ex­
penment System are not readily available. There IS an estimate that the ratio 
of expenditures on crop-breedmg programs to the total expenditures of agri­
cultural experiment statIons III 1927 was 43 percent for the national experI­
ment stations and 45 percent for the prefectural experIment stations.17 We 
estimated the annual expenditures for rice-breeding research by mulnplymg 
these ratios by the total expenditures of the national and prefectural stations. 

All expenditures for research under the ASSIgned Expeflment System were 
paJd for from the budget of the central government, and these data are read­
ily available. In addition to the expenditures covered by the central govern­
ment, prefectural governments paid for the costs of the tests of local adapt­
abilIty of the Norin varIeties and of the multiplIcation of Improved seeds. 
Those expendirures by the local governments were estimated by multiplymg 
the expenditures for crop-breeding programs in the prefectural experiment 
stations by the ratios of area planted in the Noril/ varieties [Q area planted in 
the total improved varieties. 

The time-senes of the expenditures on crop-breeding programs thus esti­
mated were deflated by the Consumer Price Index, with 1934-36 = 100. The 
results are shown m Table 2-10. The estimates of the expendItures on crop­
breeding programs mclude not only the cost of research and development but 
also the cost of extenSIOn, such as the multIplication of seeds. In addltJon, 
our cost data include not only the projects On rIce but also those on 1Ilugi 
(wheat, barley, and naked barley), although rice research projects should out­
weigh all others III the programs 

NOTES 

1. This chapter summarizes a part of the results of the research prOject entitled "Sci­
ence and Agricultural Progress: The Japanese Experience." which Was supported by a 
grant of the Rockefeller Foundatlon to the University of MInnesota EconomIC Develop­
ment Center. It draws heavHy on Masakatsu Akino and Yujiro Hayami , "Efficiency and 
Equity in Public Research: Rice Breedmg in Japan's Economic Development," Amencan 
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sity of Mmnesota Press and University of Tokyo Press, 1975) 

2. Yujiro Hayami and Vernon W Ruttan, Agricultural Development An InternatIonal 
PerspectIve (Balnmore and London: Johns Hopkins Umversity Press, 1971), p. 144. 

3. The historIcal sketch in this seCtlon draws heavily on Hayami and Ruttan, Ag1icuJ­
tural Development. pp. 153-163. Useful references are Toshio FUI"ushlma, ed., "Nogaku" 
("Agricultural Science"), Nibon Kagaku GIJutsushl Taikei (The ComprehensIve HIstory 
of SCience and Technology in japan), vols. 22 and 23 (Tokyo: Daiichi Hoki Shupp.n, 
1967 and 1970); Nogyo Hattatsushi Chosakai (Agncultural Developmen. HIstory Re· 
search Committee), ed., Nihon Nogyo Hattatsllsh, (HIstory of Agricultural Development 
in japan), 10 vols. (Tokyo· Chuokoronsha, 1953·58), Takekazu Ogura, ed., AgrIcultural 
Developm."t 111 Modem japan (Tokyo. Fuji Publishing Co., 1963), Yukihiko Saito, 
N,hon Nogakushl (The HIstory of Ag1lcultural Scrence '" Japan), 2 vols. (Tokyo· Na· 
tlonal Research Institute of Agriculture, 1968 and 1971). 

4. Ministry of Agriculrure and Forestry, Meiji Zenkl KannoJlsekl Shuyoku (The Com· 
p21ation of Measures to Encourage Agriculture)~ vol. 2, reprint (Tokyo: Dainihon Nokai. 
1939), pp.1765·1779,1766~1767. 

5. Ib,d., pp. 1778·1779. 
6. Ib,d., p.I774. 
7. Saito, Nlbon Nogakushl, p. 12l. 
8.Ibid., pp. 126·134, 16J.l64. 
9. Takamine Matsuo. "Suite Hmshu Kairyo ShiJo no Shomondai" ('~Problems 10 the 

History of Rice Variety Improvement"), Hattatsusht Chosakat Data no. 42. mimeo­
graphed (Tokyo, 1951). 

10. For a historical review of rice poHcy in Japan, see Yujiro Hayami. "Rice Policy in 
Japan's Economic Development," American journal of AgrJcultural Economics, 54 (Feb­
ruary 1972), 19-31. 

11. For the quantit.tlve steps used to put the model into practice see AppendIX 2·2. 
12 ZVl Griliches, "Research Costs and Social Returns. Hybrid Corn and Related [n­

novations," journal of Political Economy, 66 (October 1958),419431, W L. Peterson, 
"Return to Poultry Research in the Umted States," Journal of Farm Econ01mcs, 49 
(August 1967),656-669. 

13. H. W. Ayer and G. E. Schuh, "Social Rates of Return and Other Aspects of Agri­
cultural Research: The Case of Cotton Research in Sao Paulo, Brazil," AmencanJournal 
of Agricultural Economics, 54 (November 1972), 557-569, Nicolas Ardito Barletta, 
"Costs and Social Benefits of Agricultural Research III Mexico," Ph D. disseI"tation (Chi­
cago· University of Chicago, 1971). 

14 Kazushl Ohkawa, Shokuryo Ke12arno Rrron to Keisoku (Theory mid Measure· 
me>1t of Food Economy) (Tokyo: Nlhon Hyoronsha, 1945), pp. 9·34,77·96. 

15. Hayami and Ruttan, Agrlcultura' Development, pp. 236-237. 
16 YasUhlko Yuize, "Nogyo Selsan ni Okeru Kakaku Hanno" ("On the Price Re~ 

sponses in Agricultural Production"), Nogyo Sago KenkYll, 19 (January 1975), 107·142 
17. Takelcht Oda, "Honpo m okeru Beibaku Hinshu KaiI"yo Jigyo no Tatko" ("Sum~ 

mary of the RIce and Mugi Varietal Improvement Programs in Japan"), Daimbon Nokat~ 
bo (Novemoer 1929), 14·28. 



Organization and Productivity 
of the Federal-State R~search System 
in the United States 1 

Willis L. Peterson and Joseph C. Fitzharris 

3 

The agricultural research system of the United States is discussed in this chap­
ter under ~o broad headings. In part I, we examine the organization of the 
federal-state system. We investigate how political and physical geography as 
well as production and input trends in the agricultural sector influenced the 
search by more efficient farmers for new inputs, techniques, and organiza­
tional forms. The origins of the federal system and its structure are detailed. 
A view of the workings and structural complexities of the federal-state system 
is gained through, an examination of the agricultural research system of Min­
nesota. The origins of the state system, the resulting organizational structure, 
and the types of work done at the state level are reviewed. 

Part II deals primarily With the productivity of the federal-state research 
system_ After briefly reviewing the relationship between agricultural research 
and farm productivity, we attempt to explain the absence of productivity 
growth in United States agriculture umil about forty years after the establish­
ment of the federal-state system. Viewing agricultural research and extension 
as an Investment, we then provide rough estimates of the margmal imernal 
rate of return to thiS investment for specified periods from the 1930s to the 
1980s. Finally, some evidence is presented which bears upon the question of 
whether or not there is an efficient allocation· of public agricultural research 
in the United States. 

60 
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Organization of the Federal-State Research System 

The federal-state agricultural research system of the United States is a decen­
tralized, cooperative system composed of both federal and state agencies. 
Without central control, the system attempts to allocate resources, solve 
pressing problems, produce new varieties of crops and livestock, and conduct 
basiC agricultural research. 

The United States research system reflects the political dualism, geograph­
ic differentials, and historical acoidents surrounding its ongms. The vast bulk 
of work is done on the state level by the various autonomous state agricultur­
al experiment stations. For this reason the followmg case study, in which we 
examine the development of the Minnesota Agricultural Experiment Station 
and the Institute of Agriculture in the Umversity of Minnesota, will prOVide 
a good basis for understanding the overall system 

The Minnesota Case 

The College of Agriculture of the UniverSity of Minnesota was founded in 
1869, eleven years after the first efforts to develop a college of agriculture 
proved unsuccessful. The college la~ked stability in the early years, having 
very few students and a rapid turnover in teaching staff. In addition, its ex­
perimental farm was inadequate and poorly funded. A new campus and a 
farm were acquired in 1882, and the Farmers' Lecture Courses, the forerun­
ner of the Agricultural Extension Service in Minnesota, were mitlated.2 

As a part of the movement to gain federal support for agricultural research, 
the Minnesota legislature authorized a state agricultural experiment station at 
the university. Established by the university regents on the university farm 
in 1885, the Minnesota station remained a paper creation until the passage of 
the Fed~ral Hatch Act in 1887. After Hatch Act funds became available, the 
station hired a staff and began operation. 

'Ag.jcultural extension work was imtiated in 1910, and the Agricultural 
Extension Service was established III 1914. In the years after 1893, branch 
station~ were founded to serve diverse sections of the state. Expansion of the 
college faculty-stanon staff was followed. by the beginnmg of graduate tram­
ing. As this system developed, many of the geographic and economic forces 
that affected the national system also affected the state system. 

The state setting. The Mmnesota agricultural research, extension, and educa­
non system developed out of local, state, and national movements for govern­
ment aid to agriculture. Farmers' organizations were mstrumental in the 
origins and development of the Minnesota system. Soil differences, produc­
tion trends, and other problems too~'great for farmers and farmers' organiza-
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FIgure 3-1. Index of United States farm production, 1870-1970. 
Source' Bureau of the Census, Historical Statlst1cs oftbe Umted States, 1960. 
p. 288 (Series K-190). USDA, AgricIl/tlira/ Statist'cs, 1972, p 537 (adjusted 
from a 1967 base). Decennial observatIOns, 1870-1910. 

tions alone 1;0 solve helped shape the developing system of agricultural re­
search in the state. 

Geography. Because no smgle research uni't could begin to deal with the prob­
lems posed by the great regional differences in SOli and chmate in the United 
States, the country's political structure demanded the creation of a federal­
state agricultural research system. 

The salient feature of Minnesota politIcal geography is its urban-rural con­
trast, but thIS has not seriously affected the development of the Minnesota 
Agncultural Expenment Station and Institute of Agriculture. More Important 
factors are 5011 and climatic differences throughout the state. There is con­
siderable variation in growing season, temperature, and average moisture 
among the diverse regions of Minnesota. Type and quality of soIl, which af­
fect type of farming, vary across the state. Because of these physical and 
clImatic factors, branch stations located in the major regions have been Im­
portant components of the Minnesota agricultural research system. 
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ProductlOn,and input trends. United States farm output tripled between 1870 
and 1915. Then It remained roughly constant until 1935 when another perIod 
of rapid growth began whIch lasted until 1945. SInce 1950, growth In farm 
output has been rapid (FIgure 3-1). 

The growth of farm output before 1915 paralleled the increase in Im­
proved acreage during the same penod. After 1915. this very clear relation­
shIp between the expansion of farm land and the growth in farm output 
ceased to exist, as urbanization Increased and farm land dwindled. Between 
1915 and 1970, farm labor also declmed drastIcally. Of the tradillonal factors 
of production only capItal expanded. 

The nse in farm output to 1900 can be explained by geographIc expansion 
of agriculture, that is. by expansion m amount of land used for farmmg. al­
though capital and the number of farmers were also increasing. After 1910, 
geographic expansion does not contribute appreciably to the expansion of 
output. Figure 3-2 Illustrates the relatIOnshIp among the expansion of land, 
labor, and capItal. After 1900, capital becomes Increasmgly important. except 
durIng the agrIcultural depreSSIOn of the 1920s and 1930s. Clearly, capital 
(the value of land and buildmgs) does not account for the amount spent on 
machmery. ferllhzer, disease-resistant strains of crops, and better livestock. 
And perhaps even more important, capital does not mclude better farming 
practices. 

Better farming practices alone tend, ceteris paribus, to increase output. 
Combining better farming methods with hardier and/or dIsease-resIstant crop 
strains leads to a further increase in agrIcultural production. Improved health 
of hvestock also increases farm income, or productIOn. After 1880, all these 
developments resulted from the work of the agricultural experiment statIOns. 
These stations worked with existing crops, usmg a trial selectIOn process. 
After 1900, Some basic research led to cures for various livestock dIseases 
(e.g .• hog cholera serum). The objectIve of this work was to maintain yields 
and production levels. 

Mmnesota productIon trends In Mmnesota the value of agrIcultural produc­
tIOn grew sevenfold between 1880 and 1920. Durmg the 19205 and the early 
1930s, output declined slightly. After 1935, productIOn again rose, trIpling 
by 1950. A brief dechne in the late 19505 and early 1960s interrupted an 
otherWIse continual increase in the value of agricultural production (Figure 
3-3). 

Between 1880 and 1930, farms doubled in number and improved acreage 
tripled. Land In farms contmued to expand to 1950, after whIch It declined 
gradually (Figure 3-4). The decline In Improved acreage after 1950, however, 
was tWIce as great as the decline In total acreage Since 1940, the number of 
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FIgure 3-2_ Indices of land, labor, and capital In United States agriculture, 
1870-1970 
Soutce, Bureau of the Census, HIStorical Statistic, of the United States, 1960, 
p. 72 (Series D-37), p. 280 (Senes K 73-75). USDA, Agncultural StatistIcS, 
1962,p. 512:1972,pp. 504,523,537; 1973,p.424 

farms has declined, and total labor employed (both paid and unpaid) in farm­
ing fell rapidly between 1940 and 1970. Aggregate capital input (in horse­
power equivalents) is the only input that has risen over the entire period (Fig­
ure 3-5).3 

Efforts by the Minnesota station to produce hardier crop varieties with 
shorter growing seasons resulted in increased land productiviTy between 1900 
and 1920. In tbe 19305, and again after 1950, land productiviTy rose as more 
fertilizers and pesticides and better disease-resistant crops were utilized. With 
the exception of the 1890s and the 193 Os, labor productiviTy has risen. The 
expansion of land per worker has been uneven, varying with the adoption of 
new methods and machinery. The substitution for human power of animal 
power, steam power, and the internal combustion engme/dieseI engine tractor 
explains much of the change in the ratio of land [0 worker (Figure 3-6). 
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Figure 3-3. Index of the value of Mmnesora agricultural production, 1880-
1970 (constant dollar values, 1950 = 100). 
Source: Joseph C. Fitzharns, The Development of Minnesota Agriculture. 
1880-1970 A StlIdy of ProductiVIty Challge, Department of Agricultural and 
Apphed Economics Staff Paper P 74-20, St. Paul, University of Minnesota, 
September 1974, p. 5. 
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Plivate efforts. Farmers' organizations m Minnesota from the 1850s to 
tbe 1890s attempted to solve many of the problems facing Mmnesota 
farmers. Individual efforts had proved too costly, but group effort, 
because of the "free rider" problem, also failed. As a consequence, these 
organi.zations turned to the state government for assistance. 
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Figure 3-5. Mmnesota agnculture, 1880-1970, Labor and capital (horsepower 
eqUivalent) inputs. 
Source, Bureau of the Census, Census of Agriculture, 1880-1970. Joseph C. 
Fitzharris, The Development of Mml7esota AgrIculture, 1880-1970, A Study 
of Ploduct!V!!y Change, Department of Agncultural and Applied Economics 
Staff Paper P 74-20, St, Paul, University of Mmnesota, September 1974, p. 9. 

In 1885, two years before the Federal Hatch Act was passed, the Minne­
sota state government authorized an expenment station although it did not 
provide funding. Federal support was necessary for the development of the 
Minnesota station ,and agricultural experiment stations in other state,s. Yet m 
Mmnesota, farmers' groups were Instrumental In developing the a¥ricultural 
experiment station. In the state elections of the 18805 and 18905 the objec­
tives and accomplishments of the experIment station-college of agriculture 
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were frequent topics of debate. These debates left the station and college ad­
mInistrators and the university regents finnly convinced that the first duty of 
the agricultural research, teaching, and extension system was to serve the 
fann sector's immediate needs. Basic research was thus given low priority in 
the early years.4 

Origins oftbe Minnesota system. In 1881, Edwin D. Porter, the fourth profes­
sor of agriculture 10 the College of Agriculture, arrived in Minnesota and pro­
ceeded to meet with farmers' organizations, leading citizens, and legislators to 
determine their VIews on the role of the college and farm 10 the service of the 
state. Obtaining a new campus and farm for the college was Porter's first 
major accomplishment, and on the new farm he built the foundations for the 
Mmnesota agricultural research and teaching system.5 

From the early yea,s of the college and sration, the staff worked closely 
with the various farmers' organizations and commodity groups as they were 
founded. Frequently servmg as officers of such groups, staff members gamed 
close contact with the farmers and their problems. 

In 1882, a lecture senes called the Farmers' Lecture Courses was estab­
lished, following the example of colleges in other states. Initially well received, 
the Lecture Courses, which were later expanded and renamed the Farmers' 
Institutes, went through a period of some uncertamty. In 1914 Congress 
passed the Smith-Level Act, which provided federal support for agtlcultural 
extension work. The Agricultural ExtenSIOn Division of the expenment sta­
don was then separated from the station and became the Agricultural Exten­
sion Service. From 1910 to 1917 the Farmers' Institutes were absorbed by 
thiS service, which, by law, was supervised by a county fanners' organization 
called the Fann Bureau. This tie to a single farmers' organization, particularly 
in years of conflict among the various farmers' groups, had a deadening effect 
on the Minnesota Agricultural Extension Service (and on those of other states 
as well). Confidence in the service decreased, and many farmers believed that 
favoritism was shown to members of the Fann Bureau. In the 19505, how­
ever, the service was formally separated from the farm bureaus and was fund­
ed by the state and federal governments, with the assistance of the counties 
in which state and federal agents were stationed.6 

Structllre. In 1888 the Mmnesota Agricultural Experiment Statton and Insti­
tute of Agriculture were organized in accordance with the requirements of 
the Hatch Act. The Institute (then the Department) of Agriculture was 
founded to proVide supervision of teachmg and research activities, and its 
dean was also the director of the Agricultural Experiment Station. Academic 
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subject-matter divisions were eSlabhshed in the station and college, and the 
same staff served both station and college? 

After the Agricultural ExtenslOn Service was initiated, the director was co­
equal with the station's vice-director and the associate dean of the college. 
When the Institute of Agriculture was created out of the Department of Agri­
culture in 1952, the directorship of the station was separated from rhe insti­
tute deanship. The college deans and the directors of the Experiment StatiOn, 
the Agricultural ExtensiOn Service, and the Office of International Programs 
in Agriculture were coequal. The College of Veterinary Medicine became an 
autonomous unit, cooperating with the experiment statlon in animal research. 

Over the years, the station and instltute have made cooperative arrange­
ments with agencies of the United States Department of Agriculture and with 
experiment stations in neighboring states, beginning wuh North and South 
Dakota in the 18905. Several USDA personnel have been assigned to the sta­
tion and given academic rank in the college. After Professor E. C. Stakman 
began working as a cooperatmg federal agent m barberry eradicatlon and 
cereal rust investigation, numerous federal plant pathologiSts were assigned 
to the university, and in the 1950s the USDA Cereal Rust Laboratory was 
established at the univerSity, cooperatmg with the Department of Plant Pa­
thology. 

Work done at the Mmnesota statwn. In the flrst years of the Minnesota Agri­
cultural Experiment Station's existence, the staff centered its efforts on dis­
seminating information produced by other srations, adapting that informa­
tion to Minnesota's soil and climatiC conditions. It also began working to de­
velop varietles of crops and shrubs sUlted specifically to Mlllnesota agricultur­
al conditions. Later, the station began crop and livestock breeding experi­
ments, conducted research in farm management and agricultural engineering, 
and worked on plant morbidities and mortalities, emphasizmg the cereal 
rusts. 

Much of the work done m the early years was maintenance work, or "ap­
plied-developmental" research, as Illustrated bY'the work on cereal rusts. At 
first, barberry eradlcatlOn programs were the major emphasiS m the statlOn's 
efforts to combat cereal rusts. Since the barberry plant harbored the wmter­
mg parasite, the fastest way to preven t cereal rust was to eradicate the Wmter­
ing host. Later, as plant-breeding work became more sophisticated and as 
time permitted, disease-resistant plants were developed. Eradication of the 
barberry had "bought time" for the station to breed disease-resistant strains. 
The national effort was relaxed in the late 19405, however, and in the early 
1950s a senous outbreak of cereal rust destroyed much of Minnesota's wheat 
crop. From that time on, the Minnesota station, III dose cooperation with 
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USDA laboratones and field umts In Puerto RICO, on the mainland (particu­
larly the Minnesota Cereal Rust Laboratory), and in Mexico (where new 
strains of cereal rust have been identified), has made an unremitting effort to 
breed disease-resistant plants. As a consequence, the problem of cereal rust, 
like that of blast, has been solved through the jOint efforts of state and federal 
researchers.S 

A leadmg and continuous line of work at the station has been crop adapta­
tion. Efforts to move crops northward, adaptmg them to shortergrowlng sea­
sons and colder climates, began in the 18905. The Initial work involved trial 
experiments and the selection of the best varieties. Considerable success was 
achieved in movmg corn northward and 10 selectmg wheat varieties better 
adapted to the shorter growing season of the northern two-thirds of the state. 
After the turn of the century, breeding and crossbreeding experiments were 
mltiated. Breeding efforts were even more successful than trial experiments 
10 producing varieties adapted to the rigorous climate and soil conditions in 
Minnesota. Much of this work has been cooperative, involving the neighbor­
ing state expenment statIOns, the Minnesota branch stations, and various 
bureaus 10 the USDA.9 

Analysis of station publications reveals that applied-developmental work in 
the first forty years of the station was closely associated with baSIC research 
on crops and livestock (feeding trials, breeding, and varietal adaptation) and 
engineering work. There was a pa.rticular emphasis on human a.nd animal nu­
trition studies in the years before World War 1. In the 1920s and 19305 a pro­
nounced trend toward basic-apphed work began to develop.10 

Maintenance research conducted mto the 1920s proved to be very useful 
for the station. Although the station's work did not result in an increase in 
agricultural productivIty, it probably prevented any appreciable decline In 

productivity oWing to crop and ammal diseases. Moreover, by conducting 
adaptation work for both plants and animals, the station produced strains and 
varieties which could be grown in Minnesota's colder climate and shorter 
growing season. Shelterbelt and drainage work Improved both the SOli and the 
soil retention of the farm. On balance, although the station did not make 
many new discoveries, it did preserve the status quo. 

In the 1920s, the stations began movmg more heaVIly into ba.sic-applied re­
search. The lang time-lag between the initial Investment in basic work and the 
beginnings of positive returns helps to account for the relatively constant pro­
ductiVity of the agricultural sector. 

The Federal-State System 

The federal-state agricultural research system developed m response to 
forces and factors operative in the American economy in the nineteenth cen-
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tury. Originating in legislative response to the demands of farmers and their 
organizations, the system is still closely linked to farm groups. Its structure, 
powerfully influenced by its origins, is not well understood. Americans think 
of their state stations as autonomous bodies cooperating with other statIons 
and with the USDA. Foreign observers often see the American system as 
quite centralized, despite some provincial tendencies.ll Such observers also 
tend to view the stations' combination of teaching, research, and extension as 
inefficient.12 

Origins and emly development. In the 17905, agricultural societies were e~tab­
lished in several states. These societies, formed by the more successful, wealth­
ier farmers, encouraged their members to experiment, to collect new varieties 
of seeds and animals, and to spread this knowledge widely. To this end, the 
societies published the proceedings of their meetings, sponsored farm journals, 
and sponsored and were mstrumental in the establishment of state agricultur­
al fairs. 

As private effort and initiative in agricultural research became increasingly 
cosdy, the problem of adequately supporting this research grew. By the 
1840s the agricultural societies had turned for assistance to their state govern­
ments, several of which responded by founding state departments of agricul­
ture. These departments did not conduct research but served mstead as col­
lectors and disseminator~ of information. 

In 1862 Congress authorized the establishment of the United States De­
partment of Agriculture. Although this federal department was not explicitly 
charged With conducting research, the implication that It should do so was 
clear. Also m 1862, Congress passed the Morrill Land Grant College Act. This 
act allocated public lands to the various states to be used to support one or 
more state colleges of agricultural and mechanical arts. Such colleges were en­
couraged to mamtain expenmental farms and to conduct adaptive trials of 
crops, shrubs, and livestock. These farms, mtended to support the teaching 
function of the colleges, became useful as well m the coUeges' efforts to serve 
farmers' needs for information. 

Because in the early 1800s the existing body of agticultural knowledge was 
inadequate to provide a solid academic curriculum in agricultural education, 
the colleges worked to extend the scientific underpmnings of agriculture. By 
the 18705, the mability of the colleges of agriculture to broaden the frontiers 
of knowledge and to solve agricultural problems had become apparent. The 
first agricultural experiment station was established in Connecticut in 1876. 
Subsequently other states established stations, many of which were separate 
from the state colleges of agriculture.13 

The Momll Land Grant College Act of 1862 and the Hatch Agncultural 
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Experiment Station Act of 1887 reflect the emergence of a dual federal-state 
approach to agricultural research. Under these acts, each state received funds 
for a college of agricultural and mechanical arts and for an agricultural experi­
ment station. This division of effort along state lines had a practical benefit 
not fully realized by the legislators when the acts were first passed. 

In response to the Hatch Act's provisIOn of federal funds, the states au­
thOrized the establishment of experiment stations attached to their colleges 
of agriculture. It may be noted that the American agricultural experiment sta­
tions, unlike their German model at Moeckern, Saxony, were and are attached 
to colleges of agriculture. And m similar fashion, the agricultural extensIOn 
services of the various states are connected to the agricultural colleges.14 

Farmers and farmers' organizatlons have played a central role throughout 
the developments detailed above: the establishment of state departments of 
agriculture; the pressure for authorization of a federal department of agricul­
ture; the allocation of federal lands to the states for the support of agricultur­
al colleges; and the movement-at both state and federal levels-for the es­
tablishment of state agricultural experiment stations. As we have seen, the 
more successful, wealthier farmers were Instrumental in obtaining government 
assistance for the agricultural sector. These farmers and their organizations, 
after helping to initiate the institutional arrangements necessary to utilize 
government aid,IS continued to press for such assistance and served as "watch 
dogs" over the system they had helped to create by criticizing, demanding, 
and protecting. 

Within the federal-state structure, the states have set up research systems 
in which the college of agriculture forms the base, while research activities are 
carried out by the staff of the state agricultural experiment station attached 
to the college. ExtenSIOn work IS the responsibility of the state agricultural 
extension service, which operates in the counties but is also attached to the 
state agricultural college. 

On the federal level, the USDA mamtains a large staff of research workers 
in the national capital and in laboratories, stations, and other federal installa­
tions across the country. Additional federal workers and facilities are located 
on the campuses of colleges of agriculture in the vanous states The states and 
the federal government cooperate closely on problems that cross state borders 
or that are national in scope or origin. An example is the problem of cereal 
rust disease, mentioned earlier, which mvolved not only federal and state co­
operation within the United States but cooperation between the United States 
and Mexican governments, with some work conducted at research units in 
northern Mexlco.16 
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Productivity o/the Federal-State Research System 

Agricultural Productivity, 1870-1972 

It IS helpful to think of research as a production activity in which the in­
puts consist of scientifIc man-years, laboratory facilitles, and the like, and 
output is composed of new knowledge. To determine the productivity of re­
search, we need to measure both input and outpUt. Although research inputs 
Can be measured fairly easily, at least in monetary tenus, the same is not true 
for output. Fortunately research output can be evaluated indirectly by meas­
uring the productivity of the industry toward which the research is directed. 

In the case of agricultural research, part of the output is transmitted direct­
ly to farmers and part is utilIzed by experiment statIOns and farm suppliers as 
an mtermediate Input. In both situations the new knowledge makes possible 
the production of new or improved inputs for agriculture. To the extent that 
improvements in the quality of agricultural inputs are not fully and accurate­
ly measured, we may obtain an increase in total factor productivity in agricul­
ture. Hence we may use the observed growth In agncultural productivity as a 
proxy or Indirect measure of the output of agrIcultural research. 

As shown In Figure 3-7, the major share of the growth of agricultural pro­
ductivity in the United States over the past century has taken place since the 
mid 19305. GlVen the establishment of agricultural experiment stations in the 
late 1880s, it is puzzling why it took over forty years for productivity growth 
to begin. One pOSSible explanation for the "long dry spell" is that agricultural 
research simply did not produce any significant results during its early years. 
But this is too easy an explanation. It does not appear that there was any 
abrupt change either in the organization of the agricultural research establIsh­
ment or in the quality of its personnel just before agricultural productiVity 
growth started. If research was not productive in 1900, why should It sudden­
ly have become so in 1930? 

Maintenance research. We may shed some light on this puzzle by conSidering 
the nature and the absolute amount of research conducted during the early 
19005. As we observed In a preyious section, experiment station personnel 
appear to have devoted the majority of their time to solVing immediate and 
pressing problems faced by farmers. If crop or livestock production was de­
clining or was threatened by disease or some other problem, it was the Job of 
the researcher to come up with a solution to ensure, at least, that agricultural 
productivity did not decline. In other words, the research effort during the 
early years of the experiment station system appears to have been aimed 
largely at maintaining agricultural productivity In the face of a constant sur­
facing of new problems. It is reasonable to suppose that without this research 
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Figure 3-7. Index of output per unit of input, United States agriculture, 1870· 
1972, 1967 ~ 100_ 
Source, USDA, Agricultural Statistics, 1962, p. 54,1972, p. 31. Decennial ob­
servations, 1870-1910. 

agricultural productivity would have declined between 1900 and 1935 instead 
of remaining fairly constant. 

Although there can be little doubt that a certam amount of research is re­
quired just to mamtain productivity in agriculture, two unanswered questions 
persist, how much research was required for maintenance purposes in the 
early 1900s and how much is reqUIred today? As technology has Improved 
over the years, has the amount of research necessary to mamtam productivity 
increased, remained about the same, or declined? One might argue that as va­
rieties of crops and breeds of livestock are bred up to produce greater yields 
they lose some of their inherent resIstance to disease and pests and thus re­
qUIre an increasmg amount of maintenance research. On the other hand, It IS 
probably true that because of both the increase 10 the stock of knowledge 
and the creation of new chemical inputs many diseases and pests which repre­
sented major problems for farmers fIfty years ago are now either nonexistent 
or routmely controlled. This would imply a decrease in the research required 
to maintam productivIty_In sum, there does not appear to be a strong argu­
ment for either a greater or a smaller amount of maintenance research today 
than was needed in the early 1900s. 

The annual expenditures on toral agricultural research have, of course, m­
creased greatly over the years. Unless the required mamtenance research has 
increased proportlonately with the total, which does not appear likely, the 
absolute amount of research devoted to technology-producing activities, as 
opposed to maintenance work, also has increased substantially. 

Research deflators. To gauge accurately the growth In real research inputs 
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Table 3-1. Alternative R""'arch Deflators 

Consumer Price Index of Associate 
Year Index Professor Salaries 

1915 24 12 
1920 48 16 
1930 40 23 
1940 •• 4 •••• 34 22 
1950 58 40 
1960 ...... 71 57 
1972 ....... 100 100 

Source, For 191542, George Stigler, "Employment 
and CompensatIon 1n Education, n National Bureau of 
Economic Research, Occasional Paper no. 33, 1950; 
for 1948-72, American Association of Un£versity Pro ... 
[essors Bulletm" respective years. 

over time it IS necessary, because of the increase in the general price level, to 
deflate the expenditure figures. However, the use for this purpose of a com­
mon price deflator such as the Consumer Price Index (CPr) probably wIll re­
sult in a gross underestimate of past research when compared with current 
figures because professional salaries, which weigh heavily in total research 
costs, have ri~en faster than the general price level over the past fifty to sixty 
years. 

To estImate the increase in research costs more accurately, a price index 
reflecting the average salaries of associate professors in public universities was 
constructed. As shown in Table 3-1, these salaries multipli~d about eight 
times between 1915 and 1972, whereas the general price level has increased 
about four times. 

Even when we adjust past research expenditures to reflect the change in 
research costs by using the index of associate professor salaries, the average 
annual research input (state experiment stations plus USDA) during the 1915-
25 period comeS to only about 8 percent of the total public research in 1970. 
As shown in Figure 3-8, annual· real research expenditures begin to climb 
sharply after 1925, Increasmg by 57 percent between 1925 and 1930. It 
seems reasonable to as~ume that at least 5 to 10 percent of total current re­
search is required for maintenance purposes. Unless the amount of research 
required for maintaming productiVity has increased greatly since 1930 (In real" 
terms), it appears safe to say that the bulk of the resea'rch input before 1925 
was necessary simply to maintain productivity. If this is so, we should expect 
productivity to show an increase only after 1930, when research mputs began 
to surpass the maintenance level by a noticeable margin, 
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Figure 3-8. United States SAES plus USDA research expenditures, 1915-72, 
constant 1972 dollars (millions). . 
Source. See AppendIx 3-1. Deflated by Index of Associate ProfessQr Salaries, 
1972 = 100. 

Marginal Rates of Return to Research and Extension 

Methodology. The methodology that has been used to measure the rate of 
return to investment in agricultural research IS reviewed elsewhere in this vol­
ume (see chapter 6). In general, two approaches have been utilized. The first, 
whIch might be called the index number approach, uses productivity gains to 

measure the value of inputs saved or consumer surplus stemming from re­
search.!7 The second technique, which might be called the productlon func, 
non approach, lTIvolves the use of research as a separate variable in a produc­
tion function to measure its marginal product and marginal rate of return.18 

We WIll use the index number technique in an attempt to measure the 
value of lTIputs saved as a consequence of an Increase lTI agrIcultural produc­
tivity _ To obtain a rough fIrst approximation of the marginal rate of return 

http:return.18
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(as opposed to an overall average), we measure value of additional inputs 
saved over specific periods as a result of the growth in productivity and in 
value of output. We Will assume that the growth in productivity (output per 
Unit of Input) during a given six-year peflod IS the result· of research conduct­
ed over the preceding six-year period. This Implies a six-year lag between re­
search and its output. 

EstImates by decades. Because United States agricultural productivity began 
its recent long-term growth in 1937, we take 1937-42 as the first of four six­
year periods. The average annual value of additional inputs saved during each 
of these periods, along with the corresponding research and extension inputs, 
are presented In Table.3-2_ For the purpose of computing rates of return, 
both research and inputs saved are deflated by the Consumer Price Index, 
1972 = 100. The fact that research was relatively cheap (compared to inputs 
saved) in the early years should be reflected in ItS rate of return. Also, to take 
account of private research and extension, figures relating to public research 
and extension are mUltiplied by two. This implies that private research and 
extension were equal to public expenditures over the penod. We shall argue 
in the next section that this procedure results tn an underestlmatlon of the 
true rate of return. 

Matching the research and extension expenditures with the corresponding 
additional inputs saved, we compute marginal internal rates of return for each 
of the four six-year penods (see accompanying tabulatIOn). The internal rate 

Period 

1937-42 
1947·52 
1957-62 
1967-72 

Rate of Return 

50% 
51 
49 
34 

of return is that rate of interest which makes the accumulated research and 
extensIOn expenditures at the end of the tnvestment period just equal to the 
discounted present value of the additional tnputs saved at the begmning of 
the payoff penod. In calculatmg the internal rate of return, We aSSUme that 
the average value of margmal inputs saved oVer the six-year penod will con­
tinue into perpetlJity. However, because of the high discount rate, these future 
returns have a small influence on the computed rate of return. 

Biases. Although the computed rates of return to agricultural research and ex­
tensIOn 10 the Umted States turn out to be very attraCtive, we have reason to 
believe that these estimates of the true rate of return are biased downward for 
a number of reasons. First, no return is credited to maintenance research. To 
capture a retum to this activity we would have to know what the productivity 

r/ 
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Table 3-2. Average Annual Expenditures for PublIc Research and 
ExtenSIon with Corresponding Addlt)onaI.Inputs Saved 

(1972 dollars, in millions) 

Research and Extension 
Expendituresa 

Period 

1931-36 
1941-46 
1951-56 
1961-<>6 

Annual Average 

148 
192 
322 
671 

Additional Inputs Save db 

Period 

1937-42 
1947-52 
1957-<>2 
1967-72 

Annual Average 

5,868 
6,587 

11,747 
10,010 

a Derived from data in Appendix 3-1. 
b Total inputs saved in year t are obtained by multiplying value 

of farm marketings plus home consumption by the proportIOnate 
change in total factor productivity, 1910-36 = 100. Marginal mputs 
saved in year t are obtained by subtracting average annual tOtal 10-

puts saved during the preceding Slx-year period from total inputs 
saved in year t. 

would have been if no such research were performed. Because thIS informa­
non does not exist, we do the next bes]; thing by measuring the gain in pro­
ductivity from a base period. If productivity declmes in the absence of mam­
tenance research, we understate the true productivity gains attributable to re­
search. Our procedure implies a zero return for the years 1921-26 when in 
fact it is dIffIcult to believe that research during that petlod was any less pro­
ductive than it was from 1931 to 1936. 

The practice of doubling public research and extension m order to include 
an estimate of private expenditures should also bias the rate of retnrn down­
ward. We Can expect that input prices already include a return to pnvate re­
search and extenSion. This In turn should increase the input measure and re­
sult, therefore, in less productivity gain than would occur If all research and 
extension were public expenditures. The fact that not all research and exten­
sIOn is aimed at increasing productivity provides a third source of downward 
bias. For example, most of the extension work In home eConomICS IS con­
cerned with Improvmg the qualIty of life, not only in rural America but also 
m towns and cines. 

On the other side of the coin, one might argue" that the rate of return IS 
biased upward because no charge has been made for the increased education 
of farm people. However, most of the eVIdence to date suggests that the pri­
mary role of education in agriculture IS to speed up the adoption of new in­
puts In order to move more qUIckly toward an optimum allocation of re­
sources as opposed to a pure "worker effect."19 In fact the same argument 
applIes to extension, whIch also yields a return by speeding up the adjustment 
to new inputs or information. 
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Future Returns 

As we have seen, although the marginal intecnal rates of rerum to agricul­
tural research and extension appear to have been relatively high, the figures 
suggest that this return is beginning to decline. Of course, if research and ex­
tension are subject to the law of diminishing rerurns, it is reasonable to ex­
pect a declme in the rate of rerum to this investment in the absence of addi­
tional complementary inputs Moreover, the fact that researchers' and exten­
sion agents' salaries probably have increased more rapidly than their marginal 
productivitles in recent years would also imply a decrease m the rate of return 
to investment in these activities. We might ask, therefore, whether there IS a 
danger that the marginal rate of rerum to agricultural research and extension 
will fall below a minimum acceptable level, say 15 percent, in the foreseeable 
future. 

Over the past two decades (1952-72) public agricultural research and ex­
tension expenditures (deflated by the CpO have. nearly doubled each decade, 
for a compound real rate of growth of almost 7.5 percent annually. In 1952 
these expenditures totaled $305 millIOn, rIsing to $509 milhon by 1962 and 
$997 million in 1972. If the past twenty-year expenditure growth rate con­
tinues over the next decade - which is quite possible in view of the increased 
concern over world food supplies - public research and extension expendi­
tures would reach $1.336 billion in 1976 and $2 billion in 1982 (1972 
dollars). 

Predicting future productivity growth is subject to even more uncertainty. 
If the 1967-72 growth rare continues, the United States total fattor produc­
tivity index would increase from 109 in 1972 to 124 in 1982 (1967 ~ lOa). 
Such an increase does not appear unrealistic, particularly if research and ex­
tension expenditures continue to grow as much as We have assumed. If We 
further assume a value of agricultural output of $60 billion per year over the 
next decade (it was $61 billion in 1972), We can make a rough guess at the 
expected marginal internal rate of rerum to 1971-76 research and extension 
expenditures as they are reflected 10 1977-82 productiVity growth and re­
sourceS saved. Utilizing the same procedure by which we computed the mar­
ginal internal rates of return presented earher (see section on "Estimates by 
Decades") - doubling public research and eXtenSIOn, etc. - we obtain an ex­
pected marginal internal rate of return of about 29 percent for 1971-76 re­
search and extension expenditures. Hence there does nOt appear to be any im­
mediate danger of driving the marginal rate of return to investment in agricul­
tural research and extension in the United States below an acceptable level, 
at least over the nexr several years. In fact the rate of return could increase if 
productivity growth continues at about the same pace and if the value of agn­
cultural output increases because of increased exports and higher farm prices. 
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Research Allocation 

The overall rate of return to all research and extension is a composite of 
the rates of return to investment in thousands of projects and activities. We 
know that the overall return will be maximized, for a given expenditure, only 
if the rates of return on all individual projects are equalized. However, the 
output of research is very stochastic in nature. Thus it probably is not very 
fruitful to try to predict expected rates of return on mdividual projects. At 
this level, the return is determined largely by the skill (and luck) of the re­
searcher. 

On the other hand, as we look at more aggregatlve groupings of the total 
research effort, it would seem to be possible to measure ex post marginal 
rates of return to make predictions about the short·run future. Viewing reo 
search as a separate variable in a Cobb-Douglas type production function, we 
see that its marginal product is equal to e{O/R) where e is the production 
elasticity of research and OIR is dollars of related output per dollar of re­

search (average product). We know there is great variation among commodi­
ties and among states in the average product of research. For example, the 
average product of corn research in the United States is over four times that 
of cotton research (Table 3-3). Of course, differences to production elastici­
ties of research between corn and cotton may to a certain extent offset differ­
ences in average products, although it is improbable that the ratio of the re­
search elasticities would reach the magnitude of four. Similarly, there is a 
rather wide divergence between the average products of research in the largest 
and smalIest agricultural states. 

Whether margmal products of research exhibit the same variation as the av­
erage products is an open question. Prehminary evidence reported by Bredahl 
suggests that for the most part production elastiCIties of research are not sig­
nificantly different among commodities or among large and small states.20 

Therefore It appears fairly certato that the larger the average products of re­
search, the higher the marginal products and hence the margmal rates of re­
turn to research. This in turn suggests that, if the objective is to maximize 
output, growth in agncultural research budgets should take place where the 
greatest number of dollars of related output can be expected per dollar of re­
search. 

This is not to say that marginal rates of return will be equalized if average 
products or even marginal products are equalized. For one thing, differences 
in the research lags associated with different commodides will be reflected in 
different rates of return for the same marginal products. For example, we 
might expect the lag between research and its output to be longer for live­
stock than for crops and poultry. If so, an optimum allocation of research 
would be characterized by higher marginal products for hvesrock than for 
crops and poultry. 

http:states.20
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Table 3-3_ Average Products of Research in the 
United States in 1969 

Corn __ 

Soybeans. 
Wheat. 
Cotton .. 

Swine. 
Beef .. 

Item 

Dairy. . ........ . 
Poultry ............. . 
Sheep and Wool 

Ten largest agncultura~ states. 
Ten smallest agricultural states 

Output pcr DoU.r 
of Research 

712 
672 
430 
173 

485 
442 
323 
262 

76 

351 
97 

Source: Howard Engstrom, HProductivity Differences 
in Agricultural Researth Between States~" Department 
of Agncultural and Applied Economics, St. Paul, Uni­
versity of Mmnesora, May 1972, pp. 6 and 12. 

Differences in lags may also be Important among experiment stations. If 
the large stanons engage In more basic research than the small stations, where 
research may be largely adaptive in nature, we may expect the lag to be long­
er in the large ~tations. If so, the large stations would have to exhibit higher 
marginal products than the small stations in order to have the same marginal 
rate of return. On the other hand, It IS questionable whether differences in 
lags could justify differences In marginal products or even average products of 
the order of magnitude of four to five times. Needless to say. we need more 
information on differences in marginal products and lags of research among 
commodities and among experiment stations. 



APPENDIX 

Append.x 3-1. App~opri.tions for Public Rese.rch and Extension 
(current doIl.rs, in milhons) 

State Agricultural 
Year ExperIment Statlonsa USDA Extension 

19I5 · ...... 4.6 6.0 3.5 
1916 ........ 3.8 5.2 4.9 
1917 . 3.8 58 6.2 
1918 .... ... 42 63 113 
1919 · ..... 42 6.9 14.7 
1920 · ...... 5.0 7.7 14.7 
1921 · . 5.2 78 16.8 
1922 ........ 6.3 82 17.2 
1923 · . 7.0 8.5 18.5 
1924 · .... 7.6 8.4 19.1 
1925 ........ 7.3 9.3 19.3 
1926 .... _ ... 8.9 10.2 19.5 
1927 ........ 9.3 10.5 20.1 
1928 ... · ... 114 11.7 207 
1929 .. 120 13.8 22.9 
1930 ........ 13.1 15.5 24.3 
1931 · . 12.5 16.7 25.4 
1932 .... 12.1 16.1 243 
1933 · . 11.4 13.1 220 
1934 ........ 111 11.1 19.8 
1935 ........ 11.1 11.4 20.4 
1936 . 12.1 14.4 2~.3 
1937 ....... 12.9 16.4 30.0 
1938 ... · ... 148 18.0 316 
1939 ..... .. 156 23.3 32.4 
1940 ........ 16.8 22.1 33.1 
1941 · ..... 16.7 21.4 33.S 
1942 ........ 17.7 22.0 34.5 
1943 · .. · ... 175 21.8 350 
1944 .... 188 22.0 36.3 
1945 ....... 19.8 22.9 38.2 
1946 . · ..... Z3.6 27.6 44.6 
1947 28.1 33.2 53.7 
1948 35.3 38.2 60.2 
1949 ........ 39.9 46.0 672 
1950 .. 48.2 46.8 74.6 
1951 · . .... 50.5 45.1 77.6 
1952 · ... 56.4 450 81.8 
1953 · . , .... 60.0 45.3 86.8 
1954 ........ 68.0 46.0 916 
1955 . · . 73.8 53.4 100.7 
1956 ....... 85.4 59.6 110.1 
1957 ........ 922 86.6 llS.2 
19:>8 .. ..... 105.9 83.7 128.7 
1959 .... 1103 99.0 136.0 
1960 ........ 120.3 1052 141.7 
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Appendix 3-l-continued 

Year 
State Agricultural 

Expenment Stationsa USDA Extension 

1961 127.3 128.9 149.4 
1962 142.1 126.4 159.2 
1963 . 151.3 136.1 168.6 
1964 169.3 149.8 177 9 
1965 181.8 1925 188.9 
1966 223.4 2127 201.2 
1967 239.7 218.5 213.7 
1968. 261.5 2195 225.5 
1969 274.0 213.2 242.0 
1970. 296.1 238.7 290.7 
1971 319.3 2631 331.9 
1972 . 348.8 294.0 354.4 
1973 . 382.9 303.9 385.1 

Source, State Agricultural Experiment Stations, For 1915-60," Re­
port on the Agricultural Experiment Stations," published by OffIce 
of Experiment Stations through 1953 and by Agricultural Research 
Service from 1954 through 1960, Washington, D.C. For 1961-73, 
HFunds for Research at State Agricultural Stations," Cooperative 
State Experiment Station ServIce, Washington t D.C 

USDA, For 1915-53, "Report of the DIrector of Finance," 
USDA, Washington, D.C. For 1954-73, "Appropriations for Re­
search and Education," prepar-ed by Office of Budget and Fmance, 
USDA, Washington, D.C 

Extension For 1915-55, "Annual Report of Cooperative Exten­
sion Work in Agriculture and Home Economics/' Federal Extension 
Service, USDA, Washington, D.C. For 1956-73, unpublished data 
from the extension service. 

a Federal plus nonfederal funds available. Excludes fees and 
sales. 
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Research in Colombia 1 
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4 

This chapter will compare four recent studies of the economic returns to van­
etal research on rice, cotton, wheat. and soybeans m Colombia. The four stud­
Ies are part of a larger program of agricultural research, extensIOn, and educa­
tion admimstered since about 1950 by the Colombian Agricultural Institute 
(lCA) and its predecessor agencies, the Department of Agricultural Research 
(DIA) and the Office of Special Studies (OSS). Our main hypothesis was based 
on calculations of returns made previously for Colombia, the United States, 
and several other countries. For Colombia. Harberger had estimated that the 
average rate of return on all capital ranged from 8 co 10.5 percent between 
1960 and 1968 and that the opportunity cost of public funds wa~ about 10 
percent during the late 19605.2 Studies by Grihches3 and Peterson4 for the 
United States. by Ardito Barletta for Mexico,5 by Ayer and Schuh for Brazil,6 
and by Duncan for Austraha7 found rates of return to varietal improvement 
in excess of 10 percent. These mvestigations al~o suggested, however, that re­
turns obtamed in the United States were exceeded by those obtained in the 
other countries studied. Accordingly, we hypothesized that the estimated 
rates of returns for the four Colombian varietal improvement programs would 
exceed both the opportunity cost of capital within the country and the rates 
of return previously reported for similar United States programs.S 

This hypothesis derived additional support from the commonsense notion 
that. because Colombia began agricultural research after the United States 
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and other developed countries, It should have been able to draw on a laxge 
stock of knowledge about plant-breeding techmques and on extensive interna· 
tional collectIOns of plant matenals to reduce the gestation penods and de­
velopment costs of its programs. If we assume that research enterprises in 
Colombia and the United States are comparable in o(ganization and compe­
tence, the COSt effectiveness of and returns to research In Colombia should be 
greater. At the same tIme, important socioeconomic, and structural const(aints 
In Colombu could prevent hIgher returns to investments in varietal improve­
ment, even if technical breakthroughs had been more easily made. 

The foregoing conSIderations, together with the nature of the data available 
for analysis, led us to adopt a methodology which could assist ns in distin­
gUIshing the contributIons of biological, socioeconomIc, and structural factors 
to the calculated returns to research. The "social benefIts" of varietal research 
were estimated in the usual way - as changes )U consumers' and producers' 
surpluses resulting from shifts in prodnct supplies generated by the use of im­
proved seeds. (See chapter 6 of this volume.) But the shift m supply itself was 
taken as the product of two separately estimated variables: the dIfference in 
Yields between two (average) farm plots of one hectare each, one plot being 
planted entirely to the Impwved seeds and the other to the ummpwved vari­
eties, multlphed by the percentage of crop land actually planted m the Im­
proved variety. We then assOCIated the fIrSt of these variables, the "yield ad­
vantage" of the improved vanety, with the bIOlogical determmants of returns 
and the ~econd variable, "the rate of adoption," with the socioeconomic, 
structural, and biological determinants, recognizing that a large yield advan­
tage can be a pnmary cause of rapid and hIgh levels of adoption. 

Because it was our ImpreSSIOn at the outset that the technical and biolog­
kal work of the four Colombian varietal improvement programs had been 
well done, we felt that our main hypothesis would be rejected only if the 
rates of adoption were low, which would mean that there were major socio­
economic and structural constraInts. The only crop of the four studied whIch 
eVIdenced such constraints was wheat. It had been grown under near subsist­
ence conditions by small, traditional farmers in some of Colombia's poorest 
agricultural areas. Also, for a number of years massIve wheat ImportS, made 
under PL 480, had depressed the relati;'e price of wheat. 

The final step of our analysis concerned the way the yield advantage was 
to be calculated. We felt that estimates based only on comparisons of yields 
obtaIned on plots seeded to new varieties and others seeded to ummproved 
varieties would be biased npward because of the strong, positive interactions 
of the new ;'aneties with such inputs as fertilizers and water. Therefore, in 
comparing yields and calculating the yield advantages of new varieties, we at­
tempted to determine the effects of other inputs by estimating the produc-
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tion relatiOn between Yields, seed varieties, and other variables which may 
have interacted with the seed varieties. 

The next four sections of this chapter dISCUSS the returns to research in 
rice, cotton, wheat, and soybeans, respectively. The fmal section compares 
our main results and summarizes our principal conclusions. 

Colombia's rice research program was initiated in 1957 by a predecessor 
agency of ICA. Its establishment comcided WIth a sharp rise III rice imports 
occasioned by an outbreak of the boja blanca disease. (According to FAO 
Rice Reports for relevant years, Colombia usually imported about 2,000 met­
ric tons of rice annually but imported 10,200 tons in 1957; in 1958 and 
1959 imports returned to earlier leVels.) This is a virus prevalent in Latin 
America - with symptoms like the stnpe disease of Japan - which first caused 
substantial losses in Venezuela m 1956 and in Colombia in 1956 and 1957.10 

Accordingly, the initial objectives of the research program mcluded varietal 
selection and breeding for higher yields and reSIStance to the boja blanca 
VIruS.ll 

Rice varieties resistant to the disease were collected tbrougbout Colombia 
as a first step, in addition, 2,200 varieties were Imported from the Umted 
States pepartrnent of Agriculrure's World Collection of Rice in Beltsville, 
Maryland. By 1959, about 400 of these varieties had shown promising resist­
ance to the virus. Because they were mainly japonica varieties, which are not 
consumed in Colombia, tbe research program sought to breed the virus reSISt­
ance of japonica into the local long-grain varieties.12 It was estimated that 
this might take four to five years. In the jnte<im, the one superior United 
States variety whicb had shown some virus resistance, Gulfrose, was multiplied 
and released in 1961. 

Napal, the first improved variety produced by the Colombian research pro­
gram, was released in 1963. Napal had the long-grain characteristics of Blue­
bonnet 50, the most popular nontraditIOnal variety, and was resiStant to boja 
blanca.13 Unfortunately, it was attacked by bruzolle (rice blast disease) in 
1965 and disappeared from commercial use thereafter. In the same year, 
Tapuripa, earlier imported from Surinam, was distributed to farmers as an al­
ternatIVe to Bluebonnet 50 and Gulfrose. It was long grained and flinty, with 
some resistance to blast and bOla blanca. 

In 1966, the Colombian rice research program added an objective derived 
from the International Rice Research InStltute (IRRI): to develop dwarf vari­
eties with a high grain-to-straw ratio and resiStance to lodgmg. About 3,000 
additional varieties were imported from IRRI, and an order went out to re-

http:blanca.lS
http:varieties.12
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rain only those varieties already in the Colombian collection which outYleld­
ed the most prevalent local variety by 100 percent. 

In 1969, ICA jOined forces with the rice program of the International Cen­
ter for Tropical Agriculture (CIAT). Personnel, facilities, budgetary resources, 
and objectives were shared under informal agreements between the two insti­
tutions. This reinforced Colombian ties with iRRI, since the head of CIAT's 
rice research team had served on IRRl's staff. 

In 1968, ICA and CIAT introduced JR-8, which spread quickly even though 
the medium-type chalky grain sold generally at a 30 percent discount and was 
susceptible to blast disease. However, it was resistant to bOJa blanca. Follow­
Illg sHong commercial interest, CIAT and ICA also introduced IR-n III 1970 
and recommended it to farmers in irrigated tropical areas. 

Between 1966 and 1970, ICA released independently one additional rice 
vanety, ICA-10, which never assumed any commencal importance. Its yields 
Were infenor to the IRRI varieties, although it was superior to and/or less 
variable than either Gulfrose or Napal. Its grain quality was also less desirable 
than Tapuripa's. 

In 1971, ICA released the CICA4 variety. Compared with earlier varieties 
it had improved disease-resistance, was more adaptable to changes in water 
and air temperature, and It had good gram appearance and cooking qualities. 
It also produced sbghtly superior yields. Simultaneously, CICA-4 appeared in 
Ecuador as INIAP-6, in the Domiitican Republic as Advance 72, and in Peru 
as Nylarnp. 

Yields recorded in 'commercial field trials of the seven major nce varieties 
released by the Colombian and joint CIAT-ICA programs after 1957 are 
shown m Table 4-1, together with data obtained from the same source on 
Yields of the check variety Blnebonnet 50. The 665 individual tmls which are 
the basis for these yield statistics include all that are available for the flfteen­
year period 1957-71. It should be mentioned that ICA's commercial trials, or 
prllebas regzonales, are conducted On commerCial farms that agree to collabo­
rate with the institute's programs. Farmers run the trials, but materials and in­
structions are provided by rCA. 

The three nee vaneties released before 1966 show average yields of 4.1 
metnc tons per hectare, representing a yield advantage over Bluebonnet 50 of 
about 33 percent. Varieties introduced after 1966, including ICA-to, double 
that yield advantage, brmging it to 65 percent above Bluebonnet 50. 

In view of these yields, it is interesting to note that the area planted to im­
proved rice varIeties did not become a Significant proportion of all rice land 
until the second, or post-1966, stage of the research program (see Table 4-2). 
Data in the table on the percentage of acreage sown to a given varIety were 
estimated in the follOWIng way. First, available information on sales of certi-
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Table 4-1. Average Rice Yields from Commercial Trials by Variety, Colomb'a, 1959-71' 

Variety (m kilos per hectare) 

Year 

1959 _ 

1960 
1961 
1962 
1963 
1964 

1965 
1966 
1967 
1968 
1969 

1970 
1971 

Bluebon- Gulf-
net 50 rOse 

1,927 

2,893 3,071 
2,967 4,065 
3,875 5,391 
4,336 4,138 

3,462 2,739 
1,590 
2,893 
3,208 
3,544 

3,339 
3,164 

Napal 

4,420 
5,166 

4,343 
2,436 

5,356 
5,110 

Average .... 3,099 3,880 4,344 

Tapur­
ipa 

3,645 
2,690 
4.600 
4,625 

4,500 
3,610 

4,025 

ICA-
10 

4,707 
4,789 
5,450 

3,852 
4,234 

4,441 

IR-8 

6,098 
5,890 

5,180 
4,748 

5,473 

CICA-
IR-22 4 

5,420 6,125 
5,080 4,600 

5,250 5.362 

Source Jorge Ardila. "Rentablhdad social de las invt!rsiones en investigaci6n de arroz: en 
Colombia," MS. thesis, Bogota, leA/National University Graduate School, 1973, Table 
5 

a Blanks Indicate no regional trials were undertaken. 

fled seeds by variety were converted to hectare equivalents by dividIng by the 
estimates of seeding rates provided by tbe ICA National Rice Program direc­
tor. Second. lackmg data on farm-produced seeds of the improved varieties, 
we assumed that the proportion of all acreage planted to certifIed seeds of 
any variety was equal to the proportion planted to later generation seeds pro­
duced outside the seed multIplication and certlflcatlOn program ThIS estImat­
Ing procedure was followed here, as well as for wheat and soybeans, to estI­
mate total area planted to improved seeds because It produced the simplest 
and "best fit" between available data on certifIed seed sales and "expert opin­
ion. " 

To estImate the shift parameter of each new variety - its YIeld advantage 
over Bluebonnet 50 - production functJons were fit to the pruebas regionales 
data, usmg standard least-squares procedures. In the final round of estima­
tion, reported yields (kilos per hectare) were taken as a function of twenty 
variables: SIze of the trial plot, seeding rate, seven seed vanety variables, two 
variables to dIstingUish different time penods, four variables relatmg to lfnga­
tion and 1tS interactIOns With seed vanety, and five variables to differentiate 
locations and their mteractions with variety. Only the first two of these vari­
ables entered as continuous arguments. Other contmuous vaflables (relating 
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Table 4-i. Land Area Planted to S'x Improved Varieties of Rice as a Percentage of the 
Total Area "Ianted in Rice, Colombia, 1964-73a 

Variety (in %) 
All Improved 

Year Napa! Tapunpa ICA-lO IR-B IR-22 CICA-4 VarietleS (%) 

1964 2.5 2.5 
1965 2.1 2.1 
1966 0.1 0.1 
1967 3.2 0.1 3.3 
1968 21.2 06 0.3 22.1 
1969 18.0 0.5 3.7 22.2 
1970 12.4 0.2 1B.2 30.8 
1971 6.9 26.1 3.1 5.0 411 
1972 189 10.1 18.3 47.3 
1973 20.1 24.3 12.6 57.0 

Source. For 1964-7l, lorge Ardila. URentabihdad social de las mversiones en investiga­
cion de arroz en Colombia," M.S. (hesls, Bogota, ICA/NatJonai University Graduate 
School, 1973, Table 11; for data after 1971, ICA, director of the NatIOnal Rice Program. 

a Blanks indicate less than 0.1 percent. 

particularly to "cultural practices") were either discarded or respecifled In 

noncontinuous form In the final results presented in Table 4-3. 
Because CICA4 was taken as the check vanety, the estImated coefficients 

on the vanety variables are co be mterpreted as theIr "yield disadvantage" in 
kilos per hectare compared with CICA-4. When results are mterpreted in this 
way, it is evident that the ColombIan nee research program has produced 
through time continuous and substantial improvements in y,elds. Agam, the 
superiority of the varienes released after 1966 is eVIdenced. 

Results suggest, however, that yields of CICA-4 as well as those of,IR-8 
and IR-22 are positively influenced by irrigatton. The coefficient on the ir­
rigation variable indicates that yields of all varieties are Increased by about 
1.2 tons with average Irrigation practices. Roughly another ton IS added 
when irngation is applied to IR-8, IR-22, or CICA4, as indicated by the coef­
fiCIents on the variables of interaction of those varieties with irrigatIon. This 
evidence from the productIOn functions, coupled with data which show that 
dry land rice yields increased 7 percent during the 1961-72 period while those 
of Irrigated rice increased 13 3 percent, leads to an inference that the newer 
varieties have benefited mainly the Irrigated rice areas.14 The other side of 
the coin, of course, IS that the adoption of Improved varietieS was assisted by 
the ex!stence of irrigated crop land.1S 

Most of rCA's research has been focused on the irrigated rice areas. Its 
largest programs have been located at the Palmira and Espinal experiment sta­
tions. Although about 75 percent of all Colombian rice land is now irrigated, 
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Table 4-3-. Production Function Estimates for Rice Ba~ed on 
Commercial Tnal Data, Colombia, 1957-72 

Independent Variable 

1. Size of trial plot 
2. Seeding rate. . . 
3. Bluebonnet SO • 
4. Gulfrose ...•........•.•.. 
5. Napal. .......•.....•...• 
6. Tapuripa ................ . 
7.ICA-1O ................. . 
8. IR·8 .....•............. 
9.IR-22 ..•....•.........•. 

10. Irrigation ..•............• 
11. Irrigation'" IR-8 interaction. _ .. __ .. 
12. Irrigation '* IR-22 interaction . .. _ . 
13. Irrigation'" CICA-4 interaction . . . 
14. Location .. _ ............. . 
15. Location'" Gulfrose interaction ... . 
16. Location" Napal interaction . ... _ . 
17. Location * IR-8 interaction . . _ . __ 
18. Location '* CICA-4 interaction .. 
19. Time I . . . . ....... . 
20. Time II ............•..... 

Intercept .. ... 

Estirnated 
Coefficient 

- 0.15 
246 

-1,609.66 
-1,486.56 
-1,742.79 

- 88431 
- 536.93 
-798.97 
- 589.97 
1,220.20 
1,278.09 

700.44 
1,061.87 
1,185.26 

991.98 
. 940.33 

428.22 
-1,340.16 

1,228.03 
- 509.78 

2,028.30 
R2 ~ 0.67 

Estimated 
t Statistics 

-230 
1.58 

- 3.45 
-1.31 
-1.83 
-1.80 
-1.13 
-1.54 
-0.72 

5.84 
3.21 
0.89 
2.11 
7.12 
0.94 
1.06 
1.24 

-3.14 
6.74 

-2.20 

3.64 
n ~665 

Source: Jorge ArdIla, "Rentabilidad social de las mVerSlOnes en investiga­
cion de arroz en Colombia," M.S. thesis, Bogota. lCA/National University 
Graduate School, 1973, Table 13. 

almost 100 percent has been irrigated traditionally withm the areas served by 
Palmira and Espinal.16 

This emphasis on the irrigated areas may have been induced by expecta­
tions of the sort of variety-trrigation interactions found in the regre~sion re­
sults. More plausible is the commonsense explanation that the ICA's credlta­
bihty would have been seriously threatened had it not produced varieties 
which yielded well in the migated areas of Colombia, since the controlling 
interests of the nce growers and commercial trade are found there. It has 
been reported that half of the value of all dues collected by the National 
FederatIOn of Rice Growers comes from Tolima. 

Regression results were used to estimate the overall percentage change in 
rice supply attributable to the yield advantage of all improved varieties over 
Bluebonnet 50. It was estimated as a weighted sum - divided by average com­
merical Yields - of the regression coefficient of each lmproved vanety minus 
the coefficient corresponding to Bluebonnet 50, with weightS equaling the 
percentage of all rice land planted whlch was sown in each variety.17 This 

http:variety.17
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Table 4-4. Alternative Values of the Supply Shift 
Parameter for RIce Attributable to lmproved 

Varieties. Colombla, 1964-71 

Estlmate (%) 

Simple Vanetal Effects 
Year (1) (2) 

1964 · ..... 1.05 -0.16 
1965 · ..... 1.01 - 0.15 
1966 · ..... 0_13 0.03 
1967 · ..... -0.17 1.07 
1968 · ..... 10.99 5.73 
1969 · ..... 12.81 5.98 
1970 14.89 7.42 
1971 · ..... 15.96 10.38 

Source: jorge Ardila. "Rentabdidad social de las in­
verSlones en mvestigacion de arroz en Colombia,·' M.S 
thesis, Bogota, leA/National University Graduate 
School, 1973, Tables 5, 11, 12, 13, 17, and 20. 

estimate is shown in column 2 of Table 4-4. The "simple" estimate of the 
yield advantage of the nnproved varietles is shown m column 1 of the table 
and is based only on the data for the average annual yield of each variety ob­
tained in thl! pruebas regionales and already presented in Table 4-1.18 

The fact that the simple estimates of the shift parameter exceed the esti­
mates that are made up only of varietal effects from the regression IS con­
sistent with the finding that only the improved vaneties of nce interacted 
with other variables of the productIOn function. Since those interactions were 
on balance posltive and are mcluded m the simple estimate but not in the 
vanetal-effects estimate, the former overstates the shift parameter by as much 
as seven percentage pomts. 

The simple and varietal-effects estimates were combined with assumed 
values of the price elasticities of supply and demand to provide upper- and 
lower-bound estimates of gross social benefits of the new seed varieties for 
the penod 1964-71.19 Values considered for the pnce elasticities of supply 
were zero, 0.2347, and mfinity, the intermediate value being derived from 
the only supply study avallable for Colombian rice;20 values considered for 
the pnce elasticity of demand were - 0.5, - 1.3 72, and - 2.0, the intermedi­
ate value again having been estimated in another srudy.21 MaXimum gross 
benefits resulted from using the simple estimates of the shift parameter and 
price elasticities of demand and supply, respectively, of - 0.5 and zero; mini­
mum benefits corresponded to price elasticities of demand and supply of 
- 2.0 and infInity and the varietal-effects estimate of the supply shift param­
eter. Both estlmates of benefits are shown m Table 4-5 for the 1964-71 period. 

http:1964-71.19
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I 

Table 4-5. Estimated Benefits and COStS of the Rice 
Research Program in Colombia, 1957-80 

(in thousands of 1958 pesos)a 

Estimated Benefits 
Estimated 

Year Maximum MinImum Costs 

1957 15 
1958 193 
1959 235 

1960 286 
1961 429 
1962 441 
1963 252 
1964 3,733 - 563 445 

1965 4,750 -699 538 
1966 553 127 519 
1967 - 827 5,157 867 
1968 61,659 27,291 937 
1969 60,872 23,675 2,074 

1970 69,444 27,883 2,779 
1971 107,470 52,255 4,165 
1972-80 107,543 52,255 4,202b 

Source For estimated benefits, precedmg tables; for 
estimated costs, Jorge Ardila, "Rentabllidad social de 
las mversiones en investigaci6n de arroz en ColombIa:" 
MS. thesis. Bogota~ rCA/National Umversity Graduate 
School, 1973, Tables 44 and 46 

a Blanks indicate no benefits. 
b Figures for subsequent years were estimated by 

assummg 4,202 grew by 10 percent annually. 

Costs of the research program for the same period, also shown in Table 
4-5, mclude direct costs, indirect costs, and complementary costs; these terms 
were defined earlier by Ardito Barletta 22 Direct costs of the nee program 
were available only after 1964. For thiS reason available cost data were re­
gressed on the number of employees assigned to the rice program and ICA's 
total expenses for all research programs; the resulting regression coefficients 
and available data on the two independent variables of the regressIOn were 
then used to estimate the direct cost data for the missing years, 1957-65. 
Complementary costs associated with the new program - those it mcurred 
with other collaborating programs - were estimated for this study by the 
director of the National Rice Program. Included were costs associated with 
the entomology, plant physiology, plant pathology, soils, and extension pro­
grams. Indirect costs mcluded staff training costs, opportunity costs of the 
services of fixed capital and land, management costs, and the costs of "inter-
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national coopemtion."23 The latter category comprISed the major program 
cost, the total costs of the CIAT nee program from 1969 to 1972, as estimat­
ed by the head of that program, and a prorated share of the cost of Rockefel­
ler FoundatIOn personnel statIOned in Colombm from 1958 through 1968. 
1'he simple sum of total costs for the 1957-71 period equaled 14.2 million 
1958 pesos.1'he costs of International cooperation were calculated at 5.0 mil­
lion or 35 percent of the toral but are probably understated Since benefits 
denved from the "capital stock" of IRRI and other Institutions have not been 
charged to the Colombian program. (ThiS IS discussed further elsewhere in 
this chapter.) All costs for the nee program In 1971 represented about 12 per­
cent of ICA's total expenses for re~earch. 

RecogniZing that the current stock of new varieties will continue to pro­
duce mto the future, We projected the costs and benefits of the Colombian 
rice program to 1980 using assumptions, when necessary, which would bias 
downward the estimate of internal rates of return. It was assumed on the cost 
side, for example, that the real value of the cooperative CIAT-ICA rice pro­
gram would mcrease at a rate of about 10 percent a year, primarily on the 
grounds that programs which are relatively new and reputedly successful tend 
to grow. Since this assumption was made, lCA's budget has been severely cut, 
and CIAT's rice program has been phased down. Nonetheless, we hold to the 
mitial assumption to avoid overstating the fmal estimate of the Internal rate 
of return. On the Side of the projection of gross benefits, It was assumed that 
the value of production durmg the 1972-80 period will average 581 million 
pesos, a sum which equals the value of the rather good 1971 crop (in 1958 
pesos); that the rate of adoption of the new nee vane ties after 1973 wlII sta­
bilize at the estimated 1973 level of 57.0 percent;24 that the percentage of 
rice land planted to IR-S wiII trend downward linearly to zero by 1980, that 
the percentages of alI rice land sown to IR-22 and CICA-4 wIII be equal after 
1973; and that the increase 10 the shIft parameter implied by these assump­
tions will approXimately equal mcreases in commercial yields over the period 
1972-80. The increases in Yields would be 14 and 11 percent, respectively, for 
the maxImum and minimUm values of the shift parameters. 

The resulting internal rate of return correspondmg to the stream of maxI­
mum gross benefits was found to be 82.3 percent, the rate estimated on the 
basis of the stream of mmimum gross benefits was 60.1 percent.25 

Cotton 26 

Cotton has turned 10 a strlkmg performance m Colombia. Smce the mId 
1930s, yields have about quadrupled-In fact, their pattern of change has 
been broadly similar to that of cotton yields in the United States Currently, 
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Colombian cotton yields are comparable to United States yields and roughly 
tWIce as high as average yields for all of South America (Table 4.,,). In an 
earlier comparative analysis of changes in cotton yields, it was concluded that 
Colombia ranked fourth in yield increases in the 1950"'0 period among the 
twenty-four countries that produced 97 percent of all cotton m 1960.27 Pro­
duction after the mId 1930s increased at least fifteen times, or from about 
30,000 bales in 1937-38 to over 500,000 bales in the early 19705.28 

Yields and production advanced most rapidly in two different but not 
widely separated penods of time: 1951-54 and 1957-59. Yields about dou­
bled- in the first period. Although they also increased in the second period, 
production evidenced a much larger mcrease of 167 percent. Developments 
in both periods appear to have been the result of changes in government 
policies. 

The first period of rapId development followed the reopening of the Co­
lombian Ministry of Agriculture in 1948 and tbe introduction of new policies 
emphasizing the need to replace imports of food and fibers wIth local prod­
ucts. For cotton, this meant that the textile industry had to consume stated 
allotments of national cotton. This produced an 82 percent increase in the 
farm price between 1948 and 1951.29 When the local textile industry was 
faced With the prospect of consummg larger quantities of national cotton, it 
promoted the establishment in 1948 of the Cotton Development Institute 
(IFA) for purpos~s of improving the quality and umformity of local cotton 
through both research and the control of ginning.30 Eventually a government 
institute with its own budget, IFA also assumed responsibilities for cotton ex­
tension, seed distribution, and credit. 

The second surge m production, occurring at the end of the 1950s, paral­
leled changes in exchange policies. The official exchange rate in Colombia was 
2.5 pesos per United States dollar from 1951 through May 1957. The free 
rate was 3.0 to 35 pesos through 1954 and then edged up to 6.9 pesqs by 
mid 1957. On June 18, 1957, the official rate was increased to 7.6 pesos. 
Through the 1951-57 period, the Colombian textile industry was permitted 
to import raw cotton and capital items at the official exchange rate. As a re­
sult, imports steadily buIlt up to a level of 77,000 bales in 1957; production 
stood at 95,000 bales m that same year. In 1958, following reforms, produc­
tIOn jumped to 220,000 bales and in 1959 reached 256,000 bales. Imports 
fell to 36,000 bales in 1958 and to slightly less than 2,000 bales in 1959, at 
which time Colombia also showed its first exportable surplus of cotton in 
several decades. During the early 1960s exports averaged about 100,000 
bales and by 1968 had reached a level of almost 300,000 bales. 

As producers of cotton attained national prominence and power by satis­
fying domestic consumption and exporting a growmg surplus, the National 
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Table 4-6. Comparative Statistics for Cotton YIelds, 1934-35/1938-39 to 1973-74a 

All Crops, 
Cotton (pounds per .cre) Index for 

Year Colombi. Colombia United States South America 

1934-35 to 1938-39 133 212 181 
1947-48 100 152 267 163 
1950-51 · .... 115 167 269 175 
1951-52 · ..... 102 150 269 203 
1952-53 · ...... 109 227 280 197 
1953-54 · ....... 119 317 324 212 
1956-57 · ....... 143 319 409 178 
1959-60 152 377 462 207 
1962-63 · ..... 176 398 457 231 
1965-66 · ..... 158 352 526 244 
1966-67 164 470 480 232 
1967-68 · ........ 176 516 447 267 
1970-71 463 437 222 
1973-74b : - . - ..... 

470 519 249 

Source: For all crops, index for Colombia, Cba11ges In AgrIcultural Production alzd Tech-
1lology m Colombra, Foreif{n Agricultural Economic Report no. 52 (Washmgton, D.C." 
Economic Research SerVlce, USDA, 1969). Table 30, for cotton. Secretariat. Interna­
tlonal Cotton Advisory Committee. Cotton-World Statistics, \Vashington. D.C :I various 
Issues. 

a Blanks indicate no data available. 
b Preliminary. 

Federation of Cotton Growers (FNA) began to absorb IFA's functions. In 
1968, IFA was dissolved completely, and its research and extension activities 
were passed on to the ICA_ Some of its other aC[lvnies were absorbed by the 
Mintstry of Agriculture_ 

The Inheritance of the IF A was meager when it assumed responSibilities 
for organized cotton research in 1948_ On the advice of an English miSSion, 
some cotton research was begun In the Cauca Valley in 1928 but was later 
suspended when attention there was turned, by a visiting mission from Puerto 
Rico, to the prospects for sugarcane research. In 1934, some research was 
established in Annero, Srate of Tolima, to introduce "nd test Untted States 
Uplands and some Perllvian varieties. Until 1948, however, the most progress 
had been made in improving the perennial tree cotton. A station on the out­
skirts of BarranqUilla on the north coast is reported to have obtained yields of 
350400 kilos per hectare or at least twice the then prevailing average yield.31 

Nonetheless, One of the first things IFA did was to close that station, since 
the quality of the tree cotton was considered inferior to imported cotton and 
tree cotton had become Infested WIth diseases which threatened the introduc­
tion of annual varieties. 

From the beginning, the institute's sole research objective was the intro-

http:yield.31
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ductlon, teSting, and multiplication of improved United States corton vari­
eties. No attempt was made to produce a national variety until 1961, and that 
effort appears to have languished until IFA's research was absorbed by ICA in 
1968. 

ICA adopted the same pnmary objective for its cotton research program 
as IFA. But, it added a second objective - the development of a nattonal cot­
ton vanety through selection and hybrldizatlOn. It also improved the design 
of research, expanded experimentation beyond the three 10catlOns used by 
IFA (at Buga, Espinal, and Codazzi), and undertook more trials on a com­
mercial scale as pruebas regionales. 

Actually, the fIrst United States cotton variety was introduced into Co­
lombia well before the establishment of IFA Deltapme 12 was imported by 
cotton producers in 1941 and came into general use m Tohma State during 
the 19405. The year before, the ~raz!Iian vanety Expresso do Brazil had been 
introduced and It hkewise gamed acceptance in Tolima dunng the 1940s. In 
the late 1940s and the 1950s, Del tap me 15, Earlystaple, Coker 124 E, and 
Deltapine Smoothleaf were introduced. These so-called "T" type cottons ac­
counted for about 93 percent of all cotton production by 1959; Deltapine 
was by all odds the most important among them. By 1971, DeItapllle 15 was 
no longer in use but Deltapille 16 accounted for 42 percent of all cotton 
acreage, Deltapine Smoothleaf for 38 percent, Acala 1517 BR-2 for 8 per­
cent, and StoneVille 213 for 8 percent, With the remamlOg 4 percent bemg 
accounted for by Deltapine 45 and Coker 201.32 

As noted, the cotton research program emphasized the selection and multi­
plication of promising United States varieties rather ,than the development of 
improved natlOnal vane ties. The Unit~d States varieties sharply increased Co­
lombian cotton yields To estimate the contribution of the Colombian selec­
tion and testing progntm, two questions need examination. 

First, would slllgle farmers or groups of farmers acting without govern­
ment help have been as efficient or more effiCIent in selecting and importing 
UOIted States vatieties than IFA and ICA? 

Colombian cotton production IS concentrated among a small group of 
farmers. As of 1958, 422 farmers accounted for 61 percent of toral produc­
tlon,33 10 1967,343 producers were reported to have accounted for 40 per­
cent of all outpuL At prevailing average yields, thIS would Imply that each 
large cotton producer was harvestlOg about 550 acres, given total production 
for Colombia of465,000 bales in 1967. The data for 1958 imply that each of 
the 422 farmers was harvesting in that year only about 200 acres of cotton, 
suggesting that large cotton producers were major contnbutors to the increase 
in productlOn that occurred between 1958 and 1967.34 

The demand curve faclOg producers has been highly elastic because of the 
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Table 4-7. Average Ylelds of Seed Cotton by Vanety Obtained from 
CommercIal Trials Conducted in Colom~ia, 1953-72 

Number of YIeld (bios 
Variety ObservatIons per hectare) 

Deltapme 15 .. 193 2,312 
Deltapm. Smoothleaf . 71 2,369 
Stardel •... 18 2,296 
StonevIlle 213 • 39 2,375 
Coker 124 B ..... 12 2,634 
Acala BR-2. 48 2,287 
Dehapine 45 .... 9 2,693 
Deltapine 45 A 40 2,575 
Del tapme 16. . . 42 2,457 
Coker 201 . 27 2,568 

TotaI3 /average. 499 2,366 

Source: Andres Rocha, "Evalu2cu)n economlca de la investigacion 
sobre vadedades meJoradas de algod6n en Colombia," M.S. thesis, 
Bogota, leA/Nattonal University Graduate School, 1972, Table 10. 

a Excludes twenty-four trials on other varieties .. 

existence of an export market. The elastic demand curve would have served as 
insurance to mdlvidual innovators that pnces and profits would not be eroded 
by the increased production brought about by the diffusion of their innova­
tlons. The fact that the industry was composed of a few large farmers makes 
It more probable that a single individual or small group could have anticipated 
large enough rewards from search and research efforts to justify undertaking 
them. 

However, it seems unlIkely that a farmer-based research effort would have 
outperformed IFA and ICA. There seems to be no basis for believing that a 
private research effort would have uncovered other, more effective vaneties 
than IFA or ICA did. Because of their official status, the two institutes prob­
ably were able to Import new VarietIes Into Colombia more eaSIly and rapidly. 
Similarly, they were able to COntrol the distnbutlon of improved seeds. For 
example, IFA controlled all cotton gins. However, It was probably the special 
pnvileges and franchises that tFA and ICA possessed as offIcal government 
agencies - not "pure dIfferences" In organization of research - which faCIlI­
tated their SucCeSS. 

The second question needmg examination is whether there were, in fact, 
signifIcant differences in yields among the imported United States varieties 
when grown under Colombian condItIons. 

The programs of both IF A and leA were founded on the premIse that 
such yield differences did eXIst. The claim was made that it would be worth­
while to Identify the size of these dIfferences and to key programs of seed 
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Table 4-8. Production FUnCtIOn Estimates for Cotton Based on 
Commercial Trial Data in Colombia, 1953-72 

Estimated Standard 
Independent Vadable Estimated Coefficient Error of Coefficient 

1. Nitrogen ..... 2.58 053 
2. Irrigation . - - .. 606.56 48.71 
3. Parcel type .... - 471.41 61.41 
4. Rain deficiency. -1,150.22 47.60 
5. Sf.rdel .... - 241.43 8909 
6. Coker 124 B - 214.75 109.08 
7. Acala BR-2 - 331.64 59.23 
8 Locanon 1. 381.53 88.86 
9. LocatIOn 2. 189.13 80.78 

10. Location 3 ..... 600.13 94.34 
11. Location 4. ___ . 1,094.14 149.39 
12. Location 5 ..... 349.18 91.05 
13. Location 6. - 649.88 116.68 
14. Location 7 - 408.99 181.04 
15. Location 8. 991.48 71.77 
16. Location 9. 408.49 62.74 
17. Location 10. 1,167.86 71.85 
18.1953 .. - 218.53 106.79 
19.1954 .. - 268.37 81.12 
20.1967 .. -428.55 156.78 
21. 1970. 363.15 61.72 
22 1971 ...... 366.96 70.66 
23.1972 . 45288 75.20. 

Intercept .... 2,081.20 n.a.3 

R2 = 0.82 n = 523 

Source Andres Rocha, "Evaluaclon economlca de la mvesrigaclon sobre 
varied.des mejoradas de .Igodan en Colombia," MS. thesis, Bogota, ICAI 
National University Graduate School] 1972. Table 3. 

a Not av.i1able. 

mulnplicanon and distribunon to them. If, however, yields of all United 
States varieties harvested in Colombia were equal, then there would be no 
payoff to a program of varietal selection and distributIOn. Any individual 
farmer could import a variety of United States cotton selected at random·and 
expect to obtain as good results .lS he would have obtained through an organ­
ized program of research like lFA's and lCA's. Similarly, such a program 
would not be useful If the distribution of Yields by variety were the same In 

both the United States and Colombia. 
To explore the question of yield differences more carefully, all available 

data were obtained on the IFA and ICA commercial trials, which were com­
parable III deSIgn to those reported earlier for rice. The trials covered the peri­
od 1953-72 and included 523 individual experiments. They :Ire summarized 
m Table 4-7 as mean values of yields obtamed for each of ten cotton varieties. 
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Additional trial data were destroyed when IF A's research was absorbed by 
ICA. Presumably, they included information on the two check varieties, 
Deltapine 12 and Expresso do Brazil. 

It is eVIdent from the data in Table 4-7 rhat gross dIfferences in yields are 
not appreciable and that it would be difficult to reject the hypothesis that 
they were all, in fact, equaL For this reason, a more refined test was made by 
estimating production functions from the trial data. In the fmal round of 
estimates, twenty-three variables entered the regression; their estimated coef­
ficients and related statistics are shown· in Table 4-8. The first variable meas­
ures the quantity of nitrogen applied per hectare, the second simply indicates 
whether or not irrigation was applied, the third adjusts for the fact that some 
of the trials were undertaken on plots whIch were "small" by pmebas regIOnales 
standards, the fourth is an index used by attending agronomists for the lack 
of rainfall, and Variables 8 through 17 adjust for the location of the experi­
ments, and 18 through 23 adjust results for abnormal years. 

Regression results mdicated that the only varieties out of the ten tested 
with yields sigmficantly different from Deltapine 15 were Stardel, Coker 
124 B, and Acala BR-2; m each case their adjusted yields were lower than 
those for Deltapine 15 and lower by rather similar and "small" amounts. On 
the basis of these results, it is concluded that no significant, positive benefIts 
were derived from the Colombian cotton research programs.35 

Wheat36 

In an earlier study of the production trends of Colombia's major crops, it 
was claimed that "the wheat situation in Colombia contains a number of 
paradoxes. DespIte good experimental development and government pro­
grams to expand production, both acreage and output have declined sharply 
in recent years."n Other more refined data now avaIlable continue to show 
that both acreage and production have declined over the past twenty years. 
The area cultivated in wheat fell steadily from a level of 175,000 hectares in 
1953 to about 70,000 hectares in 1973; over the same penod production was 
halved. Yields increased by about 25 percent in the 1953-58 period but sta­
bilized at just above 1,000 kilos per hectare until 1972. In the most recent 
two years for which information is available (1972 and 1973), yields have in­
creased again, and by about 20 percent.38 Still, the average yield increase 
over the entire twenty-year period has been rather unimpressive. 

The best explanation currently available for the decrease in acreage plant­
ed is that increasing PL 480 sales have dampened incentives for Colombian 
farmers to devote land to wheat production.39 According to FAO Trade 
Yearbooks, the quantIty of wheat Imported has increased over the 1953-73 

http:production.39
http:percent.38


102 HERTFORD, ARDILA, ROCHA, and TRUJILLO 

period from a third to almost three tlmes the quantity of total wheat pro­
duced. The modest rise in yields may be attributable to the same forces and 
to a shift in the regional distribution of wheat production from the State of 
Boyaca where yields are higher than average to the State of Nariiio in south­
ern Colombia where farms are small and poor and yields have traditionally 
been below the national average. 

The wheat improvement program is one of Colombia's oldest programs. It 
dates from 1926 when the La Picota experiment station was establtshed in 
the central region of the country (State of Cundinamarca) for the purpose of 
improving yields and certain characteristics of wheat, barley, oats, and rye. 
Through 1951, at least half the total costs of the activities of La Picota were 
absorbed by wheat research. In 1947, "cold climate" wheat research expand­
ed out from La Picota to two additional locations: One at Bonza In Boyaca 
and another at Isla in Cundinamarca. A few years later, additional locations 
for research were acquired at Tibaitata (Cundinamarca) and Obonuco 
(Nariiio). After the addition of the Surbata Station in Boyaca in 1959 for 
cold climate wheat research, actiVities were consolidated there, in Tibaltata, 
and In Obonuco. 

ColombIa's wheat research has received Important assistance from a num­
ber of different foreign and nanonal organtzanons In 1948, personnel of the 
program were sent to MeXICO to study methods of wheat breeding with the 
staff of the OSS In Mexico City, then supported by the Rockefeller Founda­
tion Later, In 1950, Rockefeller personnel were aSSigned to collaborate WIth 
the Colombian research program; the foundation's assIstance continued until 
the mid 19605 In 1953, wheat seed distnbutlOn and multiplication programs 
receIVed a lift from the Colombian Agricultural Credit Bank whIch ultimately 
assumed responSIbility for them. Two years later the National Federation of 
Rice Growers prOVided some support for research on the potential for wheat 
production m the warmer tropical areas that traditionally produced rice; 
simtlar support was received in the same year from INA, the National Market­
ing Insti[IIte. The federation of barley producers, PROCEBADA, contributed 
to the wheat program's budget in the 1959-61 period to support expansion of 
the pruebas regiOl1ales effort; aid was received for the same purpose from 
FENALCE, a federation of Colombian cereal producers. In the 1967-71 peri­
od, the wheat program was assisted by the University of Nebraska Mission, 
financed by a consortium of international assistance agencies, including 
USAID and major United States foundations. 

Data compiled on the costs of the wheat improvement program reflect thiS 
support from the outside and provide a profIle of the development of the pro­
gram. Table 4·9 presents data on the direct, complementary, and indirect 
costs of the program - comparable in all respects WIth the cost data shown 



Table 4·9. Cost of the Colombian Wheat Research Program by Major Category, 
1927-73 (m thousands of 1972 pesos) 

Duect Complementary Indirect Added Costs of 
Year COStSa Costsb CostsC New Seedsd Total Costs 

1927 .. 184 9 193 
1928 .... 236 9 245 
1929 .... 287 11 298 

1\130 .... 338 12 350 
1931 .... 389 15 404 
1932 .... 441 17 458 
1933 .... 492 48 540 
1934 543 52 595 

19H .... 598 58 656 
1936 .... 653 63 716 
1937 . 708 69 777 
1938 709 78 787 
1939 709 108 817 

1940 710 120 830 
1941 711 135 846 
1942 670 143 813 
1943 .... 630 156 786 
1944 .... 589 170 759 

1945 .... 548 189 737 
1946 .... 508 207 715 
1947 .... 467 239 706 
1948 .... 416 255 671 
1949 365 279 644 

1950 315 351 666 
1951 403 394 797 
1952 492 88 440 1,020 
1953 .... 580 117 315 655 1,667 
1954 .... 669 74 349 2,638 3,730 

1955 .... 758 93 385 242 1,478 
1956 .... 1,169 238 511 1,680 3,598 
1957 .... 1,117 232 562 282 2,193 
195& .... 996 271 584 1,058 2,909 
1959 .... 841 265 483 1,170 2,759 

1960 .... 1,202 319 500 2,182 4,203 
1961 .... 914 388 510 3,002 4,814 
1962 .... ' 828 277 396 2,599 4,100 
1963 .. 615 280 280 2,717 3,892 
1964 ... 1,229 487 1,146 2,628 5,490 

\'\ 1965 .. , . 1,889 658 585 5,548 8,680 
'1 1966 .... 2,427 592 957 4,129 8,105 
\ 1967 .... 2,150 993 2,307 8,731 14,181 

1968 .... 2,919 915 1,261 7,050 12,145 
\ 1969 .. _ , 3,045 1,314 2,768 5,623 12,750 I 
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'fable 4-9 - contlnued 

Direct Complementary Indirect Added Costs of 
Year Cosrsa Costsb CostsC New Seedsd Total Costs 

1970 2,352 1,446 3,106 3,343 10,247 
1971 _ .•. 2,020 1,603 3,260 2,901 9,784 
1972 .... 1,501 1,467 2,407 1,507 6,882 
1973 . 1,570 1,385 2,354 1,626 6,935 

Source: Carlos Trujillo, "Rendrmiento economico de la investigaci6n en trigo]" M.S. 
thesis, Bogota, ICA/National UnivefSlty Graduate School, 1974, Tables 4.1, 42,4.3,4.4, 
and 4.5. 

a Salaries, supplies, and office materials directly related to the wheat varietal improve­
ment program_ 

b Represents costs of the plant pathology, soils, entomol0llY.", biometrics, extensiot>, 
and plant physiology programs incurred on behalf of the wheat improvement program, 
for the period 1927-51 these costs were included in direct costs. 

e Includes costs associated with the use of experiment station factlities, agricultural 
machinery, and land as well as costs of admmistration and traming of program staff. 

d Equals the difference between the average pnce of certified wheat seeds and the 
price receIved by farmers times the quantlty sold of certified seeds, for the period 1927-
49~ improved varieties- relevant to thiS study were ~ot planted. 

earlier for the rice improvement program - plus data on the additional costs 
to farmers of the Improved wheat seeds which were adopted after 1952. It 
can be seen that, beginning in 1927, total costs built up slowly and by 1935 
had reached a level which was subsequently maintained for about fifteen 
years. Following the establishmenr of the Joint Colombian-Rockefeller Foun­
dation program, direct, complementary, and indirect costs again bUllt up to a 
level which was maintained until 1964 with the exception of three years-
1959, 1963, and 1964, the latter two being years durmg which the research 
agency was reorganized. Investmenrs began to drift upward after 1964 and 
then increased sharply during the period of the UnivetSlty of Nebraska Mis­
sion's presence, falling off after the missJOn began to leave Colombia in 1971. 
From 1968 through 1971, total costs of th~ program represenred only 5 per­
cent of ICA's research budget hut fully 3 percent of the value of wheat pro­
ductIon. Wheat research had beco!lle an expensive program. 

Activities of the research program revolved around four kinds of wheat: 
cold climate, warm climate, Triticales, and Durums. The fust has been the 
most important in terms of both the time and the resources devoted to it. 

When the research program began in 1927, some promising cold climate 
wheats were introduced from the United States and tested over a six·year 
period. Fifteen varieties were released to far~ers'from the La Picota experi­
ment station in 1933. By the early 19405, the number had increased to 

twenty-four. Of these the best eight were Klein, General San Martin, Klein 40, 
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Marzuolo, Pentad, Florence, Barcino Barbado, and Bola Picota. Because the 
latter two were the most widely used varieties by the mid 1940s, they are 
considered as check" varieties in this analysis. The first reference to the yields 
indicated that between 850 kilos and 1.5 tons per hectare were expected. The 
other six of the eight varieties could reasonably he expected to yield 1.8 to 

2.8 tons per hectare under experimental conditions.40 

The vast majority of promising wheats were obtained by crossing local 
criolla varieties. By the early 1940s it was thought that available foreign vari­
eties were inferior to local Colombian wheats and thus the program turned 
inward until the arrival offoreign personnel in the early 1950s. When the ass 
was established in Colombla with Rockefeller Foundation support, 11,000 
varieties were immediately imported from the Rockefeller Mexican program. 
Selections were made from these imports primarily on the basis of their resist­
ance to the yellow, black stem, and leaf rusts. These rusts had become the 
major preoccupation of the Colombian wheat improvement team because 
data produced in 1949 showed that wheat yields were being cut 6 percent by 
leaf and stem rusts and 14 to 41 percent as a result of yellow rust.41 

The first new commercial variety released after the establishment of the 
joint Colombian-Rockefeller Foundation program was Menkemen 52. Distrib­
uted in 1953, it was the product of a cross of varieties from the MeXican col­
lection, including Mentana and Kenya. It reduced time to maturity by thirty­
five days, was somewhat resistant to the major rusts, had strong stems, and 
outyielded Bola Picota by 30 percent. Two years later a second variety, 
Bonza 55, was released. It was the product of two Rocamex varieties, Yaqui 
and Kentana. Because it was especially resistant to the yellow rust of Narino 
State, it was most widely distributed there. A third variety, Narino 59, was 
released in 1959; it also was particularly well adapted to the State of Narino, 
being resistant to its variety of yellow rust. Three years later, a large batch of 
new varieties produced by the joint Colombian-Rockefeller program was re­
leased, including Miramar 63, Bonza 63, Crespo 63, Napo 63, Tiba 63, and 
Tota 63. At the time this release was made, the industry was advised that the 
research program would in the future attempt to make "batch releases" (i.e., 
releases of more than one variety) to reduce susceptibility to new wheat rusts. 
Millers are reported to have reacted adversely to this announcement on the 
grounds that a single mill could not ha,ndle more than two varieties of wheat; 
an appeal was made to the research team to revise its strategy. As it turned 
out, the wheat program for cold climates ma.de only one additional release­
in 1968 Sugamuxi 68, Zipa 68, and Samaca 68 were distributed simultaneous­
ly. 

The Colombian wheat plant began to change as the result of the introduc­
tion of dwarf varieties from Mexico in 1958. The effort to incorporate char-

http:conditions.40
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Table 4-10. Comparative Wheat Yields for Thirteen Varieties 
Obtained Under Experimental Conditions, Colombia, 1970 

Reponed Yields 
Reported Yields Compared with 

Area Planted (kilos per Bola Pieota 
Variety (hectares) hectare) Yield (%r 

Menkemen 52 0.095 2,820 427 
Bonza 55 ....... 0.123 2,360 ·358 
Narifio 59 ...... 0.106 1,100 258 
Bonz. 63 ....... 0.153 2,220 336 
Miramar 64 0.101 2,535 384 
Crespo 63 .... - . 0.163 1,570 238 
Napo 63 ....... 0.274 2,770 420 
Tiba 63 ........ 3.740 3,017 457 
Tota 63 ........ 0.200 2,680 406 
Zipa 68 ........ 0.134 3,000 455 
Samaci68 ...... 0.050 3,700 561 
Sugamuxi 68 .... 0.223 2,300 348 
Bola Picota. . ... . 0.132 660 100 

Source, Colombian Agricultural Institute (leA), Informe del Programa 
Nacional de Trigo (Bogota ICA, 1970), Appendix 4. 

acteristics of the smaller plant did not, however, gain force and importance 
until about 1964. By 1970, 60 percent of all materials in the Colombian 
wheat research program included dwarf wheats. Of the thirteen improved 
varieties released to farmers after the establishment of the joint Colombian­
Rockefeller program, small-plant characteristics were incorporated in nme of 
them: Bonza 63, Miramar 63 and 64, Napo 63, Tiba 63, Tota 63, and the 
three vaneties released III 1968. In this regard it is Important to mention that 
practically none of Colombia's wheat is irrigated and that the use of fertilizer 
is negligible. 

In 1971, ICA published the data in Table 4-10 comparing yields obtained 
under experimental conditions on small plots of land for twelve improved 
varieties and Bola Pieota. Reported yield advantages over the Bola Picou 
variety were in excess of 500 percent for the highest yielding wheats and not 
less than 250 percent for any improved variety. By international standards, 
these Yields of the ColombIan varieties also appeared to be quite good. As 
Table 4-11 indicates, in the International Wheat Tnals of 1968 three of Co­
lombia's most recently released wheats outyielded the best of the Mexican 
wheats, Azteca 67. The average level of these yIelds, however, is extremely 
high even by expenment station standards in Colombia (e.g .• those reflected 
in Table 4-10). 

With reference to the second category of wheat research - namely, that 
undertaken On "warm climate" varieties - it is worth mentioning that large 
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Table 4-11. Comparative Wheat Yields Obramed for Colombian and 
Mexican Varietles In the internatlOnal Nursery Trials, 1968 

Reported Yields 
Country of (kilos per 

Vatlety Origin hectare) 

Sugammo 68 ColombIa 6,232 
Crespo 63 Colombia 6,215 
Samaca 68 Colombia 6,217 
Az~eca 67 Mexico 6,110 
Tota 63 Colombia 6,054 
Napo 63 ColombIa 6,044 
Tiba 63 Colombia 5,894 
Penjamo 62 Mexico 5,833 
Centrifen Chile 5,755 
Nortefio MexlcQ 5,538 
Lerma ROJo 64 x Sonora 64 MexIco 5,349 
Sonora 64 x TZ PP Mexico 5,249 
Naj 60(1l) Mexico 5,249 
Bonza 63 Colombia 5,233 
Jatal Mexico 5,166 
Zipa 68 Colombia 5,116 

Source: Colomblan Agricultural Institute (ICA), In{onne del Programa 
Nacronal de Trigo (Bogota. ICA, 1968), p. 13. 

areas of wheat had existed in the warmer regions since the colonial period. 
However, these wheat areas were practically eliminated in the mid 1930s as 
a result of attacks by stem rust. Thus in 1955 when the first rust-resistant 
varieties were available, the Federation of Rice Growers persuaded the re­
search agency to experiment with Bonza and Menkemen in the Cauca Valley 
and Tolima State. Although the rust resistance of the new wheats was con­
fIrmed m these early studies, the expenments were not continued because of 
tbe unpromising levels of yields obtained. It was thought at the time that, ror 
wheat to compete with rice, 2,500 to 3,000 kilos of wheat per hectare would 
be required. Commercial yields averaged 1,500 kilos, and maximum experi­
mental yields dId not exceed 2,750 kilos per hectare.42 

The wheat program first expenmented with rye as a rust-resistant, bigh­
protein, water-savmg alternative to wheat in 1937, and experiments with 
triticales were initIated in La Picota in 1946. However, interest in triticales 
appears to have languished untIl recently. The wheat program has also evi­
denced interest in Durum wheats Work began on Durum m 1952 and was 
stepped up somewhat m the mid 1960s. However, it was not successful· pri­
marily because of tbe hIgh humidity in Colombia's wheat areas, the short 
days, and the occasional heavy rainfalls which occnr when the grains are ma­
turing. 

As witb rice and cotton, available data on the p1!lebas regionales were col-
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lected in an attempt to quantify the shift parameter and gross social benefits 
attributable to the Colombian wheat research program. However, the collec­
tion of these data was much more difficult for wheat than for rice and cot­
ton because the information had been scattered when the research program 
changed its affiliation with outside agencies. In the final analysis, data for 
only 1,Ol6 individual trIals were obtained for the 1953-73 period; many 
more trials had been undertaken on the major improved varieties. 

Most of the trials for which data were obtained (about 80 percent) related 
to six varieties: Bonza 63, Crespo 63, Menkemen 52, Napa 63, Narino 59, 
and Tota 63. By region, the bulk of the data related to two states, Gundina­
marca and Nariiio. Only about 5 percent of the data are from the State of 
Boyaca. The director of the National Wheat Program stated that this does not 
reflect any slighting of the Boyaca wheat regions because there are many 
regions in Gundinamarca and Nanno that are fully representative of the areas 
in Boyaea. Given that wheat production in Boyaea has declined more sharply 
than in any other state, the facts here are important, although difficult to 

establish and qualify. Finally, it should be noted that most of the pruebas 
regIOnales data obtained (70 percent) were for the years 1963, 1964, 1968, 
1971, and 1972. 

Table 4-12 summarizes the data collected for thirteen improved wheat 
varieties and two check varieties, Bola Picota and "150." Mean yields in kilos 
per hectare are reported by variety, together with the estimated standard 
error of yields, the range of trial yields corresponding to a 5 percent level of 
probability, and the coefficient of variation of yields. When compared WIth 
the data in Table 4-10, it is apparent that these data assIgn rather dIfferent 
relative yield ranks to specific varieties. For example, in Table 4-12 the yield 
of Menkemen 52 puts it in twelfth place among the improved varieties, but its 
yield in Table 4-10 ranks it in third place. Also, the average level of yields re­
ported in Table 4-12 is lower than the averages of Tables 4-10 and 4-11, and 
the yield advantage of the improved varieties is noticeably less than indicated 
by Table 4-11. 

The range in yIelds of all improved varieties in Table 4-12 includes the 
upper-bound yield reported for Bola Picota; the range in yields for SIX out of 
the thirteen improved varieties includes the upper-bound YIeld for "150." 
The yield advantages of Samad 68 and Bonza 63, as a percentage of the 
average yields of "150" and Bola Picota, are 83 and 75 percent, respectively; 
the corresponding value for all improved varieties shown in Table 4-12 is 50 
percent. 

To adjust these estimates of the gross yield advantage of the improved 
wheat varieties for the effects of other detenninants of yields, production 
functions were estimated from the data on commercial trials. The final ver-
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Table 4-12. Comparative Wheat Yields for Fifteen Varieties Obtained 
in CommerCial Trials, Colombia, 1953-73 

Output per hectare (ktlos) 

Range at 5% 
Probability 

Coefficient of 
Number of Standard Lower Upper Variation of 

Variety Observations Mean Error Bound Bound Yields (%) 

"150" .. .... _ . 8 1,624- 1,022 771 2,4-76 62.9 
Bola Pieota. S 1,194- 895 448 1,941. 74.9 
Samad68 .... 47 2,584 1,592 2,117 3,051 61.6 
Bonza 63 ....... 106 2,460 1,197 2,230 2,690 48.7 
Miramar 63 ..... 29 2,348 1,218 1,885 2,812 51.9 
Zipa 68 ........ 31 2,190 1,382 1,684- 2,697 6,.1 
Bonza 55 ....... 77 2,172 1,504 1,831 2,513 69.2 
Crespo 63 ...... 129 2,115 1,369 1,876 2,35, 64.7 
Tlba 6, ........ 51 2,110 1,265 1,754- 2,4-66 59.9 
Nariiio 59 ....•. 119 2,106 1,351 1,861 2,352 64-.1 
Napo 63 . 136 2,097 1,340 1,869 2,324- 63.9 
Sugamuxi 68 ....• 12 1,973 1,157 1,2,8 2,708 58.7 
Tota 63 .......• 104- 1,893 1,283 1,64-3 2,142 67.8 
Menkemen 52. . . . 138 1,836 1,237 1,627 2,044 67.4 
Miramar 64 ... 21 1,64-3 1,4-96 960 2,326 91.1 

All varieties . . _ 1,016 2,099 1,340 2,027 2,175 66.1 

Source: Carlos TrUJillo, uRendlmlento econ6mico de la investigaci6n en trigo," M.S. 
thesis, Bogota, reA/N .. ional Umversity Graduate School, 1974-, Table 5.7. 

sion of the production function is shown in Table 4-13. Thirty-nine variables 
entered: twelve of these represented zero-one adjustment variables for the 
location of the trials; fourteen adjusted for the effects of variety; four, meas­
ured as indices above a certain threshold level and zero otherwise, accounted 
for major dIseases reported (vaneamiento,43 foot and root rot, stem rust, and 
dwarfing virus); one adjusted for seeding rates of SO kIlos per hectare (only 
two rates were actually reported-SO and 111 kIlos per hectare); two each 
were used to adjust for soil type and reported weather; and one variable each 
adjusted for how well the soil had been worked before plaming, for weed 
growth, and for the application of lime. Coefficients on the noncontinuous 
variables shown in Table 4-13 need to be read with some care. Since the re­
gression package reparameterized all variables by imposing the restriction that 
the sum of the regression coeffiCIents equal zero, an estimate of the corrected 
mean yield associated with a given noncontinuous variable should be calculat­
ed by adding its estimated coeffIcient to the overall mean value of yields, 
which was 2,099 kilos per hectare. 

The statistical significance of the variety variables entering the regression 
was surprisingly low. Only the estimated coefficients on the Bonza 63 and 
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Table 4-13. Production Function Estimates for Wheat 
Based on Commercial Trials in Colombia, 1953-73 

Independent Vanable 

1. Vaneamiento ... 
2. Foot and root rOt. 
3. Stem ruSt . . . . . 
4. DwarfJDg virus 
5. Plot ,[te . . . . 
6 Seeding rate .. 
7. Good sods. . . 
8. Poor soils ... 
9. Poor prior soil preparation .. . 

10. Heavy weed growth ...... . 
11. Unfavorable weather. 
12. Favorable weather . . 
13. Ltme applied . 
14. Locanon L 
1 S. Location 2. 
16. Location 3. 
17. Location 4. 
18. Location S. 
19. Location 6 ...... . 
20. Location 8 .. 
21. LocatIon 9 .. 
22. Locatwn 10. 
23. Location 11 . 
24. Location 12 
25. Location 13 .. 
26. Menkemen 62. 
27. Bonza 55 
28. Nariiio 59 . 
29. Miramar 6, 
30. Bonza63 
31. Miramar 64 . . 
32. Crespo 63 . 
33. Napo 63 . . . . . ...... . 
34. Tiba 63 ............. . 
,5. Tora 63 . __ ...... . 
36. Zip. 68 ............. . 
37. Samaca 68 ... ....... . 
38. Sugamuxi 68 _ ...... . 
39. Bola Picota 

Intercept ... 

Estimated 
Coefflcient 

-13.8 
-11.1 

- 8.6 
-15.8 
-48.5 

- 225.0 
482.7 

- 340.2 
-157.1 
- 300.6 

-1,,,3.9 
895.4 
154.1 

-732.0 
3,672.8 

692.4 
1,604.9 
-466.9 

-1,084.6 
- 349.1 
- 644.9 
- 8311 
-812.2 

- 856.6 
49.1 

-113.2 
98.8 

163.8 
- 375.5 

340.5 
- 300.3 

210.9 
131.7 

-169.2 
-80.7 

-152.8 
196.9 
210.3 

- 303.5 

2,4608 
R2 = 0.53 

Estimated 
t Statistic 

-6.98 
- 5.75 
- 3.18 
- 3.73 
- 5.88 
- 3.69 

8.10 
-4.31 
-2.68 
-6.79 

-10.20 
8.43 
2.35 

- 3.21 
16.40 

7.37 
9.24 

-2.29 
-4.44 
- 3.12 
- 5.38 
-6.60 
-1.94 
- 3.05 

0.56 
-1.20 

0.89 
1.70 

-2.17 
3.27 

-1.46 
2.12 
1.44 

-1.28 
-0.77 
-0.92 

122 
0.80 

-0.91 

15." 
n = 1.016 

Source. Carlos Trujillo, "Rendlmlcnto economico de la In­

vestigad6n en trigo," M.S thesis, Bogota~ ICAINatlOnal Uni­
verslty Graduate School, 1974, Table 5.14. 
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Crespo 63 varietIes were positive and signifIcant. In an independent estimate 
of the partial contnbution of the variety variables as a group to YIeld vari­
ance, the sigmficance of the variety variables was found to be less than that 
of any other single variable or group of variables (e.g., the variables adjusting 
for location). 

Also, the values of the estimated yield advantages of most of the improved 
varieties are lower on the basis of the regression of Table 4-13 than on the 
basis of tpe unadjusted estimates of mean yields presented in Table 4-12. The 
largest and most signifIcant yield advantage of any improved variety in the re­
gressIon - that of Bonza 63 - IS only 36 percent more than the adjusted yield 
of Bola Picora, or roughly half the value implied by the unadjusted yield 
estimates of Table 4-12. 

Table 4-14 presents statistics summariz10g the use of the improved vari­
eties of wheat. Underlying these summaries are data for each improved vari­
ety used in weighting shift parameters taken from the estimated production 
function to arrive at an average annual estimate of the percentage yield in­
crease of improved wheats over average commercial yields. Two estimates of 
these weIghts were considered, and their implications for overall rates of 
adoption are reflected in Table 4-14 in the "upper-bound value" and 10 the 
"most probable value" of the percentage of wheat land planted to improved 
varieties. The fJrst estimate simply assumes that the total use of an improved 
variety equaled in any year two times its reported sales in certified form and 
that the average seeding rate was 120 kilos per hectare for all varieties. As can 
be seen in the table, this assumption results in levels of adoptIon in the late 
19605 which were high by known standards for unirrigated wheat. The sec­
ond estimate - the one used in this study - maintained that the total seed use 
of any variety would equal two times its certifIed sales and that seeding rates 
averaged 120 k!Ios per hectare but set the germination rate of certified 'seeds 
at 86 percent and the corresponding rate for seeds retained and planted 
by farmers from prior harvests at 39 percent. These low rates of germina­
tion, based on several ICA studies,44 were not encountered for rice, cotton, 
or soybeans. Since the SUm of the two germination rates is 125 percent, the 
effect of this procedure was to aSSume that the real, postgerminatlOn rate of 
erpployment of an improved variety was 1.25 times its quantity sold in certi­
fIed form. 

Estimates of the yield advantage of each improved variety taken from the 
regression, divided by average commercial yIelds in each year and weighted 
by the appropriate adoption rate, produced two streams of gross benefits for 
the 1953-73 period of the Colombian wheat Improvement program. In each 
case jt was assumed that the c.Lf. import price of wheat was the relevant 
"price" at which to value the crop. Because of the overvaluation of the Co-
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Table 4-14. Selected Data on Employment of Improved' 1 
Wheat Varieties in Colombia, 1953-73 

Wheat Land in Improved V.nenes(%) 

Total Certified Seed Upper-Bound Most Probable 
Year Sales (tons) Value Value 

1953 · ..... 147 1.4 0.9 
1954 .... 1,039 8.9 5.6 

1955 .. 113 . 0.9 0.5 
1956 ...... 639 5.2 3.3 
1957 ...... 599 5.5 3.4 
1958 1,610 22.0 13.7 
1959 3,050 43.4 27.1 

1960 · ..... 2,149 28.7 17.9 
1961 · ..... 2,830 33.7 21.1 
1962 ...... 2,470 31.7 19.8 
1963 ...... 2,100 31-.8 19.9 
1964 . 1,864 27.0 16.9 

1965 .... 2,782 38.6 24.1 
1966 ...... 3,113 45.0 28.1 
1967 ...... 3,795 666 416 
1968 ...... 4,494 83.2 52.0 
1969 · ..... 2,809 72.0 446 

1970 .. 1,694 56.5 35.1 
1971 ...... 1,641 56.9 35.3 
1972 ...... 1,528 40.4 25.3 
1973 ...... 1,429 33.0 20.5 

Saurce~ Carlos TruJdlo. I~Rendimiento economico de la investigacton en 
trigo," M.S. theSIS, Bogota, ICA/National UnJVersity Graduate School, 
1974, Tables B 3, 5.17, and 2.10. 

lombian peso, thIS assumption underestimates the gross benefits of research. 
It was found, however, that the estimated mternal rare of return to rhe wheat 
improvement program would increase by only 4 percent if the (higher) price 
received for wheat by farmers was used instead. 

In one of the yield advantage estimates It was assumed that the price elas­
ticity of the supply of wheat equaled 0.55 and that the price elasticity of de­
mand was - 0.04. These values of the prIce elasticity parameters were derIved 
from estimates of two independent srudies.45 For the second estimate of 
gross benefits, it was recognIzed that wheat was imported throughout the 
1953-73 perIod and that the value of gross benefIts should therefore not in­
clude a surplus to consumers. 

The tw,S' estimates of gross benefits, as well as the total costs shown in 
Table 4-9, were then projected through 1976 on assumptions similar to those 
used for rice. The internal rate of return estimated for the "closed economy" 
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case corresponding to the stream of net program benefits (gross benefits 
minus COSts) for the 1927-76 period was 11.9 percent. When allowance was 
made for the fact that wheat was imported, the estimated internal rate of re­
turn was reduced to ] 1.1 percent. 

Soybeans 46 

Soybean production in Colombia has grown very rapidly in recent years. The 
total area cultivated was -only 16,000 hectares in 1962; production stood at 
25,000 tons, and yields were 1,500 kilos per hectare in the same year. By 
1972, JUSt ten years later, the area harvested had mcreased to 58,000 hec­
tares, production was 116,000 tons, and yields had risen by a third to 2,000 
kllos.47 This rapid development IS attrIbuted to the fact that soybeans are ex­
cellent in rotation with several major crops (cotton, in particular) and that 
the demand for soybeans has been strengthened by a fast-growing poultry in­
dustry. The crop is cultivated in Colombia only in the Cauca Valley; this is 
probably because the feed industry is near there. An equally important ex­
planation, however, is that available high-yielding, disease-resistant soybean 
varieties produced by the ICA experiment station at Palmira have been adapt­
ed ro conditions found in the Cauca Valley. 

ICA did not begin soybean re~earch until 1960, and then work was restrict­
ed to the Palmira Station. [n about seven years, however, the research effort 
produced three new varieties with superior yield potential and resistance to 

major diseases, principally cercospora, a fungus which attacks and destroys 
almost all parts of the soybean plant. Table 4-15 summarizes experimental 
data relating to yields of four soybean vaneties obtamed for this study. Un­
fortunately, data generated from commercIal fields or pruebas regionales were 
unavailable; thus, the mformation used III Table 4-15 and elsewhere in this 
section relates to small experimental plots of the Palmira Station. However, 
the use of expenmental data is somewhat less troublesome for soybeans than 
for other crops because of the high level of technology and improved practices 
used by farmers in the Cauca Valley. 

The ICA Pelican, Lila, and Taroa varieties were released successively by the 
experiment station. The Mandarin variety was imported earlier from the 
United States and by 1967 had come to occupy about four-fifths of all soy­
bean acreage. Compared with the data previously shown for cotton, rice, and 
wheat, the yield superiority of the improved varieties in Table 4-15 is not 
particularly outstanding. 

Nonetheless. adoption of the new varieties has been nothing short of spec­
tacular. Table 4-16 presents the percentages of soybean acreage planted to 
each of the four main varieties grown in the 1967-71 period. These data were 

http:kilos.47
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Table 4-15. Average Soybean Yields from Experimental Tnals by Variety, 
• ColombIa, 1967-71 (in kilos) 

Improved Varieties 

Year 
Unimproved Variety, 

Ma.ndarm ICA-Pehcan ICA-Lilia leA-Taroa 

1967 
1968 
1969 
1970 
1971 

Average .. 

2,068 
2,329 
1,756 
1,751 
1,828 

1,946 

2,406 
2,373 
2,138 
2,373 
2,578 

2,455 

2,700 
2,525 
2,300 
2,410 

2,483 

2,490 
2,650 
2,400 
2,500 
3,034 

2,622 

Source Gabnel Montes, uEvaluaclon de un program a de lnvestigadon agricola EI caso 
de la soya," MS. thesis, Bogota, University of the Andes, 1973, Table 3. 

a No experiment reported for 1967 .. 

estimated using a procedure analogous to the one followed for the orher 
crops discussed in this chapter, i.e., total acreage planted to a varIety in a giv­
en year was taken to be equal to two times certified seed sales of that variety 
diVided by an estimate of the seedmg rate. The important point to note about 
the data in Table 4-16 is that roughly three-quarters of the area planted in soy­
beans used the Mandarin variety in 1968 and 1969, while by 1971 Mandarm 
had practically disappeared, and rCA Pelican and Lili varieties had come to be 
used On 84 percent of all acreage. 

There were tWO major reasonS for the rapid and high levels of adoption of 
the improved varieties. First, there WaS a severe outbreak of the cercospora 
fungus on the Mandarm vanety III 1969. In 1970 I CA found itself in the en-

Table 4-16. Land Area Planted to Improved Varieties of Soybeans as a Percentage 
of the Total Area Planted in Soybeans, Colombia, 1967-71 a 

Variety 

Year Mandarm leA-Pelican ICA-Lili ICA-Taro. Other Total 

1967b 89 1 10 100 
1968 77 13 10 100 
1969 71 18 5 6 100 
1970 35 29 24 12 100 
1971 ..... :2 43 41 2 12 100 

Source Gabriel Montes. "Evaluaci6n de un prograrna de investigaclon agricola El caso 
de Ia. soya," M.S. thesis, Bogota, University of the Andes, 1973. Table 6. 

a Estimates derIVed from data on certified seed sales, assuming that the total use of a 
variety of seed equaled tWO times its sales in certified form. Blanks IndIcate less than 0.5 
percent. 

b Only data on leA-Pelican use were available. The Mandarin estimate was derived on 
the assumption that "other" varieties occupied 10 percent of all acreage planted m 1967 
as they did m 1968. 
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Table 4-17. Production Function Estlmates for Soybeans 
Based on Experimental Data, Colombia, 1967-71 

Estimated Estimated 
Independent Variable Coefficlent t Statistic 

L ICA-Pellcan .. 268.44 3.06 
2 ICA-Lih .......... 418.31 3.93 
3.ICA-Taroa .. 436.95 4.37 
4. Number of wcedmgs .. 8693 2.43 
5. Herbicide and insecticide use . .. 78.45 2.35 
6. Rainfall . 113.11 1.75 
7. Cercospora .. - 107.30 - 3.68 
8. Plant density/seeding rate .. 20080 458 

Intercepta . ........ 692.08 
R2 ~ 0.70 n ~ 68 

Source: Gabrie1 Montes, "Evaluacion de un programa de investigar 

cion agricola· EI caso de la soya," M.S. thesis, Bogota, University of 
the Andes, 1973, Table 8. 

a No estimated t sta.tistic was available: 

viable position of having two hIgh-yielding, fungus-resistant vane ties available 
for distrtbutlon and plenty of seed. Second, it was easy for this neWS to get 
around; the only Colombian farmers mterested in soybean productIOn are In a 
relatively small geographic area, where some of the best communication and 
infrastructure facih ties In the country are located. The farmers themselves are 
among the most modern in Colombia. 

As with cotton, rice, and wheat, an attempt was made to generate more re­
fined estimates of the yield superionty of the new soybean varieties by identi­
fymg a relation between yields and their major determinants, including seed 
variety. Final results of this effort are shown in Table 4-17, which reports on 
a regression of experimental YIelds on three independent vanables for the 
major improved seed vane ties (observations on the check variety, Mandarin, 
were included In the regression, of course}, the number of times the experi­
ment was weeded, kilos per hectare of active herbicide and insecticide ingredi­
ents applied, millimeters of ralOfall, the presence of the cercospOia fungus 
measured as an index wlth a range of 0 to 5, and an index (lIkewise with a 
range of 0 to 5} which reflected essentially the ratIo between the observed 
plant denslty and the seeding rate. Signs of all estimated coefficients are those 
which were hypothesized at the ourset, and the signifIcance of most coef­
ficients is seen to be high. One exception, the estimated coefficient for rain­
fall, reflects the fact that the rainfall variability was hmited because most ex­
perimen ts were undertaken m a small geographIC area. The statistical strength 
of the plant density/seeding rate variable is attributable to the fact that it IS 
capturIng the effects of several unspecified cultural practices used in the ex-
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Table 4-18. Estimated Benefits and COstS ofthe Soybean Research 
Program in Colombia, 1960·80 (m 1,000 pesos, 1958)" 

Year 

1960 .. 
1961 .... . 
1962 .... . 
1963 .... . 
1964 ...•. 
1965 .... . 
1966 .... . 
1967 .... . 
1968 .... . 
1969 .... . 
1970 .... . 
1971 ...•. 
1972·80 ... 

Gross Benefits 

Based on "Varietal 
Effect" Shift 
Parameters 

49 
1,288 
3,102 
7,847 

10,217 
10,217 

Based on "Simple" 
Shift Parameters-

62 
2,230 
6,187 

16,300 
28,643 
28,643 

Total Costs 

40 
41 
37 
39 
33 
37 
40 
57 
98 

179 
463 
267 
267 

Source: Gabriel Montes, uEva.luacacSn de un programa de -investlgacion 
agricola· El caso de la soya:' M S theSIS, Bogota, Umvclsity ot the Andes, 
1973, Table 14 and 21 

a Blanks indicate no benefits during this period. 

periments. This variable may thereby have adjusted the estimated coeffiCients 
of the improved varieties for the experimental nature of the data - the high 
levels of technology and intensive use of improved cultural practices. The fact 
that the coefficients on the improved varieties increase in value from Pelican 
(the first released) through Lili to Taroa (most recently released) indicates 
substantial progression in leA's research program. A test of the null hypoth­
esis that the estimated coeffiCIent on the Pelican variety equaled that of the 
Llh variety was rejected at the 99 percent level of Slgmficance. Similarly, the 
hypothesis that the coefficients estimated for the Lih and Taroa varieties are 
equal was rejected at the 95 percent level. 

The yield advantage of the improved varieties taken from the production 
function, divided by commercial yields and weighted by the percentages of 
the land area planted in each variety, led to a "varietal effect" estimate of the 
shift parameter. The yield advantage of the improved varieties estimated 
directly from the data in Table 4-15, also divided by commercial yields and 
weighted by the percentages of the land area planted in each variety, led to a 
"simple" estimate of the shift parameter associated with the soybean research 
program. These two estimates of the shift parameter were combined with 
plausible values for the price elasticities of demand and supply - respectively, 
- 0.77 48 and mfinity - to give a range of gross benefIts in each year for the 
1967·71 period. These two streams of gross benefits are shown in Table 4-18 
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along wIth estimates of the costs of the soybean research program, which m­
clude the same categories of expenses as do the other three commodities con­
sidered in this chapter. Costs and benefits were projected nine years beyond 
1971 on the assumption that in real terms both would remain about consrant. 
The resulting internal rate of return for the smaller benefit stream was 79 per­
cent, while the rate for the larger one was 96 percent. These rates did not 
change appreciably when program costs were assumed to increase 10 percent 
annually after 1971. 

Comparisons and ConclUSIOns 

At the outset we hypothesized that net internal rates of return to vanetal im­
provement of rice, cotton, wheat, and soybeans in Colombia had been higher 
than the opportunity cost of public funds (10 percent) and, in fact, even 
higher than rates of return on the order of 50 percent calculated for SImilar 
programs in the United States. Among the four programs, somewhat lower 
estimated returns were expected for wheat because Its domestic price had 
been under pressure from PL 480 imports, and production had moved to less 
productive areas. 

To examine thIS latter pOSSIbility more carefully - as well as the roles of 
SOCIOeconomIc and structural constraints generally m the estimated returns 
to research - the total shIft in product supplies caused by the use of improved 
varieties generated through research was divided into two parts: an estImate 
of the "yield advantage" of the new over the old varieties and an estimate of 
the rate of adoption of the new varieties. Low returns attributable to socio­
economIc and structural constraints were then associated mainly with low 
rates of adoption, tlie role of the biological determinants of the return to re­
search Was associated principally with the calculated yield advantage of the 
improved varieties. The yield advantage was estimated with regression tech­
mques which were designed to factor out assumed positive interactions be­
tween the improved varieties and such inputs as fertilizers and water. 

Our main results are summarized in Table 4-19. Estimated net internal 
rates of return were found to exceed 50 percent in the cases of soybeans and 
rice. Returns calculated for the wheat improvement program turned out to be 
much lower - in fact, well below the 50 percent level; and gross returns to 
cotton research were found to have been negligible. In all cases, the estimated 
Yield advantage was smallest when interactions of the improved varieties with 
other varIables were factored out. 

The very hIgh rates of return estimated for soybean research were explamed 
by a large shift in product supply caused prmcipally by the rapid uptake of 
the new varieties and their virtual dIsplacement of the unimproved Mandarin 

I' 
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Table 4-19 Selecr-ed Comparative Data on the Ric-e, Cotton, Wheat, and Soybean 
Varietal Improvement Programs In Colombiaa 

Concept Unit Rice Cotton Wheat Soybean 

1. Estimated net internal 
rates of return Percentage 60·82 Ob 1H2 79·96 
2. Estimated value of the 
supply shIft parameter, 
1971 Percentage 10·16 16 17·35 
3. Estimated yield advan-
tage, 1971 Percentage 25-39 46 17·36 
4. Land area planted to im-
proved varieties, 1971 Percentage 41 100 35 98 
5. Average yields, 1971, 
Colombia/United States Ratio 0.68 1.03c 0.53 c 101e 

6. Total research COSts/ 

value production, 
1968-71 Percentage 0.5 0.1 3.0 0.1 

Source, Concepts 1-4 are based on a summary of previous tables in thIS study. Concept 
5, Colombia, is from: Jorge ArdHa, "Rentabilidad social de las inversiones en investiga~ 
cion de arroz en Colombia," M.S. thesIS. Bogota, ICA/National Unive<sity Graduate 
School, 1973; Gabriel Montes, "Evaluacion de un programa de mves.tlgacuSn agricola. EI 
caso de la soya," M.S. thesis. Bogota, University of the Andes, 1973, Andres Rocha, 
HEvaluaci6n economlca de' la lnvestigacion sabre vancdadcs- mejoradas de algada" en 
Colombia," M.S. theSIS. Bogota t rCA/NatIOnal Umversity Graduate School, 1972, and 
Carlos TrUJillo. "Rendimiento economico de la investigaci6n en trIgo,n M.s. thesis 
Bogota, leA/National UniversIty Graduate School, 1974. Concept 5. United States, is 
from USDA, Agricultural StatIstIcs, 1973, p. 441. For concept 6, see Ardlla (1973), 
Montes (1973); Rocha (1972); and TrujLllo (1974). 

a Blanks indicate no data available. 
b Since gross benefits were negligible, this net rate should be negative. 
c 1970.72 average. 

seed. The calculated yield advantage of the new varieties was not spectacular. 
The striking adoption pattern of the improved soybeans was attnbuted to the 
strength of product demand, derived in the mam from a fast-growmg poultry 
industry, the geographic concentratlou of production m a small area (the 
Cauca Valley), which faclhtated the rapid diffusion of informatIOn concern­
mg the Improved varieties, the expected severity of attacks hy the cercospora 
virus, to which the improved varieties were resistant, and the fact that soybean 
producers figure among Colombia's most modern farmers. That soybean yields 
have been practically equal m Colombia and the United States in recent years 
(Table 4-19) remforces our characterization of the industry as a modern one. 

The Colombian cotton industry has evidenced similar characteristics. Yields 
of cotton in Colombia have not only equaled Umted States yields but even 
surpassed them in some recent years. Adoption of the improved United States , 
varieties of cotton was practically instantaneous as a result of the govern-
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ment's ownership of gms and control over seed distribution. Yield increases 
since the early 19505, when improved varietIes came into wIdespread use, 
have been spectacular. Still, m spite of these slmtiaritles with the case of soy­
beans, it was concluded that returns to the cotton research program have 
been negligible. 

This apparent contradiction was explained in terms of the organization of 
the research effort. The Colombian textile mdustry, long accustomed to Im­
porting VOited States cotton, partly as a result of a preferential rate of ex­
change, was compelled "to buy Colombian" by a change in government poli­
cy. Textile firms then sponsored the establishment of research which would 
lead ultimately to the local production of United States varieties of cotton. 
The fmal organization of the research program mvolved merely the Importa­
tIon, local testmg, and distribution to farmers of the highest yieldmg VOl red 
States varienes. This organization was justified on the premise that Yields ob­
rained locally from the Vnired Stares cotton would vary according to variery; 
thus, there would be a payoff for Identifying those kinds of cotton which 
YIelded best under local conditIOns. 

Our data did not sustain this premise, however. Information compiled on 
about 500 commercial field trials undertaken in Colombia for over ten vari­
eties of Improved VOIted States cotton indicated that differences in yields by 
variety were minimal. Thus, the main research activity -local testing of Im­
ported varieties - appears to have been unnecessary. VOIted States varieties 
could just as well have been selected at random for distribution in Colombia. 
Therefore, even though the WIdespread use of VOIted States cotton mcreased 
Ylelds, resulting surpluses were not attnbuted to the cotton research program. 

As mentioned earlier in this section, net mternal rates of return found for 
the rice research program were high by any standard of comparison. Yet, in 
View of the comparatIve data of Table 4-19, they are a puzzle. Although the 
ranges of estimated rates of return for the rice and soybean programs overlap, 
we See that the range of the calculated supply shift parameter for rice is sIg­
nificantly lower than the corresponding range for soybeans, principally be­
cause of differences in the levels of adoption of the improved rice and soy­
bean vanetles. Also, It can be observed that estimated rates of return to nce 
were much higher than those for wheat, even though the calculated values of 
their supply shift parameters were roughly comparable. Why then were esti­
mated net rates of return to the nee research program so high? 

An Important answer hes With the cost side of the net rates of return cal­
culations and with the organization of the nee Improvement program. We be­
lieve that the direct coSts of rice research to Colombia were effectively re­
duced by the program's having tapped into the accumulated stock of plant­
breedmg capital- general knowledge, improved breeding techniques, and 
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plant materials -available in the two international centers, CIAT and IRRI, 
and in the World Collection of Rice. Without that accumulated capital, the 
costs of achieving comparable shifts in the supply of rice would have been 
higher and the corresponding net rates of return would have been lower. 

This characteristic of the rice program was also found in the wheat re­
search program. In fact, wheat had a longer history of using the accumulated 
foreign srock of plant-breeding capital than did rice. Linkages with the Rocke­
feller-Mexican program dated from about 1948, and additional collaborative 
support was provided the progra.m during the late 1960s and early 1970s by , 
the University of Nebraska Mission to Colombia. Judged from a purely tech-
nical and biological point of View, these foreign inputs were associated with 
success as they were in the case of rice. The estimated Yield advantages of the 
improved wheat vImeties were found to be large, even after the effects of van­
abIes which mteracted With the new wheat vaneties had been factored out. If 
they were mcluded, the improved wheats could be shown to ouryieId the un­
improved varieties by considerably more than 250 percent. Also, in intema­
tional nursery trials the Colombian wheats easily outyielded the Mexican 
wheats from which they were largely derived. 

Thus, the low estimated returns to the wheat research program were not 
the result of technical failures in plant breedtng. Part of the explanation for 
the low returns lies in patterns of on-farm adoption of the improved seeds. 
The uptake of the new wheat varieties was notoriously slow. Fully twelve 
years elapsed from the time the first Improved varieties of wheat were sold 
commercially in 1953 until they were in use on roughly one-quarter of all 
wheat land. Rates of adoption peaked at 50 percent in 1968 and then began a 
downward trend. Levels of use of the improved varieties in 1974 were estimat­
ed to include barely a fifth of all crop land planted to wheat. The slow uptake 
of the new seeds and the low levels and dIstressing trends in their use were at­
tributed primarily to socioeconomic and structural constramts on production, 
espeCially the depressed domestic market resultmg from contmued PL 480 
Imports at levels which represented a large multiple of national production. 

Two addition .. l explanations for the low estimated rates of return to wheat 
research should also be stressed. One is that it became a very expenSive pro­
gram m the middle and late 1960s Annual investments averaged fully 3 per­
cent of the total value of wheat productIOn, a figure which was not even re­
motely approximated by mvestments made in the other three vanetal im­
provement programs (Table 4-19). A second explanation relates to the pro­
gram's long gestation period. The Colombian wheat program dates from 1927. 
Yet Our review of that history indicated that a well-organized research effort 
probably did not get underway until 1948, and the first improved varieties 
were not released on a major scale until 1953. As a consequence, investments 
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(albeit at reduced levels) were being made for almost a quarter of a century 
before offsetting benefits were realized, and thIs had an adverse effect on the 
calculated net rates of return for wheat research. 

NOTES 

1. An earlier version of this chapter was: presented in a workshop on Methods Used to 
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Janvry. 
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University Graduate School, 1973). 
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among parnally resistant vaneties; see G. E. Galvez. "Hoja Blanca Disease of Rice," The 
V,rus Diseases oftbe Rice Plant (Baltimore Johns Hopkins Press, 1968), pp. 35-49. 
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duction and rapid adoption is dIscussed by Leurquin. "Rice in Colombia," pp. 250 and 
251. 
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ta: Mmisterio de Agncultura y Canaderai, 1949), p. 15, estimated that 18 percent of all 
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rice land was migated and 16 percent was partly irrigated. By 1974, It IS estimated that 
the percentage of rice land irngared had increased to about 75 percent. 

16. See, for example. Leurqum, uRice in Colombia," Tables 5 and 11. 
17. The exception to this procedure was taken in estimated CICA-4's yield advantage 

since. gwen the specification of the regression I the yield advantage of CICA-4 sImply 
equals the negative value of the coefficient on Bluebonnet 50. 
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22. Ardito Barletta~ HAgncuitural Research in Mexico," 
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5 

The problems of measurIng returns to investment In agricultural research are 
beset wIth serious diffIculties, both conceptual and practical. Even with ad­
vanced methodology, researchers In the less developed countries face a serious 
problem: the lack of a suitable Information base on key variables. Stili, the 
growing realization of the importance of research in agricultural growth has 
stimulated the estimation of likely payoffs to investment in agricultural re­
search. These estimates have become vital because of the extremely crincal 
resource position of the LDCs and the concomitant necessity of making the 
most judicious Investment deciSIOns. Recogmzing the SignifIcance of this is­
sue, the Indian Council of Agricultural Research has recently formed an ex­
pert panel to investigate thiS problem.! 

Two general approaches, namely, the index number approach and the pro­
duction function approach, have been used for ex-post evaluation of agricul­
tural research. The pioneering works of Schultz and Gnliches have been fol­
lowed by a fair amount of empirical and theoretical work in this area.2 But 
these studies have covered mainly the developed countries. 

There is very little empirical evidence to facilitate measurement of the con­
tribution of Indian agricultural research systems to real productiVIty growth 
in Indian agriculture. Two srudies, however, have recently been conducted. 
Evenson and Jha estimated the rerum to investment in Indian agriculture, 
using the toral factor productivity approach, and obtained an internal rate of 
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return that exceeded 50 percent a year. 3 Karam Singh estImated returns to 
investment m agricultural research in the Punjab and concluded that invest­
ment of one rupee in agricultural research gives a return of tweuty-seven 
rupees.4 In both studies research expenditures were directly mcorporated 
into the function. 

These estimates appear to be somewhat crude because they ignore qualita­
tive Improvements that are embodied m technological changes. Moreover, a 
technical change, which is a proxy for research expenditure, improves the 
quality of inputs and outputs, changes the combination of the mputs, and has 
factor-augmenting effects. The importance of qualitative changes and factor­
augmenting technical change waS emphasized by Evenson and Jha. However, 
these factors were not fully incorporated in their fmal analysis. 

The Evenson and Jha study went on to investigate the share r;>f annual out­
put growth accounted for by the growth in different inputs. Sawada used a 
Similar approach in his study of the sources of the growth of aggregate pro­
duction in Japan.5 In both cases, the assumptlOn of constant returns to 
scale - "homogeneity of degree one" in the production function - was made. 
This does not seem entirely realistic for Indian agriculture. 

When the residual approach is employed, it is possible only to include se­
lected major vanabJes in the specified relationship. The residual will include 
the effects both of the omitted variables and of any measurement errors in 
the variables that are included m the output measure.6 Therefore, usmg the 
residual to measure the effect of technology has some serious limitations. 
Technology is not the onJy variable induded in the residual. It is difficult to 
isolate the effects of other excluded variables, such as management. More­
over, since few of the vanables contained in the model are mdependent of the 
effect of technology, it becomes even more difficult to attribute all of the 
residual effect to such technology. 

A further difficulty is that the magnitude of the residual IS dependent 
upon the proper specification of the model, I.e., the speCification of the vari­
ables and the speCification of the type of relationship. The pnncip1e of the 
least-squares technique mimmizes the sum of the squares of the residuals. The 
best specification of the model would lead to residuals of small magnitude; 
incorrect specification would lead to reSiduals of larger magnitude. 

We try to aVOid some of these problems 10 the approach presented m thiS 
chapter. Our study attempts to develop a model wherein the assumption of 
constant returns to scale is not considered necessary. An attempt JS also made 
to weigh the factor share in the growth of output in Indian agriculture. The 
use of dummy varIables makes It pOSSIble to analyze the shifts in productIOn 
functions and the change in the quahty of different inputs, both of whIch 
may affect the factor combinations . 
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The chapter IS divided into two parts. The results for the country as a 
whole, compnsing fifteen major states, are presented in the section entitled 
"The All-India Analysis." The second section is devoted to "State-Level Anal­
ysis." In this section, estimates of the contribution of agricultural research to 

gross agricultural output are presented for the four states representing the 
four major regions of the country: Andhra Pradesh, Bihar, Maharashtra, and 
Punjab. Since levels of technological progress vary considerably among states 
and regions, this type of analysis is expected to provide a closer understand­
ing of the underlying relationshIps. 

The All-India AnalYSIS 

In studYing the returns to research expenditure, we used two dIfferent ap­
proaches. Each covered two penods: the pre·green revolution perIod (1960-
61 to 1964·65) and the post-green revolution perIod (1967-68 to 1972-73). 
The fIrst approach incorporates research expendIture (WIth suitable lags) as 
an independent variable in the types of functions already discussed. The coef­
ficient of thIS vanable in the production function for the two periods (with 
D = 0 and D = 1) gives the return to one rupee invested in agricultural reo 
search for a linear function and the percentage return to a 1 percent increase 
m the research expenditure for a double·log function. The use of a dummy 
for thIS variable also allows for the pOSSIbility of a shift In returns owing to 

the green revolution. 
The second approach excludes research expenditure from the production 

function analysis.7 The estimates of output for the two periods were ob­
tained at fIxed levels of the inputs. The difference between these two esti­
mates can be attributed to the additional investment in agricultural research. 
ThIS approach loses informatIon on both the level of returns to investment m 
the first period and the way in which these returns increased in the second 
period. 

The model used in the all· India analYSIS IS outlmed III Appendix ';·1. Th~ 
data used and their sources are descnbed in Appendix 5-2. 

Growth Rates in Indian Agriculture 
During the pre-green revolution penod, agricultural output III value terms, 

using constant prices, increased at a compound rate of 2.66 percent annually, 
and the average annual Illcrease was 61.01 million rupees (Table 5-1) These 
growth rates were lower than those of the post-green revolutIon penod, when 
the compound growth rate was 5 80 percent a year and the linear growth rate 
was 182.98 mdhon rupees a year. 

The growth rate of net sown area increased from 2.20 percent III the first 



Table 5-1. Output and Input Growth Rates In [nd .. n Agriculture, 1960161-1972173 

Lmear Growth Ratea. Compound Growth Ratcb 

Fust PeTiod Second Period First Period Second Period 
1960/61- 1967/68- 1960/61- 1967/68- Standard 

Variable 1964/65 1972173 1964/65 1972-73 Mean Deviation 

y Output value 10 

milhon rupees 61.01 182.98 2.66 5.80 5573.28 2760.42 
X9 Net sown area In 

thousand hectar-cs. 47.92 52.03 2.20 2.70 9064.99 4827.01 
X2 Human labor in 

thousand persons . 1073.04 148.52 5.63 2.32 7258.31 710.68 
X3 Bullo<k labor in - thousand numbers 1196.88 -0.50 6.39 -0.17 5692.15 7497.83 

'" ...., X • Fertilizer consumption 
in million rupees ... 34.06 52.70 4500 16.97 244.85 2704.70 

XS/X9' ProportIOn of 
irrigated area . ..... 0.20 0.0047 654 ! 81 0.3360 42 

X6 Tlacror population in 
thousand numbers .. 0.16 1.31 31 23 15.62 5.22 679 

X7 ExpendIture 10 agti~ 
cultural research En 

thousand rupees. 329.12 395.33 7.58 6.08 5030.36 3311 37 

a (~~) 
b (_1 dX, 

100 ) x " X· dt 
I 
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penod to 2.70 percent in the second period. However, the growth rates for 
human labor declined from 5.63 percent in the first penod to 2.32 percent in 
the second period. Bullock labor declined from 6.39 percent to - .17 percent 
per annum. 

Fertilizer consumption illcreased at a rate of 45.0 percent in the fJrst pen­
od and 16.97 percent ill the second period. However, this does not imply that 
the illcrease in fertilizer consumptIon was lower in the second period In fact 
the average annual increase in the consumption of fertihzer was 34.06 million 
rupees in the first period and 52.70 million rupees in the second. The high 
rate of growth ill the use of fertilizer during the first period was attributable 
to a very low base. 

Contrary to expectation. the growth rate of the irrigated area declined dur­
ing the second period. Tractor population increased from the first period to 

the second period, but the compound rate of growth declined from 31.23 
percent to 15.62 percent. 

The rate of growth in agricultural research was steady Over the two periods: 
7.58 percent in the first period and 6.08 percent III the second period. An­
nual research expenditure Increased by 329.12 thousand rupees and 395.33 
thousand rupees in the first and second periods, respectively. 

Shift in Production Function and Qualitative Effects 

The preceding section has described the growth of agricultural output and 
of the specified inputs. The importance and the impact of these inputs have 
varied from time to time and therefore it was necessary to examine the change 
in the contribution of various factors over time. 

OWIng to the problem of multicollinearity, all the factors shown in Table 
5-1 could not be included in the productJOn function. Bullock labor (X3) was 
highly intercorrelated With human labor (XZ)' The Inclusion of both these 
variables in the production functlon resulted in large samphng vanances of 
the estimates of the coefficients, and it was deCided to omit bullock labor 
from the production function. Because they added nothmg to the results, two 
other variables ~ number of tractors (X6) and research expendirure (X7)­
were also excluded from the production function. The structural equation 
used is provided in the accompanying box. 

The significance of the coefficient of the period dummy variable (0.2298) 
indicates an important shift in the production function associated with the 
green revolution. The coefficients for D log X9 and D log (X5IX9). though 
positive in signs, were not sigmficant in the trial functions and were, there­
fore, deleted from the final function. This would suggest that the impact of 
the net sown area (X9) and the proportlon of ungated area to net sown area 
(X5/X9) did not change over time, hence, the elasticity coefflclents of 0.3879 
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Log Y ~ a + b9 log X + b2 log X 2 + b4 log X4 + bS log (Xs IX9 ) + CO 

+ CzO log X 2 + C4 0 log X4 
where Y, X9, X2, X4, and Xs/X9 are the vanables indicated in 
Table 5-1. 
log Y ~ 1.5717' + 0.3879* log X9 + 0.1875~ log X2 

(0.1477) (0.0601) (0.0581) 
+ 0.0492' log X 4 + 0.2715' log (X S/X9) 
(0.0170) (0.0423) 

+ 0:22980* - 0.1695* 0 log Xz + 0.1957' 0 log X4 
(0.1045) (0.0355) (0.0371) 

where 0 ~ 0, for pre-green revolutIOn period 
D = 1, for post-green revolution period 
R2 = 0.7252' 
N=N1 + N2 = 75 + 90= 165 

-----
'" Significant at .01 leveL 
Standard errors of the cstunates are 10 parentheses. 

for the net sown area and 0.2715 for the proportion of irrigated area remained 
the same over the two perIods It may be noted that these elasticities were 
significantly different from zero, which means that these factors were impor' 
tant for expanding output, although their impact dId not change from the 
first to the second period. 

The elastIcIties for human labor (X2) and fertilizers (X4) were positive and 
sigmficant in the first period. The impact of these variables underwent a sig­
nifIcant change, however, from the first to the second period. In the second 
period, though still positive, the elasticity for human labor declmed to 0.0180, 
and it was not SIgnificantly ditfelent from zero. Fertlhzer, on the other hand, 
experienced a positive shift of 0.1957 (signtflcant) in the elastiCity coeffIcient. 
One effect of the green revolunon was to increase the productivity of fernl­
IZer. 

Factor Shares 

The relative share of each factor tn the growth of output for the two peri­
ods and the change in factor shares assocIated WIth the green revolution are 
presented m Table 5-2. These shares were calc~lated by utlhzing the produc­
tion function estImated above and the expressIOns (5) and (10) in Appendix 
5-l. 

During the first period, fertilizer and irrigation contnbuted 37.44 and 
30.15 percent respectively to the growth of output experienced. Next in Im-
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Table 5-2. Factor Shares in the Output Growth Rate 

Pre-Green P05t·Green 
RevolutIon Revolution 

Factors of ProductIOn Penod Period 

X9 . Net sown area. 14.49% 18.27% 
X2 ; Human labor 17.92 0.73 
X4 . FertIlizers 3744 72.43 
XS!X9' Proportion of 

irrigated area. 30.15 8.57 

Total 100.00% 10000% 

porrance were human labor and net sown area, contributing 17.92 percent 
and 14.49 percent, respectively. 

In the second period, fertilizers accounted for 72.43 percent of the output 
growth, thereby making fertilizer the most important factor in the growth of 
agricultural output in that pedod. The growth rate of net sown area increased 
In the second penod from 14.49 percent to 18.27 percent A decline m the 
growth rate of the irrigated area, with elasticity remaining the same over the 
two periods, contnbuted to a decline in its relative share m output growth. 
Human labor remained an important factor of productIOn, as indicated by the 
significance of the elasticity coefficient, but the results show that growth of 
labor inputs contributed very little to growth of agricultural output in the 
post-green revolution period. 

Change in Factor Combinations 

It is important to know whether the factor comoination for a given level 
of outpUt changed because of changes in technology. For purposes of this 
analYSIS, the output level was fIxed at the overall mean of 5573.28 million 
rupees m both time periods. The variables that finally appeared in the pro­
ductton function were net sown area (X9), human labor (X2), fertilizers 
(X4), and propomon of irrigated area (X S/X9). 

Smce the elasticity coeffIcient for X9 and X5/X9 did not change over time, 
the levels for these variables were fixed and held at the mean levels indicated 
in Table 5-1. The levels of variables such as human labor (X2) and fertilizer 
(X4) need to be determined for given values of other vanables. ThiS agam 
gives one equation with two unknowns, X2 and X4' in each time period. It 
was pOSSible, therefore, to determme X4 for varying levels of X2 and VIce 
versa. For example, when X2 was held at the mean level, X4 was estimated at 
3.16 million rupees in the first period and 68.29 million rupees in the second. 



: 

RETURNS TO INVESTMENT IN RESEARCH IN INDIA 131 

Obviously, a considerable shift in the combination of factors was required 
to produce a fixed level of output. There was more use of human labor and 
less use of fertilizers in the first period. Fertilizers became a dominant factor 
in the second period. 

Return to Investment in Agriculture 

To study the contribution of research to output growth, we considered 
two alternative approaches at the model-buildmg stage. However, the first 
approach (directly incorporating research expenditure in the function) could 
not be used because research expenditure had a' high multicollInearity with 
the other independent varlables. The second approach (measuring returns to 
autonomous publIc investment in agricultural research) was used to estimate 
the research contribunon. The results are shown.in Table 5-3. 

Table 5-3 Return to [nvestment 1n Agricultural Research in Indiaa 

First Period Second Period Difference 
OutPUt and Investment (1) (2) (2) -(1) 

Estimated outPUt 
(million rupees) •... 6592.00 6945.00 35300 
Average investment in 
agricultural research 
(thousand rup"s), .... 3372.05 6412.28 3040.23 

a Return to 1 rupee invested 353.00 million rupees = 11.61 rupees. 
3040 23 thousand rupees 

An investment of one rupee In agricultural research gave a return of 11.61 
rupees, with a lag of five years between research expenditure and returns. This 
was converred into an internal rate of return, assuming a five-year lag. The in­
ternal rate of return worked out to be 63.3 percent per annum. 

Evenson and Jha also estimated the return to mvestment in agricultural re­
search (Within a state).8 'Their estimates gave a return of 10,650 rupees from 
a l,OOO-J:upee increase in research spending. The internal rate ofreturn in this 
case was SO plus percent per anilUm over a time lag of about eight years. 

Owing to the weakness of the data and the estimation problems that were 
encountered, we do not regard the two rates of return as essentially different. 
Their Similarity, in spite of differences In estimatIOn procedures, tends to re­
mforce the conclusion that the rate of return to agncultural research in India 
has been high. 
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State-Level Analysis 

Both linear and log-linear models were utIlized in analyzmg the data for indi­
vidual sn!tes. The use of slope (or elasncity) dummies was not feasible in the 
state-level analysis because of the short time series available. All the period 
dummies, however, were included in the pooled analYSIS of data for all select­
ed states. Regional dummies were also included in this analysis to account for 
interstate dIfferences. Finally. a tlme variable (t) was mtroduced into Ithe 
model exphcitly to account for trend components. It was generally found to 

improve the fit. 

Data and Methodology 
Four states - Andhra Pradesh, Bihar, Maharashtra, and Punjab - were se­

lected for the state-level analYSIS as a representative cross section of the state 
of agricultural development in India. These states cover the major agroclimat­
ic zones as well as the Important croppmg regIOns for nee, wheat, sorghum, 
and pearl millet. It is these crops which have been most affected by the seed­
based technolOgical revolution in the country. 

Ten variables were included m the production functlon analYSIS. (See the 
accompanying tabulation.) The research expenditure variable was used in the 
equations With Jags varymg from zero to six years. and the variable was then 

denoted by R t , R t - l' R t - 2, ...• R t - 6' 

Unit of 
Variable Measurement Symbol 

Agricultural production index 1956-57 base YorX1 
Annual ram fall Millimeters Xz 
Fertilizer Thousand tonnes X3 
Male agricultural workers Thousands X4 
Literacy in rural males Percentage X5 
Draft bOVines Thousands X6 
Tractors Numbers X7 
Total cropped area Thousand hectares Xs 
Gross Irrigated area Percentage X9 
Research eXpenditUre Thousand rupees X12 or Rt 

State-level time senes data on these variables were used for the period 
1956-57 to 1972-73. A period dummy vanable (X lO) with the value zero up 
to 1965-66 and unity for subsequent years was also introduced in an attempt 
to capture the effects of technological change. The time trend vanable was 
denoted by "t." 

In the pooled analYSIS of data for all the four states, the mdex numbers of 
agricultural production were converted to value terms (in millions of rupees) 
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at constant 1956-57 prices and used collectively as the dependent variable. 
Regional dummy variables, SI' S2' and S3' were also introduced to account 
for interstate vanations. In this analysis, slope dummies were also used to ex­
amine the period--specific changes in the effects of individual vanables. Fur­
ther particulars about these variables, along wIth the sources and limitatIOns 
of data, are given in I,I.ppendix 5-3. 

Results and Discussion 

The means and coeffIcIents of variation (C.V.) for all the ten variables un­
der consideration for each State are given in Table 54 The mean values reveal 
the wide interstate variabIlity which characterizes Indian agriculture. For ex­
ample, there was wide variation in the rise in the agricultural production in­
dex. From a 1956-57 baseline of 100, the index roSe in Maharashtra to only 
103.10 by 1972-73, but 10 Punjab it reached a level of 154.90. Similar dIf­
ferences are noticeable with respect to other variables. The coeffIcIents of 
variation were the lowest, as expected, for such variables as gross cropped 
area, draft bovines, and male agricultural workers - the conventional inputs. 
Rainfall, literacy, and irngated area lie in the medium range. For others, such 
as fertIlizers, tractors, and research expendIture, a high temporal variabilIty IS 
mdicated, mainly on account of substantial secular increases. The linear an· 
nual growth rate of agricultural ourpur over the seventeen-year period was 
- 0.98 percent for Maharashtra, 1.30 percent for Andhra Pradesh, 4.36 per­
cent for Bihar, and 9.73 percent for the Punjab. 

To estimate the relative contribution of the input variables to agricultural 
productivity, both linear and log-linear regression equations, using all nine 

• variables, were fitted to the data for each of the four states individually. For 
each state, seven equations were fitted, corresponding to the lags of zero, one, 
two, three, four, fIve, and six years in the research expenditure variable Rt . 
Out of these equations, the one showing consistent signs and a relatively low­
er standard error for the Rt variable was chosen for subsequent analysis. 
Thus, this variable hap dIfferent lags, ranging between one to four years, in 
dIfferent states. Although there is nO logical explanation for this, the crude 
nature of the data on research expenditures made this compromise necessary. 
The equations containing all nine variables are given in Appendix 5--4. 
. Using the usual criteria of consistency in sign, significance of regressIOn co­
efficients, multicollinearity, and the closeness of fit of the model, we utilIzed 
the equations from Appendix 5--4 for a second run to arrive at the fmal re­
gression functions. The results for each state are discussed separately in the 
following paragraphs. It was observed that with one exception (Bihar), the 
log-lInear form was not appropriate for depicting the relationships among the 



Table 5-4. Variables and Summary Statistics Used in the State-Level Analysis, 1956157-1972/73 

Srares 

V'rlable Unit Parameter Andhl' Pradesh Bihar Mah,rashtra Punjab 

Index of agricultural productIon (V) Index Mean 111.94 135.81 103.10 154.90 
C.V.' 10 23 14 34 

Annual rainfall (X2) Millimeters Mean 920.70 1,179.41 814.29 712.12 
C.V. 16 17 18 20 

Total fertihzCl consumption (X 3) Thousand met- Mean 149.12 49.41 102.41 96.06 
nc tonnes C.V. 68 84 78 98 

Male agncultural workers (X4) Thousands Mean 7,437.94 10,267.88 7,074.35 1,973.12 
.... C.V. 8 12 8 15 
..... Literacy 10 rural males (Xs ) Percentage Mean 24.28 26.31 36.50 29.55 ... 

C.V. 15 8 13 14 
Draft bOVines (X6) Thousands Mean 6,561.12 7,837.00 6,559.12 1,855.88 

C.V. 5 3 4 4 
Tractors eX,) Numbers Mcan 2,96494 2,794.53 2,646.88 15,088.59 

CV. 49 67 55 95 
Total cropped area CXS) Thousand Mean 12,713.94 10,763.76 19,081.59 5,204.06 . ' hectares CV . 5 5 1 6 
Gross irrigated arCa CX9) Percentage Mean 29.85 21.24 7.16 62.58 

C.V. 5 13 14 14 
Research expendlturc CRt) Thousand Me.n 5,80023 4,607.76 7,704.35 5,326.71 

rupees C.V. 35 24 56 46 

:a Coefficient of vadatlon. 

http:5,326.71
http:7,704.35
http:4,607.76
http:5,204.06
http:19,081.59
http:10,763.76
http:12,713.94
http:15,088.59
http:2,646.88
http:2,794.53
http:1,855.88
http:6,559.12
http:7,837.00
http:6,561.12
http:1,973.12
http:7,074.35
http:7,437.94
http:1,179.41
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variables. Hence only the linear model is discussed for the remaining three 
states. 

Andhra Pradesh. The accompanying box mdlcates the way in which the fmal 
linear regression equation relating the mdex of agncultural productIOn to the 
other input van abies for the State of Andhra Pradesh was obtained. The 

Y; - 249.5412 + 0.2117 X3 * + 0.0551 X6** 
(0.0871) (0.0186) 

+ 0.0086 R t _ 3 - 9.1019 t* 
(0.0071) (3.7884) 

R2 ; 0.6672 
_ (1 - R2) eN - 1) 
R2; 1 - N-K-1 ~0.5563 

F ~ 6.01 
Durbin-Watson d ; 1.97 

'" SIgmfIcant at .05 level . 
• '" Significant at .01 leveL 
Standard errors are in parentheses. 

Durbin-Watson test revealed an absence of senal dependence in the resIduals. 
The value of R2 was rather low, for the model explains only 55 percent of 
the observed variation in Y. In this case, the period dummy variable (XlO) 
was found to be nonsIgnifIcant and thus could not be entered in the fmal 
equation. These findings mdicate the lack of any positive contribution 
by the green revolution to the agricultural productivity of the state. 

Other variables mcluded in the equation with the corresponding standard 
partial regression coefficient values (JJi) are given in the accompanying tabula­
tion. It can be seen that fernhzer consumptIon made the greatest contribu-

Variable 

X3 : Total fertilizer consumption 
X6 : Draft bovines 
Rt - 3 : Research expenditures 

~i 
1.8886 
1.5687 
1.5543 

tion to the dependent variable, followed by draft ammal power and lagged re­
search expenditure. The last variable, however, was not statistically signifI­
cant. The margmal product of Rt _ 3 came to 32.40 rupees This Can be mter­
preted as the external rate of return to investment in agncultural research. 

Bihar The accompanying box mdicates the results of the final regression 
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Linear 

Y~-1053.8380+0.0814 14H +0.0417 Xg*" 
(0.0381) (0.0073) 

+ 9.3249 XIO + 0.0187 Rt -4' - 20.6002 to, 
(14.7080) (0.0120) (11.4729) 

R2 ~ 0.9161 R2 ~ 0.8780 
F = 24.02 'd' = 2.02 

Log-lillear 

Log Y = - 19.0693 + 1.2076 log X4 ' + 3.8297 log Xg * •• 
(0.6890) (0.4817) 

+ 0.0111 X IO + 0.2855 log Rt - 4 * - 0.1547 log r O
' 

(0.0424) (0.2109) (0.0818) 
R2 = 0.9405 iP ~ 0.9135 
F = 34.82 d = 2.09 

• Significant at .10 level 
•• Significant at .05 leveL 
* .'" Significant at .01 level. 
St~ndard errors are In parentheses. 

equations for Bihar. The values of 'd' were not slgmficant in either equation. 
Fairly high R2 values suggested reasonably good fit. The period dummy vari· 
able (XIO) here, as in Andhra Pradesh, was found to be nonsignificant This 
means that the post-1966 period dId not reveal any positIve impact on agri­
cultural production. 

For the lInear equation, the other variables included In the equatIOn and 
their corresponding standard partial regression coefficient values ({3,) are gIven 
in the accompanying tabulatIOn. It is dear that the highest contribution to 

VarIable 

X4 : Male agricultural workers 
X8 : Total cropped area 
R t _ 4 : Research expenditure 

{3i 
3.1282 
0.7621 
0.6556 

the dependent variable was made by male agricultural workers, followed by 
total cropped area and the lagged research expenditure. Converting the mar­
ginal product of Rt _ 4 In the linear equation into value terms, we found that 
every rupee invested in research gave a return of 63.75 rupees. The variable in 
quesnon is significant at the 10 percent level of probabihty. 

Maharasht,a. The accompanying box indicates the way in which the fmal re-
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Y~- 2065.9382 -0.0464X2 *" + 0.0671 X6*** 
(0.0187) (0.0155) 

+ 0.0760 Xs *-' , + 72.0594 X9 **' + 24.0126 X10 " • 
(0.0211) (19.5667) (7.3289) 

+ 0.0034 Rt _ 1 • - 26.3015 t'" 
(0.0021) (4.1988) 

R2 ~ 0.8932 
F ~ 10.74 

*' SignifIcant at .10 leveL 
** Slgmficant -at .05 level. 
'H *' Significant at .01 level. 
Standard errors are in parentheses. 

R:2 ~ 0.8101 
d ~ 2.80 

gression equatIOn relatmg the mdex of agricultural production to mput van­
abies was obrained. The value of 'd' was found to be nonsignificant at the 5 
percent level, mdlcating the absence of any autocorrelation in the residuals. 
The values of R2 were quite high, the model explainmg nearly 81 percent of 
the varIation in Y. The period dummy variable eXIO) was found to be hIghly 
significant, indicatmg marked differences in agricultural productivity in the 
state owing to changes in technology in the two periods. 

Other variables included in this equation and their corresponding standard 
partial regression coefficient values Wi) are provided in the accompanying 
tabulation. Here IrrIgation percentage made the greatest contribution to the 

Variable 
X z : Annual rainfall 
X6 : Draft bovines 
Xs : Total cropped area 
X9 : Irrigation percentage 
Rt _ 1 : Research expenditures 

{Ji 
-0.4628 

1.1615 
1.3771 
4.915Z 
0.9725 

dependent varIable, followed by total cropped area and draft bovines. The re­
search expenditures variable was also slgmficant, at the 10 percent level of 
probabilIty. Converting the margmal product of Rt _ 1 mro value tetlns, we 
fmd that every rupee invested 10 agrIcultural research in the state yielded a re­
turn of 14.28 rupees. 

PU1ljab. The final regressIOn equatIon for thIS state gave the results shown in 
the accompanymg box. The value of 'd' suggested lack of senal dependence. 
The value of R2 in this case was the highest among all states, accounting for 
nearly 97 percent of the total variation in Y. Moreover, the period dummy 
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y = - 891.4295 + 0.2341 X3' + 0.2509 X4 
(0.1527) (0.2398) 

+ 22.1758 XS'* + 2.2428 X9* + 20.4666 X10** 
(10.5703) (1.4941) (9.9899) 

+ 0.0113 R
t 

_ 2"'* - 37.2630 t" 
(0.0048) (15.8339)_ 

R2 = 0.9864 R 2 = 0.9758 
F = 93.53 d = 1.96 

.. Significant at .10 level. 
A:"Signiftcant at .05 level. 
Standard errors are 10 parentheses. 

variable (XlO) was signtflcant at the 5 percent level, indicating signtficant 
change in the state productivity level In the two periods as a result of the in­
troduction of new agricultural technology. 

The standard partial regression coefficient values (/3j) are provided in the 
accompanying tabulation. It can be seen that the highest contribution to the 

Variab"le 

X3 . Total fertilizer consumption 
X4 Male agncultural workers 
Xs : Literacy in rural males 
X9 : IrrigatIon percentage 
R t _ 2 : Research expenditures 

/3; 
0.4613 
1.3753 
1.6809 
0.3833 
0.5279 

dependent vanable was made by literacy, followed by labor and research. The 
last variable CRt _ 2) was significant at the 5 percent level of probability. The 
results indicate that every rupee invested in agricultural research in the state 
gave a return of 15.93 rupees. 

Pooled Analysis. The results of the pooled state-level analYSIS, which aImed at 
proViding addItional informatIon on the impact of the pre- and post-green 
revolution periods through the incorporation of slope dummIes, were totally 
unsatIsfactory. The regression coefficients turned out to be both nonsignifi­
cant and inconsIstent The results could not, therefore, be Interpreted mean­
ingfully. The results presented and discussed above reveal the Inherent weak­
ness of aggregative analysis of thIS sort. It is quite clear that the great hetero­
geneity of the envIronment of agricultural production makes it very risky 
empirically to estimate a unique functional specification for all states. Indeed, 
even a state IS too heterogeneous a unit_ In view of this fact and the usual er­
rors of measurement and aggregatIOn of inputs, the relatively poor results are 
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not surpnsmg We can, however, draw from the individual state-level analyses 
some conclusions regarding the importance of different input variables in dif­
ferent states with implications for ex-mite assessments_ 

Conclusions from State-Level Analysis 

In analyzing the rainfall and irrigation results, it is helpful to recognize 
that Maharashtra and Punjab are relatively dry regions while Andhra Pradesh 
and Bihar are areas of generally sufficient rainfalL Rainfall appeared as a sig­
nificant variable only In Maharashtra, and even there It had a negative sign. 
At the same time, for Punjab the contribution of irrigation was positive and 
Significant. The explanation for this appilrent contradiction may lie in the 
high sensitivity of the dry region crops to the distribution of rainfall and to 
the improvement in water management followmg the development of Irriga­
tion. 

In Andhra Pradesh and Bihar, Irrigation did not appear to be sigmficant. 
ThiS means that m areas of sufficient ramfall irrigation IS more an adjustment 
mechanism to control penodic insufficiences in the amount of rainfall than a 
direct stimulant to output. It also underscores the importance of the develop­
ment of irrigation m the relatively dner regions. 

In Bihar and Maharashtra, fertilizer did not appear to be sigmflcant. Liter­
acy was significant only in Punjab, whereas a pOSitive contnbutlOn by labor 
was indicated m Bihar and Punjab. The draft animals vanable was sigmficant 
in Andhra Pradesh and Maharashtra. Tractors, used as a representative mea­
sure for machines in general, did not appear to be significant in any state. 
Bihar and Maharashtra had a sigmficant posItive coefficient for total cropped 
area. The research expepditures vanable was found to have a Significant POSI­
tIVe Impact on ourput In all states except Andhra Pradesh. 

The penod dummy variable was signifIcant only in Maharashtra and Pun­
jab, indicating an upward shift in production function in the post-1965166 
penod in both cases. The traditional rice-growing states of Bihar and Andhm 
Pradesh dId not show this effect. The trend variable emerged signifIcant in all 
cases and carried a negative sign. 

The overall ImpreSSIOn One gets from these results is that the conventional 
factorS of productIOn playa more dominant role in states like Andhra Pradesh, 
Bihar, and Maharashtra. Only in the Punjab do the nonconventional input fac­
tors seem to be of relatively greater Importance. 

The research expenditures variable IS the pnmary focus of this chapter. It 
is, as stated earlier, difficult to explain the differences in lags between dIffer­
ent states StIll, we do have enough basis to suggest that agricultural research 
does make a positive and substantial contributIOn. The state-level analysis 
tends to support the results of the natIonal analYSIS in confirming ~hat agn-
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cultural research is a productive investment. The range of the estimated mar­
ginal returns IS 14.28 rupees in Maharashtra, 15.93 rupees in Punjab, 32.40 
rupees in Andhra Pradesh, and 63.75 rupees in Bihar. It seems apparent that 
whether one normalizes research investment on a per worker or on a per 
hectare basis, there is not enough investment in agricultural research in Bihar 
relative to Punjab. 

It is important to bear in mind that these fIgures are, at best, very rough 
indicators. Besides errors which crop up as a result of data limitations, anoth­
er important source of bias IS our inability to account for the pervasiveness 
of research findings by the diffusion of research information from one region 
to another. We have avoided attempting to derive internal rates of return be­
cause we lack knowledge of lag structures. The data limitations are obvIOUS. 
Further improvements in the quality of the data and specifications of the 
type of relationship among the variables should improve the quality of the re­
sults. 

The returns to investment worked out in this study are, in fact, returns to 
both research and development expenditures. Smce the data on development 
expenditure were not available, the returns were estImated on expenditure in 
agrIcultural research only. To the extent that the development expenditure is 
ignored, the estimat~d returnS to investment in agricultural research are in­
flated. The results, however, are suffICIently promismg and the issue of re­
search productivity is so important that an effort to push this line of work 
forward with better data and improved models should be pursued. 

APPENDIXES 

Appendix 5-1. The Model 

We start With a general productlon function in which Y is the output and Xl, 
X2, ... , Xn are n different IOputS: 

(1) 

where the e's are stochastic residual terms with standard least-squares proper­
ties. 

The assumption that the mtercept term, as well as the,input coeffIcients, 
may change over tIme was incorporated by introducing a dummy varIable D 
with the value zero to represent the pre-green revolution period (1960-61 to 
1964-65) and the value one to represent the post-green revolution period 
(1967-68 to 1972-73). With the incorporation of dummy variables, the func­
tional form (1) takes the form: 

(2) 

, , 
: 
" 



I .. 

RETURNS TO lNVESTMENT IN RESEARCH IN INDIA 141 

Here Y and all the X's are functIOns of the time variable t. The total deriva" 
tlve of Y with respect to t can be written as 

dY n of dX· n af d(DX j ) 

l: 
, 

l: (3) '" -- --+ x 
dt i", 1 ax, dt i = 1 a(DX) dt 

Estimates of af/aXi can be used as weights in the summation of input growth 
rates dXi/dt on the right-hand side of (3). Expressed in percentages, the rela­
tive share of different input growth rates can be obtained from the rate of 
growth of output. This was done for the tWO periods separately by subst!rut­
mg the values of the dummy variables. The difference in the growth rates of 
output over the two penods can be attributed to the change in the level of 
technology. Relative change In the factor share over the two periods can be 
considered to be the effect of technological changes on the factor share. 

Assuming that the distribution can be either normal or log normal, we 
used both linear and Cobb-Douglas forms of functions. 

Linear Relationship 

With two subperiods, the general hnea, production function may be writ­
ten as: 

Y = a + hI XI + b2X2 + ... + bnXn 

+ CoD +C1D XI + ... +CnDXn (4) 

so that, 

dY n dX. n dX. 
_ l: b

j 
--' + l: C·D __ I 

dt I = 1 d t i = l' dt 
(5) 

Here bi's are the partial regreSSIOn coefficients, and Ci's are the coeffiCients 
of dummy variables which represent the shift in the coeffiCients of Xi's owing 
to qualitative and technological change. The coefficient Co measures the 
change in the intercept of the production function, and the coefficients Ci 
measure the shifts in the slopes of the linear production function (or shifts in 
the elastiCities of the double-log function). Further, the bl's may be treated as 
weights in estimating the factor share in the output growth rate of the first 
period and (bi + Ci) as the weights for the second penod. Substituting the 
values for the dummy vanable, we get the expressions for the two periods In 

the following form: 

~
aY\ n 
-j= l: b· 
dt 1 i = 1 ' 

!.dX, ..... 

\dt ~ 

jmenustik
Rectangle
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and 

n 
l: 

i = 1 

(dX.) 
(b i + Gil \~ 

t II 

The relative share of each growth factor was worked out as: 

dX. / n 

bi ctt/ i ~1 b, 
dX i 

dt 

for the fIrSt period and 

dx!n (b· + C·) x --' l: , , d' 1 t 1= 

for the second period. 

dXi 

dt 

The average annual increase in output owing to the green revolurion is 
given by 

(::)11 -(::)r . (7) 

The significance and pOSItive sign of the coeffIcient Go of the dummy vari­
able in (4) will mdicate an upward shift in the intercept term, whereas the sIg­
nificance of the coefficients Ci mdicates the shift m the slope owmg to tech­
nological change. For the input Xi, the shift is expected to be of the type 
shown in the following manner' 

Output 

a 

Input 

Double-Log Relationship 

.,.,. 
Period II .,,'" 

Period I 

log Y '" a + ~l log Xl + ... + ~n log Xn + 'YD 

+ 'Y 1 D log Xl + . .. + 'Y n D log Xn . (8) 
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Differentiating with respect to time on both sides: 

1 dY n 1 dX· n 1 dX, 
- ~ {3 I 

.~ 'YI D (9) x - ._- + 
Y dt -. 1 I Xi dt 1-1 X, dt I-

n n 
Gy = ~ Ili GX + ~ 'Y. D Gx · (10) 

1=1 1 i = 1 
I I 

where Gy and GX. are the compound rates of growth for output and inputs. 
Here the elasticitie~ for the first period III and (Ili + 'ii) for the second period 
serve as weIghts in poolmg the growth rates of inputs. The relatIve factor 
share of Xi can be expressed as 

Ili GX /; III GX· 
I 1= 1 I 

in the first period, and 

<Il, + 'i,) Gx . (; <Il, + 'ii) Gx . ';i~l 1 

In the second penod. 
The coefficient 'i for the dummy variable gives the shift m the production 

function, whereas 'ii's are the shifts in the elasticities. The shift in the com­
pound growth rate (G y ) of output can be wntten as 

(11) 

Quahtattve changes m the inputs can be studied with the help of either of 
the two forms of production function. New farm technology, which leads to 
qualitative changes in the various inputs, can be interpreted through the coef­
ficients Ci's and 'ii's, which were earlier used as shlfts in weights but here 
represent the·shifts in the slopes of the hnear function and shifts in the elasti­
cities of the double-log function. The change m the qualIty of variables leads 
to change in factor combinations. A comparison of factor combinations that 
produce the same output in the pre- and post-green revolutlon periods can 
represent the factor-augmentmg effects. 

Appendix 5-2. All-India Data 

The dependent vapable Y 10 the production function analysis lS the agricul­
tural output in value terms. The output mdices for the fIfteen states (exclud­
ing the newly formed states of Himachal Pradesh, Meghalaya, and Nagaland) 
were taken from Growth Rates III Agriculture for 1965. The data on output 
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by state for later years were obtained from AgrIcultural Situation lit India 
and Estimated Alea mId ProductIVity of Principal Crops in Ind1a.9 

These indices were converted to output values (at constant prices for 
1956-57) in absolute terms. This step was necessary to account for interstate 
variation. Whereas year-to-year variation is maintained in the use of index 
numbers, the Interstate variation'ls lost because of the difference in the base 
for each state. Evenson and Jha used state indices not only for output but for 
inputs as welL Insofar as the results are presented at the state level, the use of 
index numbers or the product in absolute terms does not affect the results. 
But in the second part of the study, where the major objective is to estimate 
the returns to investment, the use of index numbers does not seem appropri­
ate. 

The data for the input variable of net sown area (X9) and percentage of 
irrigated area (XS'X9 x 100) were taken from Statistical Abstracts, India. lO 

Fertilizer data were collected from Fertilizer Statistics, and N, P, and.K were 
pooled by using prices as welghts.ll 

Human labor (X2) comprises the population of male cultivators + male 
agricultural laborers + 0.67 of female agricultural laborers. The cenSuS figures 
for 1961 and 1971 were used to estimate the human labor for the remainIng 
years by working out the compound growth rates. Female cultivators were 
not included because the defmitions and concepts used in the census of 1971 
had changed from those used m the cenSUs of 1961-

The cattle used only for work formed the bullock labor (X3)' These fig­
ures were taken from the Livestock Census data for 1961 and 1966 and from 
the Agricultural Census m India for 1972 (see nOte 9). The data on the num­
ber of tractors (X4) were obtamed from the same source. The estimates for 
X3 and X4 were worked out for the remaining years 

The figures for rhe expenditure on research in agriculture (X7) were taken 
from Evenson and Jha. An important point in the use of this variable was the 
time-lag. Evenson reports that the mean time-lag between expenditures on re­
search and its effect On production in the United States was between SIX and 
seven and a half years. For our study, we have considered the time-lag to be 
five years, which became obvious from the jump in research expenditure dur­
ing 1961-62 and the jump in agricultural production m 1966-67. In the states 
that did not experience a sudden jump in the investment III agricultural re­
search, tqe time-lag did not matter, but for the sak~ of Uniformity we used a 
five-year lag for all states. 

',' 

http:India.10
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Appendix 5-3. Data Used and Sources 
for State-Level Analysis 

The dependent variable Y (or Xl) in the production function analysis is the 
usual Laspeyres Index of Agricultural Production with constant base year 
pnces used as weIghts. In the present series of state indices, the farm harvest 
prices for 1956-57 were used as weights. The data were taken from the 
publication Growth Rates in Agriculture, 1949-1950 to 1964-1965 and other 
related sources for subsequent years (see note 9). For the purpose of pooled 
analYSIS, these output indIces were converted into absolute value tetmS to 
take into account the interstate variations in the value of production in the 
base year. For the reorganized state of PUnFb, the relevant mformation was 
collected from State Statistical Abstracts for 1972 and earlier years.12 

Data on X2, the average annual (agricultural year) ramfall, were compIled 
from the rainfall figures for subdivisions published by the India Meteorology 
Department. They were weighted by the geographical area of the subdIVIsions 
to arrive at the rainfall values for the states. 

Data on total fertilizer (N + P20S + K20) consumption (X3), total cropped 
area (XS), and gross irrigated area were available from published reports of 
the Ministry of Agriculture. The irrigated area was converted IOta the per­
centage (X9) of the total cropped area. In SOme cases extrapolation on the 
basis of trend became necessary. 

The variable X4, male agricultural workers, is composed of the popu[ation 
of male cultivators and male agricultural laborers as reported in the census 
data for 1951, 1961, and 1971 The female workmg force had to be excluded 
because of changes in the defInition of a "worker" in the three population 
censuses. Data on X5' the literacy percentage in rural males, is based on 1 per­
cent sample tabulations of the census information. Values for intermedIate 
years were estimated on the basis of observed compound growth rates. 

Data on the number of draft bovines (X6
'
, including both cattle and buf­

falo, and on the number of tractors (X7) were compIled from Livestock Cen­
sus for the years 1956, 1961, 1966,and 1972 (see note 9). For the reorganized 
state of Punjab, the data had to be compiled from the detatled tables for In­
dividual districts. The remaining values were estimated by means of interpola­
tion in the census figures. 

Data regarding expenditure on agriculture research (X12, or Rtl were 
taken from the paper by Mohan, ]ha, and Evenson.1 3 This series extends only 
to 1968. Figures for subsequent years were estimated on the basis of trends in 
each state in the number of agricultural science publications selected for ab­
stractIOn in Indian SCIence Abstracts.14 
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Appendix 5-4. First Run Linear Equations with All Variables' 

States 

Vatiablesl Andhra 
Parameters Pradesh Bihar Maharashtra Punjab 

Constant ... -1,732.0878 - 6,125.1833 - 845.0994 - 1,508.2228 
X2 ......... 0.0021 - 0.0167 - 0 0382 0.0094 

(O.ll)a (0 (7) (1.62) (0 40) 
X3 01072 - 0.6844 0.0666 02036 

(0.83) (1.41) (0.62) (1 02) 
X4 -0.0860 0.2858 - 0.0052 -0.1770 

(086) (1.23) (002) (0.51) 
Xs - 44 3513 - 103.3886 -282030 11.1348 

(1.34) (1.27) (0.70) (1.10) 
X6 0.4838 1.0323 0.0423 0.5826 

(1.27) (1.23) (0.70) (0.79) 
X7 0.0105 - 0.1786 0.0146 -00048 

(0.26) (1.17) (0.29) (0.58) 
Xs 0.0183 00566 0.0697 0.0601 

(2.19) (3.87) (2.67) (1.49) 
X9 0.2503 0.1952 48.5763 4.8419 

Db 
(0.06) (0.04) (1.81) (2.48) 

-0.4341 53.6893 15.1439 7.0628 
(0.04) (1.36) (1.36) (0.57) 

Rt _ / Or XI2 0.0167 00522 0.0049 0.0056 

R2 
(2.26) (1.46) (1.54) (1.04) 

....... 0.88 094 0.88 0.99 
F 4.31 1012 5.12 68.29 

a F;gures In parentheses are t values for the regression coefficIents. 
b D is the period dummy variable. 
C Rr _ T is the lagged research expenditures variable WIth T :!O; 3, 4, 1, 2 respectively 

for the four states. 
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Measuring Economic Returns 
. 1 

to AgrIcultural Research 
Reed Hertford and Andrew Schmitz 

Economists have devoted a considerable amount of effort to estimating the 
economic payoff from agricultural research. Many of their early studies fo­
cused on agricultural activities III the United States. Results showed that past 
research had Yielded Impressive rates of return_ Similar conclusions are now 
available for a number of other countries. 

The framework used in estimating the rates of return to agricultural re­
search was introduced almost a century ago·by Alfred Marshall.2 It mvolved 
the concept of an economic surplus. Since Marshall's time, numerous debates 
have arisen among economists over the theoretical validity of thiS concept. 
Unfortunately for the practitioner, there is no consensus at present on either 
its validity or its usefulness In economic analysis. 

The purpose of this chapter is to review briefly the methods currently used 
by economists to estimate the rates of return to agricultural research and to sug­
gest some modifications in those methods which would expand their usefulness. 
We do not attempt to resolve the debate over the validity of the concept of 
economic surplus. Also included in the chapter are some comments about why 
those rates of return to research estimated in the past have been so high. 

Methods 

The concept of economic surplus underlIes the methods used by economists 
to estimate the benefits of agricultural research.3 Such methods involve deriv-

148 
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Figure 6~1 Consumers· surplus. 

mg a total annual benefit from research by aggregating the separate surpluses 
of consumers and producers. Annual benefits are then compared with the an­
nual costs of research by flOding that rate of Interest (the internal rate of re­
turn) which equates the discounted value of benefits and costs. 

Consumers' Surplus 

The concept of consumers' surplus was introduced by Dupuit4 over a cen­
tury ago, later popularized by Marshall,S and ultimately extended by Hlcks6 

in the 19405 in ways which expanded and clarified its range of applicability. 
Consumers' surplus is measured with reference to demand curves. 

Consider Figure 6-1, where D represents a compensated demand curve 
(CDC) showing the maximum prices a COnSumer would be prepared to pay 
for successive, additional units of a commodity. If he were to pay such max­
Imum prices until he had obtained, say, 100 umts, he would have made a 
total expenditure equal in value to the area under the demand curve and left 
of Ql- If, on the other hand, he were to purchase the 100 units on the market 

, ' 
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at a smgle average price of $1.00 per unit, he would save a value equal to the 
area under the demand curve above the $1.00 price lme (area a + b + b' + c), 
It IS this savmg which IS termed "consumers' surplus." For a group of consum­
ers, or a "market," the consumers' surplus IS generally the sum of the individ­
ual surpluses of cousumers. 

Any factor which increases the market price of the good from PI of $1.00 
to, say, Pz would reduce the consumers' surplus by the area a + b + b' in Fig­
ure 6-1. This area can be shown to equal 

(1) 

where K is (P2 - P1)/P1 and n IS the absolute value of the price elasticity of 
demand? If K is associated with the reduction in the average costs of a com­
modity resulting from a new yield-improving technIque generated through re­
search, then this formula can provide a direct estimate of the value to con­
sumers of tbat research in a partIcular year, provided estimates are also avail­
able for PI Ql and n. 

This method of attributing a value or product to a research activity bas 
been criticized on the grounds that tbe value of n generally estimated is not 
exactly equal to tbe value of the price elasticity of demand on tbe CDC.S 
When tbe price of a commodity falls, the consumer with a given money in­
come is better off in terms of total utility or welfare because hIS real income 
nses. Since tbe CDC abstracts from this increase m real income, although an 
"ordinary" demand curve does not, the price elasticiry of demand as usually 
estimated can be expected to overstate the CDC pnce elasticity. If, for exam­
ple, the solid sloped line in Figure 6-1 were actually an ordinary demand 
curve, instead of a CDC as It has been represented to tbis point, tbe CDC 
would correspond to the broken line with less slope which passes through the 
pomt (PZQZ)' The implication would be tbat any eStImate of the value of re­
search to consumers based on equation (1) would be biased upward by the 
value of tbe triangle b' Altbougb tbis is the usual Situation, the actual direc­
tion of the bias, as well as the slope of the CDC in relation to the ordinary de­
mand curve, depends on tbe sign of the income elasticity of demand for the 
commodity. One could argue that the bias is probably not substantial. First, 
the bias is small in the sense that the value of the triangle b' is small in relation 
to the value of the total change in consumers' surplus, a + b. Second, tbe mag­
nitude of tbe bias is even smaller when the commodIty in questIOn eltber has 
a small mcome elasticity of demand Or represents a small proportion of total 
expenditures on all commodmes.9 It has been argued that the kinds of agn­
cultural commodities for which research returns have been quantifIed using 
the consumers' surplus concept have, in fact, low income elasticities and 
represent a small proportIOn of total consumer expendltures,lO 
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Figul"e 6-2. Producers' surplus 

Producers' Surplus 

The concept of producers' surplus is analogous to that of consumers' sur­
plus and refers, In general, to a difference between what is actually receIved 

J 
from the sale of a good and tbe mInImum amount requIred 'to Induce a seller 
to par( with It. Consequently, producers' surplus has been equated with an 
area -like area a in Figure 6-2 - between the prevailing price of a good and 
its supply curve since the laner has been traditIonally defined as a locus of 
mInimum prices at which quantitIes will be sold, If the supply curve shifts to 

a position lIke Sl as a result of the adoption of a new production technique 
generated through agricultural research, then the benefIt of that research to 
producers has been taken equal to area b .,. c. 

Because there are sellers of input services, for example labor and capital, 
as well as sellers of final products, all of whom could theoretically earn a "sur­
plus," some confusion has arIsen over what producers' surplus and changes in 
It really measure. Is only the surplus of producers included, as the term Im­
plies, or are surpluses earned by factors of productIOn also Included? Marshall, 
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the author of the concept, was himself not clear on this point. It is of crucial 
practical significance, since any estimate of the returns to agricultural re­
search would be incomplete if it included only benefits to consumers and pro­
ducers and overlooked those accrumg to factors of productIon. 

As it turns out, the composition of producers' surplus IS dependent upon 
the specification of the supply curve. When vartable mputs of production are 
available to a competitive industry at prices that are independent of the level 
of output, it is well known that (1) the supply curve of the industry is the 
lateral sum of the marginal cost (or supply) curves of the individual firms, 
(2) the area under the industry's (firm's) supply curve represents the total 
costs of all variable inputs of production, and (3) the area above the mdustry's 
(firm's) supply curve and below the prevalhng prIce of the product is a return 
to all other inpu~ - namely, all fixed factors of productIOn induding inputs 
physically assoctated with producers, like their labor and "entrepreneurial 
capacIty," as well as other fIxed inputs. By defmitlon these fIxed inputs are 
speCific to the industry or firm under conSideration in the sense that they 
cannot produce anythmg else m the economy. Therefore, on a broader View, 
there are no real costs associated with theIr employment, and any return to 
them would be an economic rent or surplus. Smce producers' surplus has 
been given the same definition, we may conclude that producers' surplus is, 
in fact, a return to the producer as well as to other fixed factors of produc­
tion, and that there is a direct correspondence between the concept at the 
level of the firm and the industry when prices of variable inputs are invariant 
with respect to changes In output. 
, When some variable factors of production are-supplied at pnces that are 
not constant but increase with the level of an industry's output because their 
supply curves slope upward, this SImple interpretation of producers' surplus 
disappears. Assume that the sum of the marginal cost curves of an industry, 
So in Figure 6-2, for example, shifts down to SI at the level of output QO 
as a result of the adoption of a cost-savIng, Improved technIque generated 
through research. The value of costs saved, gIVen our definition of the supply 
curve, would be the area b. These savmgs, of course, would permit the in· 
dustry to expand its output beyond QO' However, any output expansion 
achieved through increased employment of variable factors of productIon 
would now tend to bid up theIr prIces to the industry and make their cOSts 
exceed the area under the new Industry sum of marginal ~osts curve, SI' at 
any level of output above QO since the supply curves depIcted In Figure 6-1 
assume that unit costs of variable inputs are constant. Therefore, as output 
expands in the industry, the sum of marginal costs curve, S1, begms to slIp 
back to the position of initial supply curve, SO, Its fInal position of equilibn­
urn would approximate that of the initial supply curve if all variable inputs of 
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production were subject to very inelastic supply curves. In that case the initial 
saving created by adoption of the new production technique would have ac­
crued mostly to the varIable inputs of production as a surplus Area b of Fig­
ure 6-2 would then approximately equal the change in surplus obtained by 
variable facrors of production from the cost-saving Improvement in produc­
tion technIques resulting from research. The surplus of producers and other 
fIxed factors of productIon would be practically unchanged as would the level 
of industry output (QO)' 

The final pOSItion of the supply curve of the industry ,vould normally re­
sult in an output somewhere between QO and Ql of Flgur~ 6-2; that is, some 
variable inputs of production would be available at somewhat hIgher pnces 
to the industry and, as output expanded, the supply curve would shift equiv­
alently from Sl but not return to its mitlal level, SO, The area between this 
fmal position of the curve and the sum of marginal costs curve, S 1, up to the 
fmal level of industry output would then measure the increase in expendI­
tures by firms in the industry on variable inputs as a result of increases in 
their unit prices. 

Although such mcreased expenditures would represent very real increases 
in· resources devoted to production by firms in the mdustry, they would not 
all be increases m real resources devoted to production from the point of view 
of the economy at large since a part would accrue to some sectors of the 
economy - namely, to variable mputs or variable mput suppJters - as sur­
pluses above their positively sloped supply curves and below their prevailing 
prIces. A surplus, of course, should be accounted for as such and should be 
added to other estlmated products or returns to research. To estimate such 
surpluses exactly, however, would require data on the demand and supply 
curves for variable mputs employed by the industry. Since they are not gen­
erally available, the most that can usually be said IS that the area between the 
fmal position of the sum of margmal costs supply curve of the industry up to 
the new level of output and the sUm of margmal costs curve that would have 
prevailed had input prices been invanant WIth respect to output represents 
the increase in returns to variable inputs and their supphers associated with 
employment of the Improved 1:echnique of production. The area between the 
initial and the final sum of margmal costs curve up to the product price line 
would then be a measure of the returns of the new technique captured by 
producers and other fixed factors of production. 

If the pomt of intersectIOn of the verricalline through Uo with the supply 
curve Sl were connected with the point of intersection of the new equilibrium 
level of industry output with the price line PI' the resulting line would defme 
a new supply curve which was adjusted for the ktnds of Input pnce changes 
just discussed. This "adjusted" Industry supply curve would have a smaller 
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slope than the "unadjusted" sum of margmal costs curve of the mdustry or 
the relevant curve when prices of all variable factors of production are invari­
ant with respect to output. If there are only two factors of production, the 
elasticity of supply approximately equals aIel + a2e2 where a1 = 1 - a2 is 
the fust input's share in total production costs and el and e2 are the two in­
puts' price elasticities of supply. From thIS expression, it follows directly that 
the supply curve will be less elastic when input supply curves are less elastic. 

To recapitulate· Area b + c in Figure 6-2 is an unambiguous measure of the 
increase 10 the surplus of all fIxed factors of production, including the surplus 
of producers from their self-employment, when variable mputs of productIon 
are available at prices that do not change with output. If variable mput prices 
change with changes in output, theri area b becomes a reasonable measure of 
mcreases in surpluses of variable inputs when theIr supply curves are very in­
elastic. If variable input supply curves are neither very elastic nor inelastic, 
then the area b + c is normally an upper-bound estimate of the changes in 
surpluses of fIxed and variable factors of production since it includes some 
increases in real resource costs to the economy. Finally, two mdustry supply 
curves have been identified: (1) the unadjusted sum of margmal costs curve 
relevant when prices of all variable inputs are invariant with respect to output 
and (2) an adjusted supply curve, normally more inelastic, connecting points 
on unadjusted supply curves after adjustments for mput prIce changes have 
taken place. 

Combining Surpluses 

To estimate the returns to research, consumers' and producers' surpluses 
are combmed. Figure 6-3 contains a normally sloped demand curve, D, and 
an initial supply curve, SO. whIch shifts to the position Sl as the result of the 
on-farm employment of a new or improved input developed through research. 
Before thIS shift, consumers' surplus equaled area a; afterward, it is given by 
a + b + c. Thus, the net gain to consumers from the research-induced shift in 
supply IS b + c. Similarly, before the supply ShIft, the surplus b + d corre" 
sponded to producers and to other productIon inputs; afterward, their surplus 
corresponds to f + d. Their net gain from the supply shift is then f - b. The 
Sum of the gains ID surplus to both groups is b + c + f - b = c + f. It can be 
shown that this latter area approximately equals 

(1 +~_k ) 
2 n + e 

(2) 

where k IS defmed as the percentage mcrease in production attributable to re­
search (the horizontal distance between the two supply curveS divided by the 
value of fmal production QI); PI is the price of the commodity after the sup-
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Figure 6-3. Combined consumers' and producers' surplus 

ply shift; and nand e are, respectively, the price elasticities of demand and 
supply. ThIs formula, of course, can be disaggregated mto its primary compo­
nents, consumers' and producers' surplus, for purposes of quantifying the dis­
tribution of gains accruing to each group. Corresponding ro (2) are the follow-
ing expressions: 

kPI Q1 ~ 1 kn) Consumers' surplus 
n+e 2 n+ e 

(3) 

Producers' surplus kP1QI {I - 1 ~ - i k enn:e~}(4) n+e 

These reveal that the larger the consumers' surplus, cetens paribus, the small­
er the prIce elasticity of demand, and that the larger the producers' surplus, 
the larger the price elasticity of demand. Such results support the notion that 
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research on basic subsistence commodities would particularly benefit consum­
ers, while research on more price elastic commodities - for example, rubber, 
cotton, and perhaps coffee - would be especially remunerative for producers, 
input owners, and certain factors of production (See chapter 24 for elabora­
tion of this point.) Note further from (3) and (4) that, although consumers' 
surplus will always be positive-valued because 2(n + e) > kn, producers' sur­
plus could be negative-valued if e + n < 1. Nevertheless, the sum of the sur­
pluses is always positive-valued according to (2). Expressions for the surplus 
generated by research in the specIal cases in which One or both of the price 
elasticity parameters assume extreme values can easIly be derived from the 
general cases just developed. 

More complicated formulas for the values of the combined surplus of pro­
ducers and consumers have been suggested by Ardito Barletta and Peterson to 
allow for the possibility that the demand and supply relationships may not al­
ways be linear.ll However, the differences in the estimates of benefits provid­
ed by the more complicated formulations and those presented here are small 
for usual values of the key parameters. The main reason is that in all formula­
tions tbe critical determinant of tbe value of the benefits derIved from re­
searcb IS simply kPl Ql or the percentage change in the value of plOductton 
attributable to research. Other parameters comb me to produce a value which 
is small by comparison.12 This is an important pomt to keep in mind when 
considering the empirIcal relevance of theoretical controversies that have been 
sparked by the concept of economic surplus. 

The Theoretical Controversy 

The concept of economic surplus occupies a controversial place in eco­
nomic theory. For example, Samuelson has said that consumers' surplus is of 
"historical and doctrinal interest with a limited amount of appeal as a purely 
mathematical puzzle."13 More recently, Bergson has stated: "Despite theo­
retIc criticism, practitioners have continued to apply consumer's surplus 
analysis through the years. As some have urged, that must already say some­
thing about the usefulness (as well as the use) of such analysis, but just what 
it says has remained more or less in doubt."14 However, Hicks has disagreed. 

But enough has been saId to show that consumer's surplus is not a mere 
economic plaything, a cllriosmn. It is the foundation of an important 
branch of EconomIcs, a branch cultivated WIth superb success by Mar­
sball, Edgewortb, and Pigou, shockingly neglected in recent years, but 
urgently needing reconstruction on a broader basis. Beyond all doubt it 
I~ still capable of much further development; if economists are to play 
their part m shapmg the canons of economic policy fit for a new age, 
they WIll have to buIld on the foundations of consumer's surplus.1 5 

, 
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Figure 6-4. Research The Case of a traded good 

Although we acknowledge the place ofthis controversy in economic theory, 
we believe that most shortcomings of studies of returns to research arise not 
from the concept of economic surplus but from overlooking or mistreating 
practical characteristics of the real world. Such characteristics imply a need to 

introduce some modifications in the methods used to calculate the returns to 
research, and to those we now turn. 

Modifications 

Methods used to estimate the returns to agricultural research should (1) treat 
products, and research Itself, as traded goods if appropriate, (2) consider 
problems of unemployment, (3) distinguish between intermediate and final 
goods, and (4) account for the income distributional effects of research. This 
section briefly discusses these problems and how they can be handled. 

Traded Commodities 

Consider FIgure 6-4 where, at a price of PI, imports are Ql Q2. If the sup­
ply curve shIfts from S to S' and the "small country" assumption IS used­
that is, [he price remams unchanged - there is no gain to consumers, but pro­
ducers gain the crosshatched area. The result is a smaller surplus, cetens 
paribus, attributable to research than had the commodity not been traded at 
a constant world price. However, if the country under question is a large 
trader and the price drops to P2 owing to the increase In supply, producers 
actually lose wh.le consumers gain area Pl abP2. Thus, the effects of research 
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on a traded good are critically dependent upon the extent to which its world 
pnce is affected by changes in supply. One can easily work out the case for a 
good that is exported. 

A related point to consider is that technology can be developed by one 
country but transferred to another at nominal cost. Such international spill­
over effects may enhance the estimated returns to research of those countries 
with newer programs whIch can benefit from the prior investments of older 
programs in other countries. 

Resource Unemployment 

Research can result in the unemployment of agricultural resources. If, for 
example, a new technology generated through agricultural research favors cer­
tam producers of a commodity, others may be forced out of business as sup­
ply expands and prices decline. The resources released may not fmd employ­
ment elsewhere, if this is not taken into account, it can lead to errors in estl­
matmg the benefIts of research. 

Suppose an industry is made up of producers on nonirrigated land (Type 1) 
and irrigated land (Type 2). In Figure 6-5, 51 represents the supply of the 
good produced on Type 1 land and 52 the supply of the good produced on 
Type 2 land. In equilibrium, Ql of the commodity is produced at pnce Pl' 
Suppose now that a new technology is applied to Type 2 land which causes 
the supply curve to shift to S2'. The corresponding equilibrium price and 
quantity are P2 and Q2' However, note that although the net gain (measured 
in producers' surplus) IS pOSItive, there is a loss to producers on the Type 1 
land because the good cannot be grown there at P2. If the resources (except 
land) were employed elsewhere and if all the surplus originally accrued to 
landowners, the crosshatched area would represent the loss to the owners of 
Type lland. 

Now let us assume that resources formerly equal in value to the area under 
the unirdgated supply curve up to Q~ fail to find alternative employment 
when the unirrigated farms go out of business. These resources do not mcIude 
such industry-specific fixed factors of production as producers, family mem­
bers, and fannland since the losses they sustain are fully reflected in the area 
of producers' surplus. Rather, they refer to other "nonnally variable" factors 
of production like hired labor, machmery, implements, other forms of farm 
power, livestock capital, and perhaps even such things as fertilizers, insecti­
cides, and seeds. Were such resources to become unemployed, their equivalent 
value - the area under the un irrigated supply Curve up to Q' - would have to 
be subtracted from the benefits of research estimated in the usual way where 
the assumption is made that all "normally variable" factors of production 
find employment elsewhere in the economy. 

I 
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FIgure 6-5 .. The resOurce unemployment effect from resea.rch. 

Of course, all that has really happened IS that "normally variable" factors 
of productIOn have become equivalently fixed factors in the face of fallIng 
pnces This has altered the divisIOn of total revenues between fixed and vari­
able factors. In particular the'loss ofreturns to fixed factors specific to the in­
dustry and the lack of employment alternatives elsewhere have turned out to 
be larger than the crosshatched shaded area above the supply curve, and the 
value of variable-factors of production finding employment elsewhere m the 
economy is smaller than the area under the supply curve_ The implication is 
that the supply curve corresponding to Type 1 land IS more 10elastic than that 
shown in Figure 6-5_ 

A related case was analyzed by Schmitz and Seckler,16 They looked at the 
mechamcal tomato harvester as an innovation of agncultural research whIch 
had resulted in the unemployment of farm workers. They fIrst estimated the 
benefits of the research on the harvester in the usual way, A side calculation 
was then performed 10 whIch the returns to laborers who were unemployed 
because of the mtroduction of the harvester were deducted from benefits, An 
alternative approach would have been to reduce the area of surplus generated 
by the introduction of the harvester by decreasing the elasticity of the new 
supply curve of tomatoes, 

Because past studies have not sufficiently emphasized the "unemploy­
ment" effect from research actlvities, the previous discussion has neglected 
to indicate that research leading to teChnological change may, under some 
circumstances, result in an increase in the employment of resources, For ex-

I 

http:Seckler.16


160 HERTFORD and SCHMITZ 

ample, many developing countries that export agricultural commodities may 
add to the employment of labor through technological change made possible 
by research. 

Derived Demand Curves 

The demands for fann workers, mechanical harvesters, and hybrid corn in­
volve largely derived, not final, demand curves; yet past research has not 
made this distinction. The demand for hybrid corn, for example, is largely 
derived from the demand for grain-fed beef - in this instance, a principal final 
product for corn.17 In Figure 6-6A the denved demand fqr corn is shown, 
and it is assumed that all the corn is fed to cattle. As the result of a new tech­
nique generated by research, the price of corn drops from POc to PI c. This in­
duces a downward shift from POB [0 PI B In the price of beef in Figure 6-6B. 
Are the shaded areas in the two diagrams of equal value as has been implicitly 
a~sumed? 

If there is one other input in beef production besides corn and its supply 
is elastic, then it can be easily shown that 

where ac is corn's share of the costs of producmg beef. An implication is that 
the rectangles between the two price lines In both diagrams up to the new 
equilibriu~ quantities are of equal value. The size of the triangles between 
the two pnce lines below the demand curves could stilI be different, however, 
as a result of different pnce elaSticitIes for corn and beef.t8 This would imply 
different values of consumers' surplus measured with reference to the final 
and derived demand curves, Also, aI the macro-level the supplies of mputs are 
usually nOI perfectly elastIC. When they are not, the relationship between sur­
pluses estimated under fmal and derived demand CUrves is further compb­
cated. 

Distributional Effects 

How reali~tlc is it ro aggregate all COnSumers and producers of a given 
product and to look at only these two groups when estimating the rates of 
return to research? If, for example, the welfare consequences of the weli­
known Russian wheat transaction were considered, a meaningful analysis 
would include its effect on grain producers, landowners. hvestock producers, 
consumers of various farm products (both high- and low-income groups), 
machine manufacturers, fertilizer producers, and so on. A partial analysis 

" 
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Figure 6-6. Derived and final demand: Corn and beef. 

would include only grain producers and consumers. But this would leave out 
a great deal. SImilarly, for research, a great deal is overlooked if the effects on 
farm workers, profits, farm size, and land values are not considered. 

Because of a tendency to deal with aggregative models, the distributional 
effects from research have not commonly been consIdered. For example, 
there are many types of producers of a gIven commodIty - small-scale farmers, 
large-scale farmers, landowners, sharecroppers, and farmers with unmechanized 
and mechanized units. An aggregate producers' surplus sheds little light on 
how research affe<;ts each group. It is not enough to know that the rate of re­
rum is high or low. Generally we also want to know who will benefit and 
who WIll lose within the producmg and consuming sectors. 

One reason is that a dollar of benefits need not equal a dollar of losses in 
the context of economic welfare. There is no reason why a 1: 1 welfare-scheme 
is superior to any other weighting system. For example, 2:1 weights mIght be 
assigned losers and gainers, respectively, or perhaps 4:1 weights. Obviously, , 
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negatIve rates of rerum could result from assigning different welfare weights 
[0 losers and gainers even though, with the usual 1: 1 arrangement, rates of 
return are highly positive. 

Why Ate Returns So High? 

Economic studies now avaIlable for a number of countries point to high rates 
of return to programs of agricultural research.19 One cannot help but view 
this evidence as unusual and ask, why? In fact, thiS issue did engender a heat­
ed discussion at the Airlie House conference; S. ]. Webster pointed out, for 
example, that the literature on agricultural research IS almost unanimous in 
presenting rates of return that are astronomically hIgh by normal standards. 
ThiS fact alone should brmg the methods employed in arriving at the results 
under the closest possible scrutiny. 

The preceding section of this chapter has suggested some possible answers 
to this question when: the fact that agricultural products are traded is not 
taken into account, international spillover effects of research are overlooked; 
the effects of research on mtermedlate and final products have been con­
fused, the COStS of resource unemployment induced by research have been 
omitted; and inappropriate welfare weights have been assIgned to the gains 
and losses underlymg calculations of the returnS to research. Not mentioned, 
but of possible relevance, are the problems associated with properly account­
mg for research projects that have produced "dry holes" and With determin­
ing how much money has actually been spent developing particular techno­
logical or biological breakthroughs. The costs of administration and of other 
complementary, supportmg programs are extremely difficult to Impute to 

individual research projects. 
The purpose of this section, however, is to suggest that two factors associ­

ared with the agricultural research "delivery system" - the mechamsm that 
assists in transferrmg new technology from research centers w farms -may 
explain more generally why esumated returns to agrIcultural research have 
been so high. Although it is hypothesized that the influence of these two fac­
tors has been pervasive, there is no intention of leaving an impreSSion with the 
reader that past estimates of the returns to research have been grossly mflated. 
The evidence in this regard appears to be overwhelmmg: agricultural research 
does pay handsome rewards, indeed. 

Traditionally, m making calculations on the cost side of the equation, past 
economic studies of the returns to research have included outlays incurred in 
developing and sustaimng the research program under appraisal plus the dif­
ferential costs to farmers of purchasing the resulting technology. A great deal 
of care has generally been taken to include among costs of the program the 

/ 
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direct expenses of the research (mainly salaries and supplies), the costs of 
complementary inputs from such collaborating programs as agricultural ex­
tension, and the costs of indirect inputs like staff training and management.20 

Not included, however, have been the costs of transferring technology to 

farmers which are borne either by organizations largely unrelated to the re­
search program or by farmers themselves 

In the case of developing countries, the first of these two omissIOns may 
have been of minor consequence. Most of the relevant costs of transfernng 
technology to farmers are probably captured by imputing to the research 
program some portion of the costs of the agricultural extension service. In the 
case of developed countdes, however, the omission may have been of some 
greater consequence because of the existence of a complex and sophisticated 
network of organizations and facilities in rural areas which form parr of the 
delivery system. Those of us from rural areas of developed countrIes tend to 
take for granted such things as agricultural banks, newspapers, radios, tele­
v1sion, city libraries, and programs of continuing education. All, however, 
assist in their own way to transfer new technology to farms at costs which 
may not be fully reflected in the expenses of research and extension programs, 
in the pnces paid for new techniques of production, or In the area below a 
product supply curve. The imphcation, of course, would be that the real COStS 
to society of research programs in developed countries may have heen much 
larger than was estimated by past studies of the returns to agricultural re­
search. 

Boyce and Evenson have recently provided some data which relate very 
directly to this proposition.21 They show in a multicountry study that there 
is a strong positive correlation between the level of development of a nation 
and the proportion of the total agricultural product devoted to agricultural 
research, whereas there is an equally strong but negative correlation between 
the level of development and the proportion of the agricultural product spent 
on extensIOn. Noting that extenSIOn workers are paid generally less than re­
searchers, Boyce and Evenson conclude that developing countries may have 
been lulled into thinking they can increase agricultural producnon more 
cheaply by emphasizing extension activit1es. An equally plaUSible explanation, 
however, is that agricultural programs in developing countries have been 
forced to pay part of the price of deficient delivery systems by investing in 
agricultural extension services. Programs in developed countries, on the other 
hand, have been able to avoid such costs by piggybacking on a delivery system 
constructed at a substantial cost to society at large. 

A second component of the costs of the debvery system not usually taken 
into account in reckoning the returns to agricultural research includes the 
farmer, his family workers, and hired laborers.22 In most settings of dynamic 
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change, some labor time must be allocated to searching for, learning about, 
experimenting with, and ultimately adopting new techniques generated 
through research. Needless to say, time spent in these ways decreases when 
the productivity of. the research establishment itself is low. It may also be 
lower, however, precisely where the delivery system is highly developed and 
functioning efficiently. In developed countries, technology is practically laid 
at the farmer's doorstep in prepackaged and pretried forms. By contrast, in 
developing countries, where levels of formal schooling are low and the delivery 
system is not well developed, a substantial share of total labor time may be 
reqUIred to adjust to new technologies released by the research establishment. 
Such time cannot be ignored among the costs of research from society'S point 
of view unless agricultural labor at the margin is unemployed. 

In most countries the proportion of the value of agrIcultural production 
spent on research and extension is quite small-less than 2 percent.23 Agri­
cultural labor's share of the value of production, on the other hand, is large, 
commonly falling into the 40 to 60 percent range.24 This means that a small 
fraction of total farm-level-labor time bulks large in relation to research 
expenditures: If it is assumed, for example, that the labor time of searching, 
learning, expenmenting, and adopting activities associated with new agricul­
tural technologies absorbs just 2 percent of total labor time each year, the 
costs of research could be increased by 50 percent were labor's share of fmal 
output 50 percent. 

It should be pointed out that both of the usually omitted costs of the 
delivery system discussed in this section - those associated with the activities 
of organizations largely unrelated to the research program, especially in the 
developed countries, and those associated with the labor time absorbed by 
adopting improved technologies, especially in developmg countries - would 
not be included in assessments of the returns to research done from the more 
restricted point of view of the research administrator or the research agency. 
The reason is that the delivery system, including the laboNime of farmers, is 
not usually an item in the budget of agricultural research programs. However, 
precisely because the probabilitIes of success of a research program are en­
hanced by a delivery system that hastens the adoption of improved practices, 
strategies chosen for research may capitalize on better delivery systems 
through the particular selections of commodities to be studied andlor geo­
graphical areas to be emphasized. Such strategIes are obviously at variance 
with the SOCIal interest by not taking into account their full cost to society. 
The remedy would be to internalize the costs of the delivery system m the 
budget of the research program and thus close the gap between returns to re­
search as viewed by the research agency and by society at large. Internalizing 
costS in this way could lead to some interesting changes m the allocation of 
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resources for research. For example, a research agency might choose to initiate 
work m a depressed area of small farmers rather than in an Irrigated regIOn 
with a more highly developed delivery system. 

Concluding Remarks 

Estimates of the economic returns to past agricultural research can be most 
helpful in highlighting commodities and programs that have represented low 
fisk, high payoff endeavors. Rates of return calculations are also useful in 
pomtmg up and appraising the value of some unanticipated side effects of 
agricultural research that might merit additional study. An example is the ef­
fect of the tomato harvester on the unemployment of farm labor. Further, 
where major funds have not yet been committed to a national agricultural re­
search program - as is the case in some developing countries - estimates of 
the returns to past research may be of assistance in securing fmancing by 
demonstrating the objective value of research to society. Consumers in such 
settings do not typically pressure for agricultural research because they lack 
firsthand knowledge of its effects, and pressures exerted by producers are 
viewed as self-serving and are frequently ignored. For each of these reasons, 
calculations of the returns to agricultural research are an important means of 
helping to ptoduce a better allocation of society's scarce resources. 

This chapter has reviewed the methods used to esti"mate such returns and 
has alerted the reader to modifications which should be introduced in partic­
ular situatIOns. It was suggested that calculated returns could be biased up­
ward if these modifications are not made where appropriate. It was also sug­
gested that the returns to research may be generally overstated if the full 
costs of getting technology from the research center to fanns are not taken 
into account. Emphasized in this regard were the costs of using a highly so­
phisticated infrastrucmre of delivery services in rural areas of developed COUn­
tries and the costs of fanners' time absorbed in finding and adopting a new 
technology in developing countries. Further applications of the methods dis­
cussed in this chapter to appraisals of research programs should point out 
other refinements needed to improve estimates of the economic returns to 
research. 

NOTES 

1. This paper has benefited especially from comments and suggestions made by Ver­
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18. Under the assumptions made to this point, it can be shown that the price elasticity 
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where al = (1 - a2) is the first input's share of production costs, - n is the prIce elastici­
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Evaluating the Impact of International 
Research on Wheat and Rice Production 
in the Developing Nations

l 

pana G. Dalrymple 

7 

Research on food crops 10 or for the less developed.countrles (LDC's) is rela­
tively new. For decades, much of the agricultural research m LDC's focused 
on plantation or export crops. Food crops for domestic consumption, with a 
few exceptions, were largely ignored. The situation began to change in the 
years following World War II, but even then national research on food crops 
was usually given low prionty and limited funding. 

There were some exceptions. Perhaps the best known exception is the co­
operative program on food crops begun by the Rockefeller Foundation and 
the Mexican government in 1943. This work led to new research programs in 
other Latin American countries in the 19505.2 Some other international co­
operative research activities were carned out in the same decade, such as the 
rice hybridization project sponsored by the Food and Agriculture Organiza­
tIOn in IndIa. And a few developed nations supported scattered institutional 
development and research programs in the LDC's. But most of the research 
on food crops continued to be done in the developed nations. Although pre­
cise fIgures are not available, data compIled by Evenson suggest that, of the 
total investment in agricultural research in 1958, about 90 percent was m the 
developed nations and approximately 10 percent was in the less developed na­
tions.3 The proportions spent on food crops in the developing nations may 
have been even less. 

A significant change took place in the early 1960s with the establishment 
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of two international crop research institutes: the International Rice Research 
Institute (IRRI) in the Philippines and the International Maize and Wheat Im­
provement Center (CIMMYT) in Mexico. These two institutes were located 
in LDC's and oriented to their food problems Their early successes led to 
the establIshment of a number of other internatIOnal research activities as 
well as to a rebirth of interest in improving and expanding national research 
programs. All these activities were enhanced by earlier and concurrent pro­
grams of human and institutional development. 

As of the mid 1970s, research on food crops in and for the LDC's is finally 
coming of age. The Consultative Group on International Agricultural Re­
search (CG) - composed of nations, international organizations, and founda­
tions - has been established. The annual investment in international research 
through this group reached about $47.3 million in 1975. The United States 
Agency for International Development (AID) contributes up to 25 percent of 
the costs of CG-sponsored activities and invested $10 655 mlilion in 1975. In 
addition, AID IS actively stepping up financial support for natIOnal research 
programs within LDC's. 

Although the funds involved in such projects are subsrantially greater 
than they were a few years ago, they are miniscule for the job that has to be 
done. They are also relatively small in comparison with global expenditure~ 
for agricultural research in the developed nations or for other items of public 
expenditure. Data compiled by Evenson suggest that the total expenditure on 
agricultural research in 1970 Was $1.32 billion in the developed natIons and 
$236 million in the developing nations, or a total of $1.56 biIIion.4 The inter­
national research funds, however, do .represent a significant addition to the 
total expenditure on agricultural research for developing nations. 

Such an investment is likely to spur interest in measuring results. The tech­
nical products are abundant and are presented m considerable detail in the an­
nual reports and other publications of the institutes. Economic and social as­
pects of the resulting technologies are also beginning to be studied in greater 
detail. 

But the quantitative effect of the institutes' efforts on actual production 
in the LDC's has not yet been closely examined. There are good reasons for 
this lag: the centers are new, such an analysis IS difficult, and few resources 
have been devoted to the task. Nevertheless, the field is not entirely unex­
plored. Some studies have been-carried out in the past on the effect of nation­
al agricultural research programs III both developed and less developed coun­
tries. Generally, the results have shown high rates of return to investment in 
research_5 

The next step will be a more specific evaluation of the effects of interna-

, 



IMPACT OF RESEARCH ON WHEAT AND RICE PRODUCTION 173 

tional agricultnral research. But to do this efficiendy will require mOre than 
knowledge of economics and quantitative tools. It will also require theoretical 
and empirical knowledge of (1) the nature of the internatIOnal centers and 
the associated international agricultural research system; (2) the adoption 
process at the fann level for resulting agricultural technology; and (3) avail­
able statistical data which help measure both the input into research and the 
effect of the product. 

Some such knowledge exists at present, but it tends to be in fragmentary 
form. Dr. Robert Evenson and I have been separately involved in analyzing 
certain components for several years. His attention has been focused on fairly 
quantitative and aggregative analysis of agricultural research in general 6 I, on 
the other hand, have been more concerned wlth analyzing specific technolo­
gies and most recently have been involved in documenting the development, 
spread, and influence of the high-yielding varieties of wheat and rice.7 

Both approaches are necessary but not sufficient for evaluatmg the impact 
of international research on crop production. There is a need to find a middle 
ground where quantitative concepts and tools of measurement are more 
closely woven wlth empirical knowledge of the technology. And there is a 
need to blend highly aggregative analysis with studies that are somewhat more 
local. This chapter moves toward this middle ground. 

First we will examine the general question of the various effects of research 
that must be considered in evaluating its impact, and then we will offer more 
speCific and narrow quantitative analyses of the direct effectS On yield and 
production. A precise and definitive measnre of the effect of international re­
search On wheat and rice production is not.attempted; this, as will be demon­
strated, is most difficult. Rather, conceptual and methodological problems m­
valved in the process are introduced. Empirical data are used largely for illus­
trative purposes. 

Though productIon changes can have Important effects on economic and 
social factors, these matters were simply beyond the scope of this study. In 
any case, they have been discussed e1sewhere.8 

Much more work wIll be needed before the effects of international agricul­
tural research can be comprehensively assessed. This chapter introduces some 
of the major considerations involved and, it is hoped, will encourage further 
study of this most important subject. 

The International Researcb Institutes 

International agricultural research as defined here consists of work carried out 
under the aegis of the Consultative Group on International Agricultural Re-
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search (CG). As of early 1975, the CG was sponsoring six active international 
agricultural research institutes, three other institutes in varying stages of de­
velopment, and three related programs 

Of the six active institutes, only IRRI and CIMMYT have been in opera­
tion for more than ten years. Because of the newness of the other four insti­
tutes, it is too early to assess theIr impact on crop productionY Consequent­
ly, this study focuses on two of the three crops covered by the first two insti­
tutes: rice and wheat. Corn is excluded. Research on this crop, for a vari­
ety of reasons, has not been as successful as the work on the other twa.1° 
Any general study of the payoff to research should, of course, mclude the full 
range of efforts 

Work leading to the establishment of CIMMYT began in 1943 with the 
founding of a grain program in Mexico by the Rockefeller Foundation, in co­
operation with the Office of Special Studies of the Mexican Ministry of Agri­
culture. In 1959, Dr. Norman Borlaug became director of the Rockefeller 
Foundation's International Wheat Improvement Project. The wheat program 
was merged with a comparable com program in October 1963 to form the In­
ternational Center for Corn and Wheat Improvement. l1 By early 1966, "the 
growmg demands on this program by the ever-widening food gap around the 
world indicated the need for a restructuring and expansion of activities. As a 
result, the center was reorganized on Apnl12, 1966, in accordance with Mex­
Ican law, as a nonprofit scientifIc and educational institution ... to be gov­
erned by an internatIOnal board of directors."12 

The new board held its first meetmg m September 1966 and approved pro­
grams for 1967. Major financial support was at first provided by the Ford and 
Rockefeller foundations. In 1969, AID became a contributor. A new head­
quarters and laboratory facility were completed at El Batan (forty-five kilo­
meters northeast of Mexico City) and dedicated on September 21,1971. The 
Imtial construction cost of $3.5 million was provided by the Rockefeller 
Foundationp through 1974, the total capital costs were $6.4 million. (The 
CIMMYT capital mvestment did not include housing for the staff. Also, when 
CIMMYT was legally constituted in 1966 it had acquired a number of vehicles 
and a fair amount of field eqUipment; the replacement of this equipment has 
been charged to operating costs and not to capital.)14 

In 1959, the Ford and Rockefeller foundations decided Jointly to estab­
lish a rice research institute in the Philippines, and on April 13 and 14, 1960, 
when its trustees met for the first time, IRRI was formally organized. Con­
structIOn was finished in January 1962, and the institute was dedicated on 
February 7,1962. By that time the research program was underway. The cap­
ital cost was $7.5 million. (This included housing for staff.)15 Initially, Ford 
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provided the physical plant and Rockefeller the operating funds; in 1965 they 
began to split the operating costs. Support from AID was added in 1970. 

The growth in the total expenditures of the two institutes is depicted in 
Table 7-1. One should not, of course, total the columns for the individual in­
stitutes without at least making an allowance for inflation. Barker, in cumulat­
ing expenditures at IRRI from 1960 to 1972, used a GNP deflator and then 
went on to Include a discount factor equivalent to an interest rate charge for 
the use of money over the period. The unadjusted total was $24.3 million; 
allowance for inflation raised it to $28.6 millIOn, and addition of the discount 
facror increased the total to $51.6 miIlion.16 

Smce the establishment of the centers, their programs have grown some~ 
what beyond the crops indicated in their titles. On the other hand, some re­
gional rice work has been taken up by the International Center for Tropical Ag­
riculture (CIAT) in Colombia and the International Institute for Tropical Agn~ 
culture (UTA) in Nigeria. The total amount proposed for actual expenditure 
on wheat and rice research in 1975, excluslve of related Or overhead costs, is 
given in the accompanying tabulation.17 Even if a prorated portion of the other 

Institute 

CIMMYT 
IRRI 
IITA 
CIAT 

Total 

Wheat 

1,166 

1,166 

Rice Total 
1,166 

2,380 2,380 
225 225 
153 153 

2,758 3,924 

Amounts are given in thousands of dollars. 

costs were assigned to the two crops and special projects were added, the to­
tals would probably not be over $10 milhon. The annual total would have 
been less in prevlQUS years. As noted earher, the work on wheat in MeXICO 
goes back to 1943, but the annual expenditures by Rockefeller were relative­
ly modest. The total annual expenditures on wheat research by the Office of 
SpeCial StudIes for 1954 to 1960, converted from 1958-60 pesos, ranged 
from $345,000 to $203,000.18 

Hence, when the impact of the internatlonal centers on wheat and nce pro­
duction in the LDC's is evaluated, the benefIts can be compared with a rela­
tively small investment over a short period. In an overall view, the expendi­
tures on research In relation to the annual values of the crops Involved are 
miniscule indeed. 

Throughout their history, IRRI and CIMMYT have been closely involved 
with national LDC programs. As Hardin and CoIlins have noted, these centers 
"were not deSIgned to supplant country efforts, but Indeed were developed to 

, , 
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Table 7-1. Annual Total Expenditures, both Core and 
Capital, for IRRI and CIMMYT, 1959-75a 

(in thousands of dollars) 

Year 

1959 ...... . 
1960 
1961 
1962 
1963 
1964 . 
1965 
1966 . 
1967 
1968 
1969 
1970 
1971 
1972 . 
1973 . 
1974 (est.). . ... 
1975 (proposed) .• 

IRRI 

250C 

7,060c 

229c 

405c 

875c 

625c 

1,055 
1,125 
1,164 
1,641 
1,955 
2,135 
2,676 
2,960 
3,084 
4,557 
8,520 

CIMMYTb 

457 
843 

1,427 
2,053 
5,017 
4,836 
4,942 
6,231 
5,563 
6,834 

Source: For 1959·64 (lRRI), letter from Faustino M. 
Salacup, executive offIcer and [reasurer, IRRl, Augus[ 
28, 1974. For 1965-69 (lRRI), Werner Kiene, Ford 
Foundation, August 1974. For 1966-71 (CIMMYT), 
"This is CIMMYT," CIMMYT Information Bulletin 
no. 8, March 1974, Chart 15{2, Tables 1 and 2 (Table 
1 lists donors but really means expenditures [letter 
from Robert D. Osler, deputy director- general and 
treasurer, CIMMYT, September 11, 19741.) For 1970-
75 (lRRI), 1972'75 (CIMMYT), budget submissions or 
presentations for each center for 1974-75, Table Ill. 

a Except as noted, data refer to actual total expen­
ditures In most of the source rabIes for 1970-75, this 
category is referred to as "application of funds" (ex­
clusive of funds carried over to the following year). It 
indudes, in addition to funds obtained from the Con­
sultative Group (CG) or individual donors before 1972, 
three other sources of Hincome": earned, indirect, and 
unexpended balances from the previolls,year. The to­
tals therefore exceed, by these amounts, the annual 
funding requested from the CG. The totals exclude 
working capital and funds received and spent on speciaJ 
projects. 

b The International Center for Corn and Wheat 
Improvement was flTst formed in cooperation with the 
Mexican government m late 1963 but was then reor~ 
ganized and reestabhshed on an International basis as 
CIMMYT in 1966 

C Grants received for capnat and operating costs, 
not actual expendItures. 
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complement and stimulate national research programs."J.9 The nature of these 
institutional ties is amply described in the annual reports of the centers and 
in other papers.20 

Relating Research Results and Production Changes 

It is a long way from the international agricultural research institute to the 
farmer's field. Relating the activities of the institute to actual changes in crop 
production requires an understanding of (1) the potential effects of research 
and (2) the reasons for the gap between potential and reality. To judge the re­
sults of international research in tenus of farmers' yields is to judge many 
other aspects of the rural economy as welL It is a severe test. 

Potential Effects of Research 

The major product of the international Institutes is new technology, which, 
in tum, brings about changes in the production process for the commodity 
involved. The direct quantitative effects are that (1) output is expanded at 
the same overall cost, (2) the same output is produced at lower cost, or (3) 
there is some combmation of these two results. DIrect effects may also be ac­
companied by mdirect effects. 

D,rect effects of tbe HYV's. High-Yleldmg varieties (HYV's) of wheat and rice 
are best known for their effect on the quantity of output. In addition, they 
may also influence the quality of the product. 

HYV's usually bring about increased output per unit ofland. WhIle yields 
are increased, so are the total costs per unit of land, because a package of as­
sociated mputs is needed. However, if HYV's are properly sited and used, re­
turns per unit of product are usually increased. A recent example is Sidhu's 
study of wheat in the Punjab of India, which revealed that unit costs of pro­
duction with the new varieties declined about 16 percent.21 This increased 
profitability is, of course, largely responsible for the widespread adoption of 
the HYV's. 

Yield potential is increased largely because of the semidwarf characteristics 
of the varieties. Additional fertilizer tends to be reflected in increased yields 
rather than in increased vegetative growth. The short, stiff straw of these vari­
eties also means that they are less likely to lodge (fall over). 

Although HYV's, given the proper package of inputs, usually have a clear 
yield advantage over tradItional varieties, it is difficult to measure the differ­
ence precisely. The improvement is not the same for wheat and rice. And ad­
vantages vary widely within each crop, depending on the degree to which the 
recommended level of inputs IS used, the quality of the land base, and a host 
of other factors. 

" 

http:papers.20


178 DALRYMPLE 

In the late 1960s, multIples of two or three times the traditional yield were 
claImed for the HYV's. These were largely measures of potential taken from 
experiment station trials or supervIsed demonstration plots. In itself, this in­
creased potential could be considered one possible measure of the fruits of 
international research. Actual farm yields, however, have been lower. Some 
of the reasons for this difference will be outlined later in this chapter. 

The YIeld effect has taken two different patterns in the breeding programs 
for wheat and rice. 22 Semi dwarf wheat varieties were developed In the second 
stage of the Mexican breeding program and were fIrst released in the early 
1960s. The semldwarf characteristics were part of the IRRI rice-bteeding pro­
gram from the outset. As a result, the yield potential of the newer Mexican 
wheat varieties, which incorporate the dwarfing characteristic, is greater than 
that of the earlier improved varieties, while the maximum yield potential of 
the IRRI vatieties has not increased greatly since the introduction of IR-B. 

These different patterns were partly related to problems of disease. The 
major problem for wheat was rust (a moldlike fungus). Development of re­
sistant varieties was considered to be the only answer, and Borlaug took up 
this work In 1945. By 1949, four new varieties were developed whIch were 
soon widely planted. The battle is a continuing one, however, because rust is 
extremely persistent, appearing repeatedly in new strains.23 In 1974, CIMMYT 
reported that, although the wheat varieties that moved out of Mexico in the 
1960s showed good resistance, "resistance to some of the rusts is now break­
ing down. New varieties with different genetic resistance are urgently needed. 
It appears that 10 years may be the longest period that a variety can WIth­
stand the constantly changing attack of the three rusts."24 

Disease was not an important factor in the early IRRI activities, but it soon 
became a serious concern. Other problems receiving major attention include 
insect resistance and tolerance for such stress factors as drought, cold, deep 
water, and soil problems. 

In addition to looking for increased yield potentlal, the IUstitutes are plac­
ing conSiderable emphasis on achieving yield stab,ltty ReSistance to insects 
and disease and tolerance for environmental stress factors playa major role 
in reduclngyear-to-yearfluctuations in production. In pursuing yield stability, 
CIMMYT is making a number of crosses between spring and winter wheats 
and between wheats and other cereals. IRRI has established the Genetic 
Evaluation and Utilization Program which seeks to develop varieties with im­
proved resistance and tolerance As a result of this search for yield stability, 
the potential geographIC area of varietal use may be broadened. 

Some of these research efforts wIiI produce higher aver'!ge farm yields, but 
other research will be needed just to maintain these higher yields in the face 
of ever changing attacks from Insects and disease. Such maintenance research, 
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although absolutely necessary, may not show up well in conventional measures 
of productivity.25 Increased yield stability, however, may be viewed by farm­
ers as a reduction in risk and hence could lead to a subsequent increase in ag­
ricultural output. 26 Since maintenance research may become increasingly im­
portant as agriculture becomes more complex, it is Vltal that further attention 
be given to its measurement. 

The new vaneties differ qualitatively from traditional varieties in two pri­
mary ways: consumer acceptance and nutrient composition. Some of the 
early institute wheat and nce varieties achieved only limited acceptance in 
certam areas because of color, appearance, or taste differences. The result was 
a lower price. Most of these problems were taken care of in subsequent breed­
ing programs, though traditional varieties still may be preferred in some 
places. 

The question of relative nutrient quality is more difficult to assess. It de­
pends on an involved interplay of genetic makeup, quantity and tlming of 
nitrogen applications, and environmental factors. Although on balance there 
may not be much of a difference hetween the HYV's and the traditional vari­
eties, an attempt is being made, particularly with rice, to breed in higher pro­
tein levels or quality.27 The challenge is to fmd varieties which have both 
higher yields and higher nutrient levels. 

Ind;reGt effects of the HYV's. The indirect effects of the HYV's, like the di­
rect effects, may have important quantitative and qualitative dimensions. Both 
of these dtmensions are often overlooked. 

One of the major biological features of the HYV's, especially rice, IS thelr 
photoperiod insensitivity, which often shortens the time needed to reach 
maturity, thereby providing greater flexibility in planting dates. This helps 
make it possible to grow an extra crop a year in some regions. Several rice­
eating natIOns III Southeast Asia have recently requested CIMMYT's help in 
introducing a wheat crop during the winter season. And Pakistan IS studymg 
the possibility of growing two crops of wheat a year. For these reasons, mul­
tiple cropping usually increases in green revolution areas. Castillo notes that 
in Asia adoption of the modern varieties "is almost synonymous with the 
adoption of multiple cropping" and that in some cases where their yields 
were not superior to local vaneties "they were adopted nevertheless because 
of the sh()rter growing period. ,,28 Perhaps, in the long run, thiS indirect effect 
on output will be as important as or even more important than the direct in­
fluence on yield. 29 

A second indirect effect is that higher yields may free resources for other 
uSeS. This waS recently reported to be the case in Uttar Pradesh in Ind,a, where 
"the coming of the new technology has freed the small farmer from the less 
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profitable cropping patterns on which he could always depend to provide 
minimum quantities of such staples as wheat and animal fodder for home con­
sumption. If he grows high-yielding varieties, the small farmer can supply his 
home consumption needs and still have land remaining to grow high-yieldmg 
cereals for market or other high-profit crops like sugarcane.,,30 

To take these and other effects into account we should increasingly turn 
our attention from yields per crop to yields per unit of land per year. This 
will be particularly true as more work is devoted to developing improved 
farming systems. 

The research on wheat and rice can have many economic and social effects, 
in addition to its effects on production. But measurement of the effects of 
research on output - detailed in later sectIOns of thIS chapter - is a necessary 
and often mlssmg link in the chain of analysis. 

The Gap between Potential and Reality 

High-yield technology developed at the research level simply reveals the 
potential for improved yield; this potential must be transformed mto reahty 
in actual farmers' fIelds in the LDC's. However, many factors outside the con­
trol of the experiment station - such as biological and economic constraints 
or traditional farming methods - may interfere WIth the optimal use of 
HYV's. 

Nature of the institute product. The new varieties are generally high yielding 
only if accompanied by a package of inputs. Chief among these are fertIlizer 
and improved management, but both water and control of insects and dIseases 
may also be vItal. The international center may provide, along WIth the seed, 
a set of recommendations for such inputs but these must actually be applied 
by the farmer at the local level. Many forces beyond the farmer's control can 
affect the availability of some of these inputs, as lias recently been shown for 
fertIlizer. And other factors, such as the availability of credIt, influence the 
farmer's willingness to actually use the inputs_ 

In many cases, the HYV provided by the institute is only raw material 
which needs to be refined for local use by national research programs. It is 
instructive that CIMMYT does not release varieties as such but rather "dis­
tributes germ plasm to national programs" leaving "governments ... free to 
release them as varieties under local nameS or. __ [to} uSe CIMMYT germ 
plasm in their own breeding programs. Either way, the national programs take 
responsIbility for what is selected and released."31 Similarly, IRRI varieties 
have been reissued under other names andlor extensively crossed with local 
varieties in national programs_ 32 

Another complicating factor in measuring research efforts is that some va­
rieties included in the HYV category were developed in national programs 
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eIther before the centers were established or independently of them. In fact, 
the IRRI and CIMMYT varieties are not wholly new varieties; in most cases, 
they bUild on generations of breeding efforts which have gone on before at 
the national and regional levels.33 For these reasons, the new wheats and 
nces should be viewed as Joint products of national and international research 
efforts. This makes it difficult to distinguish the particular contributions of 
the mstitutes and hazardous to attempt, as Evenson has done, to sort the 
HYV's into the three groups of "institute-bred," "joint institute-national," 
and "other mdependent" (see chapter 9). Such a breakdown is further hin­
dered by the lack of information on discrete varieties in HYV data from many 
countries. 

Constraints on realizing potential. The yield potential of HYV's determined 
on experiment stations is often several times higher than that obtained in 
practice. In the PhillppInes, for instance, the potential rice yield is m the 
neighborhood of eight metric tons per hectare, whereas actual overall YIelds 
(traditIOnal and HYV) are slightly less than two tons. 34 

What accounts for such differences? First, the HYV's are not planted on 
all of the crop land. In Asia in 1972-73, the HYV's accounted for about 35 
percent of the total wheat area and 20 percent of the total rice area. In a few 
nations the proportions were relatively high. for wheat the HYV proportion 
was 55.9 percent in Pakistan and 51.5 percent in India; for rice the HYV pro­
portion was 56.3 percent in the Philippines and 43.4 percent in Pakistan.>5 
Data on trends are provlded in FIgure 7-1. 

Second, even with local breeding efforts, there are biological limits on the 
proportlon of crop area suitable for the HYV's. For instance, much of the 
wheat area in Turkey IS suited only for winter wheats, whereas the Mexican 
HYV's are sprmg wheats. WithIn an area planted to HYV's, numerous other 
biological problems restraIn output. A breakdown of the constraints reported 
in one small sample rice survey in the PhilippInes in 1972-73 suggests the va­
riety of pOSSIble limitations that face the farmer. 36 (See accompanying tabula­
tion.) Some other factors restraining HYV adoption may be classified as in­
stitutional/economic and risk/uncertaInty. 37 

Dry Wet 
Limiting Factor Season Season 

Insects and diseases 35% 70% 
Water 26 
Nitrogen 21 6 
Weeds 9 18 
Seedling 9 6 

Total 100% 100% 
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Figure 7-1. Proportion of tota.l wheat and rice area planted to high-yielding Va· 

rieties, 1965166'1972173. 

But even If these factors are taken into account, HYV: YIelds are often not 
as high as might be expected. This is partly because many farmers do not fol­
low the recommended practices for levels of input use. The PhilIppine survey 
noted above illustrates the difference in rice Yields (in metric tons per hec­
tare) owing to farmers' practices. 38 (See accompanymg tabulation) A num-

Dry Wet 
Practices Seasorl Season 

Recommended 7.3 5.0 
Farmers 3.9 3.3 

Difference 3.4 1.7 
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ber of other studies have shown that many farmers either do not use recom­
mended practices or do not use them at recommended levels.39 There are 
many reasons for this less than complete usage; in some cases continuation of 
traditional practices represents a rational allocatlon of resources under the 
financial, price, and other condItions at the farm level. Moreover, in measur­
mg mcreased yield and production at the national level it is impossible to 
know precisely to what extent the recommended inputs have actually been 
used. 

We see, then, that the gap between potential and reality may be partly 
reduced by greater use of improved practices. And the effects of some bio­
logical factors can eventually be modified through research - for example, hy 
developing greater insect and disease resIstance. But there are techmcai and 
economic hmits to how far this process will go, and there WIll always be 
some gap between potentlal and reality. 

Thus, beyond the varieties themselves there are many factors involved in 
the realization of higher Yields at the farm level. To measure the productivity 
of the international institutes themselves on the basis of productivity at the 
farm level necessarily involves the measurement of such other factors, which 
range from the effectiveness of the national research agency, to the price of 
fertilizer, to the weather. 

Changes in Area and Yield 

Changes in crop production are usually a function of changes m area and/or 
yield. Improvements m technology are reflected, for the most part, in in­
creased yield. New technologies are less often needed for expansion of area. 
Thus, in minally evaluatmg the effect of the HYV's on production, it IS useful 
to determine the relative Importance of changes m area and Yield. 

Increased yields may be caused by many factors. Technology is only one 
such factor, and the HYV's are only one form of technology Stlll, we can 
gain an Impression of the importance of HYV's by comparing changes in 
HYV adoption and changes in production and by examining relative yield 
levels of the HYV's and of the tradmonal varieties Examming relative Yields 
wIll also provide the basis for the more sophisticated analysis of the effect of 
the HYV's on production which we undertake below (see "Measurmg Impact 
On Production"). 

Data On area planted to HYV wheat and rice 10 developing natIOns go back 
to 1965-66, the first year the vaneties produced by the research IOstitutes 
began to be used internationally to any degree. The data now available extend 
through 1972-73. It is often not possible to separate the IOsntute varieties 
10 direct use from their progeny and from other Improved varIeties, so they 
are all generally lumped together. 
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FIgure 7-2. EstImated high-Yle1dmg wheat and nce area, Asia. and North Africa, 
1965/66-1972/73 (excluding communist nations). 

HYV data for noncommunist LDC's are depicted in summary form for the 
1965166-1972/73 \period in Figure 7-2. Area devoted to the HYV's has ex­
panded sharply, but it is still concentrated in Asia, with Some HYV wheat in 
North Africa and some HYV nee in Latin Amenca. Comparable data are not 
yet available for communist nations.40 

Total area planted to all types of nce can be obtamed for these counmes 
from data compiled by the Foreign Agricultural SerVice of the USDA or by 
the Food and Agriculture Organization of the United Nations. Deducting 
HYV area from the total area gives us, of course, the area planted to regular 
varieties. 

Information can be found on total wheat or rice output for nearly all coun­
tnes. If the area planted to wheat and to rice is known, it is obviously possi­
ble to calculate the average yield for all varieties. However, calculation of rela­
tive yields of the HYV's is more difficult. In a few cases, the production and 
yield of HYV's is reported separately. But more often HYV Yields have to be 
pieced together from a vanety of sources. 

Effect of Changes in Area and Yield 

In assessing the impact of HYV's, SOme observers look merely at trends in 
total wheat or rice productiOn in a particular LDC. This procedure alone is 
inadequate for the measuring of impact because it does not take mto account 
relative changes in area and yield. 

Nature of area and yield expanSIon There IS Itttle mformation available about 
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the effect of the HYV's on the total cropped area. Considering theIr biologi­
cal requirements, it IS unlikely that much new land has been cleared for their 
use. Instead, they have probably substItuted for existing crops on the better 
land. The question then is whether they have substituted for a traditional va­
riery of a like crop or for other crops. It appears that they generally replace 
like crops, but this is not always the case, especially On irrigated land. 

Area trends In IndIa from 1967/68 to 1973174 reveal different patterns for 
wheat and rice. For wheat, there was fairly significant expansion of the total 
area. On the other hand, total rice area expanded only slightly.41 This sug­
gests that,the expansIOn of HYV wheat involved some replacement of other 
crops, while the HYV rice area appears to have substituted largely for tradi­
tIOnal varieties. Much of the new wheat area would otherwise have been left 
fallow Or planted to chickpeas or other crops. The speCIfIC sources of wheat 
area in 1970-71, compared with those In 1963-65, are presented in the accom­
panyIng tabulanon.42 In the Punjab barley, gram, and cotton were the crops 
replaced by wheat.43 

Land already in wheat, 1963-65 
Land shifted out of gram (chickpeas) 
Land from fallow or other crops 

Land in wheat, 1970-71 

Percentage 

68.3 
14.7 
17.0 

100.0 

Relatively little analysis has been made of comparative YIeld data at the 
national level. The catch here is the word comparative: whIle we have data 
on yields where HYV's and traditional varIeties are planted, we usually do 
not have a comparison of the resource base. HYV's are normally planted on 
the best land. But when they are more widely planted, presumably expandmg 
into less suItable land, yields drop off. 

DIfferentIating area and yield effects. The first step in differentiating the ef­
fects of changes in area and yield might be to calculate these changes for 
countries that have adopted HYV's to a significant extent over a given period 
of time. For our purposes, averages of two four-year periods, 1960-63 and 
1970-73, have been tabulated. The comparjsons are conservative in that 1972 
was generally a poor year. Countries selected were those where 12 percent or 
more of the wheat or rice area was planted to HYV's from 1970/71 to 19721 
73. Two countries in this claSSIfication were omitted: Nepal, because esti­
mates of total wheat areas, yield, and production vary, and South Vietnam 
because of the influence of the war. 

Both area and yield were expanded In each country (see Table 7-2), but in 
every case except that of Malaysia the relative increase was greater for yield 
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Table 7-2. Relative Increases in Production, Area, and Yield 
for Wheat and Rice, 1960~3 to 1970-73 

Jncrease 10 1970-73 Average over 

HYV Proportlon 
1960·63 Average 

CropfCoumry 1970/71-1972173 Area Yield Production 

Wheat 
Pakistan 52.3 to 55.9% + 22.3% + 45.2% + 77.8% 
India. 35 5 to 51 5 + 382 + 56.1 + 115.7 

Rice 
Philippines .. ! ••• 50.3 to 56.3 +0.4 +33.9 + 34 2 
Pakistan .... 36.6 to 43.4 + 22.8 + 73.3 + 112.9 
Malaysia .... 30.9 to 380 + 43.7 + 16.5 + 67.2 
IndJa _ . ~ . __ 14.9 to 24.7 +4.6 +138 + 19.3 
Indonesia . ... 11 2 to 18 Oa + 188 + 29.1 + 53.4 

a Government programs only. Additional HYV area planted in private plots. 

than for area. The increase in yield ranged from 1 5 times higher than the in­
crease m area for Indian wheat and Indonesian rice, to 2 tlmes for Pakistan 
wheat, and to 3 times for Pakistan and IndIan nee. In the Philippines, virtual­
ly all the increase was in Yield. 

Given this data, it is pOSSIble to assess the relative importance of area and 
yield expansIon more formally, as is done in Table 7-3. Increases in yield ac­
counted for a slgmficant portlOn of the expansion m productlon in SIX of the 
seven cases cited and were of moderate importance m the seventh. YIeld in­
creases accounted for virtually all the expansion in rice production in the 
Philippines and from 50 to 74 percent in the other five cases. Malaysia IS the 
only country where area expansion was more important, and this may have 
been the result of the addition of some major irngatIOn proJects. 

Thus, although both area and yield expansion were involved in produ"tlOn 
increases in seven cases (fIVe countries) where substantial areas were planted 
to HYV's, growth in yields generally appeared to be more Important. 

Annual Changes in Yield 

It seems that yield increases were an Important factor in productlOn in­
creases in areas where HYV's were planted. What, then, did the annual ch'wges 
m overall yield patterns look hke? How did they differ between HYV's and 
traditional varieties? 

Overall cbanges i12 yield. Changes in national wheat and nce y,elds for the 
countnes noted 10 the previous section are depicted 10 Figure 7-3. The follow~ 
mg trends are apparent. 

Yields m wheat were relatively steady in India and Pakistan through 1967 
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Table 7-3. Role. of Area and Yield in Produc­
don Expansion, 1960-63 to 1970-73 

Crop/Country 

Wheat 
Pakistan. 
India .•. 

Rice 
Philippines •. 
Paklstan ... 
Malaysia (W). 
India. 
Indonesia ....... 

Production Increasea 

Owing to Expansion 

Area Yield 

35% 65% 
42 58 

1 99 
27 73 
70 30 
26 74 
40 60 

Source' Formula and calcUlations by Robcl't 
Niehaus of the EconomEc Research Service, 
USDA. 

a Calculated accordmg to the folIo wing for­
mula: 

1 = log (1 + a) + -;-lo-"g:-;{,:-l_+...,Y",) 
log(1 + p) log (1 + p) 

where a, y, and p are the percentages In Table 
7-2 (but carried out several decimal places In 

some cases). 

and then rose sharply m 1968. YIelds in India contmued to rise through 1972 
but dropped in 1973. Pakistan's yields moved up more slowly but continued 
to rtse in 1973, exceeding those of India. 

YIelds m rice either remamed about the same or rose only gradually through 
1966 and 1961. After 1968 Pakistan and Indonesia showed the sharpest and 
most persistent gams. Though yields in the Philippines appear to have in­
creased only very gradually, changes in accountmg and reporttng systems may 
have influenced some of these data. India has shown only a gradual increase 
over the penod. YIelds dropped in three of the four countries in 1972 bur in­
creased in all of them in 1973. Malaysia was not included on the chart sImply 
hecause Its YIeld levels averaged above the upper bound. (MalaYSIa showed no 
particular trend from 1960 to 1967, but levels moved up substantially in 
1968 and 1969; more moderate increases were registered in 1971 and 1973.) 

Not surprisingly, these yield trends coincide roughly WIth the expansion 
of the HYV area in each country shown in Figure 7-1 {except for the drop in 
the Phlhppine rice YIelds in 1971 and 1972}. The impact, however, seemed to 
be least for rice m IndIa ~ probably because the HYV area represented only a 
small proportion of the rotal area, and because the HYV's used in IndIa have 
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Figure 7-3, Trends in wheat and rice yields, 1960-73. 

not yet proved to be well suited to local monsoon conditions. Other factors 
beside the HYV package, of course, may well have had some influence. , 
Comparative yield levels. Some national data 'are available which give an idea 
of the yield levels of the HYV's compared with those of traditional varieties. 
These data can be misleading because, as noted earlIer, the HYV's are usually 
planted on the better land. Even so, it may be of interest to review the of­
fiCial statistiCs and to compare them with other measures. 

A few official national statistics have been gathered. One USDA report 
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summarized these fIgures for wheat from 1966 to 1970 for India, Pakistan, 
and Turkey.44 It revealed that HYV yields were substantially above local va­
rieties -from 1.77 to 3.70 times as great; that as area planted to HYV's ex­
panded, theIr yield levels dropped, though not evenly, and that as HYV area 
expanded, national yield levels increased. These relationships would be expect­
ed. Because they produce hIgher yields, HYV's account for a larger proportion 
of total production than of total area. The difference in proponlOn, however, 
decreases as the average HYV yield level decreases over time. 

SImilar data are avaIlable for wheat and nee In India for the period from 
1966167 through 1973174 (FIgure 74).45 They show the Same general trends 
noted above, with a few variations. In IndIa, yields for HYV's ranged from 
less than tWO to more than three times as hIgh as those for traditional vari­
eties. The wheat multiple was consistently higher than the rice multiple, 
though the difference narrowed later in the period. These ratIOS of HYV to 

traditional yields were fairly consistent through 1970171 and then dropped 
(See accompanying tabulation.) In the Philippines, offIcial estimates for rice 

Crop Year Wheat RIce 

1966167 2.87 2.58 
1967/68 3.70 2.18 
1968169 3.49 2.05 
1969170 368 2.26 
1970/71 3.44 2.27 
1971172 2.50 2.03 
1972173 2.35 1.76 
1973174 (prelim.) 2.59 1.71 

over the 1968-72 period suggest that.HYV yields averaged from 1.30 to 1.35 
times higher than those of traditional varieties (including upland).46 

If the land base were standardized, the comparative yield levels cited above 
would be somewhat lower. Several years ago I assumed - when pressed for a 
rough estimate - that the HYV package in irrigated areas might result III a 
relative yield ratio of 2.0 for wheat and 1.25 for rice. The ratios w0l!ld be 
lower in unirrigated areas. 
I Unfortunately, it has not been pOSSible to review enough studies 1;0 pro­
vide a good empIrical check on these estimates. Two recent investigatIOn" 
however, provide both larger and smaller multiples for rice, suggestIng that 
the above figure may not be far off the mark as an average. A study of nee 
production at the VIllage level in six Asian nations in 1971-72 revealed that 
the overall multiple for both wet and dry seasons was somewhat hIgher: 1.32 
to 1.33.47 Somewhat lower ratios were obtained in the Phlitppines for the 
penod from 1968 to 1972 when the national data reported preVIOusly were 
sorted out by type of land base. The HYV advantage was 1.14 on irrigated 
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Figure 7-4. Trends in yields for tr.ditional and high-yielding varieties of wheat 
and rice, India, 1966/67-1973174 

land and 1 03 on ramfed lowland:48 Most HYV's are raised in irrigated areas. 
The multiple did not show any pronounced decline over the penod; perhaps 
the arrival of improved vaneties compensated for the possiblhty that lower 
quality land may have been planted to HYV's 

For wheat, the countries cited have made extensive use of irrigation. A 
preliminary review of the data for dryJand wheat production in North Africa 
and the Near East does nOt yet show a clear pattern of yield increase. This 
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may be because levels of adoptlOn are sull relatively low, but may also reflect 
(1) the Impact of lower water levels and of variations in rainfall, and (2) the 
fact that the tradItional vaneties In some of the North African nations really 
are Improved vaneties which were introduced over the twentieth century "nd 
in some cases have characterIstics and ancestry similar ro the MeXIcan vari­
enes.49 

Numerous other data could undoubtedly be found; the diffIculty is to dls­
ttll a meanmgful average from,them. 

Obviously we need to know much mOre about actual yields at the farm 
level before we can make precIse evaluations of the contribution of the HYV's 
or of the HYV packags: to mcreased YIelds. And we need to know much more 
about the influence that various purchased mputs, the weather, and other fac­
tors have on production. 

Measuring tbe Impact of Tecbnology on Production 

The next step m analyzing the impact of the new technology IS to evaluate Its 
effect on productlOn. The mam problem we face 1S that a great many dIffer­
ent factors influence changes m productIon. Furthermore, we do not know 
precisely what production would have been in the absence of new technol­
ogy. 

To measure producpon changes, most economists would use (1) a pro­
duction function, or (2) an mdex number approach ;;0 Each technIque has 
its advantages and lImitations This section presents fIrst a brief review of 
both techntques in the context of wheat and rice production and then a slm­
phflcatlon of the Index number technique. Fmally, the findmgs of these two 
approaches are compared. 

Production Function Analysis 

A production function is a form of multIple correlation (or regressIon) 
analYSIS in whIch changes In production are treated as .1 function of variations 
in a number of input variables The variables might include, as Evenson has 
suggested, (1) utihzatlon of land, (2) fertlhzer, (3) irrigation, (4) other agn­
cultural inputs, and.(5) some measure of the introduction of new technology, 
such as the percentage of the crop produced from the new varieties.51 

Data requireme11ts. Although a logIcal functional form can be faIrly eaSIly laid 
out, the problem is to obtam statistical data for each of the mput vanables. 
This can be accomplished at local or regIOnal levels by farm surveys, but it is 
a very dIffIcult task at the nanonallevel. About the only mformation readily 
available IS the HYV area. Fertilizer IS of crincal Importance, yer no LDC re­
ports regular n.1tional data on the amount of fertilizer applIed to individual 
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crops such as wheat or rice, let alone to HYV's. All that is reported on an an­
nual basis is the amount of fertilizer apparently consumed on all crops (these 
data are presented m FAQ's annual FertIlizer Review). Some export or non­
food crops are large users of fertilizer. Tne use of insecticides and pesticides 
is even less clear. Irngation is not such an unknown, but it varies a great deal 
in quality and we have only a vague idea of the amount of iwgated land de­
voted to HYV's. 

Even if these data were available, we would have to take other vanables 
into account. Perhaps the most diffIcult to measure is weather. While there 
have been sharp changes in weather since the mid 1960s - and 1972 was par­
ticularly bad - there are apparently no indexes which adequately measure the 
cotal yearly' changes in weather. Perhaps over a long enough time period these 
changes would balance Out, but the period at hand is only eight years long. 
Some national data are available which make a start possIble, such as the all­
India ramfall mdexes,52 but they are only a partial means of measuring the 
weather. 

A more eaSIly measured vanable is the change in the price of both the prod­
uct and the various inputs. Increased product prices and lower mput prices 
would be expected co IOcrease the adoptIOn of mnovatlons. Such changes 
have taken place in the prices of rice and urea. The cost of irrigation water 
depends on the source but so does quality (in terms of when it is available), 
canal water is usually much cheaper than tubewell water, but the timing of 
the apphcauon of tubewell water can be regulated much mO're closely. 

All these factors, as well as others, should be consIdered in specifylOg a pro­
duction function - but thIS is much easier saId than done. 

Two recent analyses. Despite these problems, many production function anal­
yses have undoubtedly been conducted Two recent studies on wheat and nee 
may be representative. One was done at a very broad level, whereas the other 
was conducted at a regional level within one country. Both used Cobb-Douglas 
production functions. 

Robert Evenson recently reported on a highly aggregated analysis for wheat 
and rice for Asia and the Middle East. 53 He fIrSt conSIdered a country-by­
COUntry analysis, but because ,the data were limited he focused on a regional 
grouping, uslOg one group of countries for wheat and another for rice. Fertil­
izer was measured by its total use on all crops, and the HYV areas were based 
on my earlier area comptlations. 

The analysis was carried out in two steps. In the flfSt stage, production was 
expressed as a function of crop area, total use of fertilizer, and the proportion 
of crop area planted to HYV's. In total, these vanables explained nearly all 
the variauon m wheat and rice production. Though each variable was signifl-
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Table 7-4. Increase in Production and Value Associated wIth the Use 
of High-Yielding Varieties, Asia and Mideast 

Production Value 
(%) (million dollars) 

Crop Year Whea,a RICc:b Wheate Rlced 

1965166e. 
1966/67 . 0.5 05 30 76 
1967/68 . 2.8 16 170 233 
1968/69 . 52 2.8 325 420 
1969170 . 5.4 4.6 340 695 
1970/71 . 5.9 6.0 403 905 
1971172 .•..•. 6.7 7.7 445 1,155 
1972/73 ...... 74 9.0 523 1,359 

Source: ReVised dara reponed by Robert Evenson~ chapter 9 in this 
volume, Table 9-2j letters from Evenson, September 29; 1975, No­
vember 19, 1975 

a Thirteen countries. 
b Twelve countries. 
C Wheat priced at $75 per metric tOn. 
d Rice priced at S100 per metric ton. 
e Figures negligible. 

cant, crop area was the most Important. It was surpriSing that such a crude 
measure of the use of fertilizer was siglllficant, bur it was not surprising that 
overall crop area was more important than the HYV area, since the latter was 
of some magnitude only late in the period. In the second stage of Evenson's 
analysis, he introduced a number of other measures of research. The results 
with respect to the variables dIscussed above were roughly similar. 

From this two-stage analysis Evenson concluded that "while the high­
yielding varieties dId contribute very significantly to Increased production, 
they were by no means the sole source of productivity gains in LDC agrI­
culture."S4- Besides the HYV's and fertilizer, other important reasons for 
growth in productIVIty were indigenous research findings and borrowed re­
search discoveries. Whereas two studies revealed (as has been suggested earh­
er) that the superiomy of the HYV's declines as theIr portion of the total 
ar~a planted mcreases, a su bsequent and more refined analYSIS indicated that 
this dechne could be offset to a considerable degree by indigenous research 
whIch modifies the technology to suit local conditions. 55 

Evenson went on to calculate the increase in wheat and rice production in 
the countrIes studied and then convened thIS to value terms (Table 7-4). HIS 
calculations have gone through three stages of refinement; the third stage is 
reported here. 56 Even If the fIgures are only roughly accurate, they suggest 
that the Increased production owing to the use of the HYV's was substantial. 

http:conditions.55
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Surjit Sidhu has recently reported the results of a study On wheat in the 
Punjab of IndIa for the four-year period from 1967/68 to 1970171.57 Pro­
duction, again, was the dependent varIable, the mdependent variables were 
crop land, capital services, fertilizer/manure, and labor. All independent vari­
ables proved to be sIgnificant except, m some cases, labor. When production 
functions were run for HYV and non-HYV farms m 1967/68, It was found 
that the new varieties used more of all mputs on a per umt of land basis, 
however, "a umt of output of new wheat consumes less of all mputs, includ­
ing land, than old wheat" and this "is of crucial importance as a source of 
growth. ,,58 

For the year 1967/68, the "magmtude of the natural upward shift m the 
wheat production function resulting from the mtroductlon of new wheat" 
was 22.85 percenr.59 In a subsequent paper, usmg a somewhat different for­
mulation, Sidhu found an mcrease m efficiency of 4479 percent.60 These 
two figures form, he feels, the lower and upper limits of the actual change in 
produCClV[ty.61 

For the other three years of one study, analyses were carried OUt for 
HYV's only 62 The results suggested a downward shift m the production 
functIOn after 1967/68. Sidhu thought that this drop may have been the 
result of the weather, the deterioration in seed quality (owing to mixing), and 
the a.dditlon of marginally "mferior lands" but noted that "an assessment of 
their relative influences seems impossible." The downward shift in the pro­
duction function, however, was to some extent reversed m 1970171. Sidhu 
was not sure whether the downward movement "was a temporary phenom­
enon or [S a long-run technological regression m the production of new 
wheats.,,63 

Sidhu remarks that "dunng farm visits in 1970 and 1971 PunJa.b farmers 
generally complamed of defective seed quality after 1967/68:-- .. I think miX­
ing of lower quahry seed with better seeds occurred at more than one level of 
the seed distribution channel.,,64 If he is right In suggesting that the declining 
quality of seed may be caused by m[xlng - and some other recent references 
from Ind[a indicate that he might be - we have another complex and largely 
unmeasurable variable which should be conSidered. Forms of "technological 
regression," however, can be corrected to some extent in national research 
programs, as Evenson's analysis (cited above) has md[cated. 

Production functions, though they prOVide an analytically attractive ap­
proach, do have severe data problems unless they are based on farm surveys. 
And even [f they are, there is the problem of extrapolating the results to the 
national or mternatlonallevel. Is there a way to get around these problems? 
The mdex number approach [s one pOSSlbllity. 
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Figure 7~S. Effect of a new technology in shifting supply curves. 

Index Number Analysis 

New technology usually results in an increase in output for a given set of 
resources. Through use of the index number approach, it is possible to mea­
sure the magmtude not only of this increase but of its value to society. A 
number of economists have used this approach at the national level. 65 The in­
dex number technique can build on some of the results of production func­
tion analysis. Although the mdex number approach does have some limita­
tions, these can be partly avoided by linking this approach witn production 
function analysis. 

The general formulation. In economic terms, the introduction of a new tech­
nology leads to a shIft m the supply curve (graphically shown m Figure 7-5). 
Curve St represents the supply situation with traditional technology. Curve Sn 
represents the supply sltuatlOn If the new technology is utilized. With the tn­

troduction of the new technology, the quantity of product is increased and 
the price is reduced. ThiS change results in a gain to socIety, which IS indIcat­
ed by the shaded area, OAB. (Here [ have adopted the simplified depictIon 
of SOCIal benefits used by Hayami and Akmo in chapter 2.) Smce only part 
of the farming area may utilize the new technology, the actual supply curve 
would lie somewhere between Sn and St. 
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The usual mdex number analysis mvolves a three-stage process, including 
estimation of (1) gross benefits, (2) research costs, and (3) rate of return over 
time Obviously, a full-blown index number stu!iy could be rather involved 
and would demand much data. It also goes beyond the scope of this chapter, 
which is to evaluate effects on ptoduction. Therefore we will focus on step (1), 
the measurement of gross benefits. 

Even the estimation of gross benefits, however, is a rather complex process. 
The major components and their functional form may be summarized as fol­
low5: 66 

where 

B = PQK (1 + KI2 ED) (1 - [(1 - Eo)2 Est(Eo - Es)]) 

B = gross benefits 
P = price of the product 
Q = quantity of the product 
K = shIft in supply CUrve OWIng to research 

ED = elasticity of product demand 
ES = elaStiCIty of product supply. 

The most dIfficult factor to measure, in turn, IS K, since it IS hard to separate 
out the many other factors which may influence productivity. Production 
function analysis can he very helpful In thIS process. ED and ES may also be 
diffIcult to determme over broad areas. 

Is it pOSSIble, for mtroductory purposes, to get around Some of the data 
problems by simplifymg step Cll? A look at three previous studIes provIdes· 
Some help wIth K, ED, and ES' 

Several types of estimates of K have been utilized. In his classic study on 
hybnd corn, Gnhches simply assumed, usmg some mdustry estimates, that 
yields were 15 percent higher than for open-pollinated vaneties (a shift which 
he IdentifIed as K).67 A subsequent study, by ArdIto Barletta, of the effects 
of crop research In MeXICO made use of three different estimates of K, (1) ex­
periment station results, (2) a weighted average from regression analysis, and 
(3) a figure obtained by assigning all productivity increases to the new wheat 
and Subtracting the additional costs.68 Hertford et al. used the results of 
farm-level experimental trials (see chapter 4). In terms of effects, measures 
close to the farm level would be most deSIrable; in terms of measuring poten­
tial, expenment station results might be most useful. 

How necessary is it that elastIcity estimates, ES and ED, be included? 
When Griliches postulated various supply and demand elasticities, he found 
that "these elasticities have only a second-order effect, and hence different 
reasonable assumptions about them wIiI affect the results very Iitde.,,69 In 
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a concurrent investigation of the returns to research on a disease-resistant cot­
ton in BrazIl, Ayer and Schuh found, in calculating internal rates of return, 
that the results were changed only a little by different assumptions about the 
respective price and supply elasticities."'u In reviewing these three papers, as 
well as Ardito Barletta's, the StatIstics DivisIOn of the Mimstry of Overseas 
Development in the United Kingdom summarized calculations which suggest­
ed that, when the elasticity of demand IS wlthm the range of - 0.5 to - 1.85, 
changes in the elasticity of supply make little dIfference (less than 5 percent) 
in the amount of beneflt.71 

All told, then, these findings suggest that it is pOSSIble to be flexible and 
pragmatic in obtaming estimates of K, and that mtroductory analyses might 
leave out estimates of ES and En. Clearly, more precise analyses should m­
elude the elasticities. 

Contrtbution of the HYV package. Considering data available for wheat and 
rice, and the possible simplifications suggested in the previous section, we can 
readily estimate the gross contribution of the HYV package to ptoduction by 
a sequence of a few sImple formulas. Several different values for K, the shift 
owing to research, will be assumed. 

The aV3Ilable and required data are deSCribed in the following algebraic 
notatIon: 

Varieties Area Yield Productio1I 
Traditional At Yt Qt 
HYV Ahyv Yhyv Qhyv 

All varieties AT YT QT 

K is the equivalent of Yhyv. Five of the nine variables are known: At, Ahyv' 
Yt 

AT, YT, and QT' The variables that need to be calculated are Yt> Yhyv' Qt> 
and Qhyv' Qt and Qhyv as used here, however, are not simply the production 
from each type of variety: rather Qt is the quantity that would be produced 
If all of the area were planted ro traditional varieties, and Qhyv IS the addi­
tional production owing to the HYV package. Four different levels of K have 
been postulated: 1.25,1.50,1.75, and 2.0. 

The estimating process is composed of three steps, each of which utilizes 
a formula. 

(l) Estimated YIeld of traditional varieties (Yt ) 

Qy 
Yt = ---'---­

At + (Ahyv x K) 

http:elasticities.iO
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(2) Total production if total area planted to tradltion~l varieties (Qt) 

Qt = Y, x AT· 

(3) AddItional productton oWing to HYV package (Qhyv) 

Qhyv = QT - Q,. 

The derivation of formula (I) is 

QT ~ (At x Yt ) + (Ahyv x Yhyv) 

QT ~ (At x Yt ) + (Ahyv x (Yt x K» 

QT '" Yt(A t ... Ahyv x K} 

QT y - -----:'---­
t - At + (Ahyv x K) 

This IS, as suggested, a fairly simple estimating process. It IS also flexible; it 
can be used at any level for which data are available. The main limitatIOn ", 
as with the index number approach generally, the derivation and specification 
ofK. 

Although a range of assumptions on the value of K has been speCIfied, 
which one appears to be most realistic? In the past, as noted previously, I 
have used a rough estimate of 1.25 for the HYV rice package and 2.00 for 
wheat in Asia. Data from several countries suggest that ratios for wheat range 
from 1.77 to 3.70 and for rice from 1.10 to.2.58. SIdhu's productlon'func­
tion analysis indicates farm-level figures ranging from 1.23 to 1.45 for wheat 
In the Indian Punjab in 1967/68 Research In ColombIa placed the YIeld ad­
vantage in 1971 as 1.46 for the Improved wheat variettes and between 1.25 
and 1.39 for rice (see chapter 4). Clearly there is a wide variation in the 
ratlos. 

One explanatton for thIS range of estimates is that they may describe dif­
ferent things. The HYV package is purposely referred to throughout this 
chapter. The varielles alone may not have a significant effect on overall pro­
duction because other elements of the package are needed, particularly in­
creased fertilization. On the other hand, without the improved variety tbe full 
utility of the otber inputs may not be realized. Although some of these fac­
tors may be sorted out at the local level through tbe use of production func­
tion or regression analysis, this IS much more difficult to do at the natlonal 
Or international level. 

While pure varietal effects have reportedly been sorted out for Colombia, 
some rather exceptional data were available (see chapter 4). The use of more 
traditional national data on area planted to varieties and estimated quantity 
of fertIlizer may produce a high degree of inrercorrelation. In a study under-
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way at the Brookings InstitutIOn in 1975, for instance, Roy and Sanderson 
found such a correlatIOn (r = 0 97) between the area planted to all HYV 
grains and the estimated use of fertilizer on all grains (including HYV's) in 
India between 1966167 and 1973174. In some cases femlizer mIght appear to 
have a hIgher correlation with output than the HYV's. If so, this may indIcate 
that the fertilizer fIgure usually reflects use on both traditional and HYV 
crops (no one knows how much was actually used on HYV's at the aggregate 
level) and that the area of the HYV's in the early years III each country is 
qUIte small (as shown III Figure 7-1). Hence the HYV figure may be swamped 
by the fertihzer fIgure. 

Of the various K factors postulated, the most likely for the Asian region as 
a whole might be 1.25 for nee and 1.50 for wheat. The wheat fIgure IS less 
than that used a few years ago, partly because of the declines in HYV yields 
as they are planted more WIdely within nations (as shown m Figure '7-4 for 
India) and the fact that some of the newer wheat plantings are in the Near 
East, where water supplies may be even more limtted than they are in South 
ASia. 

When the mdex number approach is applied to wheat and rice.in the non­
communist developmg nations of ASIa for the 1972173 crop year, the calcula­
tions produce the results given in column 2 of Table 7-5. (Column 1, the per­
centage Increase, IS simply calculated from some of the original data.) Ob­
viously the results vary considerably, depending on which YIeld or K factor 
is utiItzed. If K factors of 1.25 for rice and 1.50 for wheat are selected as 
most realistic, the calculations suggest that in 197217 3 the HYV package add­
ed 8.7 millIon metric tons of wheat and 7.7 million merrtc tons of rice. In 
terms of the total crop, overall wheat output was increased by 18.3 percent 
and nce output by 4.9 percent. 

These fIgures may be more meaningful when converted ro value terms 
(column 3 of Table 7-5), though thIS is a hazardous step since it is diffIcult to 
select appropriate prices to use for a broad geographic area. If, to facilitate 
companson, one applies the prices used by Evenson ($75/ton for wheat and 
$100/ron for rice), the gross value of the increased output in 1972173 is strik­
Ing: $656 million for wheat and $769 million for rice, or a total of $1.425 
bllhon 

These prices, however, may be on the hIgh side. They are close to mterna­
tional levels and do not reflect the fact that the HYV's, despite Improvements 
in taste and color, still are not exported in quantity and do not bnng a pre­
mium domestic price?2 They also do not reflect the effect of Increased out­
put on local pnces. An increase In output would, of COUlse, result m a de­
crease in price. The amount of decrease would depend on the price elasticity 
of demand as well as other factors. Although the price decline reduces the 
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Table 7-5. Estimated Increase in Wheat and Rice Production in Asia under Different 
HYV Yield AssumptIons, 1972173 Crop Year' 

ProportIOn Qu.ntity Value 

HYV Yield as Multiple 
(%) {million metric tons)b (million dollars) 

of Traditional Yield Wheat Rlce Wheat Rice WheatC Riced 

1.25 ............. 9.1 4.9 4.2 77 314 769 
1.50 ....•..•..... 18.3 9.8 8.7 13.8 656 1,379 
1.75 .. . . . . . . . . . . . 27.4 14.7 11.8 18.4 881 1,841 
2.00 ...•..... 36.6 196 14.4 23.5 1,080 2,354 

Source HYV area based on background data for Figures 7-1 and 7-2. Other area~ yteld j 

and production data derived from statistics compiled by Foreign Agricultural Service. 
Prices same as those used by EVenson (see Table 7-4. notes c and d). 

a Excluding People's Republic of China, North Vietnam, Japan, and Israel. 
b Calculated according to formulas (1), (2), and (3) in text. 
c At $75 per metric ton. 
d At S10() per metne ton. 

valuatlOn of the added output, It IS at the heart of the social benefIts arising 
from the innovation (as shown in Figure 7-5). The introduction of the im­
proved wheats in Mexico, for mstance, had a major effect in lowering prices 
to consumers.73 In some countries, on the other hand, farm prices are held 
artificially low, whIch unduly lowers the valuation of the impact at the na­
tionallevel. 

If for these reasons prices are arbitrarily redu(ed by a third (to $50 per ton 
for wheat and $67 per ton for rice) to reflect these factors better, the results 
are stIll most impreSSIve. an Increase of $435 million for wheat and $513 mil­
lion for rice, or a total gross value of ahout $950 mIllion. Overall, it is reason­
able to suggest that the gross value of the HYV wheat and rice package in 
1972/73 was about $1 billion' for Asia alone. 

Even though the overall OUtput Increases-of 18.3 percent for wheat and 
4.9 percent for rice - are not great, the areas involved in noncommunist Asia 
alone are so vast that the total fIgures are inevitably significant. The monetary 
values would be even higher if North Vietnam, North Korea, LatIn America, 
and Africa were induded. However, if the additional COSt of inputs were sub­
tracted from the gross figures, they would of course be lowered. 

Comparison of Results 

How do the results obtaIned using mdex number analyses compare with 
those obtained by Evenson for 1972173 using production function analysIs 
(reported in Table 74)? The statistical fmdings, using the same prices, are 
summarized in the accompanying tabulation. Although the data cannot be 

http:consumers.73
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Analytical Method 

Production function 

Index number 

Crop 

Wheat 
Rice 

Total 

Wheat 
Rlce 

Total 

Increase In Total Production 

Percentage 

7.4 
9.0 

18.3 
4.9 

Gross Value 
(million dollars) 

523 
1,359 

1,882 

656 
769 

1,425 

precisely compared because the specific countries and regions involved differ 
slightly as between Evenson's, analysis and mine, the production function 
analysis appears to have led to more conservative estimates for wheat, whIle 
the index number approach provided a more conservative estimate for rice 
(Evenson, however, includes LatIn America In hIs computatIon). The total 
values were not greatly different, and both estimates easily exceeded $1 
billion. 

Just as Evenson has done, I could present estimates on production increase 
and value for the previous years (Table 7-4). But since the yield ratio between 
HYV's and traditional varieties has changed over time and has generally de· 
clined, it might be appropriate to use different yield assumptions for past 
yea". And perhaps the effect of some lower ratIos (such as 1.20 for rice) 
should also be calculated. 

The yield advantage may, of course, vary from season to season If there 
are WIdespread changes 10 the weather. It may be significantly reduced where, 
as has been the case recently, fertilizer supplIes are scarce and prices high. On 
the other hand, lower yields may be offset by higher gram prices in calculat­
ing gross returns. 

The mdex number procedure outlined here seems a promising !Uitlai mea~ 
sure of the effects of the HYV package. It is simple and flexible. It is reason­
able in its data requirements. It can make use of production function analysis. 
It does not require any arcane skills (or computation equipment). 

But these factors may also be its weakness. It IS only an introductory pro­
cess. To be at least reasonably accurate, it requires a more systematic and 
thorough evaluation of the yield ratios between the HYV package and the 
traditIOnal practIces than we have at present for many areas. And even then, 
as is typical of the index number approach, it does not separate the precise 
effect of the HYV's themselves from other factors influencing productivity. 
Additional production function analyses could be most helpful in resolving 
these points. 
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There are several further steps which should be taken to complete the in­
dex number analytical package. These include, as noted earlier in this chapter, 
estimated research costs as well as the calculation of social rates of return. 
The procedure for the rate of return computations has been well demonstrat­
ed by Griliches, Evenson, Ardito Barletta, Ayer and Schuh, Hertford, Ardila, 
Rocha, and Trujillo, Hayami and AklUo, and others cited in this chapter. 

This study will not detail these further steps. However, it should be recalled 
that the total annuallUvestment in wheat and rice research at the internation· 
allUstitutes in 1975 was probably no mOre than $10 millIon. The counterpart 
national investment is not known, but if It was approxImately the same, the 
total research investment was s~11l relatively small. It would appear even small­
er if a lag effect were added, and the 1972/73 crop value figures linked to the 
research investment of several years before.14 In comparison, the increased 
value of productIOn was somewhere on the order of $1 billion. Thus the re· 
turns to investment are probably very high. 

In any case, It IS important to remember (as suggested earlier), that only 
part of the benefits are being evaluated. Even when dIrect effects have been 
evaluated, the potentIal influence of the HYV's in communist nations and in 
developed nations has not been considered.15 And the expanded base that 
the improved varietIes provide for future Improvements has not been valued. 
Much remains to be measured. 

More sophisticated analysis of the dIrect and mdirect effects of the mter­
national institutes on crop production must await further study. It will not 
be an easy task, but the mtegrated use of production functlons and the mdex 
number approach can help to provide a more complete evaluatIOn of these ef­
fects. 

Conclusion 

This chapter has outlined the main conceptual and empirical considerations in 
evaluating the impact of international agricultural research on crop produc­
tion in developing nations. The process has been applied to high-yielding va­
rieties of wheat and rice. 

The task of evaluation is complex. Although the immediate research prod­
uct can be readIly identified, there are many problems involved in linking thIS 
product to actual changes in production in the farmers' fIelds. Moreover, the 
HYV package may have a number of mdlrect and quahtatlve results m addi­
tion to the duect and quantitative effects. 

This study, after reviewing all these considerations, focused on only one 
measure. the direct quantitative effect. Changes m area and yield were fIrst 
examined. ThiS was followed by an analysis of the effect of the HYV's on 
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yield, USIng production function an'tl index number techniques. Even thIs 
relatively narrow focus encountered a number of analytical dIffIculties. Some 
can be solved by using the techmques in combination rather than separately 
as in the past. Others are more Intractable. 

Despite these problems, the task is not an impossible one. Crude measures 
or approxImations have been made, and it is certainly possible to make fur­
ther improvements in evaluatIon. But to do so will require improved data and 
analytical techniques. Whether these will be forthcoming will in part depend 

, on the need for improved analysis. 
For the moment, the accomplishments of the early centers are well known. 

They have produced strikIng technologies whose worth is readIly understood. 
Past studIes have shown that Investment in research yields high returns. And 
Indeed this preliminary study, while not carried through to the point of cal­
culating an actual cost-benefIt ratIO, suggests that the returns to international 
research in wheat and rice must have been very high Perhaps these findings 
will be adequate for the near future. 

At some POInt, however, it is likely that more quantitative evidence wIiI 
be requested. Of all aid recipients, a research organization should be In a good 
posItion to prOVIde some measure of Its worth. It should be reahzed that 
these measures cannot be turned out overnight. Appropriate data must be 
avaIlable. Where data are not available arrangements must be made well In ad­
vance for their gatherIng and assembly. And analytical techmques must be 
tailored to the job at hand. 

Fmancial resources will be needed to carry OUt these tasks. Perhaps one or 
more of the members of the Consultative Group will proVIde funds for this 
purpose in the future. Should support become available, the resellrch could 
be administered in a variety of ways The newly established Inremational 
Food Policy Research Institute might playa role in thiS process (though thiS 
institute IS not sponsored by the CG at present). 

In pursuing a more precise estlmllte of the effects of technologies, we have 
recognized several key points. First, the measurement problems, as mdicated, 
are severe. Sponsors need to have some understandmg of what can and cannot 
be readily measured. Second, some research activities might show conSider­
ably less quantitative effect than others Such results might not always be well 
receIved, but they ought to be known if resources are to be allocated most 
effe ctivel y. 

It should be realIzed, of course, that quantitative techniques cannot mea­
Sure everything. Some research programs can be justified on other grounds. 
And social goals beyond productivity should certainly be conSIdered. Rural 
equity issues, for example, are becoming increasingly important in the plan­
mng process. 
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The evaluation task, therefore, IS broad and challenging. But an enlight­
ened and effective program of international agricultural research requires 
research on the system itself. It is time to consider a modest but enduring 
orgamzational mechamsm that can carry out the Job. 

NOTES 

1. The original manuscript of this chapter was tItled Hlmpact of the International In~ 
scitntes on Crop Production," Following the Airlie House conference, it was revised and 
published as Measurillg the Greell Revolmioll. The Impact of Researcb on Wheat and 
Rice Producuon, Foreign Agricultural Economic Report no. 106 (Washington, D.C.: 
Economic ReseaI'ch Service, USDA, In cooperation with the Umted States Agency for 
International Development, 1975). The material presented here is an abridged and 
slightly revised version of the publi,hed bulletin. 

2. The origins and dimenSions of this work are well reported in E C. Stakman, Richard 
Bradfield, and P. C. Mangelsdorf, CampaIgns against Hunger (Cambndge, Mass .. Belknap 
Press of Harvard University Press, 1967); and Lennard BIckel, Facing Staroatlon: Nor­
man BatIaug Qud the FIght agamst Hunger (New York: Readers Digest Press, 1974). 

3 Robert Evenson, "Investment in AgrIcultural Research: A Survey Paper," prepared 
for the Consultative Group on International Agricultural Research (October 1973)1 p. 3. 

4. Ibid., p. 3. 
5. See Tables 1-1 and 1-2 in this volume. 
6 Robert Evenson (With Y. Kistev), uResearch and Productivity in Wheat and Maize," 

Journal of Polotical Economy, 81 (November-December 1973), 1309·1329, Robert Even­
son, "International Diffusion of Agrarian Technology," Journal of Economic H;story. 34 
(March 1974). 51-73, and Robert Evenson. HThe Green Revolution in Recent: Develop­
ment Experien~e." Amerlca11 Journal of Agrtcultural Ecollotlucs. 56'2 (May 1974), 387-
394. Also, Robert E. EVenson and Yoav Kislev. Agricultural Research and PrDduct'l1nty 
(New Haven, Yale Univenlty l'ress, 1975). 

7. Dana G. Dalrymple, Development and Spread of Hlgh-Yieldl1lg Variet:es of Wheat 
and RIce m the Less Developed NatJonSl Foreign AgrIcultural EconomIC Report no. 95 
(Washmgron, D.C.: Economic Research Service, USDA, 1974). 

8. A listing of some of the more important works is provided in Dalrymple. Hrgh­
Yzeldmg Vanet'tes, p. 2, footnotes 2 and 3. The followmg mOre recent studies might also 
be added, Keith Gnffin, Tbe Political.Economy Of Agrarian Cbange· An Essay on tbe 
Gree1! Revolution (Cambridge, Mass., Harvard University Press, 1974), and The SOCial 
and Economic ImplicatiDns of Large-Scale Introductton of New Varieties of Foodgrain 
(Geneva: UOIted Nations Research Insdtute for Social Development, 1974). 

9. EVenson places the mean time-lag between expenditures on research and effect on 
production in the United States at about six and a half years (Evenson. "Investment In 

Agricultural Res~arch," p. 18). 
10. Corn. in many ways, is a more difficult plant to work with. For a discussion of 

the main problems, see Delbert T. Myren, "The Rockefeller Foundation l'rogram in Corn 
and Wheat in Mexico," SubSIstence Agncu}t-ure atld Econom1C Development, ed. Chfton 
R. Wharron, Jr. (Chicago, Aldine, 1969), pp. 438-452. 

11. Stakman. Bradfield. and Mangelsdorf, Campaig71S agamst Hunger, pp. 5, 12, and 
273. 

12.1966·67 Report, CIMMYT, p. 9. 



IMPACT OF RESEARCH ON WHEAT AND RICE PRODUCTION 205 

13 See "CIMMYT's New Headquarters at EI Batan," CIMMYT Repo1t, 1,1-6 (No­
vember-December 1972), L 

14 From a letter from Robert D. Osler, deputy dErector general and treasurer t 

CIMMYT, September 11,1974. 
15. Robert F. Chandler, U[RRI ~The First Decade," Rice. Science and Man. papers 

presented at the Tenth Anniversary Celebration of the InternatIOnal Rice Research In­
stitute1 Los Baiios1 Apnl 20 and 21, 1972, pp. 5-7. 

16. UnpublIshed table provided by Randolph Barker, November 29,1973. 
17. For the six centers in 1975, about 46 percent of the proposed core budget would 

actually go to research. Of the total proposed budget for the six centers in 1975, 27.7 
percent would be allocated to wheat and rice. "Draft Integrative Paper," Consultative 
Group on InternatIOnal Agricultural Research (July 24, 1974), p. 4, annex A. 

18. Computed from data provided by N,colas Ardito Barletta. "Costs and Social 
Benefits of Agricultural Research in Mexico," Ph.D. dissertation (Chicago: University of 
Chicago, 1971), p 74. 

19. Lowell S. Hardin and Norman R. Collins, "International Agricultural Research: 
Organizing Themes and Issues," Agrtcultural Administration, 1 (1974), 14 

20. See particularly chapters 12, 13, 14, and 15 in this volume. 
21. Surjit Sidhu, "Economics of Technical Change in Wheat Production in the Indian 

PunJab," Amencan Journal of Ag"cultural EconomIcs, 56 (May 1974), 217-226 On the 
profitability of HYV rice in six Asian nations t .see Randolph Barker, "Changes in Rice 
F.lrming in Selected Areas of Asia· Some Preliminary Observations," mimeographed (Los 
Banos. Internattonal Rice Research Institute, Febtuary IS, 1973), p. 7. 

22. For further details on the matters dIscussed here, see Dalrymple, HIgh- YieJdi11g 
Vaneties, pp 9-20. 

23. Stakman. Bradfu:ld, and Mangels-dorf, Campmgns agamst Hunger, pp. 74-88. 
24. CIMMYT Review, 1974. p. 7. (The three types are stem rust,leaf rust, and stripe 

rust.) 
25. For more detailed discussion of maintenance research in the United States con­

text, see Peterson and Fitzharris, chapter 3 in this volume. 
26. For further and more sophisticated diSCUSSIon of this matter. see Richard E. Just, 

"Risk AverSIOn under Profit MaXirnazation," America1l Journal of Agncltltural Eco­
nomics, 57 (May 1975), 347-352. 

27. Dana G. Dalrymple, "The Green Revolution and Protein Levels in Grain," Un­
pubhshed manuscrIpt, USDA, Economic Research SerVice, Foreign Development Divi­
sion (Washingron, D.C., May 5, 1972). See, for example, lRRI Research HIghlIghts for 
1973, pp. 22-24. 

28. Gelia T. Castillo, "Diversity in Unity, The Sodal Components of Changes in Rice 
Farming lD ASIan Villages," Cha1lges '" R,ce Falmmg '" Selected Areas of ASIa (Los 
Banos: International Rice Research Institute, 1975), p. 349. 

29 See Dana G. Dalrymple, Survey of MultIple Croppmg In Less Developed 
NatlOns, Foreign Agricultural Economic Report no. 91 (Washmgton, D.C.: USDA, 
1971). 

30. Ian R. Wills, "ProjectIOns of Effects of Modern Inputs on Agricultural Income 
and Employment in a Community Deve]opment Block, Uttar Pradesh, India," AmerIcan 
Journal of Agncultural EconomIcs, 54 (August 1972),457-458 

31. CIMMYT ReVIew, 1974, p. 7. 
32. See Dalrymple, Higb-Yieldmg Varieties, pp.17-21. 
33. See Robert Evenson, "Consequences of the Green Revolution," Department of 



206 DALRYMPLE 

Economics, mImeographed (New Haven. Yale Umverslty, July 1974), p. 387, Dalrymple, 
Hlgh- YIelding VarietIes, pp. 9-20. 

34. IRRI Research Highlights for 1973, p. 46. 
35. Dalrymple, High-Yielding Varieties, pp. 71, 72. 
36. IRR[ Researcb HIghlights for 1973, p. 45. The data may overstate the importance 

of insects and diseases tn the Philippines as a whole (letter from Robert W. Herdt t agri­
~ultural economist, IRRI, Septembet 30, 1974)_ 

37. W,lliam Jones (of World Bank) and I have reviewed these eategories in grearer de­
t:ail in uEvaluattng the 'Green Revolution,'" processed draft, USAID, Bureau for Pro­
gram Policy and Coordination (Washmgton, D.C., June 18,1973), pp. 33-37. 

38. IRRI Researcb HIghlights for 1973, p. 45. 
39. A summ .. y of some of these studies and factors IS provided in Dalrymple and 

Jones, "EvaluatIng the 'Green Revoiutlon,n, pp. 37-39. and Dana G. Dalrymple, "The 
Green RevolutIon: Past and Prospects," processed draft. USAID, Bureau for Program 
Polley and Coordination (Washington, D.C., July 22,1974), pp. 13-16,45-47. 

40. For a summary of avadable information, see Dalrymple, H,gh-Y,eldmg Var .. tleS, 

pp.73-77. 
41. Based on review of statlstks complied by John Parker-. Economic Research Ser­

vice, USDA. 
42. Carl C. Malone, Indran Agriculture PrDgress in Producuon and Eq1dty (New Del-

hi Ford Foundation, 1974), p 99, Table 20. ,. 
43. Sidhu, "Techmcal Change," p. 221. 
44. Sheldon K. Tsu, H'gb-Yreldmg Varieties of Wbeat in Deve/op"'g NatIOns, Eco­

nomic Research Service-ForeIgn 322 (Washmgron, D.C., USDA, 1971). 
45. Based on statisticS compiled by John Parker, Economic Research Service, USDA, 

May 20, 1974. 
46. Mahar Mangahas and Aida R. Librero, "'The High-Yield Varieties of Rice.in the 

Philippines: A Perspective, U Discussion Paper nO. 73-11, School of Economics, Institute 
of Economic Development and Research (Los Banos: University of the Phllippmes, June 
15,1973), p. 23 

47. Calculated from Teresa Anden and Randolph Barker, "Changes in Rice Farming 
in Selected Areas of Asia/' mimeographed (Los Banos~ International Rice Research In­
stitute, December I, 19n), Table 8 

48 L J. AtklDson and David Kunkel, "HYV in the Phlllppmes' Progress of the Seed 
Fertilizer Revolution," unpublished manuscript. USDA EconomIC Research Service, 
Foreign Development DIVision (Washington, D.C., December 10, 1974), Append;x Table 
1. Other computational variations are presented in the appendix and discussed in the 
text, pp. 5-7. 

49. Further detail on the latter pomr is provided in Dalrymple, Hlgb-Yleldil1g Vari­
etieS, pp. 9-15. 

50. These approaches are introduced and described by Willis L. Peterson, "Return to 
Poultry Research in the United Sta.tes," Journal of Farm EC0110mtCS, 49 (August 1967), 
653·669, and Per Pinstrup-Andersen, "Toward a Workable Management Tool for Re­
search Allocation m Applied Agricultural Research in Developing Countries," Interna­
tional Center for Tropical Agricu1ture, mimeographed (PalmIra, Colombia, June 1974), 
pp. 3-6 

51. Evenson, "Green Revolution in Recent Development Expenence:' p. 388. 
52. As of early 1975, these indexes were being used by Shyamal Roy and Fted 



IMPACT OF RESEARCH ON WHEAT AND RICE PRODUCTION 207 

Sanderson in a study ~t the Brookings Institution. The indexes for 1951152 rO 1968/69 
and the methodology used in theIr calculation are provided in R. W. Cummings, Jr., and 
S. K Ray, "1968·69 Foodgrain Production, Relative Contribution of Weather and New 
Technology," Econ01mc and PolitIcal Weekly (New Delhi, March 29, 1969). 

53. Evenson, IjGreen Revo~ution in Recent Development Experience," pp. 387-394. 
Also see chapter 9 in this volume 

54. Evenson, "Green Revolution in Recent Development Experience/' p. 393. 
55. Evenson, "Consequences of the Green Revolution," p. 13. 
56. The first set was reported in Evenson, "Green Revolution in Recent Development 

Experience." p. 393. The second set was reported in Evenson, "Consequences of the 
Green Revolution." p. 14, and in the prehminary version of his AlrIie House p.lper, these 
data were also summarized in Dalrymple, Measuring the Green Revolutwn, p. 31, Table 
6. The main difference between the second stage and the third stage In Table 7-4 was the 
use of geometric rather than arithmetic means and the use of somewhat more accurate 
production COsts. 

57. Sidhu, "Technical Change," pp. 217-226. 
:$8. Letter from Surjit Sidhu. University of Dar es Salaam, Tanzania. October 2, 

1974. 
59. Sidhu, "Technical Change," p. 219. 
60. Surjlt Sidhu, "RelatJVe Efficiency in Wheat Production in the Indian Punjab," 

Amertcan Economic Rev;ew, 64 (September 1974), 743-744 
61. Letter from Surjit SIdhu, ~niversity of Dar es Sala~m, Tanzama, November 12, 

1974, 
62. The comparauve analysts of otd versus new varietIes was carried out only for 

1967/68 "because during the subsequent years, the number of farms growing old wheat 
and the area planted to It were substantially reduced." SIdhu" uTechnical Change," p. 
217. 

63. Ibtd,. pp. 222-223 
64. Ibtd., p. 223, n.ll. Some other references to seed quality are summart~ed in Dal­

rymple, H'gb-Yzeldmg Varieties, pp. 32-34 
65. The seminal application was by Zvi Gnliches 10 his study on hybrid corn. ThIS 

work was reponed in several journals, here I refer to "Research Costs and Social Re­
turns: Hybrid Corn and Related Innovations," Journal of PolitIcal Economy, 66 (Octo­
ber 1958),418-431. Major studies of the LDC's have included Nicolas Ardito Barletta, 
!lAgricultural Research in MexIco". Harry W. Ayer and G. Edward Schuh. "SOCial Rates 
of Return and Other Aspects of Agricultural Research: The Case of Cotton Research in 
Sao Paulo, Brazil," Amencan Journal of Agricultural Econotntcs, 54 (November 1972), 
557-569; chapter 4 in this volume; chapter 2 in this volume. 

66. This formulation is taken from PinStfUp-Andersen, "Research Allocatlon," pp. 3-
6. 

67 Griliches, "Research Costs and Socml Returns," pp 419-431. 
68. Ardito Barletta; "Agricultural Research in Mexico," pp. 79·89. 
69. Griliches, "Research COsts and Social Returns," pp. 419-431. 
70. Ayer and Schuh, "Social Rates of Return," p. 561 
71. IIA Note on the Use of Commodity-Based Studies in Estimating the Pay Off to 

Investment in Research," Ministry of Overseas Development, StatistiCS DIViSIon. London, 
Seprember 1974. 

72. See, for example, Anden and Barker, "Changes in Rice Farming/' pp. 6 .. 7. 



208 DALRYMPLE 

73. This matter is discussed by Jones in Dalrymple and Jones, "Evaluating the 'Green 
Revolution,'" pp. 15-31. Evaluation of returns to research must give considerably mOre 

attention to the price effect. 
74. Recall, from n. 9, Evenson's use of a lag figure of six and a half years in the 

United States. The interval would probably be even greater in rhe LDC's. 
75. A study of the influence of the HYV's in Israel, for inst2nce. was recently com­

pleted. It suggested that the influence of the first imports was minimal but that they did 
become significant when crossed with local varIeties. See Yoav Kislev and Michael Hoff­
man , uResearch and Productivity of Wheat in Israel,u Center for Agricultural Economic 
Research (Rehovot, Hebrew University, February 1975). 



Cycles in Research Productivity 
in Sugarcane, Wheat, and Rice 

Robert E. Evenson 

8 

The recent green revolution in wheat and rice production is not unique In the 
history of the improvement of agricultural productivity We can identify a 
number of similar episodes In which a distinct cycle of productIvity gains has 
occurred, attended by an associated pattern of interregional and international 
diffUSion of the primary technology. The improvement of winter wheat in the 
1920s, of European alfalfa varieties in the 1930s and 1940s, and of spring 
wheats and barley varieties in the 1940s and 1950s in the United States are 
cases in point. This chapter discusses major productivity sequences in sugar­
cane. It also briefly considers nee and wheat production and attempts to 
identify some of the elements common to the development of research in all 
three crops. 

In the first section the stylized cycle of productivity development is diS­
cussed. The sections to follow provide a histoncal treatment of the sugarcane 
productivity cycle and a brIef hiStOry of the nee and wheat cycles. An attempt 
is then made to set fotth at least a partial theoretical framework capable of 
prOViding an explanation for the cyclical phenomenon and the assocIated dif­
fusion _pattern. 

The Stylized Cycle 

The salient features of the cycle are as follows. 
At first, a state of relative or "quasi"-technology equilibrIUm exists. It may 
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be based on strictly traditional technology or on a relatively stationary or 
stagnant phase In the improvement of technology. (Technology can refer to 

crop varieties, agronomic techniques, mechanical implements, or other aspects 
of production. Similarly, commodity quality characteristics can be considered 
part of technology.) 

New technology (or a Set of closely related technologies) which has a high 
degree of superiority over the inItial technology is then discovered. This dis­
covery may Itself be descnbed as having occurred over a long interval, but the 
final development of the technology occurs in a short period of time. 

In the next stage, improvements to the new technology are made, but at a 
diminishing tate over time. Even With Increased research, the incremental rate 
of improvement declines OVer time and approaches zero (in some cases it may 
become negative, as crop vane ties, for example, become susceptible to insect 
and disease problems). 

Whereas in the initial quasi eqUIlibrIUm a wide range of technologies are 
utilized by producers who confront varying environmental and economic 
conditions, the discovery of a significant neW technology leads, in the next 
stage of our cycle, to diffusion of that technology directly from the region of 
Its origin to other, Similar regions. 

A considerable amount of screenIng and testing, sometimes necessitating 
sophisticated equipment and skills, is then required to enable effiCient diffu­
sion of the new technology. Even with perfect mformatlOn, however, the 
direct diffusion of technology is ultimately limited by environmental and 
economic condmons. 

In the next stage the new technology begins to provide incentives for m­
direct diffusion through "adaptive" research. This can be considered to be a 
diffusion of technical and engmeering knowledge as opposed to the diffUSion 
of technology. Adaptive research extends the geographical Impact of the tech­
nology by tailoring it to specific environmental conditions. This research, like 
the ongmating research program, IS subject to diminishmg returns. 

Finally, a new quasi equilibrium with characteristics similar to the odginal 
equilibrium is reached. Numerous forms of the basic technology are in use, 
and the initiatmg technology lmprovement occurs in all regions. This stylized 
cycle does not necessarIly hold for all types of technology improvement se­
quences. In fact, as will be noted m a later section, efficlent technology im­
provement should generally be a relatively smooth process through time. 
Much of the realized productivity gain from technology improvements in 
modern agriculture does not exhibit marked cyclical activity. Part of this is 
more apparent than real, however, because we tend to observe aggregate blocks 
of technology. Aggregation of cyclical series can easily mask the cycles. 

In a later section, we Will develop a ratIonale for expectIng greater cychcal 
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actiVIty in commodities where production is based on more primitive or 
traditional technology and in regions where relatively little research capability 
exists. 

Sugarcane Varietal Improvement! 

The several stages in the stylized productivity cycle can be clearly discerned 
from the history of sugarcane development. 

The Initial Quasi Equilibrium 

From the sixth century to the seventeenth century a single variety of sugar­
cane, the "Creole" (a hybnd with stenle flowers and thus incapable of sexual 
reproductlon), was produced throughout the world. During the seventeenth 
century a second vanety, the "Bourbon" or "Otaheite" cane, was discovered 
on the Island of Tahiti in the Pacific and later introduced to all cane-growing 
areas of the world. It proved to be superior to the Creole variety and eventu­
ally replaced t[ as the dommant cane m most producing countries. It is of in­
terest to note that it was not mtroduced to the British West Indies, a major 
cane-producing area, unnl 1785-86, more than a hundred years after it was 
first known to have been commercially produced in Madagascar and on Bour­
bon (or Reumon) Island. Produced under a variety of names (Lahama, Vella!, 
etc.), it dominated world production until it became subject to disease in 
1840 in MauritIUS, in 1860 in Puerto RICO, in the 18905 in the British West 
Indies, and in the early twentieth century in Hawaii. 

A third major set of wIld canes, the "Batavian" canes, were discovered in 
Java about 1782. These canes were eventually produced in many countries 
(for example, as the "Crys[alina" in Cuba, "Rose Bamboo" In Hawaii, and 
[he "Transparent" canes in the Bntish West Indies) but were not always 
supenor [0 the Bourbon cane. After the disease epidemiCS In the Bourbon 
cane, the Batavian varieties became dominant. However, they were later sub­
ject to the Sereh disease in many parts of the world. Other Wild vaneties were 
discovered in. the late 18005, including the "Tauas" from New Hebrides, 
"BadJla" from New Guinea, and "Uba," probably from India. Badila and Uba 
became Important varieties because of theIr resistance to the cane diseases 
which became increasingly prevalent from 1890 to 1925.2 

The First Major Cycle 

The ongmal sugarcane varieties undoubtedly arose as seedlings from rare 
cases of natural sexual reproduction. Several reports of seedling growth were 
made after 1858,3 but it was not until the 1887-88 cane-growmg season­
when the fertility of the cane plant was firmly established - that a basis for 



212 EVENSON 

the dehberate use of seedhngs for producing new varieties existed. In the 
early part of that crop year Soltwedel in the Proefstatien Oos[ Java (POJ, the 
expenment station in Java which later became the world's leading producer 
of important varieoes) demonstrated that the sugarcane plant could produce 
seedlings. Later that same year Harrison and Bovell in the newly established 
experiment station in Barbados, British West Indies, independently made the 
same discovery. The researchers at both stations recognized that each indivId­
ual seedling could be grown and allowed to reproduce asexually, thus creating 
an entirely new variety having the same genetic characteristics as the seed­
hng. 

The inducement of flowering in the cane plant depends on temperature 
and light controL Thus, the production of seedlings was difficult. Only a few 
experiment stations, including the two pioneer stanons in Barbados and Java, 
were able to establish breeding programs before 1900. The stations in Bar­
bados, Java, and Bntish Guiana (where Harrison made his'home shortly after 
hiS discovery of cane fertility in Barbados) had produced new varieties which 
were of commercial importance by that date. The stations in Hawaii, Mauri­
rius, and Reunion produced commercial vaneties shortly thereafter.4 The 
Indian station at Coimbatore, which later assumed major Importance, did not 
release its first variety until 1912. 

These early "noble" sugarcane varieties were all members of the elghty­
chromosome species Saccharum officinarum. Breeding methods were relative­
ly simple, although as breeders gained' experience advances were made. A cer­
tain amount of adaptive research appears to have been undertaken during this 
first cycle, as a number of new expenment stations initiated breeding pro­
grams. Bovell, for one, developed in 1900 a breeding program of "selfing" 
which, by mbreeding, identified the charactenstics of progeny of specific va­
rieties and thereby detennined their value as breedmg stock. 5 By 1910 or so 
most of the important varieties of this cycle had been developed, 

This fust cycle resulted in considerable international diffusion, for many 
countries introduced the noble varieties which initially outyielded the native 
varieties However, in a great many cases (e.g., South Africa), this initial 
superiorIty was not maintamed. A number of serious disease epidemics among 
the new varieties eliminated their advantage over the disease-resistant native 
varieties, and considerable retrenchment of the initial diffusion occurred. 

The Second Cycle: Interspecific Hybridization 

Cane breeding achieved a major advance with the introduction of addi­
tional cane species to the breeding program. The term lIobllizatian wa~ used 
to describe the breeding work in Java which sought to improve the wild 
species of cane (hardy and disease-resistant, but otherwise inferior) by SUcces-
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Table 8~1. Varietal Productlon of Various Sugarcane Expertment Stations, 
1940-64 (in million metric tons) 

VaTieties in Variety 

Experiment 
Production Variety ParentS Grandparents 

Station ProductlOna Rank Productiona Rank Productiona Rank 

Colmbatore, 
India .... 64_7 1 75.4 2 53.8 3 

Java (POJ) ... 63.4 2 102.3 1 1136 1 
Hawaii .. ... 24.9 3 18.1 4 16.8 4 
Cuba ....... 20.4 4 
Barbados, 

B.W.!. .... 10.8 5 18.8 3 59.4 2 
Ca.nal Point, 

Flonda .... 10.3 6 4.5 6 4.2 7 
Queensland ... 9.1 7 3.3 7 
South Afnca .. 7.3 8 0.3 10 0.3 9 
Taiwan ..... 4.2 9 
Mauritius .... 4.2 10 1.7 9 6.0 6 
Brazil. _ ... . 3.9 11 1.8 8 1.8 8 
British Honduras 3.9 12 
Puerto RICO ... 3.8 13 
Peru ...•.•.• 2.2 14 
British Guiana 02 15 8.5 5 12.2 5 

Source, Yearbook of Agriculture, USDA (Washington, D.C., Government Printing Office, 
1936), pp. 561-624,Proceedmgs of tbe Twelftb Congress, International Society of Sugar-
cane Technologists, New York, 1967, pp. 844-854; Agricultural StatIStics, USDA (Wash-
mgton, D C.: Government Printing Office), various issues. 

a Total production of 96 percent sugar, 1940-64 (million of tons). 

sive crossing and backcrossing with the noble canes. The breeders in Java in­
troduced the specIes Saccharum spontalleum (chiefly a wild variety, "Kassoer") 
to their breeding program, obtaining Important results by 1920. In 1921 the 
variety PO] 2878 was produced by thIS program. It proved to be both disease­
resistant and high-yielding. More than 50,000 acres were planted to this varie­
ty in Java alone by 1926_ By 1929,400,000 acres were in production, with 
an estimated 30 percent yield increase owing to this single variety. It later was 
planted in every prodUCIng country in the world. 

The Coimbatore Experiment Station'in India developed a series of trihybrid 
caneS (the CO varietIes) by using the noble S. offlcillarum and the vigorous 
S spontallcum species and introducmg a third species, S. barberi. The S. bar­
beri canes were local varieties whIch possessed characteristics that afforded 
adaptability of the resultant new varieties to environmental and economic 
conditions. The CO and PO] varieties were eventually diffused to almost 
every producing country (see Table 8-1). 

The expansion of the genetic base for varietal discovery was a very im-
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Table 8-2_ Percentage of Total Sugarcane Acreage Planted to Varieties Developed 
by Experunent Stations of Selected Countries, 1930-65 

Region 1930 1940 1945 1950 1955 1960 1965 

Australia 20 20 33 54 83 85 85 
Hawaii .. .... 50 65 82 100 100 100 100 
South Africa .. . 0 0 0 3 49 78 n,a. 
Taiwan .. ~ ... 0 32 46 56 10 4 42 
Puerto Rico . .. 0 9 12 10 3 35 50 
Mauritius. ~ ... 0 8 53 98 93 78 n a. 
Louisiana . .... 0 23 52 77 65 65 n.a. 

Source; Annual Report. Bureau of Sugar ExperIment Stations, Queensland. Australia. 
various issues, 1928'"-64; Proceedings of the Twelfth Congress, lnternational Society of 
Sugarcane Technologists, New York, 1967, pp. 867, 1041; Culture o[ Sugar Cane [or 
Sugar Productton In LOUisiana, USDA Agricultural Handbook 262, Washmgton, D.C., 
1964. 

portant feature of thIS second cycle. It not only resulted In slower rates of 
diminution, or "exhaustion," of the technology potentIal in each country, 
but it broadened the scope for direct varieral diffusion. In addition, it fonned 
the basis for effective adaptive research programs utilizing local native species. 
The second cycle thus developed into a full cycle in the context of the stylized 
cycle. 

DurIng the 19205 and 1930s virtually all sugarcane-producing countnes 
established experiment stations as they recognized the potendal gaIns to be 
had from (1) the varietal screemng actiVIty to faCIlitate direct transfer and (2) 
adaptive breeding programs. These "second cyde" research programs gener­
ally began to release adapted varietIes In the late 19305, but their major con­
tributions were seen in the varietal releases of the 1940s and the early 19505. 
Of course, the first cycle stations continued in the second cyde to be the 
major technology discovery instltutions. 

Interestingly, almost all the second cycle experiment stations were success­
ful in coming up with adapted varieties even though a large number of im­
proved varietIes in the international market Were readily available. This near 
unanimous success is partly reflected in Table 8-2, whieh shows the increasing 
percentage of "home-grown" varieties planted in several countries. Of the 
countries Included in the rabie, South Afnea, Taiwan, and Puerto Rico can be 
roughly categorized as second cycle stations. The remainder were active in the 
fltSt cycle. 

The Third Cycle: The Modern Experiment Station 

In a somewhat crude sense, It is possible to identIfy a third cycle associated 
with the development of modern research programs based on sophisticated 
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scientific knowledge. These systems are undertaking work in genetics, physi­
ology, and related fields as well as in plant breeding and agronomy. Improved 
experimental design and screening methods are utihzed. These research systems 
are adapting their technology discovery effort not only to environmental and 
changing economic conditions (for example, development of machine harvest­
ing technology - a major adapttve economic response) but to advances in SCI­

en tifle knowledge as well. 
Given the relatively long lag between the conduct of research and reahzed 

productivity gains, this third cycle has been important only in the 1960s and 
1970s. It represents an important institutional development, however, which 
will be touched upon later. 

International Diffusion and Yield Patterns 

As noted earher, the direct dIffusion of the first cycle varieties, while ex­
tensive, was limited by the susceptibility of the noble varIeties to dIsease. The 
second cycle was charactenzed by very extensive international vanetar diffu­
sion. A rough picture of the extent of this diffusion can be obtained from 
Table 8-1, which summarIzes International productIOn of sugar (from cane) 
for the penod 1940-64 in terms of the experiment stations which developed 
the varieties grown. [n addition, a computation of the ongm of parent and 
grandparent varieties by experiment station is reported. The production fIg­
ures show that the experiment station in Coimbatore, India, had produced 
varieties which accounted for almost 28 percent of the world's sugarcane pro­
duction even though India accounted for only 8 percent of the world sugar 
production during the period. 

Indonesia (Java) also produced varIeties accounting for roughly 28 percent 
of the world's sugarcane production while producing only 2 percent of the 
world's sugar from cane. Cuba, on the other hand, produced 22 percent of 
the world's cane sugar bue Cuban varieties accounted for only 8'h percent of 
the world's production. 

The bulk of [he varienes m production during this perlOd'were second cycle 
varieties. Some first cycle varieties were still in production in a few countries, 
however. If data were avaIlable for a later penod, say the early 19705, a num­
ber of third cycle varIeties would be present, but most production m the 
world in this period would be the result of adapted second cycle varieties. 

The table provides some eVidence for the pattern of adaptive research. The 
dommant parental and grandparental role of the PO] varieties from] ava iden­
nfles these as key onglnator vaneties. Llkew!se, the Barbados grandparent va­
neties were important source material for adaptation. 

Table 8-3 presents historical production and yield data for sugarcane for 
major prodUCing countries. These data, It should be noted, are subject to 



Table 8-3 National Sugarcane YIeld and Production Averages for Selected FIVe-Year Periods 

Ylddb 

Atea ProductJona 1910·14 1923-24 1928·32 1938·42 1948·52 1958·62 1963·67 1968·72 

B~azil. . . . . . . . 5.329 n,a . n.a. n.a. 17.1 17.4 IS.8 19.8 21.0 
Cuba. ....... 4.950 >45 19.3 18.6 17.2 17.0 17.0 16.2 21.0 
India. ........ 4.515 11.3 110 12.4 11.5 131 15.3 20.8 21.7 
Mc>.:ico . .... 2.319 Ll.a. 30.2 20.5 2204 23.1 2604 27.0 28.6 
Australia . ... 1.643 17.3 16.8 16.9 20.3 23.6 27.5 36.2 36.2 
PhilIppines . . 1.584- n.,a.. n •. 2004 22.6 20.3 26.7 19.3 20.3 
Argentina 1.422 11.6 13.2 13.6 13.4 14.9 17.0 23.0 21.7 
U.S (Hawai,) . ....... ~ . 1,275 40.7 433 601 65.1 76.4 90.0 98.7 97.0 
U.S. (Louisiana. Florida) .... 1.104 15.8 94 15.0 19.3 19.5 24.5 25.3 260 
Taiwan . .... 1,100 11.8 16.1 293 n.a. 27.3 33.7 38.6 37.2 

.., South Africa .. . . . . . . 1,002 n.a . S.8 20.5 26.3 25.1 35.3 35.S 37.S ,.. Puerto RiCO . . 897 n.a. 166 25.3 32.4 29.8 30.4 30.6 31.5 
'" Peru ....... ...... 882 22.4 24.3 40.5 52.6 60.0 70.4 64.2 79.6 

Indonesia (J ava). 854 41.2 46.5 56.4 61.5 40.0 49.5 39.1 34.5 
Bri9;h West Indies 801 n.n. 96 24.0 17.6 38.1 39.4 36.4 33.7 
Dominican Republic .. 800 n.n. n •. n.a. t9.0 n.d.. 19.5 22.5 27.5 
Mauritlu"i. 732 15.6 14.5 15.2 19.8 n.a. 24.6 24.0 30.6 
Egypt. . 465 18.8 n a. 35.0 n.n. 32.8 42.6 40.0 41.9 

Mean yields . 20.09 19.97 26.48 25.17 29.90 33 81 34.31 35.97 
Coefficient of varHltion . . 503 .763 .532 .679 .475 .562 .548 .550 
Change in mean Ylelde n.a. 1 35 6.34 .03 388 5.38 .50 1.66 

Source. Yembook of Agrlcullllre, 1925·35, Ag,icllltural Stamtics, 1936·72, and International SugarSlluation, 1904, USDA, Washington, 
Productioll Yembook, 1948-72, FAG, Rome, Annual R(JpoH, 1900-64, Bureau of Sugar Experiment" St~tJOns, Quec-nsbnd, Australm, 
Soutb African Sugar Yearbook, South Afncan Sugar Journal, Durban, 1935, 1948-49, 1961·62. 

a Average annu.1 production in thousands of short tons of 96·degree sugar In 1963·67. 
b In short tons of cane per acre per year. 
C Based on common observ.ltfons. . 
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some error but, on the whole, they serve to identify major trends. The mean· 
yield data and the coefficient of variation in yields provide a crude measure 
of the overall cyclical effects. The 1910-14 period is early in the fitst cycle. 
The noble varietIes were begmning to be dIffused from the ongmating coun­
tries. By 1923-24, the first cycle diffusion was well under way and by 1928-
32 it had been completed. Note that the coefficient of variatlOn of yields re­
flects the unequal rate of diffusion. It increases in the mid-cycle (1923-24) 
period and decreases at the end of the cycle. 

The second cycle IS actually divided mto two phases. The 1938-42 period 
IS roughly the mid-period of the direct diffusion of the second cycle varieties. 
By 1948-52 this direct dIffusion was completed, but the adapted varieties 
were now beginning to increase production. By 1958-62, the adapted second 
cycle varieties had increased yIelds substantially. The third cycle is crudely 
reflected m the 1968-72 data which show mcreasmg yields and yield. van­
ability. 

ThIS SImple comparison of yields and yield variabIlIty Over time IS not in­
tended to be a thorough analysis of productivity change. Yields are not ideal 
indexes of productivity, and the vanability in yield levels internationally is 
obviously related to many factors besides the underlying technology diffUSIOn 
pattern. The main purpose of these comparisons IS to note the broad COn­
sistency of these data with the cycle mterpretation of the historical varietal 
data. 

The Role of the Experiment Station in 
Variety Development and Diffusion 

The role of the sugarcane experiment station was not confined to the pro­
duction of neW varieties. It served in an important way to facilitate the inter­
mltlonal diffusion of the first and second cycle varieties. Experiment stations 
for sugarcane research were established in many countries where public sup­
port of general agricultural research was limited or nonexistent. The support 
for many stations came from organIZations of private growers. The private 
growers were aware of the changes in the comparative advantage that new va­
rietIes (and related technology) would give them m the international market. 
They were also aware of the comparative disadva[1tage resulting from im­
proved Yields and lowered costs of production which other countries mIght 
realize. Although some first cycle cane breeding was undertaken by large 
pnvate plantanons in Hawaii, Cuba, and Java, it soon became clear that it was 
not profitable to make large mvestments in private effort because the planta­
tion was unable to capture mOre than a small fraction of the benefits. It is 
also true, of course, that sugar producers will not capture the full beneftts 
from improved varietIes. In fact, most benefits are likely to be realized by 
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consumers. A recogmtion of this has resulted in general pubhc support for 
modern cane experiment stations. 

The initial establishment of experiment stations WaS clearly based on the 
colomal Interests of the BritIsh, Dutch, French, and Portuguese. They well 
understoOd the principle that Hertford and Schmitz have elaborated In chap­
ter 6: that the gains from improved technology tend to be passed On to the 
consumers of the product. It was very ';"uch in theIr mterests to support re­
search stations in the sugar-producing colonies. From their point of view, 
these investments paid off quite handsomely. 

The South African case IS instructive in this regard. The sugar industry m 
South Africa Was established in 1849. Before 1880 several wild varietles im­
ported from Java, Mauritius, and India were cnltivated. A wIld variety, Uba, 
was introduced in 1883 and proved to be more disease-resIstant than the 
other varieties. For a period of fIfty years It was the only important variety 
grown.6 

DUrIng thIS fIfty-year perlOd some experimentation was carned on by 
planters to find new varieties. A number of potentIally important fIrst cycle 
(and some second cycle) varieties actually existed and were widely planted In 

many countries. However, It was not untIl an experiment station, financed by 
the growers, was establIshed at Mount Edgecumbe In 1925 that vaneties from 
Java and IndIa were introduced to the South African growers The accomplish­
ments of thIS statlOn, from 1925 until 1945, were confmed to the introduc­
tion of new disease·resistant second cycle varietIes, mostly from Java and 
India. 

The portion of the South African crop composed of these vaneties rose 
from 3.3 percent in 1933-34 to 19.5 percent in 1942-43. An analysis of YIeld 
increases based on a dIrect comparIson of Uba and non-Uba yields mdicated 
that by 1945 the new varieties OUt yielded the Uba variety by a factor of 27 
percent The South Africa station released the fIrst vanety from its own breed­
ing program in 1947 (N.Co.310). ThIS vanety was the result of cooperative 
effort with the Indian Experiment Station at COImbatore. The actual crossing 
was completed in the Indian station, and the South African station conducted 
the growmg and selectlOn processes. The experiment stations in AustralIa (at 
Queensland), Taiwan, MauritIUS, Puerto Rico, and several other countries 
were also instrumental in the testing and introductlon of first and second 
cycle varietIes from other countnes into their local economIes? 

It IS possible then .to distinguish between several different products of the 
experiment station system&. The discovery and development of the fIrst cycle 
vaneties were of Immense value, as was the development of the basic second 
cycle vatleties. In addition, however, the expenment station provided screen­
ing and other vital assistance to the basIC diffusion of second cycle varieties. 

I 
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Table 8-4. Variety Adoption Analysis, Twenty-one 
Diffused Varieties of Sugarca.nea 

Regression Dependent Peak per- Research 
R2 Number Variable centage (K) (RIP) Constant 

1 ...... Years from .127 -124.0 7.20 .73 
introduction (5.95) (5.27) 
to peak (N) 

2 ...... Average adop- 112.6 1.80 .48 
tion rate (KIN) (4.13) 

Source: The 1936 Yearbook of AgrIculture (U.S. Department of Agricul­
ture, 1936) reports the results of a survey of suga.rcane research stations 
throughout the world. The research variable was constructed from these 
data and from other information on the dates of est.blishment of stations 
in Queensland, Puerto Rico, and South Africa. 

The countries and states to whIch varieties were diffused, the names of 
varieties, and the dates of their introduction are as follows: Puerto Rico: 
0109 (1910), D625 (1913), BHIO (1920), SC 12/4 (1922), PO] 2878 
(1930), M336 (1944); Queensland, Australia: PO] 2878 (19H), Co. 290 
(1937), CP 29/116 (l945), South Africa: Co. 231 (1934), Co. HI (1938), 
Co. 310 (1936), LOUIsiana: PO] 2878 (1925), POI 213 (1927), Co. 281 
(1930), Co. 290 (1933), Cuba, PO] 2878 (1932), Co. 213 (1932), Co. 281 
(1932); British Guiana, PO] 2878 (1934); Jamaica: pO] 2878 (1932). 

Abbreviations 
N = Number of years from introduction (0 peak percentage (sample 

mean 9 05). 
K = Peak percentage of variety (sample mean 34). 
R = Number of senior researchers in recipient country (sample mean 

5.92). 
P = Production of sugar (at time of mtroductlon) in thousand tons of 

crude sugar (sample mean 997). 
a t values are given In parentheses. 

At a somewhat later point, many stations contnbuted through adaptlve re­
search, and in the modern setting experIment stations are discovering new, 
thtrd cycle type technology. 

Some evidence IS available regarding the contribution of research to a num­
ber of these dimensions. It should be mterpreted in light of the underlying 
complexity of the technology discovery process. For example, estimated rates 
of research productivity should be considered as shorr-run rates and cannot 
be expected to remain constant. And, of course, the apparent value of re­
search will depend on the stage of the cycle. 

Consider first some evidence regardmg the role of research stations in 
speeding up the adoption of second cycle varieties. Table 8·4 presents a sim­
ple regression analysis of the speed of adoption of twenty-one first and sec­
ond cycle varienes in seven different countries. The analysis shows that the 
rate of adoption after ininal introduction (defined as the date when 1 percent 
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of the country's acreage was planted to the variery) is speeded up by research 
activity in the recipient countries. 

Regression 1 indIcates that when the peak adoption percentage is held con­
stant, the number of years required to reach the peak percentage decreases in 
proportion to the research undertaken. In elasticity terms, it indicates that a 
10 percent increase in research shortens time for adoption by 3 percent. 

Regression 2 measures the relarionship between the average adoption rate 
per year and research activity per unit of output. It is shown later that the 
economIC value of speedmg up adoption, even by a small percentage, 1S Slg­
nifican~; this, however, requires an estimate of the relationship between the 
rare of introduction of new varieties and sugarcane production. 

Yield levels by variety are reponed annually for South Afnca. This allows 
a direct comparison between yields of the old varieties and of the new set of 
varieties. Additional data on fertilizer use and on rhe age srructure of the vari­
eties are also available. The latter information is particularly 1mportant for 
this type of comparison. Cane is typically "ratooned" for several years. The 
first crop in a life cycle is produced from planted cane. Subsequent crops in 
the life cycles are SImple regrowths of the same plants after cutting and are 
referred to as ratoon crops. Depending on climate and other factors, yields 
decline with each ratoon crop. In South Africa, for example, the index of 
relative Y1e1ds by ratoon crops is as follows! plant, 109.8; One year, 1085; 
two years, 100.5; three years, 91.0; four years, 86.7, and f,ve years, 82.3. It 
eventually becomes profitable to plow the fields and replant the cane. 

Consequently, Simple comparisons of yleld~ by variety, uncorrected for 
the age differences in rhe new and old varieties, are misleading. The actual 
yields in South Africa of the varieties introduced during (he 19305 were 43 
percent higher than the yleld levels of the native variety Uba, This calculatlon 
was based on data for the 1935-39 period when both types of varieties were 
grown. The correction for the age distriburion of the canes reduces th1S to a 
27 percent advantage for the second cycle varietIes. A comparable set of van­
ety-yield-ratoon dara for rhe period of 1954-57 allowed a comparison to be 
made of the advantage of adapted second cyle varieties over the original sec­
ond cycle vanetles. ThIS was calculated to be 28 percent. (Nore that all com­
putations were made on the basis of sucrose yield, not cane yields. In fact, 
much of the advantage of the second cycle varieties over the fIrst cycle vari­
etIes was in sucrose conren t.) 

Varietal data reported for other countries are not as detaIled as they are 
for South Africa, although data on variety composinon of production are 
generally available. An analYSIS of yIeld changes in several countries with re­
gard to the adoption periods of second cycle and adapted second cycle vari­
etIes is shown in Table 8-5. 
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Table 8 R S. Yield-Vanety Relationship Estimatesa 

V.rlety 
"turn~ Changes Ch",nges 

Regression over" In FertU- m RaIn~ 
Number Region Period (DV) izers (DF) fall (DR) Constant R2 

Origmal Second Cycle Varieties 
1 Caribbean 193546 .188 4.66 .156 - 3.17 .22 

Islands (2.21) (207) (1 90) 
2 Australia 1936·45 .777 n.a. n.a. -458 .56 

(2.72) 
3 South 193344 .163 n.a. .183 .15 

Africa (1 99) (1.87) 

Adapted Second Cycle Varieties 

4 Australia 1945-58 .465 n.a n.a -4.8. 24 
(1.94) 

5 South 1945-62 .222 na n.a, -1.69 .18 
Africa (1.90) 

6 India 1954-61 .345 n a. n.a. - .758 .33 
(Andhra (1.43 ) 
Pradesh) 

Source Canbbean Research Council, "Sugar Industry of the Cartbbean. II Washington. 
DC., 1947; J. W. Suryandrayana and P Sethuraman, "A Decade of Sugarcane Develop· 
ment m Andhra Pradesh," 11ldtal1 Jourual of Sugarca1le Research and Development, 7·4 
(963); Annual Report. Bureau of Sugar E:rpenment Stattol1s, Queensland, Australia. 
1920'64, Soutb A/flea Sugar Yearbook, South African Sugar Association, Durbao, 1934-
62. 

In all regressions but no 3J va.riety change was the change in varu:tal mix for all van· 
etlCS· 

DY ~A + bID + b2DF +b 3DR, 
where 

Y ~ yield 
V = a measure of varietal composition based On area planted 
F = application of fertIlizers 
R ~ rainfall 
D = first difference operation, e g. Dy = Yt - Yt-l' 

]n regressIOn no. 3, the varIety variable 15 the percentage of non-Uba vanettes 10 total 
production; it IS nOt the percen cage change (rom yea.r to year. 

a t values are given in p,arentheses. 

The variety change from year to year may be regarded as a kind of measure 
of "turnover." It is essentially the sum of the changes m percentage of acreage 
planted (0 varieties which have mcreased (or decreased) their share of planted 
acreage; the results of the statlstical analysis are presented m Table 8-5. Fer­
tilizer and ramfall data were not available In all cases. The variety turnover 
variable has the expected positive slgn, and the In tercept term has a negative 
sign. A negative mtercept term reflects two phenomena, a natural deteriora­
tion of yields owing (0 dlsease and other factors, and changing age distrlbu· 
tlon. As the South African data show, the younger the cane, the higher the 
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yields. The varietal change measure may be correlated with sugarcane age in 
these data. A consequence of such a conclusion would be that the interq:pt 
term is biased downward and tliat the varietal change coefficient has an up­
ward bias. Although major changes m average age do not appear to have oc­
curred over the period, we do not have cane age distribution data that would 
allow us to check this point. 

The data in Table 84 and 8-5 allow two calculations. The first is the eco­
nomic value of the actlvlties of experiment stations in speedmg up second 
cycle varietal diffusion. From Table 84 we can compute the acceleration or 
increase m turnover achieved from an investment of $7 thousand (approxi­
mately the cost of addmg a semor researcher to the staff in 1936). ThiS in­
crease would be approximately .11 percent per year. The value of an increase 
in variety turnover of .11 percent computed from Table 8-5 is approximately 
.03 tons per acre in Australia and .02 tons per acre in the Caribbean and 
South Africa. The total value of this acceleration, resulting from a $7 thousand 
investment, would be about $50 thousand in Australia and from $12 thou­
sand to $15 thousand in South Africa and the Caribbean area. A reasonable 
downward adjustment for bias owing to changmg age distributIOn would re­
duce these estimates by between one-third and one-half.8 It appears that the 
"extension type" side benefits from accelerating second cycle varietal diffu­
sion Justified much of the investment in experiment statIOns duting the long 
gestatIOn period before they began producmg adapted vaneties. 
. The second computation is the value of adapted varietal output. Re­
search cost data for 1950 can be used to compute the average cost of re­
search per percentage of varietal turnover. These costs were $21 thousand in 
South Africa, $25 thousand m Australia, and $7 thousand in IndIa. The 
estimates in Table 8-5 indicate that the varietal change produced by a one­
dollar increase in research lllvestment IS worth roughly $15 in South Afnca, 
$25 m Australia, and $35 in India (calculatlons based on emmated coef­
ficients from Table 8-5 and a sugarcane price of $5_50 per ton). These esti­
mates compare current research with current output value. The actual re­
search that results m varietal change requlfes'conslderable time. For sugarcane 
research the average lag is probably at least eight years. Assummg no yield 
deterioration and an eight-year average lag between investment and benefit 
reahzation, the "internal" rates of return are approximately 40 percent in 
South Africa, 50 percent m Australia, and 60 percent in India The South 
African data allow an adjustment for age bias based on a comparison of the 
Table 8-5 estimates and the comparative data by variety. A downward ad­
justment of 30 percent IS mdlcated. ThiS adjustment reduces the internal rates 
of return only slightly. 
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Rice Varietal Development 

Our concern in this section will be with the cyclical nature of nce varietal im­
provement and with the characteristics shared by both the rice and sugarcane 
expenences We draw heavily on the more detailed presentation by Dalrymple 
in chapter 7. It is useful to consider essentially two major rice economies, one 
located in the tropical climate zones of the world, the other in the more 
temperate Mediterranean and Manne climate zones. The two rice economies 
had Independent histories until the 1960s. ThiS independence is pnmanly the 
result of the high degree of sensitivity of the nce plant to soil and climate 
factors. 

The temperate zone rice economy, centered in Japan, has a long hIstory of 
varietal Improvement and a consequent record of productivity gains. In some 
respects it parallels the sugarcane experience with its own cycles and diffUSIOn 
patterns. The tropical rice zones In ASia's "rice bowl" have qUIte a different 
history. For the most part, this region was domInated by colomal relation­
ships of varying types unnl after World War II. Investment In research direct­
ed toward rice improvement was much less intense than It was In the temper­
ate nce zones. And the established research Institutes were often designed to 
serve the Interests of the colomal bureaucracy instead of a constiruency of 
rice producers or consumers In the LOC's. 

Thus for many years the two nee economies evolved along different paths. 
With the development thrust of the 1950s and 19605, several of the new re­
search programs had reached the point where they were capable of Incorporat­
ing into their Own breeding projects the basic scientific advances made in the 
temperate nee economy. They were slow to exploit the vanetles actually pro­
duced In their research programs and thus missed the chance to lead the green 
revolution. 

The International Rice Research Institute had a large initial ~dvantage over 
the fledgling and In some cases bureaucracy-ndden natIOnal research pro­
grams. It was able to bnng together a combination of high-quality intellectual 
capital (from the temperate zone experience) and to provide the intellectual 
and moral incentives to direct the work of thiS group. The resultant discovery 
of new varieties initiated a major technology cycle in the tropical rice econ­
omy. 

Cycles in the Temperate Rice Economy 

Hayami and AkIno offer a useful dISCUSSion of productivity m Japanese 
agriculture (see chapter 2). Hayami and Yamada show that total factor pro­
ductlvity, which is based primarily on nee production, witnessed a dlstmct 
period of rapid growth after the Meiji Restoration until about 1920.9 Then a 



224 EVENSON 

period of little or nO real growth for ten years or so occurred. This was fol­
lowed by more rapid growth in the 19305. Of course, post-World War II 
Japan has realized a further cycle of product1v1ty gains. (Hayami and Akmo 
compute a specif1c series on varietal improvement whIch also shows cycles. 
This is based on experiment station data, however, whIch generally has not 
proven to be an accurate index of real producer gains.) 

As several stud,es of Japanese productiv1£Y gains reveal, the early (pre-
1920) productivny cycle was based to a substantial degree on the rana 
(veteran farmer) rice vaneties and production techniques. This is an especially 
interesting case of technology discovery by highly motivated and inventive 
farmers which dId not depend on sophisticated scientific training. (interest­
ingly, UUlted States agriculture expenenced a slightly earlier productiviry 
cycle based on mechaUlcalmventlOn of a similar nature.)10 These studies also 
identify an exhaustion of these potential technology gains from the ranare­
search methods as the primary factor m the slowdown in growth. 

The experiment station system in ] apan actually facilitated the diffusion 
of many of the techniques of production developed by the rona. in fact, it 
was primarily through the efforts of research institutions that the technology 
was diffused to Taiwan. (Again, see chapter 2 for a diSCUSSIOn of the role of 
the early experiment statIons.) 

The early experiment station system appears to have lacked the basic 
knowledge needed to compete with the hIghly motived and more inventive 
veteran farmers m the first cycle. By the 19305, however, the experiment sta­
tions had acqUIred the scientific foundation to stimulate a second produc­
tiVlfY cycle in rIce production. This cycle was based on varienes and agronom­
ic techmques dIscovered in the research system. Hayami and Akino (chapter 2) 
conclude that this second cycle was restricted by the dlVetSlon of fertilizer 
and other mput resources for milItary purposes. They attribute the increased 
produc[Jviry of the experiment station system to an organizational change in 
whIch coordmated crop-breeding programs (the Assigned Experiment System) 
were developed. An alternative hypothesis for the basis for the improvement, 
which will be explored later, IS' that resea,rchers acqUIred an-improved under­
standing of the scientific aspects of crop production.ll 

The diffUSIOn of the Japanese '''Japonica'' varieties to Taiwan and the sub­
sequent development of the "Ponlai" varIetIes III Taiwan is an interestIng case 
of the dIffUSIOn and adaptation of the Japanese technology. The SImple intro­
duction of the Japanese varieties during the 1910-25 period did not result III 
1m proved productivity or widespread direct diffusion. Some dIffusion Was im­
plemented by altermg the seedling age at transplanting and by screenmg for 
blast resistance, but it was not until the late 1920s that new vaneties bred III 
Taiwan began to have an impact on production. These new ponlal varieties 
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were then subjectto a cycle of their own, which preceded the second Japanese 
cycle by a few years. Hayami and Ruttan12 place consIderable emphasis on 
the price-depressing effects of imported rice from Taiwan m slowing down 
and partly aborting the second rice cycle in Japan. 

The diffusIOn of improved Japanese rice varieties to Taiwan was the fore­
runner of the more recent cycle in the tropical zone popularly termed the 
green revolution. In fact, efforts in Taiwan after World War II to breed short­
er season varieties and more nitrogen-responsIve vaneties (the earliness was 
important in the two-crop rice pattern in Taiwan but not in the single-crop 
culture in Japan) essentially prOVided the genetic stock on which the green 
revolu tion was based. 

Productivity in the Pre-Green Revolution Tropical Rice Economy 

N Parthasarathy, in his review of rice breeding in tropical Asia up to 1960, 
points out that most Asian countries had some fOrlfl of breedmg and selection 
work before World War n.B The program m IndIa was especially large. It ap­
pears that these programs were reduced In effecnveness by breeding work be­
ing organized in small isolated stations and by breeding objectives which 
faIled to assign hIghest priority to YIeldmg ability. That is, breeders attempted 
to Improve seed quality and disease resistance without having real yielding 
ability to work WIth. It also appears that breedmg work durmg thIS period did 
not even consider fertilizer responsiveness (actual fernlizer use m the regIOn 
was essentially ml). 

After World War II, most Asian countries revitalized and developed ex­
panded nce-breeding programs. An Important project to hybndize the 
Japonica and Indica rice varieties was undertaken In a number of countries m 
the 1950s. These efforts did produce a number of significant varictles and 
probably led to SOme productivity gains. Certain varieties coming from this 
wor.k are classifIed as "high-yielding varieties" in some regions today (e.g., 
Mahsuri which is an Important variety in India, though it is actually a Malay­
sian variety). 

In the 19505 and the early 1960s breeders in the trOpiCS began to draw on 
the technology and scientific base of the more temperate zone experience. 
It seems incredible now that the great bulk of the plant breeders m tropical 
Asia missed the opportunity to exploit the fertilizer responsiveness of the 
plant. Breeders m the Philippines were, however, working on the shorrer 
season, stiff-strawed, fernlizer-responsive varieties. (It is certainly worth not­
ing that superior varienes, particularly C4-63, were produced in the Philippines 
at approximately the same time as the first IRRI variety.) 

The post-World War" h,reeding programs m TaIwan had developed short­
season semidwarf vaneties to SUIt the multiple cropping technology of the 
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area. This work had markedly reduced the photoperiod sensItIVIty of the 
plant. In 1956 the varIety "Taichung Native 1" was developed and it has since 
been diffused to many tropical Asian countries. It became known as a high" 
YIelding varIety some ten years after its fust release. 

The IRRI-Induced Rice Cycle in Tropical Asia 

The setting for a major advance'in rice-yieJdmg potential and international 
dIffusion of flce varietIes in tropical Asia could hardly have been more ideal. 
The temperate and subtropical research programs, especially in Taiwan, had 
developed the genetic materIals and breeding methods required. The tropICal 
rice programs were bound by tradItion and had been slow to learn from the 
developments m Taiwan and slow to respond to the relative declme m fertil­
Izer prIces of the past twO decades. 

With the establishment of IRRI and the bnnging together of a small group 
of sCIentists (from the temperate and subtroplcal zone expenence) with the 
resources and fresh vlewpomt of a new mstltutlon, It was ineVItable that 
knowledge dIffusion would occur. Of particular mterest for the stylized cycle 
model is the apparent diminution in the yield-incremental discoveries by 
IRRI researchers after IR-8, the fIrst IRRI variety. Essentially, no gam m real 
yielding ability over IR-8 has been forthcomIng to date. The Improvements 
since IR-8 have instead been in three areas' improved gram qualIty, improved 
dIsease resistance, and, most recently, Improved msect resistance. Accom­
panymg these varietal gams have been significant advances in related tech­
nology. 

Another clear characteristic of the IRRI-induced cycle IS the diffu.Slon of 
varieties and genetic materIals which has marked similarIties WIth the second 
cycle in sugarcane productiVIty. The early dIffUSIOn of IR-8, IR-5, and IR-20 
was widespread It waS accelerated because a number of mternatlonal agencIes 
wanted ro get on the green revolution "bandwagon." There was then a major 
push to diffuse the green revolution varieties. 

However, in spIte of their day-length Insensitivity, the IRRI varietIes were 
qUIte sensitIve to SOli and clImate factors, especIally water availabIlIty and 
control. These factors would probably have been suffIcient to lImit the diffu­
SIon of the new varIeties to perhaps 20 percent or so of the ASIan tropIcal 
nee-producing regIOn. The "adaptive" research programs and the contmued 
development of the national research programs, which were well underway 
before IRRI, have expanded the set of hIgh-YIelding varieties and extended 
the green revolution. By 1972-73, some 20 percent of the Asian region had 
been directly affected. Adaptive research currently under way mdicates that 
the potential area mIght be in the neIghborhood of 50 percent or so.14 
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Wheat Varietal Development 

Bread wheat production is effectively undertaken in three relatively indepen­
dent economic regIOns: the steppe chmate zone spring wheat regions, the 
steppe climate zone winter wheat regions, and the subtropical-desert climate 
zone spring wheat regions. Geographically the winter wheat zones tend to be 
between the two major spring wheat zones. It is not surprising, then, that the 
steppe spring wheat varietal technology was developed quite independently 
of the subtropical technology. 

No attempt will be made here to detaIl productivity cycles in the steppe 
wheat zOne or the winter wheat zoneS. These cycles, especially tn the United 
States, are qUIte marked. The prinCIpal cycle or productivity episode of con­
cern here is the cycle associated with the dwarf wheat varieties in the subtrop­
ical zones. This cycle bears certain obvious parallels with the Asian tropical 
zone rice productivity cycle. 

There ate, however, a number of important differences in the rice and 
wheat cases. First, before World War II, very httle work on subtropical 
wheat production had taken place. And developmen ts elsewhere (such as in 
the steppe spring wheat zone) were not as duectly relevant to subtropIcal pro­
duction of wheat as was the case with [Ice. True, the Norin 10 dwarf wheats 
were avatlable by 1935 in Japan, but they were not gIven much attention 
until the late 1940s by breeders outSIde Japan. 

The Rockefeller program in Mexico had to support much of the long de­
velopment process of incorporating desired genetIc properties Into subtropical 
wheats. The development of the breeding methodology took time. Because 
the program has produced a relatively sustained flow of new vaneties, It may 
not be possible to Identify real cycles in the Mexican data. 

The cyclical aspects of the new wheats in terms of international dIffu­
sion closely parallel those of rice, however The inItial degree of superior­
ity of the Mexican wheats over traditional varieties was hIgher for wheat 
than for rice, but the same limitations to diffusion Imposed by soil and 
climate factors hold. And the same Interactive process in which local or na­
tional research efforts have extended the diffusion pattern has taken place in 
wheat 15 

Toward Understanding the Basis for Productivity Cycles 

Although the foregoing discussion has been heavily descriptive, it has served 
to raIse questions of theoretical importance. SpeCIfically, one IS pressed to 
ask, why the cycles? Why not relatively smooth rates of technology dIscovery 
and productiVity? Does thiS reflect Inefficiency In the conduct of research? 



228 EVENSON 

Number of 
varieties 
released 
annually 

f 

• 0 

1 2 

• 0 
.8 • 

• 0 

4 • • • • • • 
1900 1905 1910 1915 1920 1925 1930 1935 1940 

• '" First cycle breegl"!1 technology (noble canes) 

o == Second cycle breedm!J technology (intersp-eelfic hybridization) 

Figure 8·1. ApprOXimate pattern of the release of commercially important 
suga.rcane Varieties. 

Are there more general inferences about the discovery of technology to be 
drawn from this eVIdence? 

There is relatively linle economic theory which applies dtrectly to these 
questions. The theory of Induced Innovation assocIated with the optimal 
growth literature and applied to agricultural growth by Hayami and Ruttan 
does not explain certain shIfts in inventive activity whIch mIght result In new 
productivity growth.16 Some of the crop-breediug literature is at least In­
directly relevant. And the economic theory of search and of informatIOn is 
likewise of relevance. These bits and pieces of analytical models ~an be crude­
ly fashioned to provide at least some insight imo the discovery process. 

A Simple Search Model 

It WIll be useful to begin to draw upon these concepts by first noting more 
tangible aspects of the discovery of improved sugarcane varietIes In the Bar­
bados Expenment Station Recall that Barbados scientists shared In the basic 
dIscoveries which established the fertility of the sugarcane plant. These dis­
coveries were naturally'followed up with a first cycle breeding program where 
noble canes were crossed and first cycle varieties developed. Later, the station 
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also produced and adapted second cycle Vlll"leties. Figure 8-1 portrays the ap­
proximate pattern over time of the release of commercially important vari­
eties from the station. 

If this measure ~ commercially important varieties - can be regarded as at 
least an approximation of the output of economically valuable technology by 
the station, these data show clear cyclical behavior in technology discovery. 
The cycles are also clearly related to the baSIC cane-breeding methodology. 
The first cycle varieties were produced in the noble cane-breeding program 
utiliZing the limited genetIc stock of the eighty-chromosome S. offtcmarum 
species. It is readily apparent that the ratio of discoveries to discovery effort 
IS declining over time, suggesting an exhaustion of potential. 

The Barbados station was relatively slow to introduce the interspecific hy­
bndizatlOn breeding program. It began work with thiS breeding methodology 
about 1929, several years after the stations in Java and India had established 
the superiority of the method. From 1929 to 1939 both breeding programs 
were maintained. As the figure indicates, the interspecific hybridization pro­
gram was clearly superior. The ratio of the commercial testing stage was 
1:1800 for the first five interspecific hybrids and 1·2700 for the next nine. 
It was only 1:13,000 for the exhausted noble program durmg thiS period. 

ThiS particular sequence has elsewhere been treated as the consequence of 
search processes.17 Only the major features of that analysis will be repeated 
here (see chapter 10 for an extended treatment of this model). The basics of 
the search model I8 are as follows. 

1. That the scientIfic knowledge of sugarcane breeders during the 1900 to 
1920 period and the genetic materials available to these breeders determined 
a distribution of potential cane varieties with varying economic values. (Later 
this WIll be referred to as the "architecture of search. ") 

2. That breeders were constramed to search for economically superior va­
riedes withm this distribution of potential cane varieties. They became sub­
jeer to the dimmishing marginal productivity of search and had effectively ex­
hausted most of the potential within a few years. 

3: That the baSIC parameters of the distribution of potential cane varieties 
remained quite stable until the introduction of the interspecifIC hybridization 
breeding methods. The decision to shift to the improved breeding system was 
delayed by the resistance of older scientists to change and by the fact that 
resources were reqUired to make the change. 

4. That the new scientifiC base created a new distribution of potential va­
neties with a much higher variance and pOSSibly a higher mean. The conse­
quence of this is that researcher productiVity increased markedly. (Note that 
an Increase in genetic diversity will increase the variance of the distnbution 
of potential varieties and the rate of discovery of new varieties.) 
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Figure 8-2, Distributions of potential sugarcane varieties. 

In other words, search activity undertaken subject to the two potential 
disrnbutions portrayed in Figures 8-2 and 8-3 is sufficient to generate the 
data in Figure 8-L 

ThiS simple model of search activity with the somewhat erratic or at least 
discontinuous shift in the sCIentific base actually fits most of the cycles des­
cnbed in thiS chapter rather welL Several relatively straightforward modif,ca­
tions to the model can easily be made. 

Productivity of search call be made to be a ftmctioll of tIme. That is, the 
expected discoveries from doubling search activity in One time period will be 
less than the expected discoveries from the same activities extended over two 
time periods. Expansion of thiS concept will lead to optimal search patterns 
Over time. 

The search process call be extellded to incorporate searcb over several 
parameters. In general, a plant variety can be deSCribed as a collection of n 
"traits," each with an economic value. The objective of plant breeders will 
then be to maXimIze the change 10 the total economic value of the traits from 
one time to the next. Knowledge of the intergenerational heritability matrix, 
which deSCribes the expected value of the traits In a given generation of plants 
(or antmals) as a function of the selected traits of the parent population, is re­
quired for maximization. Incidentally, changes in the economic value of traits 
Will then lead to changes In the'mix of traits or characteristIcs produced as 
new varietal technology or other tech!10logy. It does not follow, however, 
that the actual rate of change in the trait mix over time will be correlated 
with imtial relative prices of traItS. 

The search process can be modeled as a more complicated process. Search­
ers will naturally acquire information about the distribution of potential 
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Figure 8-3. Expected maximum value of sugarcane varieties as a function of 
search. 

technologIes as they search. At a mmlmum they will have estimates of the 
mean and variance of the distnbution sufficient to develop "stopping rules." 
In addition, they will generally be able to sequentially "rule out" unlikely 
and unpromising directlOns and areas of search. This sophistication will alter 
the expected pattern of discovery, but it does not alter the basic exhaustion 
property. 

ThIS type of modeling can be linked to the more convemiol1al growth 
ltteratllre along the lines suggested by Binswanger.19 Indeed it enriches the in· 
duced innovation literature significantly by making it clear that the probability 
of invention in a particular factor~augmenting direction is a function of the 
"state of exhaustion." Hence the simple propositlOns regardmg a reiatlOnship 
between factor augmentation bias and factor prices do not hold. 

Dynamic aspects of the model can be explored along the lines Investigated 
by Kislev (chapter 10). 

Even with such complexities, this approach IS still limiting in at least two 
respects. It does not explain why the scientifIC base for technology discovery, 
which originates the cycles, shifts in a discontinuous fashion. And It does not 
deal with the question of the dIffusion of technology to producers facing 
different environments. 

Discontinuities in the Growth of Scientific Knowledge 

Searchers for technology, of course, are not indIfferent to the state of 
scientific knowledge. Nor is the Inference that research personnel can be con-
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veniently categorized as searchers for technology or as searchers for scientific 
knowledge Justified except in relatively primitive research systems. A primi­
tive system will tend to be organized as two distinct systems, one for tech­
nology search and another for scientific knowledge search. The skill mix and 
administration within each system constrain their output to simple search 
activity, and they are particularly subject to the exhaustion phenomenon. 
Such systems produce little new technology or scientific knowledge except 
as they adapt it when it is introduced from outside the system. 

In more advanced systems, one finds a more complex organization. In 
particular, as the skill mix is m creased , new specialities and motivations are 
developed. In chapter 15 Swanson discusses the role of the "blOlogical archi­
tect" in designing and improving search methodology. One could expand this 
concept to mcorporate other types of archltect~ in the physical and social 
sciences as well. These architectS play a key role. Their design activity IS 

fundamental to the implementation of scientific findings. In addition, they 
serve to direct and orient scientifiC discovery toward economic obJectives. 

Within professional and academic circles, there are powerful SOCial incen­
tives to belong to either an elitist scientific organization or a professional 
society. The biological architect does not fit well in either. These interests 
tend to be built into graduate programs in the agriculturally related sciences. 

The history of most agriculturally related SCientific systems dearly shows 
that the classical organization of scientific discovery was poorly suited to the 
development of either the technology searcher or the biological architect. 
Agriculture and engineering research required the creation of separate and 
competing systems. The land grant system of the United States appears to 
have been reasonably successful in bringmg about the integration of science 
and technology, but most developing countries have not achieved thiS. 

A basis can be found in this discussion for the high degree of sensitivity to 
exhaustlOn which appears to characterize the agricultural research sy~tems of 
developing countries. The skill mix required for a more advanced organization 
is such that it is likely to be some time before many systems in the tropics 
mature to the pomt where these factors will be less important. It should be 
expected then that real changes in the scientifiC base will tend to be discon­
tinuous in research systems without large numbers of skilled and motivated 
SCientifiC architects. 

The Diffusion of Technology and Knowledge 

The diffusion of speCific items of technology across regions is clearly relat­
ed to a range of SOli, dimate, and economic factors. Virtually all forms of 
technology, and especially those in agriculture, are sensitive to these factors 
in that minimum average costs (excluding rents to fixed factors) of produc-
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tion with any partIcular set of techmques wtll change when production is un­
dertaken under ot~er condItions. A particular variety of rice, for example, 
performs well on one type of soil and poorly on another. 

Consequently, for every possible set of soil, climate, and economic condI­
tions. there exists in principle a unique set of technologies for most effIcient 
production. Thus, if it did not cost anything to tailor technology to environ­
mental factors. agricultural technology would be Immensely nch in detail. An 
improvement in one particular item of technology would temporarily be dif­
fused over a limited range of environmental factors, but researchers would 
then adapt and tailor the improvement SO that, when a new eqUIlibrium was 
reached, every environment set would have a umque technology set. In such 
a world, technology diffusion per se would be virtually ml and would only 
exist because adaptation took time. 

Obviously, in the real world, adaptation is a costly process, and as a result 
technology is not tailored to every environmental detail. Some degree of 
tailoring to "aggregated detail" wIiI hold.20 Nonetheless, the costless tailoring 
case affords Some insight into the diffusion patterns descrIbed for sugarcane, 
rIce, and wheat. It is conSIStent with the temporary character of direct tech­
nology diffusion and the inducement given to adaptation. 

WIth costly adaptation. research systems will be designed to take into ac­
count both the supply of research skills and environmental conditions. The 
scarcer the hIgh-level skiHs of the bIological architect. the more effICIent it is 
to design systems purely to undertake a low-level adaptive function based on 
simple search activities. Such systems have few scale economies to particular 
experiment stations and consequently are usually designed to achieve a high 
level of tailoring. Generally One finds a proliferation of small research units 
under these conditions. These systems are dependent on "mother" institu­
tions for genetic material and search deSIgn. 

When hIgher levels of skills are available (and not "wasted" in administra­
tive tasks), the effIcient system will have some biological architect capability 
and wIll be somewhat 10dependent of other systems. It wiII sacrifice tailor­
ability to realize the gains to be had from its independent "architect" capabil­
ity. Because isolation IS more costly in such a system, It wIiI tend to have few­
er experiment stations. Naturally the system WIll undertake adaptive research, 
but It will tend to be much more productIve than the purely adaptIve sys­
tems. 

The adaptive research process is, of course, itself a diffusion process. Knowl­
edge of some type is being diffused. Scientific equipment and genetic material 
can be considered to be forms of emb\>died knowledge. Knowledge IS also 
sensitive to soil. climate, and economic factors. The physiological relation-

\ shIps of the rice plant 10 the temperate zone are suffIciently different from 

\ 
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these relationships in the tropics. New knowledge for the tropics must be dis­
covered independently of the temperate zone stock of knowledge. In this 
context, the tropical zone system requires a high level of biological architect 
capability to achieve this discovery. 

Concluding Comments 

This chapter offers neither a thorough historical study of technical changes in 
sugarcane, rice, and wheat nor a stnctly formal treatment of the process of 
technology discovery. It has attempted to draw inferences from certain ob­
servable aspects of technical change which have relevance for the eventual 
formal models of technology discovery. No doubt many points of interest 
have been missed, and at least some of the inferences and interpretations 
are subject to improvement. But one must begin somewhere. The failure to 
understand even the basics of technology discovery and its diffusion has 
plagued developed programs for years. 

In this chapter, observed cyclical behavior in realized productivity gams 
and in tangible measures of technology discovery has served as a basis for in­
ferences regarding the role of scientific knowledge. This knowledge was in­
terpreted as the architecture of the process of searching for technology. 

Development literature generally attnbutes much less importance than 
has been given here to the role of SCientific knowledge. In particular, al­
though there IS probably general agreement that bttle direct diffusion of 
technology between widely different climate zones takes place, the presump­
tion that scientifiC knowledge is widely diffused appears to be mamtained. 
The mterpretation given to the record of sugarcane, wheat, and rice tech­
nology in this chapter is rhat the diffUSion of knowledge IS also limited by 
sod, climate, and economic factors. A full test of the implici~ alter"narive 
hypotheses put forth in this chapter, however, awaits both better measure­
ment and better theory. 
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Comparative Evidence on Returns to 
Investment in National and International 
Research Institutions 

Robert E. Evenson 

9 

Agricultural research institutions in the developing countries have undergone 
marked changes in orgamzatIOn and support m the past twenty-five years. In 
the 19505, most development programs were designed with the expectation 
that it was possible to achieve low-cost diffusion of much modern (developed 
country) technology to the developmg economies. Major development aid 
was given to extension, credit, and commumty development programS. Dur­
ing this period, investment levels for agricultural research in developing coun­
tries were roughly one-half the levels for extension. This was in sharp con­
trast to investment patterns in the developed countries, where the level of in­
vestment in agricultural research was at least double that in extension} 

Financial support for buddings, equipment, and project fmancing from in­
ternational aid agencies in the late 1950s was on the order of $50 to $60 mil­
lion annually. ThiS represented more than one-third of the total resources 
directed toward agricultural research in the developing world at that time. In 
addition, large numbers of technical advisers, visiting professors, and other 
personnel were located in developing countries. Hundreds of scholars from 
developing countries were provided WIth support for graduate study in uni­
versities in developed countries. 

Dunng the 19605 these patterns changed markedly. A number of appraisals 
of the developing-country research and extension programs led policy makers 
to the conclUSIOn that neither the research nor the extension systems were ef-
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fective. The problems mvolved in simple technology transfer were beginning 
to be recognized, and the failure of the extension systems to produce change 
were properly attributed to the paucity of reaL technoLogy to extend. The 
fledgling research systems in developing countries were seen as lacking in sci­
entific skills, subject to bureaucratic rigidities, and misguided about theIr ob­
Jectives. By 1970, international financial support to the national research sys­
tems had declined, as had support for international scientists and technical 
personnel located in the LDC institutions. 

While thIS decrease in support for national programs was takIng place, the 
basis for a signifIcant subsequent development was being laId. This was the es­
tablishment, by the Rockefeller and Ford foundations in cooperation with 
host governments, of twO internatlOnal crop research institutes: the Interna­
tional Rice Research Institute (IRR!) in the Philippmes in 1962 and the In­
ternational Maize and Wheat Improvement Center (CIMMYT) in Mexico in 
1966. Several other such mstitutes followed m the late 1960s. The United 
State~ government began to provide fmanclal support in 1969 and 1970. Sig­
nificant international support for these and other mternational centers began 
in 1972 through the newLy established Consultative Group on International 
Agricultural Research. 

Many observers have concluded that the shift m emphasis to international 
agncultural research showed extraordinarily good judgment, perhaps the best 
In regard to the allocation of development resources since World War II. This 
feeling was particularly prevalent in the late 19605 and early 19705, the hey­
day of the green revolutIOn. The success of the IRRI rices and the Mexican 
dwarf wheats and the adoption rates and increased production breathed new 
life into many development programs. The subsequent slowdown in the rate 
of growth of yields, however, and the failure to realize some unwarranted ex­
pectations have resulted in an equally unwarranted state of pessimism regard­
ing future productivity gains. 

This recent history tells uS a great deal about the process of change in agri­
culture, about the factors which alter the probabiLitIes of discovery of new, 
more efficient methods of producing food and fIber, and about the factors 
that determme the diffusion of'such methods across regions. We are still at a 
primitive stage in our ability to analyze thiS experience. We have noW ac­
cumulated what appears to be an impressive collection of "rate-of-return" 
studlCS, all of which show extraordinarily hlgh returns to mvestment in re­
search. Some advances have been made m modeling discovery processes and 
invention. And the roles of climate, soil type, and prices as determinants of 
the diffusion of technology have been clarified in recent studIes. But in spite 
of this, we remain some distance from a fully convincing theory of tech­
nology discovery_ 
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Rate-of-return estimates have been useful in establIshing certain basic 
propositions regarding the productivity of research. Unfortunately, the avail­
able estimates have been abused in policy diSCUSSIOns. The inconsistent cita­
tion of extraordinarily high rates of return - especially the oft-quoted 700 
percent return on hybrid corn research - has left the impression that the esti­
mates themselves are snbject to such a degree of error that only those above 
100 percent or so are really significant! This is somewhat similar to the old 
notion that farmers would not adopt a neW technology unless the new tech­
nology possessed a degree of superiority of 75 percent to 100 percent over 
the technology in use. This simply has not been true. Such studies err pri­
marily in their estimation of the real degree of superiodry of the new tech­
nology.2 

This IS a serious matter because some of the estimates have been derived 
through the use of systematic econometrlc formulations, and standard errors 
have been estimated and reported. Others have simply been computed using, 
in most cases, supposedly "conservative" assumptions designed ·to ensure a 
downward bias in the estImate. Still other computations have been based on 
costs and benefits of entire research programs. 

The computation of rates of return to Investment in national and interna­
tional research without a systematic, if crude, analytic framework provides 
little useful information to policy makers. Policy Issues cannot be effectively 
addressed with one or two simple estimates. They involve Some fundamental 
questions regardmg the externahties attendant upon the diffUSIOn of tech­
nology and scientific knowledge between regions. The knowledge that an in­
vestment of $10 thousand or $100 thousand In research on sorghum tech­
nology will Yield an expected 50 percent internal rate of return is not very 
useful if one cannot say something about the incidence of the research con­
sequences. If a country makes the Investment, how much WII! lts producers 
or consumers appropriate? And how much can they get for nothing, from re­
search undertakings in other countries? 

The body of eXisting economiC theory does not prOVide ready answers to 
these questIons. But enough work on the topic has now been completed to 
develop partial theoretical and empirical formulations which at least are cog­
mzant of major features of the underlying processes. In the first tWO sections 
of this chapter some of those issues are discussed and reviewed. An econo­
metric study of the contribution of research is then reported The final sec­
tion develops some of the pohcy implications. 

Elements of a More Systematic Formulation 

As a starting point, it will be useful to classify the different skills involved in 
the discovery of new production technology. This classification will help in 
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understand10g the constraints imposed by supply conditions of different 
types of skills, bec~use there is a close relationship between skill types and ef­
ficient organization of research actiVity. A degree of arbitrarmess attends all 
classification schemes, and the categories of skills proposed here are intended 
only to capture major features. 

A Typology of Researcher Skills 

Skills of relevance In research institutions can be classified in the following 
categories. 

Inventive skIlls. Inventiveness has distinguished all developed societies and is 
a fundamental human characteristic. Effective application of inventive skills 
does not always require highly developed skills of other types. A great deal of 
the mechamcal invention relevant to agriculture was undertaken by farmers, 
mechanics, and blacksmiths without formal naining in engineering. Even in 
some bIOlogical technology fIelds, inventive abIlity can be sufficIent to pro­
duce slgmflcant new technology, as when the rono (veteran farmer) selected 
rice varieties in Japan. 

Tecbnical mId engineerillg skIlls. Professional undergraduate programs in 
engineering and agriculture seek generally to produce technical competence. 
Not all programs achieve this, but many succeed 10 establishIng a basic ability 
to apply certain well-established "textbook" principles to technical problems. 
It is significant that the supply conditions in many developing countries are 
such that the research personnel in many research institutlons have only the 
latter capability. 

,Tecbmcal-scientific skills. Technical-scientific disciplines such as agronomy, 
plant breeding, and agricultural engineering have evolved over the years and 
form the core of graduate programs in the agricultural sciences. Some of these 
disciplInes bear a close relationship to a classical SCientific diSCipline; others 
have developed as "Interdisciplinary" fields. They vary greatly in their intel­
lectual rigor and degree of closeness to a "scientific frontier of knowledge." 
Most have legitimate scientific frontiers of their own, but these tend to be 
closely associated with and form part of more general scientific frontlers. 

Most M.S. programs and many Ph.D. programs In the agricultural SCiences 
impart technical-scientific skills. These skills go beyond technical understand­
Ing and involve a degree of scientific abstraction. That is, tlley include the 
ability to generalize and to conceptualize in abstract terms. This skill category 
is designed to capture both high-level technical and limited conceptual skills. 

Conceptual-scientific skills. Experience at the scientific frOntier is required 
for the development of a high level of conceptual skills. Graduate programs 
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and associated research experiences ar the Ph.D. level attempt to develop 
those skills. Many programs do not accomplish thiS, however, either because a 
significant frontier in the discipline is lacking or because a program does not 
provide the opportunity to acquire the technical or "tool" skills sufficient to 
permit work at the frontier. 

The observed output of sCientists With these skills may primanly be III the 
fonn of published sciemij,e stlldies. That is, many will not produce tech· 
nology and WIll not attempt to do so. They wIiI have the depth of under­
standing necessary, however, to dIrect their work roward rhe overall design 
and other features of technology discovery systems. 

Experience at the sCientifIc frontIer is extremely Important in providing 
leadership and the design of research activities. Many "successful" agricultur­
al scientists have shifted theIr work from the scientifiC to the technology 
frontier during their careers. Few have managed to remain at the scientific 
frontier for long periods of time. Some of those who have not opted to move 
to the technology frontier have continued to be effective teachers to students. 

This typology of skills is somewhat general and could be applied, with 
mmor modifications, to systems onented toward engineering technology or 
medical technology. A similar typology for the classical science institutions 
could be developed as well. 

Skills and Institutional Organization 

The discussion of skills is relevant to the comparison between national sys­
tems in developing and developed countries and the mternational institutes 
because supply conditions of skills vary greatly between these systems. In­
ventive skills are generally abundant in most societies, but their exercise in 
pursuit of new technology depends on a number of factors. Technical and 
engineering skills are relatively abundant in developing countries, but techni­
cal-scientific skills are in very limited supply and conceptual-scIentific skIlls 
are almost nonexistent in some countries. 

A correlation between research system orgamzatlon and the supply of 
skills is apparent in both historical and mternational cross-sectional evidence. 
Agam, at the risk of oversimplification, a stylization of this relationship 
would be useful. 

Low-skill level systems. Typically, in the agricultural research systems that 
rely primarily on technical and engineering skills, experiment stations are 
widely diffused and tend to be commodity-oriented. Field trials and experi­
ments tend to be "cookbook" in nature, since little real capacity to design 
flexible and changing methodology exists. Stations tend to be small and sel­
dom have strong ties with graduate teaching institutions. The system attempts 
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to take advantage of the opportunIty to undertake pure adaptatIon of tech­
nology exogenously delivered to it. 

Intermediate hierarchical systems. As appreciable technical-scientific and 
some conceptual-scientific skIlls become available, hierarchical systems tend 
to emerge and specific institutIons assume leading roles. These stronger insti­
tutions respond to the economies of concentration and in many caseS to the 
complementarities between graduate teaching and research. Economies of 
concentration are based on the capacity to exchange knowledge with other 
institutions and to create and modify the basic research designs or the "archi­
tecture" (as suggested by Swanson in chapter 15), of the research program. 

Generally, one observes a move to consolidate and "coordinate" the diverse, 
isolated station programs. A main station-branch station system tends to 
emerge with a high degree of centralized control. The central or mam stations 
develop some capabilIty to engage m independent as opposed to primarIly 
adaptive research. 

Advanced sCIence-based systems, As the supply of conceptual-scientIfic skills 
mcreases, agricultural research systems are more often organized to take ad­
vantage of economies of "scale" based on communication and the exchange 
of knowledge. Stronger ties to dIsciplines and to scientific frontiers are main­
tamed, and most institutions explOit the complementanties between graduate 
teachmg and research, Indeed, institutIonal quality IS most often judged On 
the strength of graduate teachmg and the ability to produce original Ph.D. 
dissertations. 

Branch station systems generally are consolidated and as a rule serve very 
minor functlDnS in the research programs. In such systems, technical-engineer­
ing skills are utilized in a purely operative fashion. Low-level technical-sci­
entifiC skills (masters' level) are of little value if hIgher level skills are avail­
able. The highly regarded stations are leaders in refming theory, and research 
that does not have direct technologIcal objectives is recognized as a vital and 
Important part of the process. 

Technology Diffusion, Knowledge Diffusion, and Organization 

The sensitivity of VIrtually all forms of agricultural technology to soil, 
climate, and economic factors has mfluenced the organization of agrIcultural 
research systems. Indeed, the scattered experiment station organizations 
under low-sklll-level conditions are designed to adapt technology to relatively 
minor gradations m soil, climate, and economic conditions, If there were no 
economIes to the concentratIOn of research skills (and there are few With 
technical and engineering skills), agricultural technology would be extremely 
nch in variety. Each minor gradation in soil, climate, and economic condi-
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tions, each "ecological niche," would have a unique set of technologies. Its 
adapted technology set would be superior to any other, and no opportunity 
for diffusIOn of technology from one niche to another would exist. 

Furthermore, when new technologies were introduced from outside, diffu­
sion across niches would be temporary in character. it would always be pos­
sible in each niche to discover an adaptation which would be superior to the 
Imported technology. The diffusion of technology in the simplest sense of the 
term would not take place. In fact, of course, agricultural research systems 
are neither geared to tailor technology to minor niches nor capable of adapt­
ing all technology quickly. An appreciable amount of unrefmed direct tech­
nology transfer does, necessarily, take place. 

The low-skill-level systems with only adaptive capability are dependent on 
the diffUSIOn to them of technical and engmeering knowledge. They have suf­
ficient skills to conduct agronomic trials and to participate in simple plant­
breeding and selection programs. If "mother" institutions feed them new 
genetic material and new fertilizers, chemicals, and machmes, they can be 
productive in adapting and modifying this particular form of knowledge. 

The niches to which technology is tailored are based on gradations in the 
relevant soil, climate, and economic factors. Niches' are not necessarily geo­
graphically contiguous, though an attempt is made to locate experiment sta­
tions where they will produce adaptations sulted to modal conditions within 
the niche, in order to maximize the economic value of these adaptations. 

Main stations now engage m a more complex form of knowledge diffusion. 
They have some capability for feeding technical and engineering knowledge 
to the branches. This capability depends on their own ability to scan other 
regions for technical and scientific knowledge. To SOme extent, scientifiC 
knowledge may be fed to the branches {to improve field plot design, for ex­
ample) but its primary benefit is the faCilitation of independent technology 
discovery on the part of the main statIOn. This is a kind of high-level adaptive 
research. 

In a research system with significant conceptual-scientific skills, research 
organizations develop complex specializations and explicitly seek to prodqce 
scientifiC knowledge. It IS m these stations that the stock of knowledge 
which serves as· a foundation for the design of technology discover systems is 
itself discovered and conceptualized. Much of this design work requires a 
thorough understanding ;'f scientific facrs and generalizations and experience 
at the frontier. The capacity to be an "architect" thus IS developed in graduate 
schools, though some research experience is also required. Consequently 
much of the contribution of the science-oriented research and graduate teach­
ing center is in the form of the intellectual capital created in graduate train­
mg. 

\ 
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Diffusion of knowledge has been a significant part of all types of research 
systems. In low-skill systems this has been pnmarily diffusion of technologi­
cal and engineering knowledge in which a "disclosure" effect was involved. 
That is, the simple disclosure of the feature of new technology is sufficient 
to guide researchers toward further improvements. In more advanced systems, 
more abstract knowledge is diffused as well (see chapter 8). 

The Role of the International Centers 

With the exception of CIMMYT and IRRI, most international centers are 
still in a relatively early stage of development and have yet to establish a 
place in the research systems of the tropics. Both CIMMYT and IRRI have 
clearly established themselves as dominant centers as far as the capability to 
produce both new technology and new technical and engineering knowledge 
is concerned. The establishment of this dominant position by both institu­
tions was based on tWO factors: Imaginative administration and researcher 
support, and the intensive application of conceptual-scientiflc skiIIs in the re­
search program. One or both factors were, by comparison, usually lacking in 
the national research programs in the tropics and semitropics. 

The emergence of the international centers for wheat and rice research has 
markedly changed the relationship between national research institutIOns. In 
a crude sense, the "main" stations In national research programs have become 
"branches" to either CIMMYT or IRRI. That this should happen In the short 
run appears to be inevitable. These centers are producing superior varieties 
and superior genetic material which virtually all national programs find of use 
in their own breeding programs. In the long run this will change as natIOnal 
expenment stations are able to mature into more independent institutions. 

The emerging international hierarchical system In which national research 
systems are to a considerable extent dependent on the international centers 
is based only in part on the relative strength of skills in the instltutlOns. In 
the past few years a new element has entered the picture. It IS best seen m 
CIMMYT's international breeding programs (see chapter 13). With the system­
atic use of International sites In breeding programs, Incentlves exist for the 
development of a Simple service-oriented hierarchy. It appears that,CIMMYT 
wheat breeders are convinced that the broad-rangmg breeding program IS 
paying off It IS not surpnsing then that CIMMYT IS pnmarily Interested in 
training researchers who will both service the internatIOnal programs and be 
fed from the center (see chapter 15). IRRI appears to be moving in a similar 
direction (see chapter 12). 

Implications for Econometric Investigations 

The major implications of the foregoing observations for econometric 
studies are the following: 
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1. An attempt to dlstmguish between the different types of skills should 
be made. These skills enter the "technology production function" in different 
ways. 

2. A sImple geographic correlation of research investment (or a research 
capital stock) and productivity IS not an adequate specification. 

3. "Average" products for research investment are generally meaningful 
only in a historical sense. As with any average product, they have limited 
relevance to policy. In certain simple models they are easier to estimate than 
marginal products, but in models of the type that we are dealing with here 
the ·more conventional marginal product of "research capital" formulation is 
the appropriate model. 

4. International data are required to identify patterns of knowledge diffu­
sion ThiS forces the analyst to face up to the problems of utilizing such data 
and deVising models accordingly. It is Just not possible to investigate this issue 
with ideal data. 

An approach which is tractable, given available data, IS to utilize a basic 
"determinants·of-productivity-change" model in which several types of re­
search capital variables are included. These are as follows: 

1. Technology-oriented research conducted in the country or region on 
which the observation is based. 

2. SCience-oriented research conducted in that country. Note that thiS is 
agriculturally related science, not classical SCience as taught in the liberal arts 
college. It includes plant physiology, plant genetics, experimental design, 
microbiology, and the. like. 

3. Technology-oriented research in other countries or regions of sufficient 
ecological similarity that diffusion of technical and engineering knowledge is 
possible. Some of this may be diffused in the form of direct technology trans­
fer, bur the bulk of research should be expected to induce adaptations by 
disclosure. Ideally, a continuous measure of degree of similarity should be 
used to defme similar regions. As a practical matter at this point, one has to 
rely On climate classification schemes to defme this variable. 

4. Science-oriented research m other countries of ecological similanty such 
that scientific knowledge transfer can be expected. The diffusion of scientific 
knowledge takes place over a much broader range of conditions than IS the 
case for technical and engineerIng knowledge. 

5. The contribution of the international institutes should be treated 
as a temporary depanure from the basic developing-country research pro­
cess. This is the case only because of the timing of the discovery process. Had 
the investment in the research leading to the improved wheat and rice vari­
eties been greater and earlier, their development would not have resulted in a 
revolution but would have been part of the larger pattern of t~chnology dis­
covery. 
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Empirical Studies Based on Diffusion and Skill Specifications'" 

Relatively few studies utilizing the family of specifications suggested in the 
preceding section have been undertaken. In fact, only three or foU( studies 
utilizing International data have been reported. And the utilization of geo­
climate data to specify an implicit relationship of knowledge transfer IS also 
confmed to a very few studies. 

The Early International Studies 

The first mternational study of facrors mfluencing relatIve efficIency was 
reported by Hayami and Ruttan. This pioneering study. established the feasi­
bility of utilizing an international "meta-production function" as a tool of 
analysis.3 At the time of this study, however, a set of reliable international 
data on investment in research was not available. Hence the inferences regard­
ing the role of research and related investment were quite generaL 

With the availability of internationally comparable data on research and 
extension investment, new possibllities have been opened up. Evenson and 
Kislev report an extension of the basic Hayami-Ruttan results based On updat­
ed data and the specific inclUSIon of a research capItal variable.4 Their study 
reported estimated marginal internal rates of return of 42 percent to tech­
nologically oriented research in developing countries and 21 percent In de­
veloped countries. The study also computed an Indirect rare of return to re­
lated scientific research of 60 percent for the developIng countries and 36 
percent for the developed countries. These results, while based on quite ag­
gregate data and indirect methods, foreshadowed those obtaIned in later work 
(reponed below). 

Geoclimate Specifications 

Perhaps the more important specification improvement, however, was the 
development of knowledge transfer specifications. The first study to utilize 
geodimate regional data was an international study of wheat and maize pro­
ductivity.5 The basic model utilized III the study specifIed that producuvlty 
m a country (measured by yields) was causally related to country-specIfIc fac­
tors, weather effects, the stock of knowledge created by indigenous wheat 
(maIZe) research, alld the stock of knowledge extant III other countries with 
simdar geochmate conditions. That IS, in this model a country could benefIt 
from research undertaken in other countries. The mechamsm was essentially 
what has been described here as the transfer of technical-engineering knowl-

• This section has been abridged. A number of the author's original technical discussions 
and tables have been eliminated in order to sirpplify and shorten the presentation. Fur­
the. det.ils are pmvided in Appendix 9-1 .nd in references cited by the author. - Ed . 

• 
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edge with a disclosure effect. This study imposed complementarity between 
the mdigenous stock of knowledge and the borrowable stock of knowledge. 
The results showed that countrIes without the capability for significant m­
digenous research realized almost nO transfer benefits. High returns to the re­
search activities were computed. Research was shown to be productive by 
leadmg directly to improved technology and by facilitating technology trans­
fer. 

This basic model has been utilized in two studies of national research pro­
grams. The study of most relevance here was based on Indian data. 

The Indian National Study 

The case of India is an especially relevant national system. It could probably 
be categorized as an intermediate-skill-level system of a baslcaUy hierarchical 
nature. Relatively few national system~ in developing countries are as ad­
vanced.6 

An analYSIS of crop-related research expenditures by states shows that the 
government has pursued sigmficantly different research investment programs 
m the several states m India. The results of the study mdlcate that an incre­
ment to the state research capital stock of 1,000 rupees IS associated with a 
direct increase in the value of agricultural product of 6,600 rupees. An addi­
tional contributiOn of 1,300 rupees is forthcoming through interaction when 
extension activity (at the mean level) is undertaken. An mcrement of 1,000 
rupees to the research capital stock cannot be obtained by increasing invest­
ment in research in the most recent years, because of the distributed lag con­
sttuction. Thus the 7,900 rupees (6,600 + 1,300) Can be Viewed as the level to 
which the generated income stream grows after the distributed lag period. 
Consequently the 7,900-rupee Income stream represents a 46 percent mternal 
rate of return. (The "time shape" of the benefits is discussed in a subsequent 
section.) The same Increment to the research capital stock is associated With 
an additional SOO-rupee income stream owing to the acceleration of knowl­
edge tran~fer. 

A 1,OOO-rupee IOcrement to mvestment in extension capital generates an 
income stream of 175 to 200 tupees. With a short time-lag between IOvest­
ment and the realized income stream, this represents a relatively normal rate 
of return of 12 to 15 percent. A related study of Indian productivity, based 
on distrIct data deSigned to measure the contrIbution of the Intensive Agricul­
tural Districts Program, indicated that the return realized on the resources de" 
voted to extension and general development activities under the program was 
also approximately 15 percent.7 

The Indian study serves to demonstrate that knowledge transfer between 
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regions can be identified with the geoclimate data. It also provides hard evi­
dence that national research systems like those In India are, indeed, produc­
tive. (However, the fact that they are productive does nOt necessarily mean 
that they are effIcient.) Data from one country, even One as large as India, are 
not entirely adequate to investigate the larger question of knowledge transfer. 
Nor was it possible with the IndIan data to explore the issue of the relative 
comnburion of different types of knowledge procured by dIfferent types of 
skills. 

Productivity in Cereal Grains 

An international study of cereal grain productivity reported by Evenson 
attempted to explore further both the issue of international knowledge trans­
fer and the question of the relationship between different types of knowl­
edge.8 The study is of particular interest in the context of thIS chapter in that 
the contributIOns of the high-yIelding varieties (HYV's) produced in parr by 
CIMMYT and IRRI are Incorporated into the model. A rough measure of the 
relative marginal contributions of additional investment in nanonal versus in­
ternational research programs and in technology-onemed versus science­
oriented research activities is possible. In additIOn, it is possible to distinguish 
gains appropriated by the Investing country from those accruIng through 
knowledge transfer to ecologIcal neighbors of the investing country. 

This study does have data limitations. It is not possible to obtain measures 
of several conventional factors of productIon. One cannot know how much 
labor or machine service was devoted to the production of specific cereal 
grains. Many studIes of agrIcultural productIvity have utilized the simple 
measure of partial productivity-productIOn per umt of land. It is, on the 
whole, not subject to serious error as an index of efficiency gains over time, 
but it is not an Ideal measure. Fortunately, it was possible in this swdy 
to add a second factor, fertilIzer use, to the analysis. 

The methodology and findings of the study are presented in Appendix 9-1; 
the Implications will be outlined below. 

Economic Implications for Research Investment 

The several studIes reviewed here have conSIderable significance for the 
productivity of research. They may be summarized in the form of estimated 
marginal benefit streams associated with an Increment of $1,000 to the re­
search capital stock. These are not the usual calculations of average product 
type. The reader can convert the streams IOto rates of return or cost-benefit 
ratios as desired. If the increment of $1,000 to the capital stock is viewed as 
being distributed over time according to the construction of the stock, the 
tIme shape of the retUrn is as shown In Figure 9-1. Investment in time t pro-
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Benefits stream 

m - - - - - -- - - - - -:.=--=-:.::::.:=-=:.::..=-

t t+3 t+ 10 Time 

Figure 9-1. The timing of research benefits. 

duces an expected stream beginnmg in year t + 3 and rismg to the level m by 
year t + 10. Since technology IS subject to depreclatlon, it is quite possible 
that gains once realized wIll be lost. The decline after year t + 10 reflects this 
possibility. 

Table 9-1 summarizes the economic implications of the cereal grains study. 
In the first part of the rabIe, computations based on the cereal grains regres­
sions in Appendix 9-1 are presented. These computations are relevant to in­
vestments in national systems. The developing-country computations are 
based on a regression excluding the HYV variables (see Table 9-6 in the ap­
pendix) on the grounds that It measures a more stable long-run relationship. 
If they were to be based On the HYV regression they would be slightly lower. 

One of the advantages of the particular functional form utilized IS that one 
can estimate how much of the expected generated income stream IS ap­
propriated by a typical investing country and how much flows to ecological 
neighbors. This, of course, depends on how much research the neighbors do. 
The computations in part 2 of Table 9-1 are based on mean level of research 
capital in neighboring countries. 

The relative size of the estimated income streams in developed and de­
veloping countries should not be surprising. It does not indicate that research­
ers in developmg countries are more efficient than those in developed coun­
tries. It reflects two factors. First, developing-country research skills are rela­
tively low-priced; they COSt less than half what they cost in developed coun­
tries. The research measure utilized partly corrects for this. Second, and more 
importantly, the size of the streams reflects that the ratio of research capital 
to conventlOnal factors of productJon is only one-fifth as high in the develop-

/ 



Table 9-1. Estimated Margmal Benefit Streams AssocIated with 
National Research Investment of $I,OOOa 

Research Investment 

Developed Countries Developing Countries 

Benefit Streams 

Part 1 

Appropriated by Investing country 
(a) Direct contribution ..... 
(b) Through complementarity 

with research in other 
countrIes ...... , ..... . 

Total appropriable benefitS 

Part 2 

ContrIbuted [0 other countrIesb • 

Total international benefIt 
stream (Part 1 + Part 2) 

Part] 

Realized by a typical country from 
research invesnnent by other Coull­
tries in similar climate zones (or 
regions)c 

(a) Wah average indigenous 
research capabIlity . 

(b) With no indigenous 
research capablhty·. 

Technology­
Oriented 

$ 630 

1,620 

$2,250 

5,150 

$7,400 

$8,580 

$4,560 

Science· 
Onented 

512,300 

1,620 

513,920 

17,000 

$30,920 

S 520 

$ ,20 

Technology­
Oriented 

$ 3,710 

7,200 

510,910 

49,000 

$59,910 

555,000 

$ 1,700 

Science­
Onented 

$35,600 

7,200 

S42,800 

37,300 

S80,100 

S 1,700 

$ 1,700 

Source: ComputatIons were based On cereal~grains research regresslons (1) and (2) in 
Table 9-6 (Appendix 9-1). 

a Estimated levels, in 1973 United States dollars, to which benefit streams associated 
with a research investment of 51)000 will rise eight to ten years after mitial investment. 
If a normal 12 percent rate of return is realized. the level will be approximately SI.000. 
A 20 percent compound internal rate requires roughly a $3,000 stream and a 50 perceut 
rate requires $16,000. It is useful to think of this investment as a purchase of income 
streams or as a purchase of economic growth. The price of the streams is the inverse of 
the internal rate of return, 

Computations were based on mean values of variables ~n the derivatives from the twO 
data sets The derivatives are in terms of the effect on productlon of a change In the 
knowledge stock. The knowledge stock is converted from publicatIOns to dollars, based 
on the data in Robert E. Evenson and Yoav Kislev:I Agtlcultural Research and Productlvtty 
(New Haven Yale University Presst 1975), chapter 2, Table 2.4. ArithmetIc rather than 
geometric means were utihzed m the computations on the grounds that they are more 
representative of typical countries. Cereal grain product is valued at S80 per metnC 
ton (approximate 1971 prices). 

b Contributions to other countries were based on the average number of other coun­
tries in similar regions for T (0.6 in developed countries, 0.9 in developing countries), 
and zones for S (33 for developed countries, 23- for developing countnes) (see Table 9-
8). 

C Benefits realized from other countries were computed as the marginal products of 
regtonal research. 3(b) was computed settjng indigenous research equal to zero. Note 
that the construction of the model is such that the contnbution of zonal science-orient .. 
ed research depends only on regional research and not on indigenous research. 
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ing countries, sO that marginal produces of resc;arch will be high for this 
reasOn if standard production relationships hold (see chapters 8 and 10), 

The fa~t that the science-oriented research should be more productive than 
the techno!ogy-orieIlted research is also not surprising. It reflects that conceptu­
al-scientific skills in the deve!opmg counme. are scatee and have high value. 
Actually, the special nature of the research capital stock constructiOn enables 
It to measure relatively high-level skills in the technology-oriented research as 
well. The infetel\<;o that engineenng-tedlnical ~k!lls (B.S. level) are of high val­
ue is not wawtnted. These results are complementary with the Indian study re­
sults referred to earlier. Though based on different data, the implied appropriat­
ed Streams in this sw.dy afe dose to those e~timated for India. In the develop­
ing couhtries a considerable amOunt of transfer of benefits based on knowl­
edge diffusion takes place. Part 3 of the calcvlation shows, however, that such 
transfer depends heavIly on the capacity of indIgenous research_ The strategy 
of waiting for the neighbor's technology tQ "spill in" just doesn't work. The 
cDUntry without an indIgenous reseatch capablltty benefits very little from Its 
neighbor, even when the neighbor is considecate enough to invest in research. 

The:: levels of the income streams are extraordinarily h!gh and imply re­
torus to research investment several times h 19her than those realized on nor­
mal investment. The research dollar buys income streams many times as large 
as the average develDpment ool/ar, though gIVen the !tille-lags the price of 
growth through resear~h Investment is probably one-fIfth to one-eighth <lS 

high as it is in mOst development projects. 

An Ad Hoc Computation of Returns to International 
Center Research in WbeC/tand Rice 

The compllcarion of returns to investment in international center research 
cannot be made wil:hout first makmg some rather arbitrary assumptions. Were 
It not for the tremendous importance for poHcy of such a cakul.l.tion, it prob­
ably should be aVOIded. The procedure utIlized here starts WIth the reason­
ably solid informatIon sUffi'l1anzod in Tab!e 9-2. These estimates of the eco­
nomIC value of wheat and rice which would not have been produced If none 
of the HYV's had been discovered IS based 0 n the regreSSion analy,ns In Table 
9·6. This, of course, is most certainly //Ot an estimate of the contribution of 
CIMMYT and IRRl. In fact, the crude alloo:ltion of varieties by center, joint 
center-national, and independently produced varietics suggests that in the 
absence of CIMMYT and JRRI some HYV's would have been ptoduced_9 It: is 
even likely that a large number of HYV's might have been produced eVentu­
ally, since the independently developed varieties have been adopted at a sig­
nificant rate 10 comparison wieh IRRI and CIMMYT variencs. 



Tabl. 9-2. Beneflt 5troam. Associated Wlth High-Yielding Varieties III Asia and North Africa 

Benef,t Streams 1965-66 1966-67 1967-68 ~968'69 1969-10 1970-11 1971-12 1972-73 

Wheat 
Aggregate adoption level of all HYV's (%) .00} 1.5 9.7 18.9 20.5 Z4.0 28.3 34.1 

PrOcp-orUO-I1S OWing to 
CIMJ\lY,-breci varieties ..•••.•• .001 1.5 88 16.6 17.0 18.7 20.4 2,.0 
Joint C1MMYT-natlonal ..••.•• 0 0 .8 1.9 2.5 3.6 >.6 7.5 

Var"." 
Other independcht .......... 0 0 .1 S 1.0 1.7 2.3 M 

at $75 per metric ton (million dollars) .03 30 I70 325 NO 40. 445 523 
at $)30 per metrk toll (million doll .... j .04 52 293 563 590 697 772 906 

Rrce 
to> Aggregate adoption level of all HYV', (%) .001 1.1 3.4 6.0 9.9 13.1 11.1 20.9 
'" t-> Proportion'; owing t:o 

IR,Rf varieties . ~ , , ~ .... .001 1.0 2.9 4.6 7.0 9.2 10.$ 13.3 
Joint IRRI-n.tlonaL ••••• 0 a 1) .4- .9 1.4 3.2 M 
Other independent ...... 0 .1 .1 LO 20 2.6 ,.4 4.:1-

Varue" 
at $100 per metric ron (million do)!ors; .07 7b 233 420 695 905 1155 1359 
at $175 per metric tOil (million dollars) .11 133 407 736 1216 1584 2022 2379 

D. In computing these benefit streams, the foHowing geographic groupings were unlizecL Woe"t. Product~on from all developing coun-
trieS pIllS the Southern EutopCah cOUiurie.s. Rice. Production of flce from all tropical and semhropicaJ dcvcJopmg countries\ cxdudmg 
South KOlea. and Taiwan. 

The lower prices axe l'epres-entadve of thcJse in the 1970-72 pe:rioci, the higher price'S are mot'~ r(!pJ:e5enta\~vc of 1975. 
These fig'llrcs differ somewhar from the author's ear-lier computations reported jn I'Consequences of the Green Rcvoll1tio[l,~' E.r;of}Qlillc 

Growth Center, Yale: University, 1974 (mirneographed)_ The major- differences JTC 3ttTibtltauJc to the use of geometric rnth~r than ::\nth .. 
meJ'jC mC:tns in the computations, d,iffercnt geographic groupings, and somewhat more ac;curate production dat~. The results repott<:d h~re 
:Ltc mote L!'()n51~tcnt wtch Ddlry.mple's estimates than were the eather figures; for cQmparh,ons ~e~ chapter 7. 
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Table 9-3. InCome Strea.ro and Cost Ca.i<:ulation for International Center Research 

Firc;;t Generation Varieties Second Generat~on Varieties 
(1966/67-1969170) (1970/71-1972173) 

Item Wheat Rice Wheat Rlce 

Annual increment to nlCQme 
stream (1973 million 
dol1ars)a . . , . . . . . . . , 182 142 74 301 

AS'iociated cOSt on annual 
baSIS (1&73 million 
dollars) ........... .6 1.0 1.2 2.8 

In<:ome stream per $1 1000 
investment. ... ...... S303,OOO S142,OOO 562,000 $108,000 

a Computed from Table 9-2 utilizmg pnces of $130 per metric ton for wheat and 
S115 per metric: ton for rice. 

b Computed from Dalrymple, chapter 7. The second g<:neration costs are based on 
IRRI and CIMMVT Annual Budgets That is, it IS supposed that the researc:h program 
during these years was primanly responsible for the production gained durmg the second 
genera.tion period. First generation casto; are aU prioT costs at IRRI (capital expenditur-es 
are amorti'Led), and a c-apltal adjustment is made for CIMMYT <:QS[S to make them 
roughly comparable with IRRI costs. 

One could attempt to estimate this alternative pattern of vanetal develop~ 
ment to determine how much should be attributed to the centers, but this 
would be very dIffIcult. It would also bias the result against the centers, smce 
the development of the mdependent vaneties is not truly independent In­
stead, a computatlon which is somethmg of an overestimate will be made. 
First we compute mcome streams to each center based on the center Van­

eties plus one~half the center~nat10nar JOInt vaneties.. These are averaged for 
the first f,ve year, of the adoption pattern and for the last three years. These 
can be taken to represent the lUcome streams associated with the ftrSt and 
second generations of center vdneties. Then, If the cost data can be matched 
up with these benefit streams~ an estimate of the income stream associated 
with an investment of $1,000 is pOSSIble. Table 9-3 summarizes thIs calcula­
tion. 

The results of this calculation show, not surprismgly, that the income 
streams purchased by investing m bath the CIMMYT and the IRRI programs 
have been truly extraordinary. The MeXIcan wheats, when Introduced in India 
and Pakistan, were quickly adopted in the regions to which they were suited. 
The IRRl-type rice, on the other hand, was adopted at a slower pace and re­
qUired more systematic screenmg and the adaptation of complementary tech­
nologies. This is reflected in the calculated income streams. The distinction 
between first and second generation varieties is somewhat arbitrary and is 
designed primarily to show marginal gains to the extent possible. The CIMMYT 
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income stream in the first generations of varieties going into India is extreme­
ly high but drops considerably in the second generation time period because 
new adoption has slowed down. The IRRI-generated stream declines only 
moderately, as adoptIon of the varieties in the second period Was almost as 
great as in the first perIod. The second generatIOn income streams, whrle still 
far above income streams consistent wlth efficient investment, do not greatly 
exceed those indicated for national system invesnnent. 

It should be noted, however, that both the national system and the mter­
national center computations are subject to error and are not strictly compar­
able m terms of the timing of benefits. In addition, these computations are 
based on the results of relatively new research programs. As these programs 
mature and expand it is highly improbable that benefit streams of the order 
measured here could be attained. Thus it would not be realistic to expect 
these high returns to continue to be realized as the international system ex­
pands and as national system investment is increased. 

Policy Implications of Agricultural Research Productivity 

The estimated income streams assoclated with investment in virtually all 
types of research programs from a large number of stud)es must be taken as 
eVIdence that mvestment levels are less than optimaL The computed rates of 
returns are well above the social opportunity cost of lDvestable funds. If one 
considers the available evidence regarding the payoff to investment Jll the full 
range of development projects undertaken in the low~income countries) it 
simply is not pOSSIble to march the returns realized to research investment, 
Still we find that research system development does not have high priority in 
the programs of many developing countries. And international funding has 
given it low priority as welL 

A recent srudy by Boyce and Evenson 10 provides new data on the willing­
ness of countries to invest in agricultural research and extenSIOn. Table 9-4 
summarizes investment in agricultural research and extension in constant 
(1971) United States dollars by majOr reglOns of the world. The research data 
Include pnvate mdustrial Sector research and agtlcu[turally related scientific 
research. The extension data do not include ptlvate sector extensJOn activlty. 

The research data also mclude international Cen tet investment which in 
1974 totaled some $30 million, less than 5 percent of low-mcome country m­
vestment. The study in question estimated that total international aid ageney 
funding of low-income country research in the 1950s was on the order of $50 
mlllion per year, representing 40 to :;0 percent of total invesnnent. By 1965, 
aid funding had risen to roughly $100 million per year and still accounted 
for roughly one-third of national system investment in the low-income coun-



Table 9·4. ExpendItures for Agricultural Research .nd Extension 
by Major World RegIOns, 1951-74 

Region 

Western Europe ... 
Eastern Europe :and 

USSR •..•... 
North Amenca and 

Oceania .. 
Latin America. 
Africa. 
Asia . ..... . 

World Total. 

Western Europe .. 
Eastern Europe and 

USSR •...•..•. 
North America and 

Oceama . . 
Latin Amenca. 
Africa ..... 
Asia. 

World Total 

Western Europe .. 
Eastern Europe and 

USSR ..•..... 
North AmerIca and 

Oceama .... 
Latm Amenca .. 
Africa . ........ . 
Asia .... ....... . 

World Total. 

Western Europe ... 
Eastern Europe and 

USSR ..•.... 
North America and 

Oceania 
Latm Amenca. 
Africa .. .... 
Asi •.....•. 

World Total ... 

1951 1959 1965 1971 1974 

Total Annual Expendztures for Research (mil/tons of 
1971 COllstallt V.S dollars) 

130.0 172.3 407 4 671.0 733.4 

132.2 365.2 626.8 818.0 8605 

3657 540.0 8059 1203.4 1289.4 
297 39.2 73.0 1464 1703 
41.3 58.0 113.5 1385 141.1 
70.0 131.0 356.4 610.2 646.0 --

768.9 1305.7 2383.0 3587.5 3840.7 

ProportIOn of Total Amlual ExpendJtures for Researcb 
Accounted for by lndusttral Sector Research (%J 

126 12.4 11.7 108 10.8 

7.5 7.4 8.1 83 8.3 

28.0 283 26.9 249 25.4 
3.3 36 3 6 3.2 5.1 
2.9 3.5 3.5 2.9 2.9 
2.8 2.5 2.4 22 2.2 

17.4 15.9 13.9 129 13.1 

Proport10'11 of Total Annual Expendtturesfor Research Ac­
counted for by "AgrICulturally Related" SClent'f'c Research (%J 

19.8 19.5 24.8 27.6 27.6 

270 26.4 19.0 17.2 17.2 

11.7 117 12.2 16.3 164 
9.2 9.2 115 14.1 140 
6.7 5.8 6.9 9.2 92 

19.8 18.9 23.3 259 25.9 

11.3 17.2 13.3 19.9 20.5 

Total Annual ExpendItures for Extension (mtllions of 
1971 constant V S dollars) 

n.a. 99.4 169.5 196.6 183.3 

D.a. 1280 90.0 230.0 250.0 

n a. 163 1 198.4 263.5 287.6 
na 32.4 51 1 1028 121.9 
n.a. 90.7 161.0 217.0 224.5 
n.a 73.2 1600 249.5 258.5 --- ---
n a. 586.8 930.0 1259.4 1325.8 

Source: James K Boyce a.nd Robert E Evenson, Nattonal mid InternatIOnal Agricultural 
Research and Ext811Sio71 Plograms (New York· Agncultural Development Council, Inc., 
1975). 

255 
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Table 9~5. \Vorld Expenditures on Research and EXtensIon as Percentages of the Value 
of Total Agricultural Product by Annual Per Capita Income Group, 1951-74 

Income Group 
(1971 U.S. doll.rs) 1951 1959 1965 1971 1974 

Agricultural Research 
Over $1,750 1.21 126 180 2.48 2.55 
Sl ,000'1 ,750 83 1.19 1.95 2.34 2.34 
$400-1,000 ...... 40 .57 .85 1.13 1.16 
$150-400 .. .36 .37 62 .84 1.01 
Under $150 . 22 .28 .47 .70 .67 

Agrrcultural Extension 

Over Sl,750 ........ n.a. .45 .52 61 .60 
Sl,000-l,750' ...... n.a. .17 .22 .33 .31 
$400-1,000' ....... n.a. .26 .40 .46 .40 
S150-400 ......... n.a. .67 .99 1.44 1.59 
Under $150 ....... n.a, .57 1.04 1.76 1.82 

Source: James K. Boyce and Robert Eo Evenson, National and International Agricultur­
al Research Extension Programs. New York: AgrIcultural Development Councli Inc., 
1975) 

a Excluding Eastern European countries. 

trIes. After 1965, mternational aId to national research systems declIned to 

the $60 to $70 mIllIon level by 1971. Some increase may have taken place 
smce 1971. 

Table 9-5 summarIzes the data in Table 9-4 by groupmg countrIes by per 
capita income level (as of 1971). Here we can see a rather extraordinary cor­
relation between level of development and the propensity to invest in re­
search and extension. The low-income countries have clearly opted to expand 
extension systems. (It should be noted, however, that the lack of prIvate sec­
tor extension activity, which would be more heavily concentrated in the high­
income countrIes, biases this picture.) The research data mdicate that from 
1965 to 1971 low-income countries dId expand research system investment 
even though international funding was declining during this period. The 1974 
data, on the other hand, show little further increase except in the $150-400 
per capita income group. This lack of progress is very 'likely to have serious 
future consequences. 

There are several economIc explanations for the relatively high estimated 
rates of return to research investment. The supply of research skills in the de­
veloping countries may be such that the real marginal cost of skIlls from a 
SOCIal perspective is above the average cost of the skills. (In fact, most of the 
high-level skills have been created with fellowship support from international 
agencies. The expected returns to fell'owship investment are presumed not to 
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be fully captured by the fellowship recIpient. The computed rates of return 
then do not fully account for the actual investment.) 

Externa.lities associated with the diffusion of technology are proba.bly an 
Important factor in holding down investment levels. The proposition that 
technology ]S relatively easily transferred through investment in extension 
activities has been stressed in a great deal of the development literature. 
Countries have been led to believe that much of their own Investment W]1l 
produce benefits which they WIn not be able to appropriate. Conversely, WIth 
a Htde investment in extensIon they have expected to appropriate the results 
of other research programs. The studies reported in this chapter indicate that 
this policy strategy has not paid off. The degree of diffusibilIty of technology 
has been much lower than supposed. Counttles without an indigenous re­
search capability have benefited little from research in other countries. Had 
these countries' Judgment been correct, the expected rates of return to the 
appropriated Income streams from research would have been normal, but the 
returns computed from the full income streams would be above normal, 

NatIoual systems may be discounting the expected income streams to take 
into account possible social costs associated with factor adjustment These 
have not been considered in the studies reported here. Two recent studies of 
the determinan ts of research investmen t provide evidence that counttles 
whIch produce higher proportions of both exported and Imported commodi­
ties do invest more in agricultural research.ll Since these commoditIes have 
relatively high demand elasticities, realized technology change Wlil create few­
er adjustment pressures. 

Finally, ex-post measures cannot automatically be taken to reflect ex-allte 
expectations. This is especially senous when research programs are obvious 
successes m an ex-post sense. The extraordinanly hlgh rates of returns to m­
vestment in CIMMYT and IRRI probably could not have been expected m 
advance. On the other hand, those studies which include the entire spectrum 
of research on a commodity or commodity group, such as the cereal grams 
study, are not subject to serious bias on this score. 

Several additional factors have probably also been important in guiding re­
'search Investment policy in both national and international systems. Not the 
least of these is the high level of administratIve skill demanded In the stronger 
research institutIOns. Extension and rural development projects are much easi­
er to organize and admmister than are effective research programs. A second 
major factor is the persistent preference for quick results in development 
projects. 

The prognosis for future productivity advances m the developing countries 
is mixed. On the one hand, while national system investment is well below 
optimum, significant progress has been made, at least until 1970. The im-
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provement In many national systems In recent years should lead to improved 
agricultural performance in the late 1970s. But only a few countries have 
really gIVen research system development a major place in development plans. 
For much of the developing world, investment in the expansion of research 
capacity is so low that the prospects for rapid technology improvement are 
dim 

The further development and expansion of the international centers sys­
tem, although probably having a high expected payoff, do not really hold 
promise for many of these regIOns. It simply is not practically possible for a 
single research organization to produce technology which wII! be relevant to 
more than a smal! fraction of the world's producers Consequently, the Im­
pact of the international centers ultimately depends on the existence of 
strong national systems. The international centers have demonstrated [hat 
they can be tremendously productive in a setting of weak national systems. 
As strong national systems are developed, their role will change and they WIll 
have to move toward a greater emphasis on their comparative advantage In 

more basic science research. 

APPENDIX 

Appendix 9-1. Cereal Grains ProductIVity Analysis 

The basic speclflcation actually utilized in the cereal grains productiVity anal­
ysis was 

where 

P, L, and F are measures of production, land, and fertilIzer use In quantity 
umts for each country. Each is expressed relative to the average 1948-50 base 
level of the variable. Thus the analysis is of changes in productivity relative to 
the base period. 

TR and SR are knowledge capital stocks in each country TR measures 
technology-oriented research capital, and SR measures science-onented re­
search capital. Again, a price must be paid for thiS speCification In that the 
only pOSSible measure of research activity by orientation In international data 
is by publications. A direct measure of scientist man-years or expenditures 
would be preferable. Fonunately, we have available internationally consistent 
data on publIcations oriented to specifiC cereal grains from Plant Breeding 
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Abstracts. The cumulated sum of the publications for each cereal grain with 
a dIStributed lag forms the TR variable. 

[-5 
TR(t) = L P,+.8P,-4+.6Pt-3+Pt-Z+.2Pt-l. 

t = 1942 

With a three·year lag from Investment to publication the formulation Implies 
an eight-year lag until research becomes fully productlve.12 The SR variable 
is constructed In a similar manner from publicatIOns data in scientifically 
oriented publications In the fields of plant physiology, phytopathology, and 
soil science abstracted m BiologIcal Abstracts. 

RTR and ZSR are the counterpart "borrowable" research capital ,tocks 
available from ecological neighbors Ecological neighbors are defined as being 
in the same geoclimate reglo" In the caSe of RTR or the same geochmate zone 
In the case of ZSR. The geoc!imate reglOns and zones are adapted from the 
work of Papadakis.13 The specification is designed such that the science stock 
does not directly contribute to productivity. Its contribution comes through 
ImprovIng the productivity of the technology·oriented knowledge stock. The 
terms (TR + SR) and (TR + SR)2 m the exponent of RTR meaSure the degree 
of complementarity or substitutability of indigenous research·based knowl­
edge to the borrowable stocks. 

The term RP is an mdex of productivity change In cereal grain production 
In ecologically neighbor1Og countnes. It is, of course, itself a functIOn of re­
search capital stocks, but it measureS actual realized technical change. It 
reflects some random elements as well as development and adoption invest­
ment and is designed to distinguish between direct technology transfer and 
knowledge transfer. When a country is in more than one geoclimate zone (as 
most are), the allocation to each zone for purposes of the definition of RTR, 
RP, and ZSR is proportional to the crop production area. In addition, re· 
search variables are "deflated" by the number of geoclimate regions in the 
country (adjusted for the size of regions).14 

The results of regression analYSIS of thiS model were carried out for three 
alternative sets of cereal grams data reported 10 Table 9-6. 

The reported regressions were estimates which utilized the Nerlove·Baelestra 
procedure for modified generalized least·sqnares estimates with combined 
time-series cross-sectional data. The principal features of the first two regres­
SIOns are the following. 

1. The land coefficients are approximately what would be expected if land 
serves as a proxy for the "left-out" variables, labor and power. This is not the 
only interpretation pOSSible, but it suggests that the problem of missing data 
is not too serious. The fertilizer coefficients are reasonable. 

http:regions).14
http:Papadakis.13
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Table 9-6. Sources of Va.rlatIon in the Index of Cereals Grain Productlona 

Developed Counniesb 
RegressIOn (1) 

Developing Counrricsc 

"I 

~2 

a3 

a4 

as 

"6 

a7 

as 

"9 

alO 

all 

"12 

al'l 

'14 

Independent Yanable 
Land .... 
[LN(L.nd)] .... 
Fertlliz.er .... ............. . 
[LN(Fert)] .•. 
Country T research . ... 
[LN(TR)] 
Country T x country S re:::sea.rch .. . 
[LN(TR)·SR] .•..•. 
Regional T research. . . ..... 
[LN(R'fR)] . . . .. . ••.•.. 
Regional T:x zonal 5 research _ . 
[LN(RTR)·ZSR] • • . . . ..•. 
Regional T " country T + 5 research. . .... 
[LN(RTR)'(TR + SR)] ..•......• 
Rcglonal T x country T + S rescarch squared .. .. 
[LN(RTR)'(TR + SR)2] .,. . ..•..........• 
Regional yield index ....... . 
[LN(RY)] .. 
RegIOnal yi~jd x country T research 
[LN (RV)'TR] . . . . . .. . .... 
Percentage arca plaflled to high-YIeldmg vaneties . 
[HVY] _ .. . .•••. _ •... _. • .. _ . 
HYV percentage squared. . ........... . 
1(HVV)2] ..... ...• . .. _ . 
HYV percentage x. cQuntry T rese.a.rch ... 
[HYY'TR] .••. 
Dummy for wheat 

a 15 Dummy for barley ..... _ . . . . 

a16 Dummy for nee ... ......... . 

.965 
(199.8) 

.0333 
(8.67) 

00707 
(2,09) 

00000404 
(1 64) 

01611 
(246) 

0000639 
(12.09) 

.0000093 
(2.81) 

.0000000002, 
(1.46) 

.175;1 
(5.,8) 
-.000215 

(10.12) 

Regression (2) 

1.011 
(288.7) 

.0318 
(6.26) 

.00231 
(.75) 
.0000684 

(7.33) 
- .00014 

(.05) 
.000147 

(1056) 
000095 

(5.17) 
- 000000045 

(16.06) 
.0627 

(2.26) 
- .00061 
(8.94) 

- .2233 - 018 
(10.47) (1.53) 
- 2777 - .081 

(14.29) (4.69) 
- .3455 - .097 

(1257) (7.29) 
Constant. . . . . . .. . ... _ ..... __ ... _ .565 _026 

2 (10.55) (.51) 
R (AdJ_) ..... _ . . . . . . . .981 .986 

a Regressions wCIghted by area and estimated using Nerlove-Baelestra techniques, t ratioS in parentheses. 
b Eighty-seven crop-country combinarJOns, 1948 to 1971 (2,088 observations). 
C Seventy-eight crop-country combinatIOns. 1948 to 1971 (1 ~872 observations}. 

Regression (3) 
1.083 

(222.9) 
.0273 

(5 38) 
.0021 

(.70) 
.0000524 

(5.44) 
- .00231 

(.71) 
.000157 

(11.40) 
.00010 

(5.18) 
- .000000065 
(7.49) 

.0026 
(.09) 

- .00036 
(5.07) 

.00574 
(2.93) 
- 00154 
(3.67) 

.0000144 
(5.81) 
- .060 
(4.67) 
- .094 
(5.46) 
- .1164 
(8.81) 

.087 
(2.06) 

.987 
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Table 9-7. Wheat and Rice Production. A Simplistic Regression Model 

Independent Vanablea 

Land ....••••..... 
[LN(Land») d ...••. 
Fertilizer .................... _ .... . 
ILN{FertlJ d ...................•... 
Percentage area planted to high-yielding varieties .. 
[HYVl e . . • • . . • . . . . . •.••....•.• 
HYV percentage squared .... 

2 [(HYV) ) .. . ..... _ .. 
C~nstant .......... . 
R ............. . 

Wheat 
Productionb 

.9836 
(.0030) 
.0411 

(.0058) 
.0430 

(.0018) 
-.00085 

(.00004) 
.1758 
.9859 

Rice 
Productionc 

1.0374 
(.0030) 
.0477 

(,0021) 
.0052 

(.0010) 
- 00005 

(.00002) 
- .2208 

.9965 

a Dependent variable is LN(Production). Production is scaled relative to average levels 
in 1948-1950. 

b In thirteen Asian and Middle Eastern countries, 1948 to 1971 {3D7 ob~ervations);; 
regreso;;ions weighted by area harvested;: standard errors In parentheses. 

C In twelve Asian and Middle Eastern countries, 1948 to 1971 (282 observations) i re­
gressions weighted by area harvested; standard etl"ors in parentheses. 

d land and fertilizer are scaled relative to average levels in 1948-1950. 
e lIYV IS the percentage of the acreage of wheat or rice planted to hlgh'yieldmg vari­

eties as defined by Dana G Dalrymple, Deve/opment and Spread of Hlgh-Yielding Va,,­
etles m the Less Developed COU1ltrZf!S, Foreign Agricultural EconomIc Research Report 
no. 95 (Washington, D.C.: EconomIc Research Service, USDA, 1974). 

2. Indigenous technological research (TR) is primarily productive when in­
teracting with scientific research (SR). The a4 coefficient is highly significant 
in all but the developed-country regions. Note that the productivity of TR 
depends on both a3 and as- A negative a3 (as in the rice regression) does not 
mean that TR is unproductive. Its net contribution is pOSitive. 

3. Research by ecological neighbors is of value as indicated by the a6 and 
a7 coefftcients. Again the productivity is primarily III the form of interactions. 
The (TR + SR) tenns indicate [hat indigenous research complements the bor­
rowable research at low levels but substitutes for it at high levels. 

4. The RP variable indicates that indigenous research is less productive 
when the rate of productivity in ecologically neighboring countries is higher. 
Technically this is the case, holding constant the research capital stocks in the 
neighboring countries. Thus it bears the interpretation that the more efficient 
neighboring countries are in convertlllg research capital into productiVity the 
more likely it is that the resultant technology or techmcal knowledge Will be 
transferred. 

Regression (3) in Table 9-6 is based on an extension of the model to incor­
porate the extraordinary productivity gains associated with the international 
instltutes. The vanable HYV is measured as the percentage of wheat {or rice} 
area planted to high-yielding varieties as defined by Dalrymple.15 The results 
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Table 9-8 Regression Analysis, Wheat and RIce ProJuction in Asian and 
Middle Eastern Countnes1 1948-71 a 

Land ... 
[LN(Land)] 

Independent Vanable 

Fertilizer. ....... . 
[LN(Fm)] ...... . 
Country T research . . . 
[LN(TR)] ....... . 
Country T x country S research. 
[LN(TR)*SR] .... . 
Regional T research . ...... . 
[LN{RTR)] ..........•..... 
RegIOnal T x zonal S research . .... . 
[LN(RTR)*ZSR] ............ . 
Regional T x country T + S research . . 
[LN(RTR)*(TR + SRI] ........ . 
Regional T x country T + S research squared . 
[LN(RTR)*(TR + SR)2] ............. . 
Percenta.ge area planted to high-Ylelding varieties 
[HYV] ........................ . 
HYV pCicentage squared ..... .... . 
[(HYV) ] ................... . 
HYV percentage x country T research . . . 
[HYV'TRI .......... _ ....... . 
Time ... . 
[LN(Time)] 
Constant . . 

2 R (AdJ.) .. 

Wheat 
Productionb 

1.0050 
(63.S) 

.0693 
(4.05) 

.0112 
(LlO) 

.00067 
(4.36) 

.1656 
(6.16) 

.000046 
(2.29) 
- .00068 
(2.39) 
- .00000074 
(4.35) 
- .002569 

(.61) 
- .0000716 

(.86) 
.0089 

(3.63) 
.296 

(2.33) 
- 2.47 

.987 

Rice 
Productlonc 

1.0217 
(107.4) 

.0409 
(2.91) 
- .0144 
(254) 

.00024 
(2.00) 
- .0179 
(2.08) 

000010 ' 
(1.52) 

.00002 
(.18) 

- .00000018 
(6.00) 
- .0097 
(1.96) 
- .000018 

(.27) 
.000039 

(5.70) 
- .0181 
(3.63) 
1.22 

.998 

a Regressions weighted by area and estimated utilizing Nerlove-Baelesrra techmques:; 
t rattos in parentheses. 

b In ten ASIan and Middle Eastern countries (240 observations). 
C In twelve Asian and Middle Eastern countries (120 observations). 

in regression (3), Table 9-6, show that as the percentage planted to HYV's 
increases the contribution to production decreases (the negative HYV2 term). 
They also clearly show that the contribution of HYV's depends on the in­
digenous research capital stock. Table 9-7 is basically intended to show how 
mIsleading a simplistic approach to the green revolution can be when the 
HYV variables are postulated to be the only determinants of productivity 
change in the regressions reported there_ The HYV category includes varieties 
developed directly by CIMMYT or IRRI, varieties developed by national sys­
tems utilizing CIMMYT or IRRI genetic material, and varieties developed in; 
dependently of the international centers (e.g., the ADT-27, Mahsuri, TN-i, 
C4-63 , and related rice varieties, Bezostaya [a Russian wheat varIety], and 
other Iranian, Tunisian, and Italian varieties). 
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These regressions are based only on the wheat and rice data. They indIcate 
that the productIve contribution declines to zerO at 26 percent adoption for 
wheat and 52 percent adoption for rice. This of course is to be expected if 
the HYV mIx IS a fIxed set of varieties. The productive effect wlll be hlghest 
in the areas of earhest adoption and will be exhausted as the acreage expands 
in geodimate conditions less suited to the varieties. But Dalrymple's HYV 
measure is a changing indicator of technology. In particular, it includes vari­
eties produced by national systems. 

Table 9-8 presents regression results based on wheat and rice data whenxe­
search capital is incorporated into the specifications. Note that the mterae­
tion with indigenous research, TR, IS the important variable, as it was m the 
regressions based on data from all cereal grams. The dimmution of the pro­
ductivity of HYV's lS maintained m the Table 9-8 regressions, if TR is beld 
constant. At hIgh levels of TR, however, the scope of tbe coverage of HYV's 
WII! be mueh greater than 25 to 50 percent before the productive effect is 
exhausted. 
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A Model of Agricultural Research
l 

Yoav Kislev 

10 

,There is substantial evidence to support the notion that the rate and direction 
of agricultural research are influenced by economic circumstances,2 The is­
sues involved In this proposition are usually discussed in terms of "demand­
oriented research" or "biased technological change" and focus on the payoffs 
to potential mnovations.3 However, as IS so often the case, eqUIlibrIUm is 
determined by both demand and supply. The basic building block of the 
theory of supply is the theory of production. The purpose of this chapter is 
to suggest a formal model of research, particularly of applied research, in the 
hope that this model will contribute a theory of the production of knowledge 
and help in, understanding the supply side of the process of technical change, 

The most Important difference between the production of knowledge and 
the production of tangible goods IS the strong element of uncertainty associ­
ated with the outcome of research work, and it is On this element that the 
present model focuses. The model is inspired by Stigler'S work On the eco­
nomics of information and is similar in some aspects to Nelson's treatment of 
research and development. 4 

The discussion starts with a presentation of an actual example. Applied re­
search is modeled as a search in a distribution of unknown outcomes. One 
section discusses the properties of the model, and another IS devoted to the 
effect of advancement in basic knowledge on apphed research. S The last 
section draws some implications for the problems of the international agricul-

265 
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tural research centers and hlghhghts a severe shortcoming in our understand­
ing of the operation of research systems, particularly publicly supported 
systems. 

The Development of Modern Sugarcane Varieties 

To create the model, it Will be useful to open our discussion with a short 
history of sugarcane variety development (see also chapter 8). 

Four stages can be identified in the history of sugarcane breeding. First, 
sexual reproduction of the cane plant was not known, and as a result, im­
provements in the plant were very slow to come, based on occasional and rare 
cases of "natural" sexual reproduction. The second stage can be dated from 
1887, when it was discovered that proper light and temperature conditions 
can induce flowering and thus sexual reproduction. Crossings were then made 
and offspring observed, and seedlings with superior potentials were selected 
and propagated vegetatively. At thiS stage, crossing was random. The major 
innovation of the third stage was the directed crossmg of selected parents, 
aimed at speCifically mfluencing characteristics of offspring. At this stage, 
wild, disease-resistant Cane varieties were introduced into the breedmg pro­
gram. The fourth stage marks the modern period in sugarcane breedmg where­
m most of the effort has gone Jnto the development of species suited to 
specific local climate and technology conditions. 

Startmg with the second, each stage was characterized by an mnovation m 
the method of research. ThiS mnovation augmented significantly the produc­
tivity of research, which in turn encouraged the estabhshment of new experi­
ment stations and the development of new varieties. After a while, however, 
returns to research began visibly to diminish, as the potentials revealed by the 
mnovation were gradually exhausted. ' 

In statistical terms, each crossing is a random drawing from the population 
of all genetically pOSSible types. This selectIOn IS a process of search, by draw­
ing, in a population of outcomes. Figure 10-1 depicts the four stages of sugar­
cane development. In the first stage virtually all the observations - cane plants 
in the field - were concentrated around, one value with very litde probability 
of dIscovering different types. In Stage 2 the sample variance was mcreased 
tremendously; both inferIOr and superior types were observed among the 
seedlings, and the best were selected_ By identifying parents, search in the 
third stage was limited mosdy to one portion of the population. That portion 
is in Itself a new population centered around a higher mean than those of the 
original Stage 1 and Stage 2 populations. Similarly, Stage 4 marks a shift to a 
new, different population. 

The selection depicted in Figure 10-1 is unidirectional, aimed, say, at achiev-



A MODEL OF AGRICULTURAL RESEARCH 267 

Figure 10-1. Stages III [he development of sugarcane varieties. 

tng higher yields. In reahty, selection processes usually cover more than one 
characteristic of the organism. For simplicity, at this stage, the model to be 
developed below is also limited to unidirectional selection processes, 

For concreteness, our discussion will be couched in terms of genetic-selec­
tion application and yields, but the model is of wider application. Research 
in other areas, such as organic chemistry, pharmacology, and the development 
of plant protection compounds, is technically a search and selection process, 
similar to breedtng processes. 

The Model 

Imagine a scientist (or a scientific team) working to improve technology to in­
crease the yield of a crop. To simplify, let us assume that income is propor­
tional to yield and that the objective of the SCientist IS to maximize Income 
of the whole system - research and production. Here, of course, is hidden one 
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of the crucial issues of applied research: What signals does the research system 
get from its "customers," and what dictates its response? We simply assume 
that the scientist is aware of the economic implications of his work and acts 
to maximize net benefits. The scientist faces a given distribution of genetic 
types, which he searches to find the best. An experiment is, in our formula· 
tion, a sample drawn from the distribution of unknown outcomes. In each 
period the scientist conducts such an experiment, that is, he draws one sam­
ple. The genetic types obtained in the sample are ordered by their yield level, 
the highest yield regarded as the outcome of that experiment. If the outcome 
of the experiment IS better than the currently practiced technology (variety), 
the newly discovered technology will replace the old and Yield (income) will 
rise. If not, the current variety is maintained. ExperimentatlOn may then con­
tinue. 

The process is Illustrated WIth the exponential distribution which can be 
taken to approximate the right-hand tail of the normal distribution. The ex­
ponential d,stnbutlon is f(x) = Ae - l\(x - 0) and It can be shown that for 
large samples the distributions of the maxima (which IS what we are interest­
ed in here) converge to the same distributIon for a large class of original dis­
tributions includmg the normal and the exponentiaL6 In Figure 10-2 yield IS 

measured along the horizontal axis, cumulative probability and probability 
density along the vertical axes. The experiment depicted in the figure is com· 
posed of a sample of three drawings from the random exponential distribu­
tions - with yields Xl, x2, x3' In the figure x3 exceeds the'current yield level, 
marked y; therefore a variety replacement will take place, yield increment 
being b.y - the difference x3 - y. Had the yield of the best variety in the ex­
periment been smaller than y, the use of the current variety (with yield y) 
would have continued. 

Since the actual outcome of the experiment is not known in advance, the 
value of the expected contribution, E (b.y), for a given dIStribution of poten­
tial outcomes depends on the following two magnitudes. 

L The extent of experimentation, that is, the number of observations. The 
larger this number, the higher the probability of finding x values of larger 
magnitude. The probabilities, the density functions for the highest value in a 
sample, are depicted for five values of n in Figure 10-3. 

2. The value of y - the current yield leveL The higher the current level of 
technology, the less probable It is that an improvement will be discovered. 

The economic value of the expected technological improvement is the 
present value of its future conmbutions. For simphclty of exposition we shall 
regard it here as lIr[E(e.y)]. This will be the correct contribution if experimen­
tation is to take place only once, if it continues in later periods, an improve­
ment today "spoils" the chances of improving technology tomorrow. This 
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F,gure 10-3. Density functions for maxImal values of the exponentia.l distrIbu­
tion f(x) = .-xfor n -1, ... , S. 
Source: E. J. Gumbel, Stattstics of Extremes (New York: ColumbIa UnIversity 
Press, 1958). by permission of publisher. 

means that for an ongomg research project the economic value of the expect­
ed technological improvement is lower than lfr [E(l'.y)l. but this does not af­
fect the relevant properties of the research system to be analyzed below. 

The economic problem of the research system is to decide on the optimal 
amount of experimentation to conduct in each period - on the optImal num-
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Incremental cost 

I ncr em ental benefits 

n 

Figure 10-4. Optimal number of observations, n" (the smooth graphs in the 
dIagram approximate step functIons). 

ber of observations, n, to draw. A reasonable assumption is that cost of re­
search is an increasing function of n. Average costs may decrease for small 
values of n. This introduces non convexities which are assumed away at this 
stage. As an examination of Figure 10-3 will reveal, incremental technology 
improvement is a decreasing function of the number of observations; that is, 
each additional observation adds something to the expected technology incre­
ment, E(l>Y), but these additions get smaller and smaller as the number of ob­
servations increases The magnitude En(l>y) - En _ 1 (l>y) is positive and de­
creasing with n. We get, therefore, the familiar equilibrium position deter­
mined by the intersection of marginal (lllcremental) cost and returns (see Fig­
ure 10-4). 

Implications and Extensions 

Technological research is more fruitful the wider the divergency between the 
level of theoretical sCIentific knowledge and the level of technology 1ll prac­
tice. Nelson and Phelps made this assumption In their model of technological 
diffUSIOn and schooling.7 Evenson and I estimated the increase in the produc­
tivity of research in one country owing to the availability of relevant knowledge 
in other countries. 8 Tec~nologlcal gaps also explain rates of international tech­
nology diffusion when adaptive-type applied research is needed to facilitate 
the transfer of knowledge (see chapter 8). 

In our framework a formal deflllition of the technological gap IS the differ-
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ence y - () (see Figure 10-2). Optically, this may seem inappropriate, as one is 
inclined to define the technological gap as the difference between some 
potential technological ceIling and the current level of technology. But such 
a ceiling can probably never be defined, and our measure, the magnitude 
y - (), measures the ease at which new technological improvements can be 
achieved. On more fonnal {enns, the smaller the difference y - IJ the higher 
the probabilIty of fmding technologies superior to the currect practice for a 
given rate of experImentation - a given n. 

With our assumptions, ny, the technological change, can be only positive­
technology Can only improve with time, closing the technological gap as it im­
proves. Even if experimentation continues at the same rate (n ~ const.), tech­
nological change WIll decrease with time. Moreover, since the margmal expect­
ed returns to research will decrease with time (as the technological gap closes), 
optimal n will decrease with time, reducing even further the acceleration rate 
of technology. Eventually, a point will be reached at which expected returns 
will be smaller than the cost of a single observation, n ~ 1, research will stop, 
and technology wi[! stagnate forever. 

It is worthwhIle to recall at this pomt the assumptions that led to our con­
elusions, (a) technology will stagnate so long as basic knowledge is constant 
«() ~ const.); and (b) research WII! stop as ItS payoff diminishes. Even if () ~ 
const., research will continue If technology deteriorates or is subject to obso­
lescence. This might be termed main tenance research - the research necessary 
to maintain current productivity levels. 

The optimal rate of experimentation depends on the present value of future 
probable benefIts from research - 1/r [E(<>y)]. The lower the rate of interest, 
the hIgher the present value of future benefits and the higher the optimal 
level of technological research. Like any invesonent, research (investment in 
knowledge) is a decreasing function of the rate of interest. 

Scale can enter the economics of research in several ways. Evenson dis­
cusses the effect of the scale of the experIment station.9 Here economies of 
scale in the creatIon of knowledge stem mainly from the mteraction of sci­
entists working in different disciplines and from the integration of research 
and graduate univerSity training, factors which cannot be introduced into our 
model in its present, simphfied one-product stage 

Another, different aspect of scale effect is the sIze of the industry whIch 
is affected by the new technology. The larger the mdustry, the higher the 
benefIts to research. But, particularly in agriculture, size of industry as mea­
sured by acreage, for example, is also assocIated with dIversity in conditIons 
of production. In this case benefits will not be directly proportional to 
scale.10 

Recall that the fIrSt stage in the development of the modern sugarcane Va-

http:scale.10
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Figure 10-5. The effect of an increased variance [Var(x) = 2' A2 > All. 
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rieties consisted, in fact, of the discovery of a variance-increasing technique. 
The importance of research designed to develop a genetic pool that incor­
porates greater diversity (variance) is not always properly appreciated. The 
collection· of varieties, radioactive radiation, methods for creating new chemi­
cal compounds - all these are variance·increasing techniques which are fol­
lowed hy search and selectlOn types of research work. 

In our model the vanance parameter is A. (In the exponential dIstribution 
it is also the mean parameter [E(x) = IJ + lIA].) Reducing A WIll increase the 
probability of fmding higher x values (see Figure 10-5) of improving tech­
nology. Often applied research will not be economically justified until ways 
to increase the variance of the samples observed are developed. 

Basic Research 

Basic research widens the technological gap and increases the probability of 
fmding superior technologies In our model, basIc research Will shift the 
parameter Ii to the right (see Figure 10·6) and Will mcrease optimal experi· 
mentation. 

It is mteresting to note here a steady·state property Assume that basic re­
search and applied research proceed at constant rates (per period t;1i = const., 
n '" const.)_ Then the rate of advancement of te<;hnology in practice wiII ul-
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Figure 10·6. Basic research shifts the population searched to the Tight. 

nmately converge to the rate of advancement of basic knowledge. (A special 
case has alJ:eady been encountered: in the absence of basic research, tech­
nology WIll eventually stagnate at a constant level.) The level of technological 
research in the steady state does not affect the rate of technological advance-
ment, but only the level of technology in practice (see Figure 10-7). -

Technology y 

(n2) 

-------------_~ (n1) 

(n=o) 

Time 

FIgure 10-7 _ TIme path of technology in the steady state ~t different levels of 
experimentation (n2 > nl)' 
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The proof of the steady-state property is based on the fact that technolog­
ical improvements at a rate faster than the advancement of basic knowledge 
Will dose the technological gap and decrease the probability of further tech­
nological change. Slower technological improvements will increase that prob­
ability. The endogenous variable III the system is the technologkal gap -It 
will be adjusted to maintain a steady-state equilibrium, with technological 
change fluctuating stochastically around a constant rate of change. 

It can also be shown that in the long run, if basic knowledge proceeds at a 
constant rate, constant rate of experimentation is optimal. Thus in the long 
run the steady state is the optimal state of a. research sYStem fueled by a con­
stant rate of new basic knowledge. 

Concluding Remarks 

Perhaps the most dramatic recent development in the field of agricultural re­
search is the establishment of the international research centers. With their 
size and resources they can draw the best scientists, and they are well eqUIpped 
to perform their task. Two elements contribute substantially to the success of 
these centers: (1) a wide technological gap - an example which comes imme­
diately to mind is the case of the Nor;n 10 Japanese dwarf wheat variety 
which served as the basis for the development of the Mexican wheats and 
later provided principles for the breeding of the "miracle rice" vaneties; (2) 
the large variance of the populations they search - the International Rice Re­
search Institute (IRRI) alone nas a collection of 30,000 rice varieties, and the 
International Center for the Improvement of Maize and Wheat (CIMMYT) 
performs tests allover the world. The sub tropics and the tropics have been 
comparatively neglected III agncultural research, and the potential eXists there 
for successful international effort~. (On these issues see chapters 7 and 9.) 

Yet eventually, once the gap has been closed and the large variance exploit­
ed, the rate of progress of technology will be limited by the advancement of 
basic knowledge. Thus, in principle, the contribution of the international cen­
ters can be expected to decline in time (after an initial stage of acceleration). 

The initial focus by the centers on wide-base technologies was clearly con­
sistent with the objective of effiCient use of research resources. Mexican 
wheats are now grown over large areas and under diversified geoclimate con­
dinons. In followmg this procedure, the centers opened up technologIcal gaps 
III the countries that were recipients of the new technologies and dramatically 
increased the payoffs to local adaptive research. Such explicit signals are be­
ing recognized by public authonties. As the potential gains are recognized, 
the effect is to expand and strengthen research institutions in many develop­
ing countries. The more successful the international centers, the more produc-
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tive will local research work be. This will have a signtficant impact on the 
future role of the international centers. They cannot be expected to remain 
the sole producers of modern technology. Rather, additional emphasis will be 
given to their function as clearing houses for knowledge and genetic material. 
An excellent example is IRRI's recent International Rice Testing Program in 
which "scientists are cooperatively developing a 'critical mass' of genetic 
technology that will feed improved genetic materials and breeding informa­
tion to scientists across the rice growing world." The main feature of the pro­
gram is that "each nation contribute [sl ... genetic materials, testmg results 
and breeding infoOllatIOn to help develop the critical mass effect. ,,11 Such 
developments will reduce the relative contribution of the international cen­
ters to global agricultural research. Furthermore, more effective sClcntific 
communication systems can be expected to reduce the imponance of the 
geographic concentration of scientific work in one locality. These effects 
should not be expected to materialize fully in the near future, but the cen­
ters should be ready for them, as they should be welcome. The success of the 
international research effons will induce competition among national systems. 
ThiS result should be welcomed as an indIcation of the successful contribu­
tion of the institutes to global research capacity. 

I have tried to point out clearly and explicitly the simplifying assumptions 
of the model presented in thiS chapter. I hope that despite its limitations the 
model can serve as a staning point for a theory of research and as a stepping­
stone for funher analysis. Two reservations are worth mentioning in conclu­
sion. 

In the present formulation, basic scientific knowledge is exogenous to the 
applied research system. Ruttan has pointed out the reverse link whereby ad­
vances in technology - in instrumentation, for example - contributed to fur­
ther advances in basic science.12 Changes in factor supplies or in demand may 
also exert an independent impact on the productivity of technological re­
search. This observation sheds strong light On the "system" nature of the 
science-technology complex which stretches even further. For example. the 
level and quality of university education is to a large extent a function of the 
qUalIty of the research conducted at the institutes of higher learmng. Thus a 
high-quality scientific community breeds the technical personnel that later 
conducts the applied and adaptive research. On the other hand. the demand 
for technical skills. if properly channeled, strengthens institutions of higher 
learning and "pure," basic science. (1 am, of course, abstracting from a host 
of complicated and important issues which are outside the scope of our pres­
ent discussion.) Against the background of this broad view, ours is a partial 
analysis - one building block of the system. 

There remains one shortcoming in our understanding of the operation of 

http:science.12
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public research systems which I should like to reemphasize here, and this is 
the nature of the connection between the demand, or the payoffs to re­
search, on the one hand, and the pohcy maker and the scientist on the other. 
What is the "market" in which such a system operates? What signals does It 
follow? What "profits," if any, are maximized? Hayami and Ruttan showed 
that research in Japan and the United States reacted efficiently to economic 
incentives. 13 Why did it not react in a similar manner in many other places? 
This gap in our knowledge and understanding is part of a larger gap: the lack 
of an economic theory of bureaucracy and our meager understanding of the 
process of economic development. 
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This chapter is about international agricultural research and, mOre especially, 
developments since May 1971. In that month the first meeting of the Con­
sultative Group on International Agricultural Research (CGIAR) was held. 
The membership comprised the sponsors, which included the World Bank 
(IBRD) , the Food and Agriculture Organization (FAO), the United Nations 
Development Program (UNDP), and fifteen additional members-nine na­
tional governments, two regional banks, three foundations (Rockefeller, Ford, 
and Kellogg) and the very young International Development Research Centre 
(IDRC) of Canada. (See Appendix 11·1 for a complete listmg of the member­
ship.) 

The Consultative Group had met informally in January 1971 following 
contmuing talks between the Ford and Rockefeller foundations, IBRD, FAD, 
and UNDP smce October 1969. The leadership was provided by the World 
Bank, which now provides the chairman and secretariat of the group. The 
May meeting adopted a number of objectives (see Appendix 11-2) designed 
to strengthen existing international research in Mexico (CIMMYT), the 
Philippines (iRR!), Latin America (CIAT), and West Africa (!ITA), and to 
develop new activities to meet prionty needs as determined by the Consulta­
tive Group.2 

The impetus for thiS action was the desire to encourage more research to 
assist developing nations increase the quantity and improve the quality of 

2&1 



Table 11-1. International Agricultur.1 Research System In 1975 

Proposed 
Date of budget for 

Center LocatIon Research Coverage initiation 1975 ($000) 

IRRI Los Banos, Rice under irrigatIon; multiple crop- Worldwide, speci.1 emphasis 1959 $8,520 
(International Rice Philippines ping systems, upland rice in Asia 
Rese.reh Institute) 

CIMMYT m Batan, Wheat (also triticale, barley); maiz.e Worldwide 1964 6,834 
([ntern.tional Center for Mexico 
the Improvement of 
Maize and Wheat) 

IV CIAT Palmira, Beef, cassa.va, field beans; farming sys- Worldwide in lowland tropics, 1968 5,828 co 
N (International Center for Colomb.a terns, swme (minor); maize and rice specia.l emphasis 10 Latin 

Tropical Agrieultule) (Ieg.onal relay statIOns to CIMMYT America 
and IRRI) 

UTA Ibadan, Farmmg systems, cereals (rice and Worldwide III lowland tropics, 1965 7,746 
(International Institute Nigcna maize as regional relay stations for special emphaSIS 10 Africa 
of Trop.cal Agriculture) IRRI and CIMMYT), grain legume 

(cowpeas, soybeans, lima beans, plgeon 
peas), root and I:ubcr crops (cassava, 
sweet potatoes, yams) 
Maintaining fcrulity in humid tropics 

CIP Lima, Peru Potatoes (for both tropics and tem- Worldw.de including linkages 1972 2,403 
(International Potato peratc regions) with developed countries 
Center) 



N 
00 
w 

Center 

lCRISAT 
(InternatIonal Crops Re­
search Institute for the 
Semi-Arid Tropics) 

ILRAD 
(loteroational Labora­
tory for Research on 
Ammal Diseases) 

ILCA 
(International LIVestock 
Center for Africa) 

IBPGR 
(lntemational Board for 
Plant Genetic Resources) 

WARDA 
(West African Rice De­
velopment Association) 

ICARDA 
(International Center 
for Agricultural Research 
in Dry Areas) 

Location 

Hyderabad, 
India 

Nairobi, 
Kenya 

Addis Ababa, 
Ethiopia 

FAO, Rome, 
Italy 

Monrovia; 
Liberia 

Lebanon 

Table 11-1 - continued 

Research 

Sorghum; pearl mIllet; pigeon peas, 
chick-peas, fa.rming systems; ground­
nuts 

TrypanosomIasis, theileriasis (mainly 
east coast fever) 

Livestock production systems 

ConservatIon of plant genel:ic material 
with special reference to cereals 

Regional cooperative effort In adap· 
tive rice research among 13 nations 
with liT A and IRRI support 
Probably a center or centers for crop 
and mixed farming systems research, 
with a focus on sheep, barley, wheat, 
and lentils 

Coverage 
Date of 

initiation 

WorldWIde, speelal emphasis on 1972 
dry semI and tropics, nomrrigat-
ed farmmg. Special retay stations 
in Africa unCler negotiation 
Africa 1974 

Major ecological regIOns In 1974 
tropical zones of Africa 

Worldwide 1973 

West Africa 1971 

WorldWIde, emphasis on the 
semiarid winter rainfall zone 

Proposed 
budget for 

1975 ($000) 

10,250 

2,170 

1,885 

555 

575 
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their agricultural output and thus to raise standards of living. All parties 
realized that increased agricultural productivity was essential to economic and 
social development in the great majority of these countries. 

Additionally, the two foundations which had lUinated the research centers 
had indicated that the future needs of these and other new centers would be 
beyond their financial capacity. They mdicated contlUuing strong support 
but nevertheless felt the need, in the unofficial words of one senior official, 
of "going public." I believe the step the foundations took will be given a high 
and honorable place in the history and achievements of international coopera­
tion. 

From this beginning, the international research system has grown in breadth 
and complexity. It now comprises eleven centers, located in Asia, Africa, 
Latin AmerIca, and Europe, which are involved in varied research programs, 
as can been Seen in Table 11-1. An additional center 10 the Middle East is be­
mgplanned. 

From a cost of about U.S. $12 to 14 million in 1972, the program fi­
nanced by the Consultative Group was close to $34 million in 1974 (capital, 
core budget, and outreach programs) with a commitment of about $45 mil­
lion for 1975. While an element of this increase is attributable to inflation, it 
does represent a growth from four centers in 1971 to nine in 1975. In a short 
period of three years, the CGIAR system has given solid evidence of its 
Willingness and ability to back its judgment that international research has a 
Vltal role to play. 

The Technical AdVisory Committee 

To assist it in its work, the Consultative Group established in May 1971 the 
Technical AdVISOry Committee (TAC) of which I have the honor to be chair­
man. It comprises twelve scientists and me. (See Appendix 11-3 for a list of 
members.) FAO provides the secretariat. Put in a sentence, the task of TAC 
is to define priorities for research and to recommend action. 

TAC may either act on its own initiative Or consider proposals submitted 
from the Consultative Group through its sponsors. (See Appendix 11-4 for 
TAC's full terms of reference.) It has to be remembered that the established 
four centers-IRRI, CIMMYT, CIAT, and UTA-had virtually preempted 
judgment on the matter of research priorities. While TAC had little difficulty 
in approving the main work of these bodies, it has begun to encourage some 
new thrusts, sucb as the move into rainfed rice production by IRRi. 

The work of TAC IS explicitly related to the problems of developmg coun­
tries both in techmcal (agricultural) and socioeconomIc fIelds. NatIOnal re­
search in developed countnes IS often highly relevant but IS of fOrIUal concern 
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to TAC only when it is or can be linked with the problems of developing 
countries. 

TAC has defined "International research" broadly to mean "research 
whicb, a1tbough based in one country, is of wider conceni, regionally or global­
ly, is independent of national interest and government control; and retains 
appropriate links with national and other regional or international research 
systems to enSure the necessary testing of results and feedback of both results 
and needs." 

TAC is advisory only: the Consultative Group will not act on important 
research proposals without prior advice from TAC, but it remains free to re­
ject or modify the advice it receives. It follows that the Consultative Group 
has to be persuaded by TAC in its development of ideas on priorities. 

Priorities and Programs 

TAC, confirmed by the Consultative Group, places the highest importance on 
research directed toward Increasing the amount and quality of food produced 
This is hardly surpriSing in the Malthusian situation in which much of the 
world finds itself. At best, TAC believes, research will buy time while popula­
tion growth IS brought under control, but it is vi~al even for this purpose. This 
is reflected in TAC's statement on the cereals 

In the first place ~ereals provide the mainstay of the diet in most de­
veloping countries, espeCially for the poorer people, supplying an ave~­
age 52 percent of the calories and nearly half the total protein. It has 
been shown that if there is a serious deficit in calories in the dIet the 
body consumes protein for energy. Smce cereals generally make the 
largest single contribution .of any commodity to both energy and pro­
tein, research to increase their yield and protem content IS of crUCIal 
nutritional importance. Upgradmg their amino-acid composition could, 
at no extra cost to consumers, make a further improvement in the qual­
ity of the diet. Secondly, despite the real successes in increasing wheat 
and rice output, cereal production m developing countries has barely 
kept pace with population and income growth during recent years, and 
experience in Asia in the last two years shows how fragile is the base on 
whIch these critical supplies rests. Income elasticity of demand for 
cereals is sull high in the poorer countries, quite unlike the situation for 
food grams In the developed economies, and an important mdlcation 
that food consumption levels are inadequate. In a number of countries 
failure to increase production rapIdly enough to meet domestic demand 
has led to increasing imports, draining foreign exchange required for 
social and economic development. Third, cereals are the lynchpin of the 
cropping system in many developing countries and contrihute sigmfi-
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cantly to income and employment. Fmally, a faster growth of grain 
production will be necessary If feed supplies are to become available in 
sufficient quantity at prices which will permit their economic use in 
livestock rations. It is relevant to note the rapidly rising demand for 
feedgrains in the more affluent nations, which has been one factor con­
mbutmg to the recent stringency and high prices of cereals and soya 
beans. This has in turn affected the availability of grains On concession­
al or normal trade terms to developing countries and further emphasizes 
the need to increase output in these countries as rapidly as possible. 

The TAC report goes on to observe the growing necessity to raise yields 
per hectare as new arable land becomes more and more limited in relation to 
population. Its report comments: 

It thus becomes increasingly necessary to turn towards raising yields 
and crop intensmes per acre as the major source of future growth, and 
smce cereals occupy the largest share of the arable area in a wide range 
of environments, they hold the key to the more effective use of land 
and water resources. Unless their yields can be increased or their time 
to maturity reduced, it WIll be correspondingly more dIffiCUlt to make 
Slgmficant progress WIth other crops and lIvestock since more and more 
land WIll have to be devoted to satisfying basic calorie requirements. 
The alternative - increasing imports -IS open only to a few countries. 

The main cereals supported are rice, wheat, barley, triticale, sorghum, and 
millet. 

Turning from cereals to other key commodities, the TAC has accorded 
high priori1;y to those which will improve the quality of the diet, especially in 
respect to protein. In particular, it has focused atttention on the food legumes 
and on rummant livestock. (It recognizes fully the place of pigs and poultry, 
especially in developing their production by labor-intensive methods. Most 
members have felt that this would not require extensive research, but that 
the opportunities open for such development could be seized by the applica­
tion of known methods of disease control, feeding, and management.) TAC 
is also supportmg research m starchy foods includmg cassava, potatoes, yams, 
and sweet potatoes. The Importance of these crops In many developing areas 
with poor resources in relation to population - as in tropical Africa - is very 
great indeed. TAC has yet to determine its position in respect of aquaculture 
but there is evidence of scope for research and training with definite promise 
of breakthrough. 

TAC does recogmze a second-level priority for food research. To quote its 
statement again: 

Having taken a firm position on its priOrities for cereals, food legumes, 
roots and tubers, and ruminant livestock (especially cattle), and placed 
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a temporary questionmark against aquaculture, the TAC has been less 
decisive on some other foods, in particular oil seeds, vegetables and trop­
ical fruIts. This is partly the result of pressure of work related to the 
commodities listed above, WhICh, it decided in its earliest session, were 
of highest priority, and where some good projects were already in the 
pipelme, but It also reflects a lack of sound proposals for research in 
other food commodities. 

This brings me to the important question of "nonfood," "industrial" or 
"agncultural raw materials" which have considerable importance in the econ· 
omles of many developmg countries. Cotton, jute, rubber, and forests are ex­
amples GlVen the probable order of financIal constramts, which I discuss 
later, TAC has been fIrm that It would be unhappy to give preference to re­
search in these crops (to be supported by the Consultative Group) if thIs was 
likely to impaIr necessary programs of food research. TAC is willing to con­
SIder proposals for nonfood crops referred to It provided that "the over­
rldmg need to secure the staple food supplies of the mass of the people was 
first covered by existing or new international and regional research pro­
grammes." 

Factor-Oriented Research and Systems Research 

I have outlIned our prioritIes In commodity terms. ThIs at least has the ment 
of clarity and easy definition. Nevertheless, TAC has also had before it certain 
proposals for research relating to what might best be defined as factors of 
production - water use and management, fertilizers, integrated pest comrol, 
pestIcide reSidues, etc. - which have caused It some dIfficult moments. T AC 
stated Its position as follows: 

In general, members have taken the view that such problems are most 
meaningfully studied in relation to specific commodities rather than as 
ends In themselves. They have'-a1gued that one of the reasons for the 
success of the rice and wheat programmes has been the realisation by 
IRRI and CIMMYT of the need to develop and present to the farmer an 
mtegrated "package" of technology appropriate to their new vanetles, 
and not just the latter in isolation unsupported by other essential in­
puts. 

WhIle there IS much merit In this argument, there are nevertheless in­
stances which can be IdentIfIed where it may be an Inadequate approach 
and where it is essential to move from the study of the commodIty or 
package of technology to that of the system. Except in monocultures, 
water use and management has to be related to the crop-mix rather 
than to the individual crop, fertIliser and pesticide reSIdues contributing 
to envIronmental poliution again come from the totality of the farm 
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and not just one enterprise. The introduction of small-scale livestock 
often implies a major revision of an established system. Multiple crop­
ping depending on high output per annum involves radically different 
management and plant breeding and cultural concepts than systems 
which depend principally on high yield per individual crop. Inadequate 
survey and exploration of surface and sub-surface water resources com­
bined with msufficient research on soil/plant/water relationships is fre­
quently a serious obstacle to sound des!gn, good water management and 
the development of optimum production systems in irrigated areas. 
Storage, and control of certain causes of crop loss, e.g., rodents, may 
present problems of a broader nature ~han a single crop. 

It is with these thoughts in mind that TAC has, of late, been stressing the 
scope for systems work which leads into socIOeconomic research also. It is 
naturally concerned, Within thiS framework, with devising meanS of intensify­
ing agriculture as a meanS of raismg total productivity (of two or more 
crops) per hectare through better resource utilizatIOn. In doing so, it may at 
times be forced to recognize a degree of location specificity not normally a 
constraint on commodity-oriented research. This in turn gives emphasis to 
regional and national research of the kmd being conSidered in Africa (live­
stock management) and in the Middle East. 

Despite the greater difficulty confronting TAC in looking at research in 
noncommodlty-oriented terms, TAC is prepared to do so. 3 Its general posi­
tion is summed as follows: 

But altbougb ;1lc,easi1lg yIelds and producti01I of basIc staple foods 
must remam a priority goal, tbe ultimate objective of agrtwltural re­
sea reb is development and tbe eC01lDmic well-being of people. We must 
IlDt be so bewltcbed witb tbe bopes of furtber spectacttlar successes 
witb single crops tbat we fail to recognize tbat otber pathways to 
growth may eXlst. In some regions, for ecological, social, or economic 
reasons. research of a broader nature - even if it appears more complex, 
may offer the better hope of a solution. Where such an approach seems 
desirable the TAC and the Consultative Group must grasp the nettle 
boldly 

Socioeconomic Research 

The very real problems of, and opportunities for sncceSS in, the green revolu­
tion have aroused widespread demands for a single International center in 
socioeconomic research. At the other extreme, many expect IRRI and 
CIMMYT to carry the whole burden of socioeconomic research associated 
with the national application of the rice and wheat technologies emerging 
from their work. Neither approach alone makes sense. 
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T AC has recognized three levels of action: 

(i) research at the mtcro-level (farm or village community), ra identify 
the socio-economic constraints to the successful adoption of new tech­
nology, and ra guide scientists at the International Centres and else­
where as ra the types of technology most likely to be acceptable to 
farmers_ 

(ii) research at the level of public policy, e.g., ra determme the measures 
and mcentives needed to accelerate the use by farmers of technical in­
novations, to give early warfllngs of possible "second generation" ef­
fects of such innovations, e.g., on employment or prices, and to illumi­
nate the chOice of alternatives. 

(Iii) research at the macro-level On broad issues affecting more than one 
country, or the economy of a country as a whole, e.g, on commodities 
and trade, some aspects of nutrition, sectoral analysis, etc. 

It is clear that the mternational research centers can do much under (i); 
and TAC has recommended accordmgly. This first category leads inra (11)­

public policy social and economic issues. While external assistance and invest­
ment support can be given in these areas, the identification of problems and 
plans for their solution is very much a problem for research, plannmg, and 
governments in the nations affected. They can be helped, but nO more, by 
training and seminars conducted by the international centers. 

Where issues affect more than one country, there is scope for more mter­
national action. This will become increasingly apparent in fertilizer supplies, 
commodity trade, pricing problems, and investment aid for development. In 
some of these matters, e_g_, providing an early warning system for cereal pro­
duction forecasts or for major issues of world food policy, there is undoubt­
edly room for concentrated international effort - goyernmental and nongov­
ernmental - but these are beyond my terms of reference. 

The real need, therefore, is strengthened socioeconomic work associated 
With the development of new technologies at research centers: international 
and national (including untversities); national work on public policy implica­
tions of new technologies; and mternational effort especially on economic 
and environmental efforts beyond the scope of national governments alone. 

BaSIC and Applied Research Flexibility 
in Research Organization 

The TAC report does touch on this question. My comment must be extreme­
ly brief and avoids the problems of theoretIcal delineation of the two terms_ 
Indeed I shall make only one point: it may not be wise or necessary to tackle 
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"basic" problems through new institutions. Thus triticale is the product of 
basic work in Canada and elsewhere; soybean problems are probably better 
handled in such places as the University of illinois, and some of the worrying, 
relatively low-yield characteristics of legumes which may have physiological 
and morphological explanations could be dealt with by cOntracts to universi­
ty centers for research. TAC has started to consider this last possibility. The 
contractual approach is an illustration also of needed flexibility in our ap­
proach to international research. Not everything calls for an IRRI or a 
CIMMYT in organization terms. 

Strengthening Nationallnstztutions 

TAC could not possibly handle requests for strengthenmg national research 
systems, nor is the CGIAR established for this purpose. Nevertheless, TAC is 
dear that unless national research capacities are strengthened to an extent 
that enables them to take advantage of the results of international research 
the dividend from international research WIll be lImited. Moreover, I do not 
hesitate to stress again the Importance to the mternational centers of feed­
back from adaptive research within national boundaries. Sometimes this IS 

effected by outreach programs; but Indian and even Indonesian research 
capacities are not typical of the many very poor countrtes in Africa and Asia. 
Accordingly T AC has strongly urged more financial and organizational sup­
port from FAa, UNDP, the World Bank, and bilateral donors for national re­
search efforts. 

Financial Constraints 

As I have pointed out above, the total of core, capital, and outreach pro­
grams has rIsen from $12 to 14 million in 1972 to an est.mated $45 million 
m 1975. At constant prices thIS could - given contmued support by the group 
- reach $57 mIllion in the late seventies and perhaps $64 million in the early 
eightIes. These two figures could be $65 million and $87 million if inflation 
continues at recent rates Of course, these figures would quickly Increase if 
the group were to mVlte TAC to cross the borderline between regional and 
national research. 

We have here a dilemma of concern both to TAC and to the Consultative 
Group. On the one hand, TAC cannot assume unlimited support; on the other, 
once the group offers suppOrt it must also assume reasonable continuity in 
that support. The group has gIVen TAC very strong backing thus far. FOr its 
part, I believe TAC has, In Its prwrmes, acted with care and fmancial respon­
sibility. It knows very well that research programs. nust be reviewed from 
time to time and unnecessary or unpromising work deleted. It is about to 
establIsh working relations with the centers to thiS end. On the other hand, it 
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will continue to press for support for new work which it considers to be a 
vital contribution to the solution of the world's Malthusian situation. 

I think I should fiUlsh on a note of confidence. The CGIAR/TAC system 
IS a unique venture In international collaboration. It has succeeded beyond 
anyone's real expectations in 1971. We confidently await an incr~asing and 
usable output from the rising research investment. Much now depends on 
intern~tional and national economic and social policies to apply the actual 
and anticipated research results, ThiS topic, which embraces the whole mean­
ing of, and prospect for, development in the poorest areas of the world IS 
beyond my brief in this chapter. However, I conclude simply by saying I do 
not belong to the band of hopeless pessimists. The CGIAR/TAC experiment 
has buoyed my hopes and expectations that good sense will yet prevail. 

APPENDIXES 

Appendix 11-1. Membership oftbe Consultative Group 
on International Agncultural Research 

Membership as of November 1, 1974 comprised the following: Australia, 
BelgIUm, Canada, Denmark, France, Germany, Japan, Netherlands, Nigeria, 
Norway, Sweden, Switzerland, United Kingdom, United States, United Na­
tions Environment Program, three regional development banks (African, 
Asian, and Inter-American Development Banks), the CommiSSion of the 
European Communities, three private foundations (Ford, Rockefeller, and 
Kellogg foundations), and the International Development Research Centre, an 
mdependent Canadian organization. 

The five major developing regions of the world partiCipate In the Consulta­
tive Group through representatives designated for a two-year term by the 
memhership of FAD. Each regIOn has designated two countries which alter­
nate as members at their discretion. Representing Latin America are Argentina 
and Brazil; representing Afnca: Morocco and Nigeria; representing ASia and 
the Far East: MalaYSia and Thailand; representing the Middle East: Egypt and 
Pakistan; representing southern and eastern Europe: Israel and Rumania. 

The World Bank ServeS as chairman of the Con'sultative Group, FAD and 
UNDP as cosponsors, 

Appendix 11-2. Objectives of the Consultf!tive Group 
on International Agricultural Research 

The main objectives of the Consultative Group (assisted as necessary by lts 
Technical Advisory Committee, or TAC) are as follows: 
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(i) On the basis of a review of existing national, regional and interna­
tional research activities, to examine the needs of developing countries 
for special effort in agricultural research at the international and re­
gional levels In critical subject sectors unlikely otherwise to be ade­
quately covered by eXlstmg research facihties, and to consider how 
these needs could be met.4 

(II) To attempt to ensure maximum complementarity of mternational 
and regional efforts with natIOnal efforts in fmancmg and undertaking 
agricultural research m the future and to encourage full exchange of in­
formation among national, regional and international agricultural re­
search centers. 

(iii) To review the financial and other requirements of those interna­
tional and regional research actiVities which the Group considers of high 
priority, and to consider the prOVision of finance for those activities, 
taking into account the need to ensure continuity of research over a 
substantial period.5 

(iv) To undertake a continuing review of priorities and research net­
works related to the needs of developing countries, to enable the Group 
to adjust its support policies to changing needs, and to achieve economy 
of effon. 

(v) To ,suggest feasibility studies of specific proposals to reach mutual 
agreement on how these studies should be undenaken and financed, 
and to exchange mformation on the results, 

In all of the deliberations of the Consultative Group and the Technical Ad­
visory Committee, account 'will be taken not only of technical but also of 
ecological, economic, and social factors. 

Appendix 11-3. Original Members of the Technical Advisory 
C ommzttee on International Agricultural Research a 

1. Sir John Clawford (economist), Australian National Uni­
verslty, Canberra. Chairman. 

2.Ing Manuel Elgueta (agronomist), Ex-dIrector, Chilean 
Agricultural'Research Institute, now working with I1CA 
as director of proposed Turnalba Research Corporation 

3. Professor Dr Hassall Ali El-Tobgy (geneticist), Under­
secretary of Agriculture and chairman of the Research 
Committee 

a Professor D. Bommer, Head, Institute for Plant Cultivation and 
Seed Research. Agricultural Research Centre, was added as the thir­
teenth member in June 1972. 

Australia 

Chtle 

UAR 

Fed. Republic of 
Germany 

I 
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4. Professor H Fukuda (irrIgation specialist), Vice president, 
International Commission for Irrigation and Dramage, 
Tokyo University J apanb 

5. Dr. G. Harrar (plant pathologist), President, Rockefel-
ler Foundation USAc 

6. Dr W. D. Hopper (economist), President, International 
Development Research Centre Canada 

7. Dr. LUIS Marcano (agronomist), President, Shell Founda-
tion Venezuela 

8. Dr. T Muriithi (ammal health), Director, Veterinary Ser-
vIces Kenya 

9. Dr. J. Pagot (animal production), Directeur general, In­
stitut d'lhevage et de Medecine Veterinaire des Pays 
Tropicaux Franceu 

10. Dr. H. C. Pereira (physicist), Director, East Mailing Re­
search Station, Kent (Previously director, Central Afri-
can Research Organization) UK 

11. Dr. L. Sauger (agronomist), Directeur, Centre de Re-
cherche Agronomique du Bambey Senegal 

12. Dr. M. S. Swaminathan (geneticist), Director, Indian 
Agricultural Research Institute, New Delhi India 

Appendix 11-4. Terms of Reference of the Technical 
Advisory Committee 

TAC will, acting either upon reference from the Consultative Group or on its 
own initiative 

(i) advise the Consultative Group on the main gaps and prionties m agri­
cultural research related to the problems of the developing countries, in 
botb the tech meal and soclO-economic fields, based on a continuing re­
view of existing national, regional, and international research activities; 

(ii) recommend to the Consultatiye Group feasibiliry studies designed 
to explore in depth how best to organize and conduct agricultural re­
search on priority problems, particularly those calling for international 
or regional effort; 

b Since succeeded by Dr. N Yamada, Duector. Tropical Agricul-
tural Research Center, Mimstry of Agriculture and Forestry Japan 

c Since succeeded by Dr. V W. Ruttan, AgrIcultural Develop-
ment Council. New York USA 

d Since succeeded by Dr. Guy ch Camus~ Directeur general, Of-
fice de la Recherche Sdentiflque et Technique Outre-Mer France 



294 CRAWFORD 

(iiI) examine the results of these or other feasibility studies and present 
its views and recommendations for action for the guidance of the Con­
sultative Group; 

(iv) advise the Consultative Group on the effectiveness of specific exist­
ing international research programs; and 

(v) in other ways encourage the creation of an international network of 
research Institutions and the effective interchange of information among 
them. 

These tenns of reference may be amended from time to time by the Consulta­
tive Group. 

NOTES 

1. The present paper IS an edited and updated version of my Hannaford Lecture en­
titled '"International Agricultural Research: An Encouraging Venture in International 
Collaboration, H given at Adelaide University, Adelaide~ Australia, on November 26, 
1973. 

2. For background on the early development of the international system, see E. C. 
Stakroan, Richard Bradfield, and Paul C. Mangel,dorf, CampaIgns agamst Hunger (Carn· 
bridge, Mass. Belknap Press of Harvard University Press, 1967), also, Sterlmg Wortman, 
"Extendmg the Green Revolution," World Development, 1·12 (December 1975), 45-
5l. 

3. An example IS plant nutrition which is currently under consideration by TAC. 
4. Research is used in this document in a broad sense to include not only the de­

velopment and testing of improved production technology I but also training and other 
activities designed to. facilitate and speed effective and widespread use of improved tech­
nology. 

5. Final decisiono; on fundmg remaIn a responSibility of each member in connectIOn 
with speCific proposals. 

.. 
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The International Rice Research 
Institute (IRRI) Outreach Program 

Nyle C. Brady 

12 

International agricultnral research centers are an innovative approach to the 
use of science in solving the world's food problem. They are sharply focused 
scientifIc establishments whJch, though located in developing countrJes, are 
as well equipped and manned as any In the developed world. 

There are two primary criteria for t)le success of international agricultural 
research centers. First, they must be centers of excellence, applying the 
world's best scientific talent to the practical problems they were established 
to solve. They must develop superior varieties, strains, cultural practices, and 
farming systems on which improved technology for the developing world can 
be based. 

Second, the international centers must serve as stimulating and collaborat­
ing forces to improve the quallty and output of national research programs. 
They must do more than merely make their products available for use by 
other countries. They must work collaboratlVely to improve the scientific ex­
pertise, operational efficiency, and output of the national research pro­
grams. 

IRRi's Traditional International Involvement 

From its inception, lRRl has fulfilled'thls dual role - as an emerging center 
of excellence and as a collaborator with rice-production countries.! Although 
it was necessary in the early days of IRRI's history to emphasize the develop-

295 
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ment of excellence, the international role was not neglected nor could it have 
been. 

The Collection of Germ Plasm 

The original seeds collected for IRRI's germ plasm bank came from exist­
ing national stocks or from samples collected by collaborators in cooperating 
countries. The practice of splitting each sample collected, retaining one por­
tion in the country of its origin, and sending the other to IRRI set the stage 
for this mutually beneficial' program. More than 33,000 samples have been 
collected from cooperating countries.2 

As the seed bank has grown, the return flow of samples to national pro­
grams has expanded. In 1973, nearly 8,000 samples were sent to scientists 
working in national programs. SimIlarly, seeds of lines from IRRI's breeding 
programs are furnished upon request to country scientists. About 8,000 sam­
ples of these lines were sent in 1973. 

Publications 

In 1963, IRRI published a bibliography of the world's hterature on rice. 
This publicatIOn, which is supplemented annually, is very helpful to research­
erS in developing countries who cannot easily translate Japanese, the language 
in which much of the rice literature is published. Photocopies are made avaIl­
able upon request, a significant service to national research agencies. 

IRRI scientists have written a numher of books and special publications 
on rice and its enemies. The institute also publishes the proceedings of im­
portant conferences and symposia and makes them available to scientists in 
cooperating countries. 

The quarterly IRRI Reporter provides brief summaries uot only of re­
search findings at IRRI but of research done in cooperation with scientists in 
other countries_ The IRRI annual report contains more detailed information 
on research accomplishments. 

Conferences, Symposia, and Workshops 

Conferences, symposia, and workshops which provide opportunities for 
commumcation among rice workers have been held regularly since the insti­
tute was estahlished. The annual international rice conference, initiated in 
1969, has traditionally provided opportumties for scientists and research ad­
ministrators to review research results from all important rice-growing areas 
This annual conference is now being used also for making cooperative plans 
for future programs. 

A series of special symposIa has permitted rice scientists to explore in 
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depth subjects of broad interest to them. Scientists from both the develop­
ing and the more developed world are invited. A symposium was recently 
held on "Climate and Rice," the eighth major symposium held since the 
mstitute was founded. 

Training 

IRRI's training program seeks to upgrade the expertise of rice scientists 
and educators in cooperating countries. Selected in consultation with officials 
in their home countries, the trainees participate in one of two types of train­
ing. Those with extension and applied research onentation are involved in one 
of two sIx-month production research trainmg courses. In the first course, 
they gain practical experience in all phases of rice production; in the second, 
they study rice-cropping systems. After completmg these courses, participants 
are prepared to give similar training to extension workers in their OWn COun­
tries. Such training imparts needed knowledge and skills, but perhaps more 
importantly it is a source of pride to those who have worked together as a 
team using science to help farmers produce more food. 

Those trainees who are research-oriented can participate in short on-the­
job research training programs or, if theIr needs dictate, they can take course 
work at the University of the PhIlippines at Los Banos to fulfIll the require­
ment for the M.S. or the Ph.D. degree. Their thesis research is done at IRRI, 
giving thelIl an opportunity to gear this research to the practical problems 
they will face when they return horne. 

In some cases it is desirable for the trainee to take some graduate courseS 
at a university in the United States or in Europe. However, the scholar must 
return to IRRI to do his research work on a problem of SOme relevance to his 
own country. Whether the IRRI scholars and fellows obtam their academIC 
traming at Los Banos or in the Western Hemisphere, they have the advantage 
of orienting their research to the solution of practical problems. Furthermore, 
they do their research in a cultural environment more similar to their own 
than are those of the United States or Europe. 

Postdoctoral research is provided for a select group of young scientists 
from rice-growing countries. Some are scientists working in national pro­
grams. Others have recently completed their Ph.D.'s and need to focus on 
rice-production problems before returning home. 

Since IRRI began its training program in 1962, about eight hundred man­
years of training have been given to scientists and educators from forty-five 
countries. Most of the students have come from South and Southeast Asia al­
though a number have come from Africa and Latin AmerIca and a few from 
Europe and North America. Currently, IRRI provides about ninety man-years 
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of training each year, twenty-five of which are for nondegree scholars and fel­
lows, fIfty-five for those registered for M.S. and Ph.D. degree training, and ten 
for postdoctoral fellows. 

Four Cooperative Approaches 

IRRl's cooperative programs with national research organizations have four 
primary objectives: to do location-specific research which cannot be done ef­
fectively at IRRr headquarters in the philippines (this is called collaborative 
research); to develop international research networks on problems of com­
mon interest (international testing); to strengthen national research capabil­
ities (outreach services); and to strengthen the countries' capacities to utilize 
research findings in rice production programs. Any given cooperative project 
may have more than one of these objectives. In some cases, all may be in­
volved, 

Collaborative Research 

IRRI SCIentists often find that major problems cannot be attacked con­
veniently at our headquarters in Los Banos. For example, some serious insect 
and disease pests are not found at that location, and yet it is essential that 
lRRI's varieties and breeding lines be thoroughly tested for resistance to the 
pests In question. Examples are research on the gall midge lUsect in India, on 
the tungro vIrus disease In Indonesia, and on a suspected biotype of the 
brown plant hopper In IndIa. 

The tolerance of dIfferent rices to toxic soil conditions (such as those 
brought about by excessive salt, aCIdity, alkalinity, or iron) can also best be 
ascertained if tests are run where the proble~ exists. Arrangements are being 
made with scientists in India and Sri Lanka to carry out fIeld screening trials 
to Identify varieties with greater tolerances to toxic conditH~ns. 

In some cases, collaborative research can be done overseas with little direct 
input from IRRI other than in the planmng stages. The research is sufficiently 
important to the cooperating countrIes to justIfy additional national fmancial 
and personnelmputs without outside assIstance. TestIng IRRI lines in parts of 
Indonesia infected by tungro virus and in areas in India with brown hopper 
pressures are examples. In other cases, IRRI scientists are Involved not only 
to help with the10verseas research but to carry out supplementary and comple­
mentary experiments at IRRI headquarters. Research on flood-tolerant hnes 
and varIetIes in ThaIland and at IRRI headquarters is an example. 

Collaborative research may also be undertaken with more than one other 
country. An example is research being planned on deep-water rice, a type of 
culture found in approxImately 10 percent of the rice area of Asia. The area 
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of deep-water rice in the Philippines is insignificant, but large areas are found 
in Bangladesh, ThaIland, India, and Indonesia. We are developing a coopera­
tive research program with the Ministry of Agriculture in Thailand to work 
On deep-water rice. Two IRRI scientists located in ThaIland will collaborate 
with their Thai counterparts in expanding and strengthening an ongomg deep­
water research program there. They will also collaborate with scientists in 
other deep-water rice countries. 

There are many research areas of mutual interest to IRRI SCientists and 
their assocIates in India. We have sIgned a memorandum of agreement with 
the Indian Council of Agricultural Research which provides for collaborative 
research planning and implementation as well as for the exchange of scientific 
personnel. Each year a work plan is developed. This plan clearly identifies the 
areas of mutual interest, the division of responsibility in carrying out the 
needed research, and the areas in which personnel will be exchanged. This 
procedure has many advantages and is being pursued in a modifIed form in 
the Philippmes and in Thailand. 

Although the primary objective of collaborative research is to fmd answers 
to specific problems, a secondary objective IS the strengthening of national 
research capabilities. In implementing the research, both lRRl SCientists and 
their counterparts Improve their capabilities. New techniques are developed 
and utilized. InterdiSCIplinary approaches are fostered. This procedure pro­
Vides training in a framework that is satisfying to scientists from IRRI and the 
developing countries alike. 

International Networks 

The second phase of IRRI's outreach program is the development of inter­
national research networks. These networks permit scientists from different 
countries to plan and implement research projects in several countries at once 
using common objectives and procedures. At present, three networks are in 
existence or are being set up: the lllternational testing program for Genetic 
Evaluation and Utilization (GEU); the International Rice Agro-Economlc 
Network (IRAEN), and the International Cropping System Network (ICSN). 
Other informal networks exist for research on herbicides and fertilizers. 

IRRI's initial objective is to serve as a catalyst for these networks. Once a 
general area of mutual interest is identified, scientists from cooperating coun­
tries are brought together to set up the general framework for the network 
and to determine the specific experiments, surveys, or studies to be done. 

In some cases, IRRI or one or more of the cooperating countries may have 
already run some pilot experiments in the research area which serve as a 
guide. For other projects, a loose cooperative framework may already exist 
which needs only formalization for the specifiC experiments in question. 
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National research personnel must be fully involved in the planmng and the 
implementation of the network. In no case can the impression be given that 
the network is merely an extension of IRRI's program. To be successful, the 
network research must be planned and carried out by the country scientists. 

In each of the three projects currently under way we have assigned an IRRI 
scientist to serve as network coordmator. In the genetic (GEU) trials, for ex­
ample, the coordinator is responsible for collecting seeds of lines and varieties 
to be tested and for disseminating them among the cooperators. He facilitates 
communications among cooperators and coordinates the exchange of biolog­
ical materials, the collection and collation of data, and the planning of work­
shops or conferences. The coordinator visits the countries involved and re­
views ongoing experiments and program plans with cooperators. 

If funds permit, scientists from one country are encouraged to visit experi­
"ments m other countries so they can see more clearly how the international 
network can be useful to them. These visits also have SOme traming value, be­
cause new techniques are demonstrated and innovations evaluated. 

The international testing network of the Genetic Evaluation and Utiliza­
tion (GEU) program has been in progress since the early sixties. In coopera-
1;ion with national research centers, nurseries have been set up to screen rice 
lines and varieties for insect and disease resistance. For example, more than 
300 international blast nurseries have been conducted in twenty-flVe COun­
tries since 1963. Similar tests for bacterial leaf blight were initiated in 1972 
and for sheath blight m 1973. International yield trials were initiated in 1973, 
and observational nurseries are being established for the general evaluation of 
several hundred of the best selections from both national and international 
sources. 

Recently, the international testing program has been expanded to include 
mternational nurseries for adverse SOlI and weather condltlons as well as for 
the major insects and diseases. ObservatIOnal nurseries and yield nurseries are 
also included. The tests involve upland rice as well as paddy rice nurseries. 

The Agro-Economlc Network (IRAEN) is based upon the success of a pre­
liminary cooperative study among economists and agronomists from several 
countries who were concerned with rice yields in relation to different types 
of farming. The IRAEN has been concerned initially with internatIOnal study 
of constraints on yields in farmers' fields. It is innovative in that its success 
depends upon the close collaboration of economists and agronomists who will 
attempt to measure the relative importance of different factors constraining 
rice Yields under different environmental conditions in South and Southeast 
Asia. 

Planning and Implementation of the Cropping System Network are accom­
plished using procedures similar to those used by the GEU and IRAEN. Po-
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tentlal research locations have been chosen on' the basis of broad agrodimatic 
regions. A networ~ coordinator has visited most of the countries of Southeast 
Asia. In consultation with local scientists, potential sites for cropping systems 
trials have been identified in Indonesia and the Philippines, and discussions 
are under way with scientists from other countries. 

IRRI scientists have great expectations for the international networks sys­
tem. It gives country scientists experience in conducting research. It illustrates 
the international nature of science. It provides IRRI scientists with a better 
understanding of the problems faced by farmers and by researchers in the 
cooperating countries. 

Strengthening the Capacity of Country 
Research Programs. (Outreach Services) 

Most of IRRI's activities - collaborative research, international networks 
training, distribution of seed samples - are aimed.at strengthening national re­
search capabilities. They are complemented by formal country-assistance 
projects. 

The prime objective of these projects is to enable local scientists to im­
prove their skills and the national agency to develop a workable research sys­
tem. In these projects, IRRI scientists are located in the cooperating country. 
These scientists function as members of the local staff, not merely as IRRI 
overseas employees. Their operational support comes largely from local 
sources. 

The three major functions of IRRI scientists working In cooperative coun­
try programs are the following: to provide temporary research expertise 
which permits natIOnal research programs to begin while local staff are re­
ceiving formal training outside the country; to offer on-the-job training for 
their counterparts in national programs; and to assist in the development of 
a viable system of rice research and of a managerial framework within which 
that research can be Implemented. . ,--, 

Since 1960, IRRI has undettaken twelve country projects in Pakistan, 
Bangladesh, India, Sri Lanka, Indonesia, Vietnam, Egypt, and the Philippines. 
Although not all of these projects have been successful, together they have 
played a major role in the general steady improvement of the research and in­
stitutional capabilities of the countries involved. 

Strengthening the National Capacity 
to Utilize Research Findings 

For several years, IRRI has been involved in a pilot project aimed at put­
ting research results Into production more, rapidly. This project involves a 
series of applied research trials planned and Implemented cooperatively with 

http:aimed.at
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the national research and extension organizations. These in turn become the 
basis for a pilot action program operated by the cooperating country and, if 
this is successful, a nationwide production effort based On the applied re­
search findings. 

This procedure has been tried in the Philippines with some success. The ap­
plied research trials were concerned first with a "package" technology ap­
proach and then with a direct-seeding two-crop management system which 
will permit two crops to be grown in rainfed areas where only one grew in 
the past using the conventional cropping systems. The trials were run on 
farmers' fields With the aid of IRRI-trained technician-employees of the ex­
tension service. The Philippine government utilized the technology demon­
strated in the fields to set up the "Masagana-99" national rice production pro­
gram in the Philippines. This program appears to have been reasonably success­
ful in spite of shortages and high costs of inputs as well as typhoon and flood 
damage during the past two years. 

The Philippine experience IS still considered a pilot operation. Depending 
on a final assessment of thiS preliminary work, similar programs in other 
countries may be initiated, startmg in 1976. 

Operational Constraints 

IRRI scientists and administrators have given considerable thought to steps 
which might improve IRRI's internatIOnal programs, particularly the coop­
erating·country projects. 

We have identified at least three major problem areas which tend to limit 
our SuCceSS. These are limitations on IRRI's ability to provide the needed 
assistance; limitations on the ability of the national agency to use the assis­
tance effectively; and limitations stemming from the fragmentation and lack 
of continuity of donor inputs into the natIOnal research programs. 

IRRI faces several problems in workmg effectively to improve national re­
search capabilities. First, there is the difficulty arising from the dual role 
played by IRRI: an aggressive "doer" of research on the one hand and a less 
aggressive "tutor" for research on the other. Some difficulty is experienced 
in taking steps to strengtben the traimng and tbe organizational and managerial 
capabilities of country programs without givmg the impression that the ex­
ternal organization is dominatmg the local scene. Fortunately, in most cases 
the selectIOn of IRRI staff for the overseas assignments has been such that the 
"dual role" has been minimized. Working relationships at the country level 
are good. 

A second limitation on IRRI's abIlity to be more helpful relates to the lack 
of research coordination and management expertise 10 natIOnal agencies. Fre­
quently, the greatest need does not stem from the inadequacy of the local 
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scientIst bnt rather from the inadequacy of the research system of which he is 
a part. This need for managerial assistance is attributable to both the con­
straints on the national researchers and the complexities resulting from the 
fragmentation of donor assistance. 

The limitations experienced by the national research agencies are well 
known. In some cases government restrictions and Inflexibilities set up almost 
insurmountable roadblocks to the development of viable agricultural research 
programs regardless of the external support provided. In others, low staff 
salaries and inadequate operational support funds give little opportunity for 
local staff to innovate and reorient programs. In still others, the rate of change 
needed in the organizational and operational frameworks is mOre rapid than 
any but the most Innovative administrators and pohtical decision-makers wiII 
permit. 

The problems facing national research agencies are attributable as much to 
orgamzational and managerial weaknesses as to the inadequate training of SCI­
entific personnel and the low quality of the research being conducted. At the 
Same time, research achievement can solve the problem in some cases. It has 
been saId, for example, that lR-8 and other high-YIelding varieties brought 
about more change in the orgamzational and managerial frameworks of na­
tional rice research programs than an the research coordinators, administra­
tors, and other nonresearch adVIsers combined. Although this may be an over­
statement, lRRI is working on the assumption that research accomplishments 
can Influence decision-makers. We WIll do all we can to help the country re­
searchers achIeve these accomplishments. At the same time, other efforts will 
be continued to help improve the rice research systems of our cooperators. 

The fragmentation and lack of coordination of donor assistance to national 
rice research programs are senous obstacles in some cases Each donor pro­
vides assistance to alleviate the constraints on research as perceived from his 
institutional point of view. In some instances this viewpoint has a political 
flavor which relates as much to the objectives of the donor as to those of the 
cooperating country. WhIle this situation appears to be inevitable where 
donor assistance is given by outside natIOnal aid agencies, it does not make 
research coordination easy to achieve. 

Fortunately, donor agencies do at times coordinate their activities well, 
making IRRI's job of assistance easier. Plans are made jointly by representa­
tives of the national agency, the donors, and IRRI. Support from each agency 
is agreed upon, and the program is implemented. 

A second donor-related constramt IS the lack of continUIty of funding for 
the cooperating country projects. These projects are often of two to three 
years' duration only. Although such time limits accord WIth Justifiable donor 
pohcles, they constItute a serious constraint on the employment of competent 
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personnel. Also, the seemingly unavoidable delays in approval of project ex­
tensions is bad for staff morale. Furthermore, with the fate of IRRI interna­
tional staff at stake, it is very difficult to bring about needed changes in proj­
ects as they are renewed. Moral commitments to existing staff limit our bar­
gaming power to obtain needed changes m contract provisions. 

What of the Future? 

We are optimistic about future cooperative relationships between interna­
tional research centers and country agencies. These relationships are helping 
to move research results from the experimenter's plots to the farmer's field. 
Furthermore, they are identifying which of the experimenter's results will be 
most usefuho the farmer. 

Our optimism is based On the assumption that certain clear guidelines will 
be followed in center-country program relationships. These guidelines include 
the following. 

1. There must be a clear delineation of the responsibilities of each center in 
respect to both the coverage of science subject matter and the methodology 
to be used. This delineation must be made by the administration and govern­
ing boards of the centers and must be clearly understood by donors and na­
tional orgamzations alIke. Centers should not be called upon to perform activi­
ties for which they do not have a comparative advantage. For example, they 
should not he used as substitutes for the type of general-assistance programs 
formerly carried out by donors. 

2. Each spedal project involving a center and a national program should be 
directly related to the long-term goals of both the center and the country pro­
gram. To assure this, a joint analysis by both organizations of the country's 
long-term agricultural research and training goals is desirable. 

3. The quality of center personnel in country projects should, to the ex­
tent feasible, be of the same caliber as that found in the center's core pro­
gram. The scientist's training must fit his responSibilities in the country, but 
scientists assigned to country programs should not be second rate. If we are 
to have competent scientists in country programs, longer term commitments 
must be made to these scientists, and they must be given perquisites compar­
able to those enjoyed by scientists located at center headquarters. 

4. A fiscal and personnel management system must be developed at each 
center to permit the full exploitation of opportumties for collaboration and 
cooperation with country programs. This means that core program donors 
should realize that some scientist and administrator time will be involved in 
assisting country programs. This time should be recognized as being as legiti-
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mate in carrying out the goals of the center as IS any other phase. of the core 
program. 

To accommodate expanding country-center programs additional scientific 
and managerial talent must be recruited. This additional help is needed to pre­
vent the erosion of core programs, which In many instances are thinly staffed. 

A sounder financial base must be provided for centers to carry out their 
obligations and opportunities with cooperating countries. Funds are also 
needed to support exploratory studies and the staff time required for the de­
velopment of projects before they are funded by an outside donor. 

S. The role of the international centers in providing assistance to national 
programs must be subject to continuing scrutiny, not only by the center gov­
erning bodies but by the consultative group as well. Projects dealing with sub­
jects central to the missions of the centers should be developed and initiated 
by or in cooperation with the centers. 

The challenge to both the centers and the natjonal programs is to carry ou t 
their symbIotic relationships without endangering their common primary 
function -to bring science to bear effectively on the solution of the world's 
food problems. The challenge for donors IS to provide long-term funding for 
quality center-country programs which have as one of their prime objectlves 
the enhancement of research capabilitIes within countries. 

NOTES 

1 A. Colin McClung, "IRRrs Ro1e in Institutional CooperatIon in Asia," Rtce, Sci­
ence a11d Man (Los Baiios' International Rice Research Institute, 1972), pp. 19-40. 

2. See T. T. Cha.ng et al.:! "The Genetic Conservation Program of IRRI,"' report pre­
pared by a commlttee of IRRI scientists (Los Banos: International Rice Research Insti­
tute, December 1974). 



The International Maize and Wheat 
Improvement Center (CIMMYT) 
Outreach Program 

Haldore Hanson 

Background on CIMMYT 

13 

CIMMYT's mandate is to improve the quantity and quahty of maize and 
wheat wherever they can be grown efficiently, but especially in developing 
countries. 

The maize program includes cool-tolerant sorghum, a possible substitute 
crop for maize at high elevations, and wide crosses attempted between maIZe 
and other species of plams (for example, maize x tripsacum, maize x sor­
ghum). 

The wheat program includes bread wheat, durum wheat, barley, triticale 
(a cross of wheat x rye), and other wide crosses attempted between small 
grains (for example wheat x barley, wheat x oats). 

The reference in the mandate to the "quality" of crops applies particular­
ly to the protein content of cereals. 

Wheat or maize is the basic foodstuff of a majority of the developing coun­
tries. These two crops are eaten by more than one bIllion people. Together 
With rice, which stands fIrst in production In the developing countries, they 
constitute over 80 percent of the cereals eaten by poorer nations. 

If we arbitradly decide that 100,000 hectares planted to a given cereal 
crop makes that crop an important national food, then there are seventy 
maize-growing countries and SIXty wheat-growing countries in the world. 

306 
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Figure 13-L Wheat: Developing countnes in which wheat IS an important crop 
(over 100,000 hectares of productlon per country or over 25 percent of na­
tion.1 calories denved from the crop). 

Fifty-three of the maize growers and thirty of the wheat growers are develop­
ing countries. 

If we add to the lIst of developing countries those which produce less than 
100,000 hectares of maize or wheat but derive more than 25 percent of their 
total calories from one of these crops, we find a total of more than sixty na­
tional' maize programs and forty national wheat programs which deserve at­
tention from CIMMYT (see Figures 13-1 and 13-2). 

Figure 13-2 Maize Developing countries in which maize is an important crop 
(over 100.000 hectares of production per country or over 25 percent of na­
tional -calories derived from the crop). 

When we compare this potential workload with the size of CIMMYT's 
headquarters staff, which includes thirteen scientISts for wheat and thirteen 
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for maize, It is clear that only a remarkably efficient use of resources wiII per~ 
mit so' small a staff to have an impact on production in so many countries. 

One fact that mfluences CIMMYT planning is revealed In the statistics cit­
ed above: although the wheat crop in developing countries is somewhat larger 
than the maize crop - 79 million tons compared with 62 millIOn tons - more 
countries are staple maize-eaters than wheat-eaters. Consequently, the maize 
staff at CIMMYT must deal with more governments than must the wheat 
staff. Later in this chapter, when we discuss proposals for regional programs 
involving groups of producmg nations, it ~viII be seen that CIMMYT recom­
mends six maize-producing regions compared with four wheat-producing re­
gIOns. 

Services for National Programs 

The requests for assistance which CIMMYT receives suggest that the pri­
mary needs of many countries are (1) better germ plasm (seed) and improved 
production technology; (2) the training of institution/agency staff who will 
test and introduce better technological methods into their countries; and 
(3) advice on all aspects of food production for such decision-makers as the 
president, the staffs of various agricultural service agencies, and the farmer 
himself. An internatIonal center must be prepared to partIcipate in most of 
these fields if its effectiveness is to be measured by rismg natIOnal crop 
yields, 

There are many aspects of national crop improvement m whIch the mter­
national center can offer only marginal expertise. Salient among these are 
investments in fertilizer factories and social reforms affecting land tenure and 
political-economic decisions, such as whether to grow more food at home or 
to import more food at concessional prices. (The latter issue held back wheat 
production in the Andean region for more than two decades.) 

A successful breakthrough in crop technology, such as the packaging of 
Mexican dwarf wheat and its production practices, has conferred a creditabil­
ity upon CIMMYT which carries far beyond the agricultural sciences and 
causes governments to ask advice on a wide range of production factors. In 
this situation CIMMYT must exercise caution and refer some requests for ad­
vice to more appropriate specialists. 

CIMMYT's Predecessor 

CIMMYT became a legal entity WIth an international mandate in 1966, 
but during the preceding two decades, starting in 1943, CIMMYT's prede­
cessor agency waS a cooperative research and production program for basic 
foodstuffs in Mexico, cosponsored by the Mexican government and the 
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Rockefeller Foundation. During these two decades, CIMMYT's research, 
training, and outreach actIvitIes took shape. 

Norman Borlaug, director of the wheat program since 1944, conducted 
his wheat breeding in Mexico in two cycles a year, one winter crop under ir­
rigation in Sonora State at latitude 290 N (sea level) and one summer crop 
in rainfed conditions on the Mexican hIgh plateau near Toluca at 190 N (ele­
vation 8,700 feet). The result of this biannual movement over many cycles 
was a wheat type which was adaptable to the day length, temperature range, 
moisture conditions, and tolerance for diseases of the two climates. This 
adaptation became a major factor in the success of Mexican wheats when 
they were moved half way around the world to the Punjab of IndIa-Pakistan 
in the 1960s and were found to be well adapted there. 

Another development of this early penod was the MexIcan training pro­
gram. More than 400 Mexicans were given tn-service training for research on 
wheat, maize, and beans. More than 200 did work toward the M.S. degree, 
and more than 80 received their doctorates. ThIS group of agricultural scien­
tists tramed tn the 19405, 1950s, and 19605 now provIdes leadershIp for most 
of the agricultural agencies in Mexico. from the minister of agriculture on 
down. The lessons learned from this training program still offer insights for 
the needs of many other countries. 

Finally, the Mexican program in the 1950s and 1960s served as a stepping 
stone for Rockefeller Foundation scientists who first gained experience in 
Mexico and then helped other Latin Amencan countries - Colombia, Ecuador, 
and Chile - establish similar crop improvement programs. These foundation 
men carried with them the experimental maize and wheat from the Mexican 
program, and s!lon there were inter-American nursery trials, which set the 
pattern for the later international workshops among this group of nations. 

Thus many of the activities that CIMMYT now calls "outreach" were test­
ed and improved in those early years before CIMMYT became an internation­
al center. 

Services from CIMMYT Headquarters 

Strengthening national production programs is the basic objective of CIMMYT 
and the other international centers. Our headquarters program is organized to 
achieve this end. CIMMYT distributes seed, production technology, and train­
ing services to national production programs in a variety of ways. 

Consulting with Governments 

CIMMYT's semor staff spend between 15 and 20 percent of their working 
tIme traveling outside Mexico, consulting with governments of wheat- and 
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Table 13-1. Locations of CIMMYT Nursery Trials in 1974 

Countries Con­
ductmg Tr.ialsa 

RegIOn Wheat Maize 

Latin America .. ..... _ . . . .. 14 
Asia and Pacific. . . • . . • . . .. 12 
North Africa and Near East .... 17 
Afrieasouth of the Sahara ...•. 17 
Europe, Canada, U.S. . ...... 26 

Total ............... 86 

12 
7 
4 

13 
3 

39 

a A tota.l of mnety-three different countries 

Trials per 
Regton 

Wheat Maize 

297 
196 
273 
122 
316 

1,204 

127 
60 
13 
36 

1 

237 

maize-growing countries, or exchanging information with research institu­
tions. This international travel required 1,823 man-days (about five man­
years) in 1972 and 2,500 man-days (about seven man-years) in 1974. 

Consultation by CIMMYT staff has been increasing steadily over the past 
five years and has reached an approximate limit for the present size of the 
headquarters staff. Future increases in consultmg WIll be accomplished by 
stationing CIMMYT staff members in the varIOUS producing regions, as will 
be dIscussed later. 

International Nursery Trials 

International nursery trials distributed from CIMMYT were grown in nine­
ty-three countries in 1974. These trials represent CIMMYT's principal method 
for distributing improved genn plasm and outstanding breeding materials to 
developing countries. 

An "international trial" consists of identical packages of experimental 
seed sent to a network of collaborating scientists throughout the world. These 
sCIentists are asked to grow the seed under a standard set of procedures, us­
ing theIr best local varieties as checks, and to return the data to CIMMYT. 
CIMMYT then analyzes and publishes the results. 

CIMMYT began Its international nurseries for wheat in 1960 and for maize 
in 1971. In 1974, wheat trials were grown at 1,204 sites in eighty-six coun­
tries and maize trials were grown at 237 sites in thirty-nine countries. The ob­
jectives are (1) to test new lines of wheat and maize under widely differing 
conditions of day length, temperatures, moisture, dIseases, and insects; (2) to 
obtain yield data which can gUIde the breeding work of the entIre network, 
mcluding CIMMYT; (3) to train a network of cooperating scientists; and (4) 
to obtain from these scientists, m exchange, their best experimental germ 
plasm for inclusion in future trials and in CIMMYT's crossing program_ 

Scientists estimate it would take anyone collaborator fifty years of repeat-
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CO~n'tfjes In whl.ro nunery UlII~ 
were-conciu!:ledm 1914 

FIgure 13-3. Location of CIMMYT nursery trials, by region, 1974. 

ed trials m his own stations to obtam data as comprehensive as that from one 
year's trial on a worldwide basis. 

LocatIOns of the CIMMYT nursery trials of 1974 are shown in Table 13-1 
and FIgure B-3. 

The Germ Plasm Bank 

CIMMYT maintains a germ plasm bank for maize seed - the largest maize 
collection in the world - from which breeders may request samples of seed 
carrying particular genetic characteristics. For example, a breeder in Argentina 
seeking genetic resistance to a pest called fall army worm can request seed 
samples for all bank entries which CIMMYT believes will provide this charac­
teristic. The maize bank contains about 11,000 entries for the maize species 
and its close relatives. In 1973 the bank made forty-four seed shipments to 
breeders m nineteen countries. 

CIMMYT's wheat staff does not maintain a world collection for bread 
wheat, durum wheat, and barley, but only working collections. Therefore, 
CIMMYT sometimes refers wheat requests to the USDA, which maintains a 
world collection of small grain germ plasm. 

In-Service Training in Mexico 

From 1966, when CIMMYT began, through 1974, 500 young scientists 
from developing countries ha.ve come to CIMMYT for practical experience In 

research and production. Courses last SIX to mne months and include one 
complete cycle of crop research plus some lectures in basic agricultural sci­
ences. No degree is awarded. CIMMYT now receives about 100 fellows a year 
- of whom a small percentage are women - for thiS type of training. 

The fellows who come from research services participate at CIMMYT in 
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data analysis and in all research activities from planting to harvest. Those 
employed as production agronomists receive some research experience at 
CIMMYT but also help to layout field trials on private farmers' land. This is 
an activity which the agronomist will be expected to perform upon returning 
home. 

All CIMMYT training courses stress "learning by doing," "dirty hands," 
and the discipline of working under heat, humidity, heavy rains, and long 
hours. We do not know how to teach motivation, but we find that many 
training fellows leave. Mexico with a new drive. 

Visiting Scientists in Mexico 

A program for visiting scientists and administrators brings over 100 per­
sons each year from developing countries to CIMMYT. This actiVity reaches a 
different age group and serves a differ~nt purpose than does the m-service 
training program. 

In developing the visiting scientist program, CIMMYT reasoned that, if it 
gives in-service training to a group of young scientists from a country lIke 
Tanzania, it is useful for the research director of that country to spend one 
or two months at CIMMYT durmg a harvest season observing how research 
deCisions are made. Moreover, CIMMYT felt that such a country's vice mims­
ter or minister of agriculture could spend a profitable week at the institute. 

Several benefits can be observed after these visitors return home. First, 
those who are practicing scientists make greater use of international germ 
plasm and become key members of the international network which grows 
the international nurseries. Second, the VIsitors give active support to the 
CIMMYT training programs, nominating the best candidates, helping to ar­
range study leaves, and showing interest m the work of the tramees after they 
return to their posts. Finally, administrators among the visitors take an active 
role in the food production problems of their countries. 

Doctoral Fellows in Mexico 

Candidates for doctoral degrees at North American or European universities 
come to CIMMYT for twelve to eighteen months to do their thesis research 
under supervision of CIMMYT scientists and then rerum to their universities 
to qualify for the degree. Under another option, postdoctoral fellows are in­
vited by CIMMYT to serve two years as junior members of the CIMMy:r 
staff. 

Since 1966, seventeen predoctoral and twenty-five postdoctoral fellows 
have received grants to spend one or two years In Mexico. Of these, twenty­
two have completed their work and - without exception - each is now em­
ployed in crops research work, either by his OWn government or by one of the 



THE CIMMYT OUTREACH PROGRAM 313 

international centers. 'There were twenty fellows holding pre or postdoctoral 
grants in 1974. 

Assistance with Economic Studies 

CIMMYT established an economics program in 1971, and these services to 
developing countries are still evolving. 

We believe that CIMMYT can best condnct its economics work through in­
digenous social scientists in national programs, helping them gather better 
farm and market data, which is needed by local policy officials and local 
biological researchers. 

In 1974 CIMMYT was working with twelve countries in Asia, Africa, and 
Latin America on three types of problems. 

1. What characteristics of farms, farmers, and agricultural policy have in­
fluenced the adoption of new technology for maize and wheat? Eight studies, 
covering the following crops and countries, were completed in early 1975: 
Wheat - India, Iran, Turkey, and Tunisia; maize - Colombia, El Salvador, 
Mexico (Plan Puebla), and Kenya. Most of these individual studies will result 
in a Ph D. thesis by an indigenous researcher, reflecting CIMMYT's concern 
for augmenting national capacity to do micro-research. 

2. What information is needed by policy makers to promote new tech­
nology, and how can these data be assembled? On this topic as well, CIMMYT 
is collaboratmg with indIgenous researchers. 

3. How can ~conomists and agronomists better work together in national 
programs? This research IS motivated by the question: what is the minimum 
amount of information necessary to make useful recommendations to farmers, 
given that researchers have better control Over the crop's enVIronment than 
do farmers and assuming that farmers are risk-averting income seekers. 

The economIcs staff also works with doctoral fellows from developing 
countries who do their thesis research in agricultural economics at CIMMYT. 
Each thesis topic is focused on a theme of interest to CIMMYT. 

Beyond this the economists are collaborating with CIMMYT plant physiol­
ogists in identifying agrochmatic regions of the world, structured in terms 
that are signifIcant for maize and wheat research. This information, coupled 
with socioeconomic data, will help define research priorities at CIMMYT 
geared to the needs of the producing countnes. 

Assistance in Laboratory Management 

Two of CIMMYT's laboratories in Mexico - for protein analysis and wheat 
industrial quality - have assisted a number of developmg countries in setting 
up similar laboratories. 

These CIMMYT laboratories have trained more than twenty technicians 
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from national programs during 1972-74. They have also produced "cook­
book" bulletins on laboratory procedures for use in developing countries. 

With funds made available by the UNDP and others, CIMMYT has assisted 
in the purchase of equipment and the establishment of protein-quality labora­

~ tories in twelve countries (Algeria, Colombia, Egypt, El Salvador, India, Mex­
ico, Nepal, Pakistan, Peru, Philippines, Thailand, and Tunisia). 

As the prohlem of protein defIciency in national food supply becomes 
more acute, CIMMYT's assistance for protein laboratories IS expected to rise. 
The demand IS immediate for those countries introducmg hIgh lysine maIze; 
these must maintam constant surveillance over the amino acid content of the 
experimental maize varieties. 

Assistance for Research Station Management 

The manager of the eIght expenment stations used by CIMMYT in Mexico 
- Mr. John Stewart - consulted with six countries on experiment station 
management in 1973-74. These countries were Algeria, Nepal, Pakistan, 
Tanzania, Turkey, and Zaire. 

Another six countries have sent experiment station managers to Mexico 
for training under Mr. Stewart at the CIMMYT stations, Brazil, Bolivia, Egypt, 
El Salvador, Ivory Coast, and Nigeria. 

During a staff review of CIMMYT programs in 1974, the maize and wheat 
staffs saId that the consulting work by Mr. Stewart, outsIde MexIco, had 
made the difference between research data which were useless and data which 
were hIghly significant. The changes were brought about by land leveling, 
fencing, better and more timely seedbed preparation, more accurate fertilizer 
placement, more tImely plant protectIon, and better maintenance of eqUIp­
ment. 

International Symposia 

During 1971-74 CIMMYT held six international symposia in Mexico, bring­
ing together a part of the world network of scientists on wheat or maize 
with a group of scientists from advanced countries, to review past research 
and make future plans. Most symposia last five days. About half the partici­
pants are from developing countries. 

A record of proceedings for each symposium becomes a major publication 
for dIstribution to the network of scientists. In addition, the presence of so 
many visitors at CIMMYT leads to side meetings at which SCIentists from de­
veloping countries are able to negotiate for financial grants with donors, select 
germ plasm from CIMMYT's research fIelds, interview their trainees, or hold 
group meetings for neighboring countries of Southeast ASia, tropIcal Africa, 
and so on. 
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Table 13-2. CIMMYT Bilateral Assistance to National Programs in 1974 
(Financed by Special Grants) 

1974 Bud· 
Number of get through 
CIMMYT Starting CIMMYT 

Country Ctopb Staff 1974 Donor Year (rounded) 

Alge"a-Tu- Wheat 8 Ford and Rocke- 1968 $480,000 
nisiaa feller foundations, 

USAID 
Argentma Maize, wheat 0 Ford Foundation 1968 8,000 
Egypt Maize 1 Ford Foundation 1968 40,000 
Lebanon Wheat 2 Ford Foundation 1973 60,000 
Nepal Maize 1 USAID 1972 60,000 
l'akistan Maize, wheat 3 Ford Foundation 1965 155,000 
Tanzania Maize 2 Ford Foundation, 1973 46,000 

USAID 
Turkey Wheat 2 RockefeHer Foun- 1970 118,000 

dation 
Zaire MaIze 4 Government of 1972 280,000 

Zaire 
Total 23 $1,247,000 

a Combined grant. 
h Wheat assi')tance includes bread wheat. durum wheat, barley, and tnticale. 

Publications by CIMMYT 

CIMMYT publishes an annual report, a scientific newsletter, and technical 
bulletins in three languages, Englisb, Spanish, and French. The mailing list for 
English totals 4,000, that for Spanisb 4,000, and that for French 1,000. 

For each publication and each language there is an inner core of significant 
readers, made up of scientific collaborators, donors, and staff members of 
other international centers. ThIS core is no larger than 1,000 people. The 
balance of each mailing list is made up of libraries, universities, government 
agencies, and requesting individuals and institutions, over half of them in 
countries where CIMMYT collaborates with mane and wheat programs. 

The French language distribution goes largely to nineteen former French 
or Belgian countries in Africa. 

Outreach by CIMMYT Staff Posted outside Mexico 

Since 1966 CIMMYT has posted a growing number of staff in national pro­
grams to assist their national research and production activities. In 1974 there 
were rwenty-three CIMMYT staff on resIdential assignment. The bilateral 
assistance projects are summarized in Table 13-2. 

Before being posted abroad, most of this staff served as scientists in 
CIMMYT headquarters or held postdoctoral fellowships in Mexico. 
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The majority of CIMMYT's bilateral projects were initiated by donors who 
were seeking technical leadership for agricultural assistance which they were 
prepared to finance. In a few instances, CIMMYT initiated conversations 
directly with the host government and then solicited donor funds. 

Bilateral assistance projects involve a number of activities which differ 
from the work of CIMMYT headquarters. Such activities are the following: 

1. Research on farming systems for wheat in Algeria and Tunisia, including 
the introduction of medicago (forage legumes) as part of the wheat rotation 
and the uSe of biennial fallow in North Africa. 

2. SelectIon of winter wheat in Turkey. (Mexico lacks the necessary ch­
mate.) 

3. Breeding and selection for diseases and insects not prevalent in MeXICO. 
4. Agronomic testing of maize-legume rotation in eastern Zaire, where 

chemical fertilizer has always been in low supply. 
5. Developing agronomic packages of practices adapted to each national 

program and formulating local recommendations to farmers. 
6. Training local staff within national programs, especially production 

agronomists. 
CIMMYT itself benefits from the bilateral proJects. Among the hundreds 

of international nursery trials, those grown by CIMMYT staff in the countries 
listed in Table 13-2 are considered to produce more reltable data than the 
average; hence they serve as checks in reviewing the total returns. 

CIMMYT also has its staff from bilateral projects attend each symposium 
at CIMMYT. The contribution of these scientiSts IS especially useful because 
they are fully [rained in CIMMYT methods, and they observe CIMMYT 
breediDg materials under different environments. 

CIMMYT outreach staff residing in countries where projects are under way 
are able to provide more continuous advice, based on fuller knowledge of the 
local situation, than are the consultants traveling from Mexico. In addition, 
CIMMYT outreach staff help select candidates for training in MeXICO. 

Collaborative Research in Association with National Programs 

"Collaborative research" is a new actiVIty in CIMMYT's core budget for 
1975. CIMMYT and other international centers have found that a part of 
their assigned responsibility cannot be carried out at headquarters because the 
local environment does not provide the needed range of temperatures, mois­
ture conditions, problem soils, or disease and insect conditions which affect 
the world crop. Therefore, some "core" research must be conducted abroad. 

For example, the Potato Center (CIP) has found it cannot study late blight 
of the potato in Peru and has made arrangements for such research at the 
CIMMYT station near Toluca, Mexico, although it is charged to the CIP bud- ,I 
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such training can best be organized within producing regions, or preferably 
within national programs, with some outside assistance provIded by interna­
tional centers. The cost factor alone would argue that thIS training be done at 
home, and the existence of various farming systems and various language 
problems also favors 10calIzation·of training for agronomists. 

Some experience IS accumulating for regional and in·country training, but 
no reproducible system has yet been developed and the volume of trammg is 
still far from adequate. Some exploratory experiences are described in the 
paragraphs below. 

1. When IRRI helped national programs introduce the flfst semi dwarf rice 
varieties in the mid I 960s, IRRI organized training for extension workers 
WIthin national programs on a three-step basis· first, IRRI brought to the 
Philippmes a few extension leaders who would serve as tramers m a national 
program and gave them a course m rice production and In trainmg methods; 
second, some IRRI training ,taff moved to the country where the traming 
course was to be given and spent several months with the local staff develop­
ing the syllabus for the course and the demonstration crops; third, the local 
trainers and IRRI trainers jointly supervised the first course withm the na­
tional program. The IRRI staff then withdrew, and further COurSeS were 
wholly the responsibility of the local trainers. 

ThiS system was repeated in a number of national programs, generally just 
before the planting Season for the crop. 

2. The Rockefeller Foundation establIshed regional trammg centers for 
wheat in Turkey and maize in Thailand, headed by Rockefeller scientists but 
also using tramers from within the host country. A considerable volume of 
training has been accomplished, especially by the Thailand center. 

3. The Ford Foundation has fmanced a regIOnal traimng program for a 
number of crops through the Arid Lands Agnculmral Development Center 
(ALAD) at Beirut. One advantage of regIOnal training, particularly for the 
Mediterranean region, has been that courses can be offered in the English, 
Arabic, or French languages for different groups of trainees. 

4. Various bilateral assistance programs such as the United Kingdom's 
Mmlstry of Overseas Development (ODM), the Swedish International Develop­
ment Agency (SIDA), Canada's International Development Research Centre 
(lDRC), and USAID have financed trainmg programs for extension workers 
of various crops within national programs of the Mediterranean-Near East 
region. 

5. CIAT has "tramed the trainers" for several national programs of maize, 
rice, cassava, and beef in South America, then sent CIAT tramers to asSist the 
local trainers in conducting the first m-country course. Such a course was co-
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sponsored by the government of Ecuador and CIAT in late 1974 for the low­
land agricultural area featunng rice, maize, beans, swine, and beef (all crops 
and animals for which CIAT holds responsibility). 

The government of Ecuador has asked CIMMYT and CIP to repeat the' 
same procedure for its highland crops, which include maize, wheat, barley, 
and potatoes. "Training the trainers" for this course has been completed at 
CIMMYT. 

6. A totally different approach is represeneed by a Philippine-CIMMYT ex­
periment in 1974. A top training officer for maize in the Philippines has 
spene a half year serving as the assistant maize training officer at CIMMYT. 
He has now returned home, carrying the CIMMYT work experience, but he 
gave us as much as he received. 

Other formulas whereby the international ceneers can help organize more 
training for extension workers, in·country and in-region, Will no doubt evolve. 

The need is not yet adequately filled. That is a major reasOn why CIMMYT 
is proposing the assignment of rrainer-agronomlsts to six maize-producing 
regions and four wheat-producing regions of the world. 

Establishing Priorities: Need for Data 

The international centers operated in the -1960s like horse-and-buggy doc­
tors - dlagnosmg all problems with general information and CommOn sense, 
and with surprising success. 

Now, afrer the world crises in food, fertilizer, and energy have gained wide 
recognition; after more finances have been assigned to centers; after more na­
tional production programs have been organized - there IS need for more 
quantitative information in makmg plans. 

"Eyeballing" was a favorite term in the 19605 used to describe the methods 
for selecting new lines of breeding materials for crop improvement. N.ow 
more sophisticated methods of the statistiCian and the protein laboratory are 
supplementing the eyeball. 

Our knowledge about national programs, rheir climates, and their govern­
ments was also relatively simple in the 1960s. "We worked on the problems 
that any cow could see from the Side of the road" was a common expression. 
And at that stage of world cereal improvement the problems given the highest 
priority were also the most obvious. 

Now, as the centers reach beyond the conspicuous problems and focus at­
tention on constraints which were conSidered secondary ten years ago, more 
detailed information is needed ahout producing countries. However, the in­
formation needed for planning IS not necessarily the same mformatlOn which 
has traditionally been gathered and published by the FAO, the !BRD, and the 
USDA. 
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CIMMYT has begun, through the travel of its staff, to gather some of this 
information directly from national programs, and anSwers can be speeded by 
assigning postdoctoral fellows to some of this work. 

We need information about cereal consumption: How many people eat 
bread wheat, durum, barley, or maize? What is the size of the demand for the 
different kernel types (flint, dent, floury) and colors of maize, and the differ­
ent gluten strengths and colors of wheat? How large and populous are the 
areas where the total intake of protein IS defiCient and which could profit 
from hi-lysine maize and barley? What proportion of the LDC barley crop is 
used for human food, animal feed, and malting? 

We also need a range of information about the extent not only of various 
climatiC zones but of cropping areas affected by diseases and insects. Similar­
ly, more information is needed on the extent and frequency of drought and 
on problem salls. 

Answers to all these questions will become steadily more Important m 
CIMMYT's program planning. 

Problems in Management in National Programs 

Deficiencies m management of national programs, especially in research 
management, constitute a frequent obstacle to improved food production. 
These management problems are common to all crops and all services, not 
just to wheat and maize. 

Scores of crop sCientists In developing countries, many with Ph.Ds, have 
left their home governments to join FAO or other international organiza­
tions. Their complaints against their home research service include low sala­
ries, staff promotion on a political rather than a merit basis, lack of budget 
support from poilcy makers, corruption, and many other grievances. 

Beyond staff losses other shortcomings In research management widely ob­
served by CIMMYT consultants include the following: 

1. Research managers try to handle too many crops and tOO many plant 
materials for each crop, resulting in unreliable data. 

2. Research managers fail to test experimental plant materials off the sta­
tion on private farmers' land, which would give a better understanding of 
what is impeding the farmers' yields and thus better gUIdance to research 
plannmg. 

3. Research managers fail to identify elite plant materials at an early stage 
and to move these materials expeditiously -mto seed Increase and varietal re­
lease for national uSe. 

4. Research managers fail to arrange that the research organization per­
form a continuing training function for the extension service, by annual 
workshops at the research station, preceding each crop planting time. 
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5. Research managers fail to issue au annual report which is timely and ob­
jective, 'describing the status of natIOnal production each year and the Con­
straints which are researchable, and discussing the relationship between the 
research service, extension service, seed increase agency, credit service, and 
other inputs needed to bring about hIgher yields. 

Successful remedies to these management defects have been few, and tbe 
experience to date WIth international assIstance for management has set no 
reproducible pattern. 

Some countries with large food productIOn programs like India, Pakistan, 
and Turkey appointed commIssions to review the management of research in 
the 1960s. The success of such commissions has varied WIth the willingness of 
the Ministry of Agriculture to endorse the fIndings and support the director 
of research in making changes. 

In 1973 the IBRD fmanced a mission to review the national research pro­
grams of Spain. This miSSion included a number of foreign consultants, m­
cluding staff from two of the international centers. An earlier lBRD miSSIOn 
on agricultural education in the Phtlippmes obtained a substantial improve­
ment in the salary scale for those employed in agricultural research. 

CIMMYT staff are often asked to comment on management problems in 
agricultural research and on the relationships between agncultural services in 
a natIOnal program. We have made no careful review of the actions taken after 
such consultation. 

To date there has been no orgamzed effort by the international centers to 
arrIve at a judgment on the management problems in national programs, to 

lIst available consultants who could advise on management problems, or to 

incorporate a management component into the research training provided by 
the mternatlonal centers. 
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The impact of international research on national systems may occur In a 
dozen or more ways, some dIrect a~d others indirect. 

If we are interested - as we must be - in the impact of research on entire 
national agricultural systems, and hence on national agncultural productIvity, 
we must also recogmze that any effects of international research are con­
founded with those of many other technologIcal, economic, and social fac­
tors. What portion of the overall effect is the result of research thus becomes 
a matter of judgment rather than measurement. And such judgments, to be 
valid, ought to be made by authorities of national systems who know first­
hand the effects of research on their efforts. But, ju~gments bX :?at authori-
ties of what nations? ~-

There are over 125 national agricultural system.,..";6n;~ are large and some 
small, some are centrally planned and others not; Some are well supplied WIth 
trained people but most have few specialists; some operate with sizable Or 
even !tberal budgets but most have meager funds and faci!tties; some have a 
long tradition of distinguished agricultural research while others are just get­
ting organized; and, finally, some belong to countries in which yields have 
been steadily advancing while others function where stagnation is character­
istic. Assessmg the impact of international research On such a complex of na­
tIOnal systems, even if that assessment were made by a sizable panel of na­
tional authorities representative of these diverse interests, calls for conslder-

323 
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able humility. Moreover, Smce the international system is so new (many pro­
grams are only two to five years old) and a lag of several years is to be expect­
ed in the application of research results, any current assessments must be ac­
cepted as tentatIve at best, wIth large error terms built in. 

It is possible, however, to recall the ways in which the international re­
search system was intended to affect national systems and even to descnbe in 
a general way what impact there appears to have been. Before proceeding to 
do this, it wIll be useful to consider definitions of some of the terms used in 
this chapter. 

Definitions 

By "national system" is meant the entire apparatus - public and private, from 
national govecning bodies to the smallest farmer - which must be involved m 
the process of agricultural change. Included is the "national agricultural re­
search system" With all its components, from the analyses involved in setting 
production and other goals (planmng offices), through central and regional 
experiment stations and experimental programs of colleges or schools of agri­
culture, to on-farm experimentation. 

Even the phrase "agricultural research" deserves defmitlon. As used here it 
means the systematic effort to develop new ways to change agricultural pro­
ductivity, or effIciency, at any leveL Importantly, it includes the greatly un­
derappreciated level of on-farm experimentation - assIstance to individual 
farmers in identifying superior crop or animal productIOn systems - a level of 
research whIch for too long has been mlscategorized as "extensIOn." It in­
cludes studlcs of ways to Improve national plannmg and to identify ratIOnal 
agricultural goals. as well as the conventional fIeld and laboratory work of ex­
penment stations and colleges. 

"InternatIOnal research" IS here used to descnbe the total world experI­
mental effort includmg that of (a) universitIes and agencIes of developed na­
tions, (b) international institutes and agencies, and (c) Institutions of develop­
mg countrIes From the standpoint of any particular nation, "international" 
research is all that is done elsewhere, plus the activiries of any mternatlonal 
organizatIOns within its borders. 

International Institutes 

A substantial number of large and small, public and private efforts combine 
to affect in widely varying degrees the performance and objectives of national 
systems. As it is quite impossible in one chapter to examine the impact of 
such efforts, I shall hmit my discussion to the impact of that relative new-
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comer to the scene of international research: the autonomous, international 
agricultural research institute. 

Research undertaken by the private but internatIOnal institutes requires 
the special type of funding provIded by the Consultative Group for Interna­
tional Agricultural Research. And, several umque characteristics distinguish 
research as it is conducted at the Institutes: 1 

1. It addresses those complex problems that require long-term attention by 
teams of scientists backed by expensive facilities and that are not or cannot 
be handled quickly and effectively by other institutions. 

2. It serves to fill important voids in internatIonal research and contributes 
to the development of a cohesive, collaborative world effort; hence, work at 
the centers gets its impetus and orientation in large part from others whose 
work it complements or hacks tops. 

3. It provides opporrunities for training at several levels of sophistication 
for the staff of national programs or from other institutions in the world 
system. 

Confounding of Effects 

Any impact on national systems by research at the international Institutes 
is - and should be - confounded with contributions of research efforts else­
where, since the institutes are SImply hubs in an international network of 
cooperative, collaborative activity. Much of the centers' success depends upon 
the great array of advances made over past decades, upon the scientific and 
scholarly capital available to the centers in the form of advanced biological 
materials, equipment, or chemIcals, and upon their store of knowledge and 
understanding as embodied in their staff and consultants or as given expres­
Slon in their publications. 

Success of the program of any international center is enhanced by the con­
tinuing flow into that center of the results of advances anywhere in the 
world. Indeed, one measure of SucceSS of a center is the degree to which it 
facIlitates active exchange among nations of information and materials. The 
stronger the world effort a center helps to generate, the more successful we 
may judge that center to be. 

The International "Network" 

Probably the need for an international network, or world system, of agricul­
tural research has been recognized and expressed many times in the past. 
Those working at the International Rice Research Institute in the early 19605 
certainly had in mind the creation of an international rice research network; 
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In fact, the institute staff realized at the outset that i:s mandate - to increase 
national average rice yields and total production in Asia- would require the 
combined efforts of individuals and institutions of many countries. WIthout 
such a major cooperative effort - without the increase in yields and total pro­
duction - the institute would be Judged a failure. It was as simple as that. 

Creation of a similar nenvork had begun even earlier for spring-type bread 
wheats. The Oficina de Estudios Especiales of Mexico's Ministry of Agricul­
ture, manned JOIntly by Mexican and Rockefeller Foundation scientists, was 
at work on this in the late 1940s, when young technicians and scientists of 
other countries were brought to Mexico for training, and a system of interna­
tional cooperative field trials was organized. At about the same time similar 
efforts were initiated with maize, and in 1954 the Central American Coopera­
tive Corn Program was launched, with agencies of all nations of Central 
America and Panama participating. 

There were early international efforts with some crops sponsored by FAa 
through FAO·Rome and the International Rice Commission, by USDA, and 
probably by others. 

By 1969, the need for a comprehensive mternational research network had 
been recognized by the Rockefeller FoundatIOn, and the concept was present­
ed to the heads of the world's assistance agencIes at an April 1969 meeting in 
Italy (now referred to as "BellaglO I" in agricultural circles): 

Action Recommended 

Acceleration of world agricultural output can be fostered by the forma­
tion of a worldwide, interlocking complex of national and international 
scientific Institutions, programs, and projects deSigned to produce sci­
entific information, materials, and manpower required to intensify agri· 
cultural production wherever needed. Provision must be made for im­
mediate attention to all areas where agricultural productivity is still low 
and static and where man:land ratios are most unfavorable, and to con­
trol of many internationally serious diseases and pests. The underex­
ploited tropics and certain and areas can and should be brought into 
use as required. 

Development of such a network of institutions and activities will re­
qUlre that national and international efforts be cooperative and coordi­
nated to the extent possible. Toward this end, increased and periodic 
dialogue among appropriate leaders should be established, to identify 
neglected, high-priority needs and to foster cooperation wherever indi­
cated.2 

The foundation's paper went on to hst and discuss some of the necessary 
components of an international network, including (a) international centers 
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(such as IRRI, CIMMYT, UTA, CIAT), (b) regIOnal research,centers, (c) mter­
national programs and projects, (d) national research, traimng, and produc­
tion systems, (e) colleges of agriculture, and (f) centers of specialization in de­
veloped nations. 

In a summary statement in the above-mentioned proceedings, prepared by 
the late Dr. W. M. Myers, the participants recognized the need for support of 
an international "hierarchy of institutions" and for mobilization of large 
sums of money for investment in high-technology agriculture. 

The elaboration of such a system, with favorable impact on yields, quality, 
and total production of major food crops and animal species in the develop­
ing countries, is the central concern of the Consultative Group for Intema­
tlOnal Agricultural Research. 3 An impressive beginning has been made. 

Effects and Interactions 

The newly developing international research effort has had a multiplicity of 
effects on national agncultural systems, on national research programs, on 
production of certam crops in some regions of the world, and on foundations, 
national assistance agencies, and international institutions. As we have already 
noted, there is a h.gh degree of interdependence (the confounding effect men­
tioned earlier) among these varied organizations, and the fact that they are 
discussed separately below should not cause us to lose sight of that. Perhaps a 
few examples of the simpler interactions will be helpful. First, the clear 
demonstration that new opportunit.es exist to ra.se yields and the profitabtl­
ity of farming can cause agencies to invest in new initiatives. Similarly, the 
decisions of national authorities to p,!sh the production of particular crops 
or animals in particular regions influence the orientation of research. 

Second, experimental evidence that large numbers of small farmers can be 
benefited through promotion of high-yielding cropping systems probably has 
had an impact on international agencies such as the World Bank. Surely the 
World Bank's decision to promote increased productivity of small farms will 
affect research and production efforts of many nations and most internation­
al centers. 

Third, success or lack of success of national production programs utilizing 
technology developed locally or internatIOnally will in turn have an effect on 
the orientation of efforts at international centers. 

Fourth, breakthroughs at centers of specialization, including universities, 
can have far-reaching consequences. For example, the identification at Purdue 
of the opaque-2 gene effects in corn and Purdue's discovery of lines of sor­
ghum with h.gh nutritive value are having an obvious impact on the research 
programs at CIMMYT and ICRISAT, as well as on national programs. 
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Fifth, determinations of the payoff from investment in agricultural re­
search and of the factors which influence such payoff will surely have an ef­
fect on investment attitudes of international banks and assistance agencies 
and, it is hoped, on the leaders who must make national decisions regarding 
investment in agriculture. 

There are many other interactions which might be mentioned, but the 
foregoing may suffice to demonstrate that interdependencies exist. Studies 
of factors conditioning the effectiveness of agricultural research can, if con­
structive, lead to improvements in such research efforts. 

Impact on National Systems 

In their studies of the impact of mternational research on the performance 
and objectives of national systems, some investigators have attempted to 
identify specific causes and effects as well as potential improvements in the 
direction or operation of the systems. Almost invariably, such studies require 
not only narrowing of the issues and the employment of assumptions which 
mayor may not be correct but also the exclusion of some considerations 
which are so elusive that they cannot be adequately considered. Let me men­
tion a few of these elusive problems. 

First, a substantial number of leaders from the developing nations serve on 
the boards of the international institutes, on the Technical Advisory Commit­
tee of the Consultative Group, or as representatives to the Consultative Group. 
Others are on boards or advisory committees of international banks or inter­
national or national assistance agencies. Iu such roles they participate in a 
continuing debate on approaches to the development of agriculture and be­
come acquainted with advances in materials or techniques as they occur. Un­
doubtedly this experience has an il)1pact on the performance and objectives 
of these leaders'" respective national research systems, but how does One mea­
sure such impact? 

Second, through participation in the various BelJagio conferences which 
led to the formation of the Consultative Group, through service on the 
boards of institutes, and through their interactions with leaders of developing 
countries, the heads of assistance 'agencies have become increasingly knowl­
edgeable, and some have made major changes in their approaches to lending 
andlor to providing technical assistance to developing nations. These changes 
can have an impact on the nations themselves. But it is impossible to quantify 
the magnitude and effect of such changes, and consequently it is diffIcult to 

attribute them to any set of institutions. 
Third, the construction of modern agricultural research centers in Africa, 

Asia, and Latin America has drawn the attention of national political leaders, 
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of both developed and developing countries, to the importance of agricultural 
research. That such installations were placed in the developing countries cer­
tainly has demonstrated in a dramatIC way that many of the biological com­
ponents of agricultural production systems must be developed In and taIlored 
to the ecological and economIc requirements of the regions where they are to 

be utilized. An impressive number of heads of state and ministers of the de­
veloping countries have been drawn to these modern centers. That this has 
had an effect on the quality of facilities provided in some nations, for both 
research agencies and universities, is without doubt. To trace such effects 
would be difficult; to suggest probable cauSeS would be risky at best. 

Fourth, we have witnessed the strengthening of national agricultural insti­
tutions, the initiation of production campaigns, the implementation of deci­
sions to work WIth small farmers, and the reorIentation of activities of uni­
versities and national agencies. But the degree to whIch such decisions have 
been affected by the international research system is and probably will re­
main unknown. 

Fifth, during the past several years, the Ford Foundation has greatly in­
creased its intellectual and financial involvement in agricultural research. The 
International Development Research Centre of Canada has been formed and 
has become an important SourCe of research support and innovation. These 
and other organizations with a longer history of involvement, such as FAO, 
USAID, the United Kingdom's ODM (Ministry of Overseas Development), 
France's ORSTOM (OffIce de la Recherche Scientifique et Technique d'Outre­
Mer) and IRAT (Institut de Recherches Agronomlques Troplcales et des Cul­
tures VivrUres) and the ADC, have participated in a growing international ef­
fort to improve understanding of systems, to add to the knowledge base, and 
to foster the exchange of information among interested individuals and insti­
tutions It all adds up to a growing world capabIlIty, with important but im­
measurable effects on national programs. 

Given these and other influences of unknown magnitude on national pro­
grams, we can only point out - we cannot measure - some of the probably 
important ways in which the international research system has had an impact 
on the performance and objectives of national efforts. 

Impact on National Agricultural Systems 

Clearly the international research system has drawn attention worldwide to 

the importance of agriculture. Some of the early successes, notably those 
WIth wheat and rice which were popularly termed the "green revolutIon," at­
tracted the interest of national authorities. Visits to the centers by national 
leaders probably created in some the desire to promote scientific agriculture 
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at home, to strengthen national research agencies and universities, and to mar­
shal the necessary funds for research and production efforts. 

In the late 1960s, the long-neglected basic food crops (cereal grains, food 
legumes, root crops, vegetables, animal species) began to receive serious con­
sideration by many nations. It was recognized that work on these crop and 
animal species would have to be done in the public sector; there simply was 
no way for private companies ro realize retu~ns on investments in such actiVI­
ties. Clearly the present focus on production of the basic food crops in the 
developing countries is in part attributable to such an emphasis at the interna­
tional institutes. 

There has been a recent trend toward production-oriented, commodity­
oriented research and production programs in a number of nations. While not 
replacing discipline-based research, the new trend reflects the more purpose­
ful nature of new national activities. 

There has been a growing realization of the need for more sophisticated 
agricultural research efforts at the farm level. 

The institutes offer new sources of training for research and production 
personnel from national institutes. More and more often the much sought­
after, high-quality educational programs offered by universities in the United 
States, Europe, and elsewhere are being combined with graduate thesis re­
search at international centers or In the developing countries. This has permit­
ted graduate students to contribute to the solution of problems of the regions 
in which they live. Specialists or advisers at such Universities have become en­
gaged in thiS work on developing nations' problems, and many lasting friend­
ships have been formed among institutions and individuals - relationshIps 
which Will be of growing Importance. Surely the new forms of training have 
had and wiII continue to have a major impact on the strength and the orienta­
tion of developing countries' institutions. But, again, effects of training would 
be hard to measure. 

Finally, the SucceSSeS of new productlOn programs, together with the contin­
uing need to increase agricultural output, have contributed to the growing will­
ingness of some nations to·increase their investments in scientific agriculture. 

Apparently there is a growing convictlOn among national leaders that SCI­

ence-based agriculture (plus reduction of populatIOn growth rates) offers the 
only reasonable hope of meetmg food needs and raising the standards of liv­
ing of the rural poor; this must to some degree have been stimulated by the 
international research system. 

Impact on National Research Systems 

International research efforts dearly have affected national research systems 
in ways other than the production of useful technology and trained people. 
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Priorities established for the international system by the Technical Advisory 
Committee of the Consultative Group control in a major way the priorities 
of the international institutes and of related programs. Advanced technology 
available through the institutes and through the types of training they offer 
in turn affects the priorities of national organizations. 

The production orientation of much of the tnternational research effort, 
including its emphasis on commodity-oriented research, evidently is gaining 
acceptance as a logical approach by increasing numbers of nations. 

The interdisciplinary team approach to problem solving is spreading. The 
larger nations can and must undergird their production-oriented research ef­
forts with more baSIC investigations. The greater number of the smaller na­
tions, however, cannot expect to organize truly comprehensive scientific ef­
forts right now. In the immediate future, the in-depth, interdisciplinary re­
search at the internatIOnal centers will serve as the more basic research effort 
for these nations, allowing them to concentrate their limited human and finan­
cial resources, as they should, on the tailoring of technology to their own 
needs and in getting it applied at the farm level. At the Same time, we must 
note a growing sophistication of the agricultural research effort of some na­
tions, which undoubtedly is due to the influence of the international coopera­
tive· activities. 

New standards of performance are betng set. Everywhere there is growing 
dissatisfaction with the low and static yields so generally being obtained, and 
scientists are being pressed to do something to raise these yields; this is an is­
sue that no longer IS easy to duck. Scientists nOW freely discuss and compare 
YIelds per hectare per crop, per hectare per year, and even per hectare per 
day. The new higher yields are being demanded by people outside the sci­
entific fratermty, and this is a healthy development. 

Research programs are beIng speeded up - more problems solved, more 
new materials produced. Two or sometImes three experimental crop genera­
tions are grown per year. 

More frequent opportunities now exist for national scientists to meet with 
colleagues from other institutions in their home countries, from institutions 
in other countries, or from InternatIOnal institutes. This helps to prevent the 
repetition of experimental work already accomplished elsewhere. Through in­
ternational conferences innovation is fostered. It is likely that such oppor­
tnnlties for exchange of Ideas and information will heIp to attract and hold 
competent national researchers on the job. 

International cooperative experiments and field tests draw the community 
of scientists together, allowing them to base conclusions on much more sub­
stantial experimentation than would otherWise be possible. By testmg new 
materials and techniques over many locations in a single year, the time re­
quired to generate necessary data is shortened. For these and other reasons, 
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one can sense a dramatic acceleration in the world drive toward an Improved 
sCIence-based agriculture 

The international institutes have introduced an element of stability into 
the world research effort. None of the major assistance agencies, with the pos­
sible exception of the World Bank, could arrange with any degree of certainty 
for the long-term maintenance of an internatIOnal center. But multilateral 
support of such efforts provides reasonahle securtty for such operations. The 
presence of substantial numbers of career scientists at the international instt­
tutes ensures that continuing contributions to the world knowledge-base will 
be centrally preserved, not lost as so often occurs when research efforts are 
of short duration and participants scatter. Even when natIOnal research opera­
tions are disrupted for political or other reasons, momentum can be regained 
more easily if the national agencies have been cooperating with an interna­
tional center. One reported example of this was the resumption of activity of 
the Bangladesh RIce Research Institute following the civil war. The fact that 
IRRI had been involved, along with others, allowed BRRI to pick up its pro­
gram and move ahead when condinons again permitted it. Stability is an im­
portant factor in the world effort, but how does one measure its impact? 

Impact on National Production 

Clearly the mternational research effort has had a pOSitive impact on national 
food production. National and international agencies are attempting to mea­
Sure it. Dalrymple has provided extraordinarily valuable assistance In monitor­
ing the spread of high-YIelding varieties,4 and a numher of investigators have 
studied the effects of research on levels of production. Indeed, the presence 
at Aldie House of so many capable people reporting on significant work was 
testimony to the growing impact of research. Yet we are all aware of the dif­
ficulties of Isolating the effects of research on production, given the many 
other factors whIch obviously are involved. 

Impact on tbe International Community 

There IS a growing understanding of the requirements for Increased agricul­
tural output per unit area per unit of time. That understanding is spreading, 
albeit too slowly, through the staffs of national and international organiza­
tions. Gaps in technology are bemg identified and, rather systematically, 
closed. 

We seem to be moving toward the identification of strategies of national 
agricultural development that are much more likely to succeed than were the 
earlier oneS. Moreover, the newly developing acquaintances among individuals 
and institutions have addea an element of mobility to world SCIentific efforts. 
The impact on the developing nations should be favorable. 
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Schultz pointed out several years ago, in his excellent book Transfomling 
Tradttional Agriculture, that the small farmer is a rational economic being, 
that he is effIcient in the management of scarce resources, and that he will in 
many cases improve his farming practices if it is f~asible and profitable for 
him to do so. And now at last interest in the small farmer is gaining momen­
tum. 5 In part thIS IS the result of work carried out with some support from 

o 

international centers, the Puebla Project In MeXICO; IRRI's research program 
in central Luzon, whIch reportedly has contributed to the government's 
"Masagana 99" program. The impact of such activities on the decision of the 
World Bank to press for small farmer programs is unknown to me. But, out of 
the growing debate on the feasibility and desirability of assisting smallJarm­
ers has come the realization that they must become involved. They can con­
tribute significantly to increases in needed food output. If improvements in 
their own incomes occur, they can purchase the products of urban industry, 
thereby increasing the domestIc market for those products. In short, the im­
provement of the productIVIty and incomes of small farmers in most coun­
tries should provide new momentum to the economic development of those 
natIOns. 

Certainly those involved in the international research network have made 
a sigmficant contribution to awareness on an international scale of small­
farmer problems and potentials. But the task of measurmg the magnitude of 
any such contributions is difficult, if not impossible. 

Measuring Magnitude of Impact 

In the preceding sectIons I have attempted to identify SOme of the.contribu­
tions which have been made by the international research system. 6 

The next logical question is, What has been the magnitude of the Impact? 
The answer is easy: I don't know. The Airlie House conference did not fully 
answer the question, though it surely has moved us closer to a sound judg­
ment. 

Many of the probable effects of the mternational system are elusIve (but 
not phantom) and are cumulative in their effects, hopefully in a pOSItive 
direction. My guess is that the effects of the mternational system on national 
systems generally will be greatly underestimated, especially in studies in 
which scientific methodology is rigorously and correctly applied. Error will 
occur because of the difficulty of sorting out interdependencIes required to 
arrive at net effects. In all likelihood, calculations wIll be off by several orders 
of magnitude. However, this should not discourage uS from attempting to 
reach ever better approximations 

Meanwhlle, the elaboration of the international system and of most na­
tional systems wIll continue to be based on judgments. There is no alterna­
tive, for decisions must be made. People are hungry, populations are growing, 



334 WORTMAN 

and time for effective action is passing. Fortunately, new mechanisms have 
emerged for arriving at considered judgments, and in the following paragraphs 
a few of these will be mentioned. 

There is a growing number of national authorities, includmg scientists, 
who have been watchmg national development long enough to have witnessed 
change and who are aware of major factors causing such change. In 1972 the 
International Rice Research Institute, after ten years of operation, arranged 
for several people to review the impact of the institute and its work. 7 Three 
of the participants in that conference had particular competence to evaluate 
IRRI's contributions. These were Dr. D. L. Umali, now assistant director 
general for Asian and Eastern Affairs, FAO-Bangkok, and formerly dean of 
agriculture of the University of the Philippines; Dr. B. P. Pal, who served as 
director general of the Indian Council of Agricultural Research through the 
1960s; and Dr. Geha T. Castillo, associate professor of rural sociology, Col­
lege of Agriculture, UnIversity of the Philippines. Their papers are very useful 
and should be read widely by people outside the institute. 

A more formal assessment of impact is made by the board of directors of 
each independent institute. Institute directors are aware of national needs and 
know how importantly mternational research efforts may influence, or fail to 
influence, the efforts of their nations. 

The impact of the mternational system is under constant review by the 
Technical Advisory Committee of the Consultative Group either through the 
efforts of its own members or through the review missions which It organizes. 

The effect of the international system on national programs IS under con­
tinuing revIew by the donor organizations which compose the Consultative 
Group. These organizations are investing substantial sums of money in the 
system and are under presssure to provide justification for those investments. 

Finally, there are the studies of the impact of the international system un­
derraken by investigators such as the Airlie House conference participants. 
These provide a valuable basis for the Judgments which must and will be made 
by individuals whose responsibility it IS to make decisions. 

Quantitative assessments of the impact of the international system on na­
tional research and production efforts clearly cannot be precise. However, 
judgments on the organization of and investment in research are, one hopes, 
increasingly based on the more solid information bemg generated and certain­
ly can be based on a growing body of experience. There is comfort in that. 

NOTES 
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The CIMMYT and IRRI Training Programs1 

Burton E. Swanson 

This chapter examines the impact of the different tramlng strategIes be­
ing employed by the International Maize and Wheat Improvement Center 
(CIMMYT) and the InternatIOnal Rice Research Institute CIRRI) to help build 
research capacities in less developed countrIes. 

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

The mternational transfer of wheat and rice technology during the late six­
ties was largely in the "material transfer" stage. Many developing countries 
imported substantial amounts of seed during that period. 3 At the same time 
"deSIgn transfer" was also occurring, as national research inStitutIOns began 
to receive new, high-yielding experimental lines and varieties of wheat and 
·rice that were then tested and, m some cases, multiplied and released to agn­
cultural producers.4 In addItion, the mternational research centers, through 
their training and outreach programs, were beginnmg to devote some atten­
tion to the third phase of the technology transfer process. However, "capacity 
transfer," or bUIlding a national research infrastructure that can produce sci­
entific knowledge and improved agricultural technology - and adapt it to 
local ecological, resource, and institutional conditions - has been found to be 
a slow, difficult, and complex task. 5 

336 
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To understand better the Institution-building task associated with capacity 
transfer. it is useful to differentiate research capacity into its two primary 
functional components: science and technology. Price developed some gener­
alized definitions. during a parallel discussion on technology transfer in space 
science, that are useful to this discussion: science is taken to be those research 
activities that result in scientific papers being written and published; tech­
nology is "that research where the mam product in not a paper, but instead a 
machine. a drug, a product, or a process of some sort. ,,6 

The pOint in making these rather sharp distinctions between science and 
technology is not artificially to separate one part of this process from the 
other or to suggest that research workers should work in only one area or the 
other. Many agricultural research workers function in both knowledge-gener­
ating (science) and technology-developing roles and move easily and effective­
ly between them. But in organizing national research institutions there has 
been a tendency to overlook the technology-development function. Wortman 
has made this point rather succinctly: "That agricultural research must be un­
dertaken at central experiment stations or in the laboratories of national re­
search organizations or colleges of agriculture is well understood; frequently, 
however, the further steps of identifying and testing packages of technology 

. in each distinct farming region of a nation and finally at the ultimate experi­
mental site - the individual farm - are erroneously excluded."7 Because of 
the Importance of this distinction we need to know which hat a research 
worker wears at anyone time In order to understand the thrust of his overall 
research program and how it contributes to national research capacity. 

Before proceeding in this discussion, I wish to present the concept of the 
btological architect, as utilized in this chapter. The biological architect is the 
high-level research worker who develops improved biological technology. He 
is the "master builder,"or the "research inventor," who manipulates and in­
tegrates new andlor different factors, materials, knowledge, etc., to create Im­
proved agricultural technology.8 

Scientists and biological architects use many common research tools, but 
differences in research objectives and output demand substantially different 
types of cognitive behavior. The scientist. in his pursuit of new knowledge, 
engages primarily in analytical research. Analysis, as a cogmtive skill, "em­
phasizes the breakdown of the matenal into its constituent parts and detec­
tion of the relationships of the parts and of the way they are organized."9 
The scientist uses research tools as a means of testing specific hypotheses that 
result from his analytical inquiry. 

The biological architect engages largely in creative thinkmg and, by trying 
new matenals and methods in different combinations and amounts. attempts 
to develop new technology or technological components that will better 
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achieve a production objective (such as increased output, reduced rIsk, or re­
duced costs). In terms of cognitive behavior such creative thinking may be 
characterized as symhesis.lO In synthesis, the research worker "must draw 
upon elements from many sources and put these together into a stucture or 
pattern not clearly there before. His efforts should yield a product .... ,,11 

The biological architect uses research tools to evaluate his newly created tech­
nological combinations or components in order to determme thelf production 
potential. 12 Perhaps it is because the bIOlogIcal architect must spend so much 
of his time evaluating his new technological combinations and components­
through the use of relatively simple and routme research trials and tests - that 
the importance of his intellectual or cognitive contribution has been over­
looked or minimized. 

Applying this framework to research capacity as It relates to crop tech­
nology, we see that In the past It has been the plant breeder who has generally 
developed improved genetic technology by manipulating different genetic fac­
tors to produce improved varieties. The production agronomist has developed 
and refined improved production recommendations for use by farmers by 
manipulating new andlor existing factors of production (such as improved va­
rieties, fertilizers, pesticides, cultural practices, etc.) in different ways. In 
more recent years, as agricultural technology has become increasingly sophis­
ticated and complex, the trend has been to form interdisciplinary research 
teams which work together in manipulating and integrating different chemical, 
biological, or mechanical factors of production to bUild superior agricultural 
technology.13 

Before moving into a discussion of the training strategies being used by 
CIMMYT and IRRI and the impact of these strategies on research worker be­
havior and research capacity, we should mentIOn one other institutional fac­
tor that appears important to the question of sCience and technology and the 
process of bUIlding national research capacity. ThiS factor is the predominant 
reward system withIn agricultural research that appears to be exerting signifi­
cant and continuing influence on research worker behavior and national re­
search capacity. 

Reward Systems in Agricultural Research 

One explanation why research institutions in many less developed countries 
have been ineffective in producing Improved agricultural technology is that 
research workers have tended to concentrate on more theoretical research 
problems rather than working to solve farmer production problems.14 An 
hypothesis that is logically consistent with and will explain this behavior is 
that agricultural research workers in LDC's have adopted or internalized the 

http:synthesis.10
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normative structure of the pubhc research establishment (the university and 
the corresponding academic/scientific professions) of industrially developed 
countries.15 The following factors serve to support and elaborate on this hy­
pothesis. 

First, most research workers in the LDC's with advanced degrees received 
their academic training in foreign universities, primarily in the United States 
and Europe. Many of these research workers may have been influenced by the 
"publish or perish" 'reward system that is common to large, research-oriented 
colleges of agriculture in the United States. Furthermore, because advanced 
research degrees require an "original" research inquiry that contributes to the 
body of knowledge In the respective discipline, these research projects are 
frequently highly specialized and theoretical in nature. Both of these factors 
could tend to orient young research workers toward more theoretical, sci­
entifIC inquiries. 

Second, in the United States the>knowledge-generating research function 
(science) IS earned on primarily within the public sector (universities), where­
as the greater part of technology-developing research is'carned out in private 
mdustry.16 Although research workers who conduct technology-development 
research have much less opportunity to publish In scientific journals and to 
gain profeSSIonal recognition from thelf colleagues than do their counterparts 
in the public sector, salary schedules in private industry have traditlonally 
been higher than those in public research Institutions. Thus, in the overall 
agricultural research system of the United States, there IS to some extent a 
trade-off between professional and economic rewards. Research workers, de­
pending on their interests, abilities, and what they consider to be important, 
have alternative career patterns they can pursue. 

On the other hand, in LDC's most if not all of the national agricultural re­
search capabilIty is located WIthin the public sector, generally within a minis­
try of agriculture or univerSIty. Therefore, the opportunity for research work­
ers to select between economic and professional rewards is quite limited. 
Agricultural research workers receive salaries according to the bureaucratic 
procedures and criteria being followed by the research institution, not accord­
ing to the type of research carried on. Therefore, there is no potential within 
the research institution itself for inducing research workers (thwugh eco­
nomic rewards) to pursue career patterns onented toward technology-develop­
ment research objectives. 

Thus, in the absence of an alternative reward system, it appears inevitable 
that professional rewards will take on increasing importance in influencing 
the types of research activities being undertaken by research workers in LDC's, 
particularly given the considerable profeSSional recognition associated with 
publIshing in a prestigious scientific journal With an international clientele. 

http:industry.16
http:countries.15
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Third, in most cultures agricultural work is considered a low-status occupa­
tion; therefore, there are no positive social rewards to encourage a highly 
trained research worker to work on practical problems - the results of which 
would be of direct importance only to a peasant or cultivator and which 
would not result In any significant professional recognition. Even if individual 
scientists were motivated to do this type of research, the research organiza­
tion has no effective way formally to reward these successes. 

Finally, the spirit of cooperation is frequently missing from national re­
search Institutions, and scientists may tend to think about achieving personal 
rather than institutional credit. To develop improved agricultural technology 
requires considerable interdisciplinary cooperation, but the credit accrues to 
the team, not to the individual. If this team credit is usurped by the research 
director or the team leader, instead of being shared by the team members, in­
dividual research workers will not be encouraged to work together on future 
endeavors. 

All these factors may prompt agricultural research workers in LDC's to 
concentrate on individual research projects aimed at generating new knowl­
edge where they can receive professional recognition and rewards directly. In 
most national research systems in LOC's there are too few positive rewards 
and incentives to encourage research workers to carry out technology devel­
opment. It is no wonder, as Singer suggests, that the meager research reSourceS 
of the LDC's (estimated at 2 percent of the world's research and development 
expenditure) are frequently misdirected to research problems that are more 
relevant and useful to the nch nations. 17 

The CIA1M YT Wheat Training Program18 

The wheat training program in Mexico is an integral part of CIMMYT's pro­
gram for making improved wheat technology available to farmers in all major 
wheat-growing regions of the Third World. Strong national programs are an 
essential part of this international wheat improvement strategy, both in the 
process of developing and disseminating improved wheat technology and in 
dealing with spin-off problems, pnmanly disease epidemics, that are a poten­
tial threat to the precarious food balance in populous nations. 

When the wheat revolution began to spread to South Asia and the Middle 
East in the early sixties, national wheat improvement programs in these areaS 
were generally weak and poorly organized. Training programs were used by 
CIMMYT to upgrade the technical skills of research personnel in an attempt 
to build strong, independently functioning national programs that are never­
theless interdependent with other nanonal programs and with CIMMYT for 
new genetic resources and technical information. 
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At all levels, CIMMYT stresses a "team" or integrated approach to wheat 
improvement. At the program level, the emphasis is on interdisciphnary 
teams. At the internationallevei, the national programs and CIMMYT work 
together as part of an overall international wheat team systematically to share 
not only superior ·germ plasm and new varieties as SOOn as they are developed 
but also technical information on these genetic materials. 

The wheat traming program is directed primarily toward middle-level re­
search workers. The program revolves around three mam educational objec­
tives: to impart to trainees the research skills and knowledge needed to run a 
wheat improvement program; to encourage and develop .the trainee's ability 
to create (synthesize) new forms of wheat technology; and to foster specific 
types of attitudinal change among trainees. 

Technical Research Skills 

The first half of the regular elght- to nine-month training program m wheat 
improvement deals largely with the mechanics of running an efficient, well­
organized research program. Trainees learn all the essential research skills and 
techniques needed to manipulate and evaluate new forms of wheat tech­
nology through "on-the-Job training. ,,19 Trainees follow the CIMMYT wheat 
program through each stage of the growing season (and the varietal develop­
ment process) with each task or operation first being discussed in the class­
room and then demonstrated in the field. After the trainee has had the op­
portunity to practice the skill and is "checked out" to ensure that he is 
reasonably proficient, he proceeds to help carry out each research task or 
operation within the ongoing CIMMYT research program. 

Technical Research Ability: Synthesis 

Once the trainee learns the methodology and procedures of operating a re­
search program he can give increasing emphasis to the genetic materials passmg 
through the research program. For example, the Job of the breeding team is 
the creation, or synthesis, of new genetic lines and varieties by combining and 
recombining diverse types of germ plasm. To be effective and efficient in de­
veloping improved hIgh-yielding varieties, the trainee must learn and become 
increasIngly familiar with the various genetic characteristics and materials he 
is attempting to manipulate. For example, an experienced biological architect 
in the CIMMYT wheat program can walk up to an advanced generation plot­
and there are hundreds of such plots - and from visual inspection alone give 
the approximate pedigree of the line (from several hundred potential parent 
lines and varieties), give several reasons why the cross was made, and evaluate 
the line for those visual characteristics. By working side by side with experi­
enced biologIcal architects in the CIMMYT wheat program, and by asking and 
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being asked the question, "why?" trainees soon begin to develop an ability 
and an Insight into the creative process of genetic engineering. 

Attitudinal Objectives 20 

There is a common expression used in the CIMMYT wheat training pro­
grams: "The plants are talking to you, but you have to use your eyes to hear 
what they are saying." In other words, wheat plants being grown under a vari­
ety of different conditions respond differently to those conditions. A good 
observer is able to detect how plants react to each of these different enVIron­
mental conditions and, based on all these data, select those genetic lines with 
the greatest potential. 

CIMMYT seems to use a similar selection technique for Its trainees. For ex­
ample, CIMMYT has been criticized by some visitors to the training programs 
in Mexico for "using" trainees for such routine i:asks as inoculating the segre­
gating, or FZ' populations wIth rust spores. ThIS IS a job that CIMMYT needs 
to have done and requires about ten days to two weeks of hard, back-break­
ing work, wading through muddy plots (many times in the rain) and injecting 
two tillers of each F Z plant with a syringe full of disease inoculum. 

After the fIrst morning of thIS activity, there IS no additional technIcal 
training value to be accomplished; however, what the CIMMYT staff learns 
about the "trainee populatIon" during these two weeks is very important. 
Some trainees can disguise their displeasure at this type of work for a morn­
ing or two, but after a week or ten days, trainees are clearly differentiated by 
their "reaction to hard field work." Some trainees may do the work while 
CIMMYT staff members are nearby, but then relax under a tree when the lat­
ter leave. A few may call in sick for a few days to avoid work. Others, how­
ever, are out in the plots getting the work done. It is this last group that 
CIMMYT particularly wants to Identify. CIMMYT believes it is this group 
that will begin to make up the hard core of working scientists within the na­
tional wheat improvement program. 

The training program in MeXICO is viewed by the CIMMYT wheat team as 
only the first step in a long-term process of bUIlding effective wheat research 
workers and national wheat improvement teams. Because of this long-run per­
spective, the training program becomes both a manpower development tool 
for training skilled research technicians and an "early generation" selection 
tool for identifying potential biological architects. Trainees are observed in 
Mexico and again back home on the job. Those who excel in attitude, out­
look, Intellectual abilIty, and technical know-how in both working environ­
ments are identified as prime candidates for academic fellowships. It is hoped 
that these individuals, given additional educational opportunities, will become 
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Table 15-1 Average Number of Research and ProductIon Activities 
Completed by Those C IMMYT ,Wheat Trainees Who Were Acnve 

In Wheat Improvement Programs during 1972 

Type of Activity 

Laboratory or green­
house experiments 

, On-statl0n field experiments 
Generic crosses ...... . 
On-sration replicated 

applied research trials .. 
On-farm replicated 

applIed research trials. . . 
On-farm high-Yielding pro-

ducHan plots ...... . 

Trainees Conducting Each 
Activity (N = 105) 

N % 

13 12,4 
56 53.3 
56 53.3 

65 61.9 

44 41.9 

37 35.2 

Average Number Com-
pleted per Tratnee 

(N = 105) 

137 
5.62 

227.1 

7,24 

4.74 

3.71 

key biological architects in their oWn national wheat improvement programs 
in years to come. 

Results 21 

Approximately 82 percent of CIMMYT's former tramees are Stili actIVely 
engaged in wheat research and production activities, with another 8 percent 
being indirectly or partly involved in wheat Improvement work. Only about 
10 percent of former CIMMYT wheat tramees are no longer working in wheat 
improvement programs. 

As shown m Table 15-1, the performance of those former participants who 
are still engaged In wheat research and production programs (105 trainees of 
130 total respondents) is high, as measured by the numbers of research 
experiments, replicated field trials, genetic crosses, and production plots 
completed. Furthermore these trainees are emphasizing technology develop­
ment, as opposed to experimental research, particularly in the area of genetic 
technology.22 It appears that ·the work of CIMMYT trainees, once back 
home, is quite consistent with CIMMYT's trammg objectives. 

CIMMYT appears to be very effective m prodUCing research workers who 
can develop improved genetic technology, but it has not had as much success 
in producing the other half of rhe wheat improvement team, the workers who 
can develop the complementary package of practices. This weakness probably 
stems from the fact that the CIMMYT research program concentrates on 
widely adapted genetic technology, With production technology being viewed 
as a IDeation-specific problem. The fact remams that wheat production agron-

http:technology.22
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omists are sorely needed in most national programs to develop appropriate 
productIOn recommendations that will enable farmers to explOIt fully and 
economically the production potential of the superior varieties being devel­
oped. 

The IRRI Training Programs 

IRRI's programs for research training and rice production training make up 
the major part of its training activities. The impact of these programs on na­
tional research capacity is described and analyzed here. 

IRRI Research Training Program 

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

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

Research trainees work closely with a senior IRRI scientist and frequently 
carry out projects that are an integral part of their adviser's overall research. 
In some cases these research efforts result in jointly authored papers that re­
port important research findings and" contribute to the growing body of 
knowledge about rice production in the tropics. 

Although SOme advanced research trainees come to IRRI to learn specific 
research skills and techniques, or to conduct projects that are beyond the 
scope of their national programs (because of the lack of adequate scientific 
equipment), the major objective of the project approach IS to provide partici­
pants WIth a solid research experience - teachmg them each step involved in 
planning, deSIgning, executing, and reporting on a research project. At each 
step of the way, trainees learn by doing. In terms of educational objectives, 
the major focus of the project approach is on analysis and on using research 
as a tool to generate new knowledge about production problems and their 
possible solutions and/or to test suspected relationships between production 
factors The knowledge that is generated from these projects may be used in 
the development of improved flCe technology that will increase rice produc­
tion in the tropics. 

There are two exceptions to the project training approach: (1) Nondegree 
tramees in varietal Improvement do not conduct research projects but work 
largely as research assistants in IRRI's ongoing rice·breeding program. Again, 
these tramees learn by actually carrying out each task involved m a varietal 
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improvement program, and at the same time they become familiar with the 
germ plasm currently being used III the IRRI program. (2) Agricultural en­
gineering technicians are given short-term training so that they can evaluate 
and demonstrate IRRI-developed machinery in their own countries under 
local conditions. 

Each research trainee works primarily in a single department at IRRI, but 
the Saturday Seminar provides the institutional mechanism by which both 
tramees and staff learn of recent research findings in other departments. By 
sharing research results with staff members in other disciplines, scientists can 
frequently gain new insights and perspectives on important rice production 
problems which may lead to cooperative efforts between departments. Such 
multidisciplinary efforts demonstrate to trainees how an effective research in­
stitute can organize its scientific reSources in alternative ways to accomplish 
different objectives. 

The institute is conveniently located next to the University of the Philip­
pines' College of Agriculture, and about one-third of lRRI's research trainees 
combine an M.s. degree program at the college with research trainmg at the 
institute. IRRI SCientists believe that combining a degree program with a solid 
research experience enables trainees to perform more effectively after return­
ing home and also gives them the necessary educational credentials to move 
into leadership positions in their respective national programs. In general, 
IRRI research tramees are a highly educated group. At the time the partiCipant 
follow-up survey was taken in 1973, 41 percent of the research trainees had 
M.S. degrees, 43 percent had either received or were working toward Ph.D. 
degrees, while only 16 percent of the group were still at the B.S. degree level. 

Results 

Former IRRI research trainees reacted in very pOSitive terms when assessing 
their traming experience at the mstltute. IRRI selected both research and 
teaching personnel from nationalmstltuttons, and more than 90 percent of all 
research trainees mdicated that the training had been of some or full use to 
them since returning home. In addition, approximately 71 percent of former 
trainees (who were working when the survey waS taken) were still actively in­
volved in rice research or production programs. 

In considering the main educational objective associated with the project 
training approach (Le., analySIS), it seemed consistent to expect traInees to 
continue working in experimental (analytical) research after returning home. 
To test tbis hypothesis, the work behavior of former trainees was examined 
to determine which types of research were being emphasized (see Table 15-2). 
As expected, more knowledge-generating types of research (field, laboratory, 
and greenhouse experiments) were bemg carried out than research activities 
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Table 15-2. Average Number of Research and Production Activities 
Completed by Those IRRI Research Trainees Who Were Active in 

Rice Research and Production Programs during 1972 

Trainees Conducting Each 
Activity (N = 154) 

Type of Activity N % 

Laboratory or green-
house experiments . ~ ... 65 422 

On-station field expetiments 85 55.2 
Genetic crosses .. ....... 46 29.9 
On-statJOn replicated 

applied research trIals . ... 57 37.0 
On-farm replIcated 

applied reseatch trials .... 38 24.7 
On-farm high-yielding 

production plots o ••••• 39 25.3 

A verago Number Com­
pleted per Trainee 

(N = 154) 

1.61 
3.48 

19.9 

1.55 

1.17 

1.46 

associated with the direct development of rice technology (agronomic field 
trials and genetic crosses).23 

Another factor considered m determmmg the type of research being em­
phasized by IRRI trainees was the form of research output, particularly since 
research papers are the primary output from knowledge-generating types of 
investigation. First, it was found that 106 research tramees had been able to 
publish (or present) a total of 187 research papers based On the work they 
completed while at IRRI. Second, trainees were asked if they had been 

, 

able to publish or present any papers based on research conducted since re- I 

turning home. In the two-year period (1971-72) 130 former research trainees 
produced 370 technical papers. Since only 154 trainees indicated they were 
actively engaged in rice research and production programs when the survey 
was taken, and only another 5 percent of former trainees were working in 
other crop research programs, it was concluded that knowledge-generating re-
search is predominant in the work of former IRRI research trainees. By con-
trast, it was found that of 105 active wheat research workers who were for-
mer CIMMYT trainees, 39 had published or presented a total of 101 technical 
papers during the same period. 

IRRI Rice Production Training Program 24 

The IRRI rice production training program was established In 1964 in 
response to a growing need for competent rice extension specialists who 
could (1) diagnose senous rice problems, (2) grow a [lce crop using the hlgh­
yielding rice technology that was being developed by IRRI, and (3) communi­
cate these skills, methods, and techniques to nee producers through efficient 

http:crosses).23
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extension methods. Later, as it became apparent that IRRI could not begin 
to train all the rice production specialists needed by national programs, its 
focus was shifted to "training the trainers" of rice production specialists. The 
logic of this approach was to create a multiplier effect within each national 
program, whereby large numbers of field extension workers could be trained 
to use and demonstrate the new improved rice technology. 

The rice production training program is a six-month course conducted dur­
ing the wet-rice growing season beginning In early June each year. The be­
havioral objectives of the present program, in addition to the three original 
objectives as mentioned above, are (1) for trainees to be able to conduct ap­
plied research trials to modify the modern rice technology (package of prac­
tices) to fit local growing conditions in their home countries andlor regions 
and (2) to be able to organize and teach in-service rice production training 
programs for extension personnel in their home country programs. 

To achIeve these behavioral objectives, trainees spend about one-half of 
their time in the classroom learning up-to-date knowledge about modern rice 
production in the tropics and the other half in the field practicing this knowl­
edge and acquiring new skills in rice production and m communicating this 
technical information. One of the most outstanding features of the training 
methodology is that the classroom instruction, which imparts extensive tech­
nical mformation about all aspects of modern rice production, is carefully 
organized around and integrated with the practical field training. What is 
learned in the cIassroomcis directly relevant to the problems faced in the field. 
Second, the course is I)ighly efficient in that it IS completely organized before 

\ the trainees arrive (lectures, field practice, field trips, etc., are all scheduled), 
so that each hour is accounted for in terms of the instructor responsible and 
the behaviorial objectives to be achieved. In addition, most technical lectures, 
field practice exercises, etc., are reproduced' and made available to trainees so 
that each has a nee production training manual and a complete set of tech­
nicallecture notes to use both during the training program and after return­
ing home. 

Results 

Questionnaire responses show that nearly every former rice production 
trainee was satisfied with the overall training, and approximately 90 percent 
of the trainees indicated they were making some or full use of the training. 
The number of respondents who indicated they were in job assignments 
where they could make dIrect use of their traimng was less satisfactory. Al­
though 81 percent of the respondents indicated that they were working in 
rice production programs, only about 42 percent were 10 positions directly 
associated with the stated behavioral objectives of the program. 
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In regard to the primary behavioral objective of the program, it was found 
that only nineteen respondents (12.8 percent) were assigned and working as 
full-time rice production trainers. Although two-thirds of the respondents in­
dicated that they had worked, at one time or another, in organized rice pro­
duction training programs, in most cases these duties were in addmon to their 
regular job assignments. In addition to the nineteen respondents who are 
working as rice production trainers, it was found that another thirty-six re­
spondents (24.3 percent) were workmg as rice extension specialists and eight 
tramees (5.4 percent) were involved with rice production programs, but as 
general agricultural extension workers. In all these cases trainees were con­
sidered to be directly involved in assignments associated with the behavioral 
objectives of the program. 

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

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

Effect of Different Trammg Strategies on Work Behavior 

It was estabhshed in thiS study that the work behaVIOr of the trainees In each 
of the three groups dIffered widely following their return to Jobs at home. At 
the same time, however, there were great similarities in the general back­
ground of the trainees in the three groups. Therefore, the purpose of this sec­
tion is to develop an adequate explanation for these differences in work be­
havior by examining the major independent and intervening variables. 

No attempt is made to characterize one training program as better or 
worse than another; rather, the objective is to learn from the strengths and 
weaknesses of each tramlng strategy. Ali training programs included in this 
study are generally well organized and have been evaluated favorably by for­
mer trainees. To establish thiS point, two major trainee-assessment vanables 
are contrasted in Table 15-3. 

There is no significant difference between the ways in which Individual 
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Table 15-3. General Tramee Assessment of Each Traming Program 

CIMMYT IRRI IRRI Rice 
Wheat Research Production 

Type of Training Assessment Trainees Trainees Trainees 

Trainee's overall satisfaction 
With the traimng program 

Very satISfied ..... 65.4% 55.6% 64.0% 
Somewhat satisfied .. 32.3 355 34.7 
Neutral or dissatisfied 2.3 8.9 1.3 

Total .. 100.0 1000 100.0 
Trainee's use of tramIng 
in his present job 

Full use of trammg .. 46.4 39.4 48.6 
Some use of training . 47.2 555 42.1 
Ltttle or no use of traimng .. . 6.4 5.1 93 

Total .............. 100.0 100.0 100.0 

tramees either perceive the use of their trammg or assess their traming ex­
perience at each center. Therefore, from the viewpoint of the mdlVldual 
tramee, these programs have been equally effective in achieving specified 
training objectives. 

As mentioned above, however, there is considerable difference among 
trainees in present job performance. Data on trainee work behavior are pre­
sented in Figures 15-1 and 15-2 for the three trainmg groups, based On the 
subgroups of trainees who actually indicated direct involvement (when the 
survey was taken) m a wheat Improvement or nee research and production 
program. The percentage of tramees indlcatmg such daeer mvolvement for 
each training group is as follows: CIMMYT wheat trainees, 83.3 percent (N = 

105); IRRI research tramees, 71.3 percent (N = 154); and IRRI rice produc­
tion trainees, 78.8 percent (N = 108). 

It is clear from the data presented in Figures 15-1 and 15-2 that CIMMYT 
wheat trainees are completing more research activities associated With the de­
velopment of biological technology than are IRRI research trainees. Although 
this difference in research emphaSIS was expected, the extent of these ob­
served differences was not antiCipated. An analysis of vaflanCe test was car­
ried out between the CIMMYT and IRRI research training groups for each 
type of research activity. The differences in work behavior for the three tech­
nology development variables were statistically sigmficant at the .01 level. 
Smce these differences have an Important influence on the type of national 
research capacity that develops, a detailed examination of the factors that 
contributed to these differences appeared warranted . 

. To account for these differences, an analYSIS was made using the concep-
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Figure 15-1 Work behavioral patterns aHarmer CIMMYT wheat trainees. 

tual model of the training process depicted in Figure 15-3. FIrst, an examina­
tion was made of the two major independent variables: personal character­
istics of individual trainees; and characterIstics of tramees within their horne 
organizations. Then, differences among trainees in respect to the main inter­
vening vanable - the actual training strategy and approach employed by each 
institute -were considered. 
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Figure 15-2_ Work behavioral patterns offormer IRRI research and production 
trainees. 

It should be noted that the comparative analysIs which follows concerns 
only the two research training groups. The work behavior of nce production 
trainees was included In Figure 15-2 because it provides a more complete pro­
file of the research and extensIon activities being completed by former IRRI 
rice trainees, particularly since about one-fourth of former rice productIon 
trainees are engaged in research work. However, since thiS thIrd group was 
trained to carry out essentIally a technology dlssemmatlon role, it would be 
inappropriate to analyze this approach In terms of technology development. 
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Figure 15-3. A mode! depicting the role of training in behavIoral and organiza­
tIonal change 
Source, R. P. Lynton and Udai Pareek, Trallllng for Development (Homewood, 
III RIchard 0 Irwin, and Dorsey Press, 1967),1'.18. 

However, data on the two independent variables for the rice production 
group are included In the followmg sectIOn as a matter of information for the 
reader. 

Personal Characteristics of Trainees 

Several key variables describing the personal background and characteris­
tiCS of trainees were tabulated to determine If there were any sigmficant dif­
ferences in the types of trainees that were being selected for each training 
program. In analyzing the data, several different multivariate hnear regression 
models, using key independent variables, were developed in an attempt to 
predict different types and/or levels of work performance. None of the inde­
pendent vanables used in these analyses were found to have much influence 
(i.e, explain much variance) on the dependent variable. Table 15-4 sum­
marizes data on these personal characteristics that might be expected to in­
fluence work behavior. 

In terms of background characteristics, there are two apparent differences 
between the two research training groups which could affect work perfor­
mance. The first, as documented in Table 15-4, is the difference In education­
al level between the twO research groups. Although the IRRI research group 
is more highly educated - and this may influence somewhat the type of re­
search conducted, which does appear to be the case - this factor would not 
be expected to have a negative influence on the overall amount of work com­
pleted. 

The second major difference between the two research traming groups is 
nationality and the possible influence of cultural factors on work behavior. 
The IRRI research group is primarily fr9m countries in South, Southeast, and 
East Asia, whereas CIMMYT trainees are primarily from North AfrIca, the 



IMPACT OF INTERNATIONAL SYSTEM ON NATIONAL RESEARCH 353 

Table 154. Personal Characteristics of Trainees In Each Traimng Group 

CIMMYT IRRI IRRI Rice 
Wheat Research Production 

Personal Characteristics Trainees Trainees Trainees 
of TraInees (N = 130) (N = 2>4) (N = 148) 

In Years 
Mean age when entering 
the training progtam .. 30.6 30.4 32.4 

In Percentage 
Trainees who grew up in 
rural areas .....•.•. 61.4 59.5 77.0 
Trainees' fathers who were 
engaged in agricultural jobs .. 47.5 367 45.8 
Trainees' families whose main 
source of income was from 
agncultural sources. 477 43.2 55.5 
Educational level of trainees 
when entering the training 
ptogtam 

Less than B.S. degtee 21.1 1.8 22.4 
B.S. degree or equivalent. 57.8 62.3 65.0 
M.S. or Ph.D. degree .. 21.1 35.9 126 

Total .. ....... 100.0 1000 1000 
Present ed ucatlOnaI level 
of trainees 

Less than B.S. degree . . 20.5 17.5 
B.S. degtce Or equivalent. 41.7 16.2 566 
M.S. degree or equivalent 27.6 41.2 19.6 
Ph.D. degree. 10.2 42.6 6.3 

Total. 1000 1000 100.0 

Middle East, South ASIa, and South America. Because there was insufficient 
overlap between the two groups to measure the impact of nationality or cul­
ture on work behavior, the importance of this influence remains unknown. 
However, nothmg in my experience m agricultural training programs, where I 
have worked with' a wide variety of cultural groups, suggests that cultural 
background would have a determining influence on the type and amount of 
work performed. 

Characteristics of Trainees in Their Work Organizations 

The next set of variables to be examined In attemptmg to el'plain differ­
ences in work behaVIOr between the two research groups concerns the role 
of the trainee In his work organization when the survey was conducted. Table 
15-5 presents data on certain selected variables that could be expected to in­
fluence the dependent variable. 

There is no difference between research groups regardIng the level of their 
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Table 15-5. Selected Vanables Describing the Roles of Trainees in Their 
Work Organizations for All Three Training Groups 

CIMMYT IRRI IRRI Rice 
Wheat Research Production 

Characteristics of Trainees in Trainees Trainees Tramees 
Their Work Organizations' (N = 130) (N = 234) (N = 148) 

Types of organizations where 
tramees are working 

National research 
organizations 88.0% 56.9% 20.0% 
National eJo...(enSlOn 

orgamzatlons ... 6.4 1.9 47.9 
Agricultural colleges 
or universities. 2.4 27.3 12.1 
Other ......... 32 13.9 20.0 

Toral .......... 100.0 100.0 100.0 
Level of trainee's position 
in hIS work organization 

Policy level. 4.0 4.7 2.9 
Senwr level 41.9 46.5 32.1 
Middle level 50.1 45.0 54.0 
Lower level 4.0 3.8 11.0 

Total .. 100.0 100.0 100 0 
Type of work trainee is 
engaged in 

Mainly administrative work 11.6 12.1 22.7 
Mainly field research work. 74.4 44.7 22.0 
Mainly laboratory green-
house research. 6.6 24.1 38 
Mamly field extension work 5.8 3.0 28.8 
Mainly teaching 0 r traming 1.6 16.1 22.7 

TOtal .•.......... 100.0 1000 100.0 
Crops worked with by the 
tramee in hiS job assignment 

Works only with wheat/rice 71.4 40.7 32.8 
Works with wheat/rice and 
other crops . ..... 199 31 5 48.2 
Does not work with whc:at! 
flce in hlS present Job 
assign men t. . . . . . . . . . 8.7 27.8 190 

Total ............ 100,0 100.0 100.0 

a At the time the s.urvey was taken. 

present pOSitions In their work organizations, but there are other important 
differences which could contribute directly to the observed differences in 
work behavior. First, there IS a substantial difference In the relative propor­
tions of trainees doing field research work. Since the work behaVIOr of IRRI 
research trainees tends to emphasize experimental field research (as reported 
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in Table 15-2 and Figure 15-2), the fact that only about 45 percent of the 
IRRI research group (contrasted with nearly 75 percent for the CIMMYT 
group) are engaged In field research would be expected to have an important 
negative Influence on the mean level of fIeld research activities completed per 
trainee. Second, the important dIfference between the two groups in regard 
to crops worked with (71 percent of CIMMYT trainees worked full time on 
wheat research, whereas only 41 percent of IRRI research trainees worked 
full time on rice research) would also be expected to have some influence on 
the total amount of wheatlrice research completed. 

These findings raise two obvious questIOns. Why are there such large dif­
ferences between the two research training groups with respect to these two 
variables? And, what actual impact are these differences having on the 
amount of work completed by trainees? 

Although there are no clear-cut answers to the first question, certain facts 
are known. FIrst, IRRI selects trainees from educational as well as research in­
stitutions for its research training program. With 16 percent of former IRRI 
research tramees nOw working in full-time teaching positions withIn colleges 
of agriculture or universities, this group accounts for more than half the 
difference between the CIMMYT and IRRI research groups. Second, of those 
IRRI research trainees who are doing research work, more than one-third are 
engaged in laboratory/greenhouse research, and thIS group accounts for the 
remainder of the difference of those trainees doing field research. 

Less easy to explain is the fact that only 41 percent of the research work­
erS included in the IRRI research group are working full time on nee research, 
yet most come from countries totally dependent on rice as the major food 
staple. The only apparent reason is that the IRRI research group is trained in 
single-discipline departments and IS more highly educated, whIch again would 
be an impetus to further disciplinary specialization. Once back home In their 
national programs, which are concerned with several different crops (rather 
than a single crop as is the case with IRRI), it is probable that these scientists 
will be called on to divide their research time among other crops In addItion 
to rice. For example, a pathologist may be assigned to study fungus diseases 
of several crops rather than work on all different diseases of rice, such as 
bacterial blight, blast (a fungus disease), and tungro (a virus disease). 

Trainees who have gone through the CIMMYT training program, whIch 
operates within an interdisciplInary research structure, have tended to con­
tinue their focus On wheat improvement rather than specialize on research 
problems WIthin a particular scientifIC discipline. 

The second question raised was, How much impact are these differences 
in trainee Job assignments between the two research traIning groups haVIng on 
the overall work of trainees? To address thIS question, the procedure was to 



356 SWANSON 

Table 15-6_ Analysis of Variance of the Work BehaVIor of IndiVIdual Tramees Who Are 
Working Mainly on Field Research - CIMMYT and IRRI Research Training Groupsa 

CIMMYT IRRI 
Wheat Research 

Trainees Trainees Level of Sig-
Type of Activity Completed (N = 79) (N = 72) t Values nificance 

Laboratory and greenhouse ex-
penments .... . ....... 1.76 0_61 1.1068 n5_ 

On-sration field research ex-
periments . ........... 6_82 4_07 1.7757 n5_ 

Genetic crosses 2795 26.3 5.8646 •• ........ 
On-station replicated applied 

research trials ....... 8_95 2.00 4.3683 •• 
On-farm replicated applied 

research trials ....... 4.95 1.68 • 24003 • 
On-farm production plots .. 3.17 2.46 0.4226 ns. 

a Data reported are the mean level of each activity completed per traInee during the 
main wheat or rice growing season of 1972. 

n.S. = nor signifIcant. 
III = sigmficant at .05 level. 
'n = SignIficant at 01 1evel. 

contrast the work behavlOr of two subgroups of tramees - those mainly doing 
field research work and those working only on wheatlrice research - with 
each of the two research traming groups to determme If·the observed differ­
ences in work behaVlOr could be explained by either of these two IOde­
pendent variables or if the differences. still persist. Results of these analyses 
are found m Tables 15-6 and 15-7_ 

As the data indicate, the observed differences in behavior for those re­
search activities most closely associated with the development of Improved 
genetic and production technology (rows 3, 4, and 5) contmue to be present 
even when we consider just those subgroups of trainees that are doing mainly 
field research and those doing only wheatlnce research respectively. There­
fore, it is concluded that, although a similar proportion of IRRI research 
trainees are working in field research work and a smaller proportion are only 
working full time on rice research, these differences in job assignments still 
do not explain the major differences in observed work behavior between the 
two research trammg groups_ 

To reiterate, It was not possible to account for the differences m work be­
havior between the two research groups by considering the two main inde­
pendent variables: the differences in the personal background characteristics 
of the individual trainees in each group and the characteristics of trainee job 
assignments in their work organizations. These fmdings, therefore, direct the 
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Table 15-1. Analysls of Vanance of the Work Behavior of lndlvidual Tramees Who Are 
Working Only on Wheat/Rlce Research - CIMMYT and IRRI Research Training Groups' 

CIMMYT IRRI 
Wheat Research 

Trainees Tramees Level of Sig-
Type of Acmilty Completed (N ~ 81) (N ~ 82) t Values niflcance 

Laboratory and greenhouse ex-
periments . . . . . . 1.72 1.12 0.5778 n.s . 

On-station field research ex-
periments .. ~ ...... 5.89 3.84 1.3358 n.s. 

Genetic crosses ........ 261.2 28.0 5.5943 • 
On-station replicated applied 

research trials ....... 8.36 1.52 4.4190 • 
On-farm replicated applied 

research trials _ ..... _ . 4.43 1.26 2.6425 • 
On-farm production plots ...... 3.77 1.99 1.1194 n.S. 

a Data reported are the mean level of each activity completed per trainee during the 
main wheat or: rice groWIng season of 1972. 

n.s, = not significant. 
* = significant at .01 leveL 

inqUIry to the intervenmg variable - the training itself - to see if the differ­
ences in training could account for the observed differences in work behavior. 

Differences in Training as an Intervening Variable 

The traimng objectives, methodology, and strategy of the two research 
training programs being considered here are markedly different. Both training 
approaches were described earlier. The key points that appear to link these 
different traming approaches directly to the differences in work behaVior are 
as follows. 

IRRI's main educational objective in its research project approach to train­
ing is analytical skill. In following this type of program the trainee learns first­
hand how to design, carry out, and report on a research experiment and in 
doing so learns how to think analytically - a prerequisite for any successful 
research worker. Having' this ability and Skill, however, does not prepare a re­
search worker for all types of research work. In particular, he does not learn 
the research skills and methods associated with organizing and operating a re­
search program aimed at developing improved agricultural technology, where 
the pnmary educational objective is synthesis (an objective that characterizes 
the CIMMYT wheat traming program). 

The CIMMYT wheat research program is essentially a highly organized 
"genetic assembly line" which has standardized procedures and routinized 
tasks to increase the efficiency and output of a wheat improvement research 
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program, while minimizing error. By systematically and effec[lvely mixing 
(synthesis) the gene pool through large numbers of genetic crosses and by 
systematically screening the progeny of these crosses, particularly through the 
extensive use of early generation testing procedures (evaluation), the biolog­
ical architects at CIMMYT believe they can maximize the probability of pro­
ducing superior germ plasm. CIMMYT wheat trainees appear to have learned 
and to have adopted this research approach to wheat improvement, given 
their observed behavior. 

The conclusion of this study is that the different approaches to research 
training pursued by CIMMYT and IRRI are having an important and measur­
able influence on the work behavior of research workers in less developed 
countries. CIMMYT's training group tends to emphaSize and to be very effi­
cient and productive in conducting research aimed at developing improved 
wheat technology. IRRI research workers tend to emphasize expenmental re­
search aimed at generating new knowledge about rice production in the 
tropics. 

Transforming National Research Capacity: A Postscript 

As Ruttan and Hayami point out, one of the most serious constraints on the 
international transfer of agricultural technology is limited experiment station 
capacity for the production of biological technology. 25 The central theme of 
this chapter has been an analysis of the ways in which two international re­
search centers have addressed this problem through their training programs. 
In making this analysis, however, it became increasingly clear that there was 
an issue involved more basic than just a difference in training objectives and 
methodologies. More important were the working assumptions made by each 
center concerning the ability of national research systems to organize their 
sCientifIC resources. Although this is a complex Issue, each center's response 
to thiS question provides some valuable insights into the problem. 

CIMMYT's response to thiS question has been based essentially on the 
premise that the national wheat improvement programs with which it works 
have not been functIOning effectively because they have been unable to orga­
nize their scientific resources to solve practical production problems. The 
problem is twofold. 

First is the problem of focus, or research objectives. CIMMYT's response 
to this perceived institutional problem was to concentrate on One specific pro­
duction problem - the need for improved genetic technology - and through 
ItS training strategy carefully and systematically to build this relatively sim­
ple research function into each national program. Thus organizational change 
was a specific, but implicit training objective. 



IMPACT OF INTERNATIONAL SYSTEM ON NATIONAL RESEARCH 359 

Second is the problem of functional integration, or the ability of a nation­
al program effectively to organize and mobIlize its scientifIc resources around 
the objective of producing biological technology. If we identify the lack of 
such ability as a serious mstitutlOnal problem, it follows that technical per­
sonnel, in addition to lackmg relevant research skills and methods, would also 
lack the skills and spirit of working together in organized, cooperative team 
efforts. More preCisely, they would lack the organizational skills and perspec­
tive necessary to integrate their research functions around a specific research 
objective. Thus it was found that CIMMYT trainees in cereal technology 
spent one-fourth of their time in the wheat-breeding program, so that they 
would dearly understand and appreciate the functional relationship between 
their work in cereal technology and the work in the breeding program. Simi­
larly, each training group spent a substantIal amount of time workmg in each 
of the other research programs that are functionally involved III developing 
improved genetic technology. 

Following the logic of this strategy, it was expected that, once a "critical 
mass" of trained research workers were present in a wheat improvement pro­
gram, that program would function effectively. And it was expected that as 
this happened, each national program would (1) work out its own research 
structure (i.e., division of labor) to fit local needs and requirements and (2) 
take over the necessary informal on-the-Job traming of new personnel. Once 
this transformation had been achieved, CIMMYT expected national wheat im­
provement programs to be functionally competent to identify local produc­
tion problems and meet long-term technological needs. My observations, 
made while pretesting the survey questionnaire in the field, suggest that thIS 
strategy is working. 

IRRI's response to the problem of how national research programs orga­
nize their scientific resources has been based on a different policy decision. 
On one hand, IRRI officials and scientists have expressed serious concern that 
some national programs lack the ability to orgamze and dIrect theIr research 
resources toward solving local production problems. On the other hand, how­
ever, IRRI leaders have expressed a sensitivi ty and concern that their interna­
tional activities not dominate the research capability of national programs.26 

By making an explicit policy decision against direct institutional intervention, 
IRRI placed itself in a position of taking, as a given, the abIlity of national 
programs to organize their scientific resources.27 Furthermore, IRRI's re­
search training strategy, while not resulting from thIS policy decision, is log­
ically consistent with it. 

IRRI IS operatmg on the baSIS of the same type of mstitutional relation­
ship that a college of agriculture (as an educational institution) would have 
with a functionally effectIve experiment station (as a work organization). The 
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college provides graduate students with a good theoretical background in a 
field of study, along with a solid research experience in designing, conducting, 
and reporting on a research project. Once hired by an experiment station for 
a particular research position, however, a student is given specific research 
responsibilities that he is expected to carry out, which are functionally inte­
grated with the station's overall research program. Since it is unlikely that the 
student knows how to carry out these research responsibilities, he will gen­
erally be assigned to work closely with a senior scientist in the same pro­
gram. After a season or two of this informal, on-the-job training, the inex­
perienced research worker will develop sufficient competence to function in­
dependently in carrying out his assigned tasks. 

IRRI, by using the research project approach and by training research 
workers in separate single-discipline departments, does not address institu­
tional problems, such as poorly defined or inappropriate research objectives 
and the lack of functional integration, thtough ItS training strategy. It should 
be noted, however, that several countries from which IRRI receives substan­
tial numbers of tramees (for example, Japan, TaIwan, and Korea) are assumed 
to have rather effectIve research systems at the present time. Therefore, this 
type of research trammg may be qUIte appropriate in meeting their needs. 
Nevertheless, If these programs are to fact relatively strong and functionmg ef­
fectively at the present time, there would appear to be little JustifIcation for 
IRRI to expend Its scarce traimng resources on research personnel from these 
countries, when the Important rice-growing countries of the tropics have 
weak research systems. 

The observed work behavior of former IRRI research trainees, as they re­
turn home to concentrate on knowledge-generating types of research, raises 
obvious questions about IRRI's training strategy. Although trainees study 
production problems that are relevant to home countty conditions, it appears 
that in most cases their research effort - as it contributes to the overall 
national research capacity -lacks sufficient emphasis on and attention to the 
problem of producing biological technology. 

Conclusion 

This chapter is built On the premise that as poor nations of the tropICS and 
sub tropics shift to modern agrIcultural production systems they Will need ef­
fective research institutIOns to meet long-term technological needs. Experi­
ence suggests that, in some of these national research institutions, technology­
development research activities are frequently neglected or are relegated to 
less qualified andlor less motivated research personnel, while more highly 
educated scientists concentrate on more theoretical research mquiries. 28 

However, if national agricultural research systems are to be relevant and use-
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ful to agricultural producers, then knowledge-generating research activities 
must be, to a large degree, directed by and integrated with the technology­
developing research function. Furthermore, this technology-developing re­
search system must be capable of effectively and efficiently transforming new 
knowledge into improved agricultural technology. Where the national research 
capacity for producing biological technology is weak or lacking, these nation­
al research systems will remain· functionally impotent in their ablhty to solve 
senous production problems and nations will remain largely dependent on ex­
ternal agendes (particularly the international research centers themselves) for 
new sources of Improved technology. An analysis of the observed work be­
havior of former IRRI and CIMMYT research trainees supports the proposi­
tion that different training approaches and institution-building strategies can 
have an important il1)pact on the type of national research capacity that de­
velops. Therefore, international centers muSt be fully cognizant of these po­
tential influences on the technological capability of national research systems 
when designing their training and outreach programs. 
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The coordinated, multidisciplinary, problem-oriented research project to im­
prove food crop production is a most effective instrument for accelerating the 
evolution of useful technology. It provides the basic patterns and components 
necessary for developing more comprehensive national research capabllities to 

serve the agricultural development objectives of a country. 
Agncultural scientists have had many decades of experience with coordi­

nated national research projects in the advanced nations. And, particularly 
since the green revolution of the mld-1960s, the scientific commulllty has ac­
cumulated a number of years' expenence with such projects in a number of 
developing nations. Recent endeavors in research on food crop production 
demonstrate that the objective of establishing a sustained national research 
capability in developing countries is difficult to achieve, that insufficient at­
tention has been directed to it, and that special long-term efforts are needed. 

Coordinated National Research Projects 
in Agricultz:rally Advanced Nations 

Agricultural Research in the United States 

In the middle 18005 it was recognized that the United States should not 
depend upon European agricultural research for its development efforts but 
should build a national capability. The land grants to the respective states and 

367 
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the legislation establishing the USDA in 1862 are critical points in the evolu­
tion of our national research system. 

For the balance of the nineteenth century and through the early 1900s 
agricultural research in the United States was rather unstructured. It consisted 
of independent and isolated studies by research workers in the USDA, the 
state colleges or experiment stations, and other institutions. The history of re­
search on 'heterosis, or hybrid vigor, III corn Into the early 1920s illustrates 
this fragmented and individnalized approach to agncultural science. 

Tbe coordinated national corn improvement researcb program established 
in 1925 under the.Purnell Act was the first attempt to concentrate resources 
of the states and the federal government in a fully cooperative effort'! This 
was followed by similar coordinated projects for wheat, oats, barley, etc., 
during the 19305.2 

A number of coordinated national crop improvement research projects in 
the United States were regionalized, with the wheat research regions developed 
around the classes of wheat grown in the .different parts of the country and 
with rice research directed specifically to the pattern of nee production suit­
ed to California rather than the Gulf states of Texas, Louisiana, and Arkan­
sas. 3 The national corn research program was strengthened, with a new re­
gIOnal component, through the establishment of the special state-federal 
coordinated project for the South and the Southeast. This regional effort was 
initiated in 1945, twenty years after the initIal coordinated program for corn 
Improvement research WaS established for the central "Corn Belt" states in 
1925. 

The coordinated national research projects not only recognized the Im­
pottance of regional needs but also provided for more precise location-specific 
research, conducted by the state agricultural experiment stations through 
studies that were in .addition to - yet closely associated with - the total na­
tional or regional research efforts. 

The present orgamzational structure of the coordinated national crop im­
provement research projects is less distmct than it was twenty-five years ago 
as a result of the mcreased involvement of the pflvate sector and the increased 
autonomy of the research of the individual state agricultural experiment sta­
tions. The reorganization of the USDA's Research Service in 1972, with its 
regional adminIstrative pattern, also has tende4 to obscure and perhaps com­
plicate the relationships between the federal Agricultural Research Service 
and the state expenment stations as wel! as between the federal administra­
tIVe regions themselves. However, the coordinated national research projects-

• with tbeir regional, state, and localized research focus - functioned effective-
ly during the time when the UnIted States was building Its total national 
capacity for agricultural research and supplied the base for the more autono-



COORDINATED NATIONAL RESEARCH PROJECTS 369 

mous, independent research efforts of the present. Of special significance is 
their impact in creating an awareness of the need to give continuing, concur­
rent attention to the many varied hazards or potential restraints faced by 
farmers. In signaling this need, the projects furnished the base for multidisci­
plinary team research. , 
Agricultural Research in Japan 

The experience in Japan is similar to that of the United States.4 :r.he em­
phasis, early in the Meiji restoration period ofthe 1860s, was on the introduc­
tion of advanced technology from Europe. This was followed by a concerted 
effon to develop indigenous capabilities during the 1880s. The research in 
Japan continued into the 1920s on a fragmented basis and depended On farm­
er innovations for improved varieties. 

Japan established national coordinated crop-breeding programs under the 
Assigned Experiment System for wheat in 1926, for rice in 1927, and for 
other crops and livestock in subsequent years. This was almost the identical 
time schedule followed in the United States, and in both Japan and the 
United States the coordinated national projects provided for research on re­
gional, state, or prefectural problems Within the coordinated national struc­
ture. 

Some Attributes of Coordinated National Research Projects 

The coordinated uational research prOjects make the most effective and ef­
ficient use of research resources. They facilitate the prompt and continuous 
interchange of new knowledge and materials among research workers of the 
central government, the states or prefectures, and the pnvate Sector. The proJ­
ects provide for research on problems of broad national or regional concern 
as well as on those that are location-specific. The national projects also facili­
tate the intl'oduction and testing of knowledge and materials from abroad. 

The foregoing benefits were common to the research organization pattern 
that evolved in both the United States and Japan. The development of the 
coordinated national project structure in the two countries was similar in tlm­
ing and form but reflected independent judgments, since international con­
tacts and communications on research organization in agriculture were limit­
ed before the 1930s. 

Coordinated National Research Projects in Developing Nations 

Research Resources in Developing Nations 

Research in the developing nations before World War II or in the colonial 
perIOd waS strongly commodity-oriented and was carried out primarily in cen-
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tralized research institutes such as those for rubber in Malaya and sugar in in­
dia and Indonesia. 5 

After independence, research in these countries was seriously disrupted, as 
expatrIate scientists departed and new natIOnal government leaders gave prior­
ity to nonagricultural development. Agricultural research received nO signifi­
cant support for a decade or more in many new nations, up until the late 
1960s. 

Research in Technical and Economic Assistance Projects 

The prImary emphasis in techmcal assistance for agricultural development, 
as supported by the private foundations, bilateral national programs, and in­
ternatIOnal agencies follOWIng World War II, was On the introductIon and test­
ing of materials and practices from agriculturally advanced nations. This pro­
cess was followed for about fifteen years - until the era of the green revolu­
tion - even though the earlier experience with agricultural development in the 
United States and Japan had fully demonstrated that the direct introduction 
of materials and farming methods from abroad had limited potential. 

Even the few cooperatlVe technical assistance efforts that were research­
based - such as the Rockefeller Foundation programs in Mexico, Colombia, 
and Chile - emphaSIzed developing Improved technology as rapidly as possi­
ble; limited attemion was given to indigenous organizational structure or the 
links between national, state, and university Institutions. Headquarters re­
search centers were developed in MeXICO at Chapingo, in Colombia at Tibaitata, 
and m Chile near Santiago, with regional staUons in each country. These or­
ganizations had a highly centralized leadership structure, the regional or out­
lying stations serving primarily for testing or evaluatIOn. The lack of trained 
personnel and a national institutional structure for research and agricultural 
education at the college or university level in Latin America precluded the 
development of effectIVe federal-state coordinated research projects during 
the period between 1940 and 1950. 

The cooperative Rockefeller Foundation program in agriculture in India, 
from its beginning in 1957, focused on developing coordinated national and 
regional research on maize, sorghum, and millets. PartiCipants included the 
indian Council of Agricultural Research, the Indian Agricultural Research in­
stitute, the state governments, and the agncultural UniverSities. The SItuation 
in India waS different from that in Latin American countries, since India had 
(1) well-established research instItutes, (2) the IndIan Council of Agricultural 
Research which, at the time of independence in 1947, had been functioning 
for about twenty years, and (3) an emergmg agricultural university structure, 
supported by VSAID, that was developing concurrently with the cooperative 
Rockefeller Foundation-supported projects for crop improvement research. 
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The coordinated corn improvement research project established in the 
United States in 1925 and the assigned experiment systems established in 
Japan for wheat in 1926 and rice in 1927 fnrnished patterns in these COun­
tries for developing research on a coordinated national basis for other crops, 
livestock, and non commodity problems. Similarly, the coordinated maize im­
provement scheme initiated in India in 1957 furnished a pattern for national 
coordinated schemes for sorghums and millets, wheat, rice, and other crops 
as well as for noncommodity research projects that have been developed in 
India in recent years. Many of these are still in the process of being established 
and are undergoing the usual stresses involved in developing cooperating rela­
tionships between participating scientists and participating mstitutions, but 
they are well conceived and soundly formulated. 

The accelerated wheat production scheme in Pakistan functioned effective­
ly during the period from 1965 through 1969 when it had substantial exter­
nal funding and external coordinating leadership furnished by the Ford Foun­
dation. However, the coordinated effort .deteriorated after 1969 as the result 
of several factors including (1) diminished interest and support from the cen­
tral and state governments, (2) the division of the west wmg of Pakistan into 
the four provinces of the Punjab, Sind, Baluchistan, and the NQrthwest Fron­
tier Province m 1970, and (3) the continuing political stresses and diversions 
resultmg from relationships with India and the formation of Bangladesh ·in 
1971. The strengthenmg and reorganization of the Paklstan Counctl of Agn­
cultural Research, now under way With support from USAID, should help in 
the restructurmg of the wheat project. Moreover It should serve as a pilot ef­
fort, or pattern, for other coordinated national research schemes in Pakistan. 

The wheat research and training project mitiated in Turkey in 1969 with 
cooperative support from the Rockefeller Foundation has made good prog­
ress in the development of staff, in the improvement of research facilities, and 
in providing an interdisciplinary approach to crop improvement and to agro" 
nomic and epidemiological research on a national basis. It also has developed 
effective cooperation with other countries in the region, especially in crop 
breeding and disease research. It was recognized when this project was initiat­
ed that it should be continued for a period of ten years. It appears that this is 
the minimum time required for the formation of a self-sustaining national 
coordinated project. A principal uncertainty at this time is whether a suitable 
institutional base for [he project can be provided within the government to 
fnrnish the personnel policies, administrative procedures, and stable financial 
support necessary to ensure continued viability. 

Rice breeding and improvement m Thailand has progressed effectively 
since the Rice Department was established as a separate organizational unit in 
the Mmistry of Agriculture in the early 19505. Although the Rice Department 
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and the Department of Agriculture were merged in 1972, the base of experi­
ment stations throughout the country, the complement of well-trained person­
nel, and the working experience that has been gained over the past twenty 
years should make possible a sustained, productive national rice research proj­
ect. This pwject also furnishes a pattern for the strengthening of other agri­
cultural research in Thatland. 

The national rice research program in Indonesia, established in 1970, has 
progressed rather slowly in establishing a coordinated national capability. 
This program was reviewed in 1974. A new unit that is to be set up to coordi­
nate all research within the Ministry of Agriculture should be helpful in ac­
celerating the development of a coordinated national rice research project in 
Indonesia. 

The Bangladesh Rice Research Institute, established as an autonomous 
body by act of Parltament in May 1973 (but in the pwcess of formation since 
1968), has been adversely affected by the pohtical conflicts attendant upon 
and following the country's mdependence, gamed in 1971. However, substan­
tial progress has been made in developing the facilities at J oydellpur, in train­
ing staff, and in getting a multidisciplinary research program under way. The 
BRRI is perhaps the strongest of the national research projects in Bangladesh 
and should be given priority attention so that it may serve as a pattern for 
other research which will be strengthened under the newly authorized (1973) 
Bangladesh Council for Agricultural Research. 

It is interesting to note that the Department of Agriculture and Natural 
Resources of the Phihppines, which IS responsible for national crop improve­
ment and production research, had no research scientist tramed to the Ph.D. 
level on its staff working on either rice research or corn improvement re­
search at the time of the Presidential Decree of November 1972 which set up 
the Philippine Council for Agricultural Research. This was m9re than ten 
years after the International Rice Research Institute was established at Los 
Banos with a complement of international scientists, and more than fifteen 
years after Dr. H. K. Hayes and others had been in the Philippines to help 
strengthen the country's corn improvement research capabIlity._It is expected 
that coordinated research projects for rice and corn will be set up on a more 
effective national basis under the Philippme Council of Agricultural Research. 
The long delay in developing this type of national institutional capability, In 

a country that has received substantial technical aSsIstance for agricultural de­
velopment for more than twenty years, points up the need for direct and 
specific attention to this objective. 

Indonesia is another country where external assistance has been furnished 
to develop corn production over a period of many years but where inade-
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quate attention has been given to the building of an indigenous organization 
for a sustained national corn improvement research program. 

The foregoing examples have been selected to illustrate the importance of 
devoting specific attention to the building of an organizational or institution­
al capabIlity in the developing nation - as an integral part of a cooperative 
technical assistance effort in research to increase crop production. The poten­
tials and restraints in each country WIll differ, but these are being assessed in 
many countries and the experience of the developing national food crop re­
search projects in India, PakIstan, Bangladesh, Thailand, Indonesia, and the 
Phiilppines, as well as in other developing nations of the world, should be use­
ful in contending with restramts in the building of such capab!llties. 

International Dimensions of Coordinated 
National Research Projects 

Coordinated national crop improvement projects of the United States have 
furnished materials, consultation, and other assistance m strengthening co­
ordinated national research projects in other countries. Germ plasm and con­
sulting services were provided by the national rice improvement project of the 
United States to the cooperative program of the Rockefeller Foundation and 
the government of Colombia when they mitiated the rice Improvement re­
search program in that country in 1957. The varietal collection from the 
United States also composed the base for the rice germ plasm reservoir that 
has been further developed by lRRL 

The introduction of hybrid corn into Europe following World War II was 
accomplished through the cooperative support of the United States national 
coordinated corn improvement program. This involved the furnishing of in­
bred lines, assistante in setting up procedures for evaluating the various hy­
brid combinations, and help in developing effective seed production organiza­
tions in various European countries. 

Durmg its early years, the wheat improvement research initiated in Mexico 
with the assistance of the Rockefeller Foundation in 1943 utilized the disease­
resistant spring wheat varieties developed in the United States hard red sprmg 
wheat research project - a regional component of the coordinated national 
wheat research program. Subsequently, the Norin selections which were in­
troduced into the United States from Japan after World War n and which 
were used to develop outstanding, high-yielding varieties for the Pacific North­
west region were made available to the national wheat research program in 
Mexico. The short-strawed, high-yielding Norin germ plasm performed equal­
ly well in the hybrids and the selections produced in Mexico.6 

The cooperation which extended from the national wheat improvement 
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project in Mexico into the countries of the Near and Middle East, through 
support from the Rockefeller Foundation and the FAO, carried this germ 
plasm into these countries in the early 1960s. The inclusion of wheat research 
as a component of the Rockefeller Foundation cooperative agricultural sci­
ences program in India in 1963 furnished the base for the wheat component 
of the green revolution in Asia. Since they evolved in the coordinated nation­
al wheat improvement research projects in Japan, the United States, and Mex­
ico, It might be more appropriate to refer to the high-yielding varieties of the 
green revolution period as the "Japanese-United States-Mexican Wheats." 

Strengthening Coordinated National Research 
Projects In Developing Nations 

Coordinated national research projects do not emerge automatically from 
technical assistance support that is geared primarily to the objective of creat­
ing new, Improved varietIes. Experience with mtensive or accelerated crop 
production projects as well as with more recent specifIC efforts to develop 
coordinated national research projects has helped to identify some of the re­
scraints to the formatIon of a self-sustaining capability when external assis­
tance has been terminated. 

The National Commitment 

National government leaders, including research offIcers, generally do not 
understand the kind of organization required to carry on an integrated re­
search effort on a natIOnal baSIS. In countries where agricultural research has 
been limited or has been carried out as a series of isolated projects assigned to 
smgle-discipline specialists, it is usually necessary to operate a coordinated 
national project for several years in order to demonstrate the professional and 
administrative relationships involved. In most cases the requisite manpower 
in the constituent disciplines is not available. Where both manpower and 
facilities must be developed, a period of eight to ten years is usually required 
for the establishment of an effectively operating national research project 
which can produce the kind of results that will attract the commItment and 
support of government leaders. 

The Organizational Base 

It is not reasonable to expect a coordinated national research project to 
develop fully or to remain viable if (1) it is given essentially full autonomy 
and has no linkage to the central government Or (2) it is connected with a col­
lege of agriculture, university, or other agency which does not have recog­
nized national responsibility for the subject research. In most countries it is 
the Ministry of AgrIculture which has both the responsibility and the funding 
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authority for research of national scope. There are numerous examples of 
technical asSIStance efforts for crop improvement where the institutional 
hnkage has been III advised; "national research centers" for selected com­
modities have been set up at isolated field stations or in affiliation with 
colleges of agriculture under circumstances that hinder the prospects for ful­
filling "national" objectives. 

Institutional Collaboration 

A coordinated national research project requires not only a well-equipped 
and well-staffed headquarters station but also research facilities in the princi­
pal regions of the country where the crop is important. In the United States 
the presence of state agricultural experiment statIons and their substations 
facilitated the development of well-mtegrated projects that could give atten­
tion to specific localized problems as well as to those of regional and national 
concern. In the United States a substantial number of federal field expen­
ment stations also have been established to ensure that concerted attention IS 
devoted to the more critical aspects of a given crop improvement effort. The 
national federal-state research statIon networks for coordinated natlOnal re­
search have been evolving for more than a century. 

In developing nations it is essential not only to establish the national re­
search project on the right organizatIonal base but also to utilize the comple­
mentary resources in the states or prefectures, the colleges of agnculture, and 
pnvate research organizations. Where such complementary resources are in­
adequate they can be strengthened or developed through fInancial and staff 
support from the coordmated national program. ThIS was done in the coordi­
nated research schemes for maIZe, wheat, and rice in India, where the work 
In the major prodUCIng reglOns was tied into the emerging agricultural uni­
versity experiment stations. Similarly, the coordinated national research proJ­
ects that are being established under the PhIlippine Council of Agncultural 
Research are planned to include increasing participation by the colleges of 
agriculture and private research institutes. It is desirable to develop a formal 
agreement for the cooperative effort which spells out the contributions of 
the parricipating organizations, not only to minimize uncertainties but also 
to furnish a degree of continUlty and stability to the project .. 

Interdisciplinary Collaboration 

In many developing countries the crop improvement research has been the 
primary responsibdity of an economic botanist, with little collaboration or 
participation from scientists m the allied disciplines concerned with diseases, 
msects, plant nutrition, weed control, or cultural practices. And the role of 
agricultural economists is still not well appreciated in coordmated interdisci­
plInary projects. even in the more agnculturally advanced nations. 
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An mterdlsciplinary research team will be established only if its leaders 
(1) identify the nature and relative importance of the particular problems a 
given country faces in respect to crop improvement and (2) include scientIsts 
with appropriate specializations on the team. And the mix of scientists will 
not remain in proper balance unless continued attention is given to the make­
up of the research team. 

The multidisciplinary functioning of an integrated research project can be 
achieved relatively easily in a single institute where all participants are located 
on one campus and can be brought together frequently. It is more difflculr, 
but equally Important, to proVIde for the interdisciplinary mix of scientists 
in a research project whose units are geographically dispersed across a nation. 
At the same time, such staffing may be particularly effective in addressing 
specific problems. Pathologists can be located in regions where diseases are 
most prevalent, entomologists can be assigned to stations in areas afflicted 
with major insect problems, and senior personnel in the various disciplines 
can be posted at different locations to furnish coordinating leadership to the 
integrated research. 

Coordinating Leadership 

A coordmated national project requires a full-time dIrector. Although the 
project dIrector should not be· assigned other unrelated duties, it is desirable 
that he be a working scientist carrying out significant research in a consituent 
disclplmary or problem area. 

The project director should not be selected on the basis of seniortty, but 
should have the experience, professional capabIlity, and personal attributes 
that allow him to be accepted by his colleagues. The project director must un­
derstand the importance of the component disciplines, ensure that attention 
is given to ail relevant problem areas, and furnish continuing leadership to the 
national project through the planning, implementation, summarization, and 
evaluation stages. It IS essential that he be able to visit the field and laboratory 
experiments as frequently as necessary to be informed of the progress of the 
research underway. He must work effectively not only with his research col­
leagues but also with the scientific and administrative leadership within the 
government, with the staffs of nongovernmental institutions that may be 
collaborating, and with external assistance agencies. 

The identifIcation and selection of capable leadership IS particularly criti­
cal in estabhshing coordmated national research projects, smee the experience 
WIth such projects is usually lacking among the SCIentific personnel in most 
developing nations. Advanced academic trainIng to a Ph.D. degree does not 
necessarily impart the traits and competence required. 



COORDINATED NATIONAL RESEARCH PROJECTS 377 

Personnel and Manpower Development 

It is relatively simple to determine the professional and technical manpower 
needs for a coordmated national research project. The manpower develop­
ment or training activities should be pursued in a systematic manner in order 
to provide the numbers of persons in the different disciplines, at the various 
levels of training required, who will furnish the competence necessary at 
headquarters and at the principal fIeld locations. A1tliough there is bound to 
be some loss of staff to other institutions or to other projects, definite targets 
should be set for the numbers of scientists to be trained to tbe undergraduate 
degree, the M.S., and the Ph.D. levels in each of the disciplines and for the 
technical or supporting staff required to carry on a coordinated national re­
search project at the optimum level. The staff development program should 
be projected over a ten-year period so that an effective staff complement can 
be developed. 

Facilities 

Field stations and laboratories for research in most developing nations usu­
ally are not suited for reliable experimentation. The tendency in the past de­
cade for technical assistance or funding agencies to establish independent re­
search projects or to require a research and training component in separate 
major development schemes has resulted in the setting up, in many develop­
ing countries, of research units that are geographically scattered and institu­
tionally isolated. It is still common practice for most technical assistance or 
lending projects to be developed around one or a few commodities or prob­
lem areas, with the research facilities planned only for such specifiC activity. 

More attention should be given to the planmng of coordinated national re­
search projects on the various commodities Within a national research system 
or organizational framework so that there may be combined support for mu­
tually necessary. facilities at a national headquarters, at selected regionalloca­
tions, and in the various localities or micro ecological areas. This would help 
to avoid the popular tendency to overbuild and duplicate stations, laborato­
ries, and costly items of equipment. 

Administrative Management 

Developing nations tend to retain the administrative procedure~ followed 
during their colonial years. As a result, the recruitment and management of 
personnel, procurement practices, and other administrative activities fre­
quently are not well suited for national development projects, including re­
search. Governments are reluctant to give any special consideration to salaries, 
to the promotion of scientifiC personnel On the basis of performance rather 
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than seniority, or to fleJ(lbility in the procurement of equipment and sup­
plies. 

It IS difficult to establish - and maintain - the concept that in a research 
organization the administrative functions must be carried out in such a man­
ner that research is facilitated rather than controlled Any deviations from 
usual government procedures are difficult to furnish for a single selected 
pr01ect, even one of a coordinated multiinstitutional type which is national in 
scope. For this reason increasing attention has been given to the establish­
ment of national research orgaDizations on a semiautonomous or autonomous 
basis, with their own boards of directors and scientific councils offering guid­
ance in administrative matters and on techmcal programs. 

It would be difficult to establish a viable department of chemistry for col­
lege-level education outside of the framework of a univerSity. Similarly, it is 
difficult to establIsh a single national crop improvement project outside of 
the institutional framework of a broader research organization. Clearly it is 
advantageous for the coordinated national research projects on individual 
commodities to be combined under a unified national agricultural research 
organization which would supply the type of administrative management that 
would ensure a reasonable degree of institutional stability. 

Funding 

BIOlogical research is long term in nature, most projects requiring three to 
five years before they can produce useful and reliable information and materi­
als. The financial support for research in most developing nations is furnished 
almost entirely by government, primarily from the central government re­
sources. 

It has been difficult to arrange for long-term funding for agricultural 
research in the agriculturally advanced nations. It is equally difficult in de­
veloping countries, although some progress has been made in establishing 
autonomous or semiautonomous natIOnal research organizations with fund­
ing handled outside of the regular governmental channels. The Philippine 
Council of Agricultural Research is closely aligned With the National SCience 
and Development Board, which offers some flexibility in financial manage­
ment. The Malaysian Agricultural Research and Development Institute has a 
separate "MARDI Fund," estabhshed under the authOrIzing legislation, which 
is designed to furnish a high degree of flexibihty in the management of funds 
under the jurisdictIon of the governing board. The MARDI Fund has not yet 
been permitted to function as intended, but It does offer a potentially work­
able pattern for such national research organizations. 

The provision of research funds through special cesses or taxes on the mdl­
vidual commodity is attractive to some, particularly in the case of such cash 
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crops as rubber or oil palm, for which the collection of an export tax is rela­
tively simple. This would be more difficult in the case of food graim or as a 
source of funding for noncommodity research problems, which are too often 
neglected. A preferred procedure for funding would be to develop a commit­
ment and responsibilIty On the part of the national government, with a con­
comitant recognition that the investment in agricultural research is an essen­
tial component in any national development process. 

External Support and Collaboration 

Although many technical and economIc assistance organizations have be­
come increasingly interested in strengthening research in developing coun­
tries, the nature and magnitude of such support are still uncertain. 

More careful attention should be given, particularly by lendmg institu­
tions, to the SIze of investment in a national research project or organizatIon 
that can be justified within the economic base of the host country. Time is as 
critical as money in deVeloping a self-sustaining national agricultural research 
capability, when one considers the number of years required for traimng sci­
entIfIC personnel, for buildmg and eqmpping experiment stations and labora­
tories, and for deVeloping institutional and multIdisciplinary cooperation into 
a compatible operation. The SIze -of the investment in buildings, equipment, 
expatriate technical or scientifIC personnel, staff development, and other 
components should be held to a reasonable minimum to avoid premature dis­
appomtment of government offIcials wnh the costs and returns aspects of re­
search. 

There is usually a need for external, experienced scientific leadership in 
planning and developing a coordinated national research project. Many de­
veloping countries will reject this notion, arguing that such leadership can be 
supplted by already available senior and experienced persons or by indiVIduals 
recently trained to the Ph.D. level in overseas universities. Although some of 
these people may have the capability to furnish effective planning and coordi­
naring leadership, it is commonly found that senior personnel in developing 
countries are mflexibJe in adjusting to a teamwork approach while recently 
returned Ph.D.'s tend to lack research organization and management experi­
ence. Scientists who have worked primarily in a strongly discipline-oriented 
organization face a substantial adjustment if they assume responsibility for a 
national multidisciplinary research project. In some recent cases where UUl­

versity professors were recruited to fUrmsh coordinating leadershIp for such 
a research project they had difficulty in conceptualizing an effort that in­
volved the full working partnership of scientists from several disciplines and 
tended to revert to an emphasis on research along the single-discipline lines 
with which they were familiar in the academIC setting. 
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External financial support and some level of technical guidance should be 
continued for a period of at least eight to ten years in order to ensure the 
formation of a stable, self-sustaining project. The external input should be 
substantial for the initial five or six years, after which time there can be a 
gradual phasing down and out. 

There should be continuous dialogue with the appropriate officials in 
government to ensure not only that the full government commitments of 
funds and other resources are met but also that necessary action is taken to 
develop the institutional and organizational structure required for a sdf­
sustaming project when external support is withdrawn. 

In addition to the international agricultural research institutes, other inter­
national technical assistance organizations - including the !BRD, UNDP, 
USAID, and other national or bilateral organizations - are giving more atten­
tion to the development of national agricultural research organizations and 
systems as well as to specific coordinated national research projects for select­
ed commodities. It can 'be expected that, as cooperating technical assistance 
is increasingly concentrated on this objective, national research capabilities, 
both on a selected project or commodity basis and On a "national system" 
basis, will be strengthened in many of the developing countrIes over the next 
decade. 

NOTES 

L The organization and functioning of the cooperative corn improvement research 
program is discussed in Herbert K. Hayes, A Professor'S Story of Hybnd Com (Minne­
apolis. Burgess, 1963). 

2~ The experiences In wheat research that lead to the workers' conferences in 1929 
and 19>0 which planned the cooperative hard red winter wheat unprovement program 
are reviewed by L. P. ReItz and S. C. Salmon, Hard Red Winter Wbeat Improveme11t in 
the Plams, USDA Techmcal Bulletin no. 1192 (Washingron, D.C.: USDA, 1969). 

3. The development of coordina.ted commodity research systems in the United Scates 
is discussed in greater detail in Albert H. Moseman, Buildmg Agricultural Researcb Sys­
tems m the Developing Nations (New York: Agricultural Development Council, Inc.~ 

1970). 
4. See chapter 2 in this volume. Also Yujlfo Hayaroi in association with Masakatsu 

Akino, Mas.hlko Shint.ni, and Saburo Yamada, A Century of Agricultural Growth in 
Modern Japan' Its Relevance to Asian Development (Minneapolis and Tokyo University 
of Minnesota Press and Tokyo Umversity Press, 1975). 

5. For Information on national agncultural research systems see AIbert H. Moseman~ 
ed., National Agricultural Research Systems m Asia (New York, Agricultural Develop­
ment Council, Inc., 1971); John J. MCKelvey, Jr., ed., African Agl'lcultural Research Ca· 
pablilties (Washington, D.C.' National Academy of Sciences, 1974). 
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ber-December 1968), 686-689. 
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Contract Agricultural Research 
and Its Effect on Management 

Tilo L. V. Ulbricht 

17 

The Rothschild Report published by the U.K. government in 1971 recom· 
mended the applicanon of the customer-contractor principle to some of the 
work carried out by the research councils.1 It was a personal report by Lord 
Rothsc:hlld, head of the Central Policy Review Staff in the Cabinet Office, 
which advises the Cabinet on long-term pohcy (populaily known as the 
"Think-Tank"). The effect of the proposals on the Agricultural Research 
Council (ARC) was that, in the future, most of its funds would come in the 
form of contracts or commissions for specifIC applied research from the 
Ministry of Agriculture, Fisheries and Food (MAFF). To apprecIate this re­
port and the stormy debate which followed, some background is necessary. 

In common with other research counCIls, and with many research organiza­
tions in developed countries, the Agricultural Research Council expanded 
greatly after World War II. The number of graduate SCIentists employed In­

creased from 440 in 1948 to 1,280 in 1970. At the time of the Rothschild 
Report, the ARC was financed by the Department of Education and Science, 

. which was adVIsed on its budget by the Council for ScientIfic Policy. ThIS 
council, in dealing with the research counCils, was mainly concerned with 
strategIC and fundamental research, although the ARC In particular had al­
ways engaged in applied research also.2 MAFF, although represented on the 
ARC's council (its top executive body) and on many of its committees, want-
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ed a more direct say in its affairs, and it was this, among other factors, which 
led to the Rothschild Report. 

At the same time, it would be a mistake to look upon thIs report and the 
debate which followed as an isolated phenomenon. It could not have occnrred 
ten, possibly even five years earher. But since then the rapId mcrease in the 
funds devoted to research has been drawing to a close in most developed 
countries; governments have increasingly had doubts about the benefits that 
their countries were deriving from all this research; and the public has been 
increasingly concerned not only about pollution but also about the whole 
trend of our technological societies. Where are we going? What kind of world 
do we want? It is because of the absence of generally agreed aims for our SOCI­
eties that there is doubt and conflIct about the role of research. 3 

With this perspective, the Rothschild debate, largely conducted m the cor­
respondence columns of the London Tunes, becomes more comprehensible. 
In this debate three things were confused, 

1. the pnnciple that scientists fmanced by the government should be ac­
countable for what they do and have a responsibility to meet the needs of 
their country; 

2. the application of the customer-contractor principle as a particular 
means of achieving that accountability; and 

3. the wider issue of science policy, how can scientists through their re­
search help to meet their country's needs when the government has no clearly 
defined long-term policies? 
The majority of scientists accepted (I), rejected (2), and were unclear about 
(3). 

Elderly scientists, yearning for the good old days of unfettered expansion 
and believing in Polanyi's Repuhlic of Science, protested that the research 
council system had stood the country m good stead and was the envy of the 
civilized world, includmg the United States, and that it should not be aban­
doned in favor of some ghastly government bureaucracy.4 Outslders, not 
knowing the pobtlcal background, thought the scientists were making a lot of 
fuss about nothmg and that it was time they ,realized that they had to Justify 
their existence like everyone else. The parliamentary Select Committee on 
Science and Technology thought that the real trouble was the lack of a co­
herent SCIence policy and of any mechamsm by which one could be formulat­
ed. 5 Squeezed out in all this was any serious consideration of the administra­
tive consequences of applying the customer-contractor principle or of possi­
ble alternative changes which could improve the management of research in 
the research councils and, in parncular, the procedures by which they decitled 
their resource allocations. The government White Paper essentially accepted 
Rothschild's recommendations. 6 
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It would be mIsleading to suppose that the changes in the management of 
agri~ulturaJ research in the Umted Kingdom in the last few years can simply 
be ascribed to the application of the customer-contractor pnnciple_ Other 
contnbutlng factors were the changeover from a period of rapid expansion to 
one of static or (currently) declining budgets, the change in the public atti­
tude toward science and technology, and the realization that the organiza­
tional system for dealing with agricultural research had not kept pace with 
the Increase in personnel and resources during the growth phase. 

To deal with that last point, let us make an admittedly exaggerated distinc­
tion between admmstration and management. In administration one is con­
cerned essentially With mamtainmg what eXIsts already. It is often saId that 
the main aim is not to make a mIstake, and this imphes not taking nsks, reluc­
tance to make deciSIOns (any deciSIOn mvolves some element of nsk), and 
delegating work but not responsibility. In such a system the post is more im­
portant than the person who occupies it, and it IS invariably associated With 
incremental budgeting - everyone gets a bit more than the year before, and 
one does not question the rationale of one's present or future resource alloca­
tion. 

In management one strives to have a clear aim and allied operatIOnal objec­
tives: the aim may be to make a profit or to increase it by launching a new 
product, it may be to control a new crop disease or to SaVe imports by de­
veloping a new animal feedstuff, etc. Risks have to be taken, and it is essen­
tial that decisions be made; responsibility has to be delegated, and people are 
more important than the posts they occupy Such a system IS asSOCiated with 
some kind of planned budgeting. 

However, the virtues of good administration should not be overlooked. It 
is a system which makes for stability and it can be remarkably successful 
when the particular organization'S environment is not subject to rapid change. 
Unfortunately, stability tends to lead to rigidity, and often such a system can­
not cope when dramatic cbanges begin to occur. The history of some of the 
Iong-hved cultures and empires, such as AnCient Egypt, Assyria, Rome, By­
zantium, and the Ottoman Empire, are examples of this. 

It would be true to say, I think, that until relatively recently government­
financed and government-controlled research institutions have been admin­
istered rather than managed. Although undoubtedly good management ideas 
and systems have been developed m industry, no one IS very clear as yet how 
best to apply them m the very different enVironment of government o\'ganlza­
tions. 

It was in response to these circumstances that the Agricultural Research 
CounCil deCided to set up a planning section in 1971 to advise itself and its 
chief executive on strategy. What we found was a well-administered and con-



384 ULBRICHT 

scientiously run system, but one in which there was little central planning 
and in which budgeting was incremental. The system could certainly give pre­
cise information regarding the budget of a particular instltute, but it would 
be in classical terms of staff costs, equipment, chemicals, animals, library, 
budding overheads, and capital expenditure. It happens that work in many 
major fields of research is carried out at several of our institutes (we have 
twenty-mne in all and twelve units attached to universities). For example, 
eight mstitutes do some work or orher on potatoes, and twelve are concerned 
with variOUS aspects of grassland research. It was not possible to say what pro­
portion of our total expenditure was devoted to various commodities (pigs, 
strawberries, wheat, etc.) or to major research areas like nutrition, breeding, 
disease, or to topics like harvesting, storage, processing, food quality, etc. 

We therefore instituted a project system in the Agncultural Research 
Council. All the research in progress is described in terms of project units 
(about 3,OOO-m all, two to three per graduate scientist on average). We de­
vised a system for clasSifying agricultural research; each project unit is coded 
in about a dozen fields? Some simply give admmistrative information (name 
of Institute, department, number of project, etc.), another group defmes the 
agrIcultural problem to which the work relates, and a further group defines 
the actIon being taken to investigate the problem. In contrast to certain un· 
structured key·word systems, this IS a matrix system devised for m;tnagement 
purposes, each field havlUg a hierarchy of structured key words. 

Concurrently, a project-costing system was Introduced. The same project 
units which are classified, and the information which is stored on computer, 
are also casted. This made it possible for the first time to look at the existing 
pattern of our resource allocation - by commodity, research field, or what­
ever - and to ask ourselves whether this seemed to be a good allocation, tak­
ing into account national needs, the current output values of varIOUS sectors 
of the indus~ry and their economic prospects, and so on. Subsequently, 
MAFF, the Department of Agriculture and Fisheries for Scotland (OAFS), 
and the Mimstry of Agriculture in Northern Ireland all decided to adopt the 
same project system. Consequently, almost all the agricultural research in the 
United Kingdom (except that at univerSIties) IS now classified in the same 
manner, and the information is available from one computer. 

Retrieval of information from the project system is flexible and can be on 
either a broad or a narrow basis: questions like, "How much are we spending 
On cereals research?" as well as "How much are we spending on the mechan­
ical harvesting of cereals?" and "What projects have we on breeding wheat re­
sistant to foliar fungal diseases?" are all answerable. 

At the same time that work on the project system was beginning, we sug­
gested that the existing system for reviewing research (which I will not de-
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scribe} should be revised so that each major commodity or commodity 
group (e.g., cattle, cereals) and important noncommodity research areas (such 
as soils research) should be the concern of a committee which would review 
the research systematically and recommend priorities A working party was 
set up by the ARC to devise a scheme and was already at work when the 
Rothschild Report burst upon the scene. Following this report it was deCided 
that the determination of research priorities should be carned out Jointly 
with the MAFF and the DAFS. The system which was proposed by a new, 
joint working party of ARC, MAFF, and DAFS and which was accepted is 
called the J oint Consultative Organization. It is composed of flve boards, 
namely:Animals; Arable Crops and Forage; Horticulture; Engineering; Food. 

Each board has twenty or more members, mcluding scientiSts, members of 
the industry, officials (MAFF and DAFS), and an economist. These boards 
examine current research In relation to what research IS required and the 
needs of various interested parties and make recommendations regarding pn­
orities. They take into aC'count not only the research conducted by the ARC 
but !llso the research and development conducted by MAFF and DAFS at 
their OWn institutes, experimental farms, etc. 

Each board has set up a number of committees, as for example: 

Cattle Milk and 
Milk Products 

Animals Board 

Sheep Pigs Poultry Animal 
Science 

The spectrum of membership of committees is similar to that of the 
boards, but scientists are more strongly represented, constituting approxi­
mately half the membership. 

This new system was set up only in 1973, so It IS a little early to comment 
on its functioning. The intention is that each committee will review its OWn 
special area - coordinating with others as may be necessary - and report to 
its board. Each board then produces a composite report which goes to all 
three of the sponsoring organizations (ARC, MAFF, and OAFS) once a year. 
The Joint Consultative Organization has an advisory, not an executive func­
tion; the boards have not, for example, been allocated budgets which they 
can disburse. On the other hand, obviously the system can work only if seri­
ous note is taken of the advice offered. 

The project system has been used to provide the committees With the basic 
information regarding ongoing research. A framework has been drawn up 
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30 The blO-
logical 
charac-
rer.sties 
of crop 
plants 

Effort 
(.toOO) 

300 Plants 
in 
general 

301 Grassland 
and forage 
crops 

302 Cereals 

303 Arable 
crops 

304 Vege .. b1es 

305 FrUit 

306 Protected 
crops 

307 DecOratIve 
crops 

D eSCrJptlon M am Ob Jectlves 

Plant physIology To provide an understanding 
and biochemistry of the biological~ physical, 

and chemical mechanisms 
which control plant repro-
ductl0n, growth, function, 
and behavior 

Plant physlOlogy To proV1de means of control-
and biochemIstry hng the reproduction. 
in relation to growth. and function of spe-
specific crops cific crops 

Figure 17-1. A porrion of a framework for crop production. (The subsequent 
items In the extreme left-hand column are: The soil as an agricultural input; 
Natural mputs other than soIl; Fertihzers and crop nmritioni Genetics and 
breeding, Crop protection; Handling and storlOg crop products:; Process.ng pri­
mary crop producrs.) 

whIch is a simple two-dimensional manix in whIch all project units appear 
(each appearing once only). Part of rhe framework for crop production is 
shown in Figure 17-1. Each numbered box in the grid is called a "project 
area," e.g., "BIOlogical Charactenstics - Vegetables." Certain project areas 
were allocated to each committee to define Its area, and so on. In other 
words, the buildup ofthe Information system is as shown On p. 387. 

By this means, it was possible to provide a computer printout to each com­
mittee of the project umt wIth which It is concerned, structured by project 
area. SpeCIfIC pnntouts structured in other ways, as may be required, can also 
be provided. 



CONTRACT RESEARCH AND ITS EFFECT ON MANAGEMENT 387 

PROJECT UNITS 

PROJECT AREAS 

COMMITIEE AREAS 

BOARD AREAS 

At this point, the following question must be touched on, at least briefly: 
What criteria are to form the basis of recommendations by boards and com­
mittees on research prioritles? My Section has been studying avaIlable quanti­
tative techniques, such as cost-benefit analysis, for some time. A review we 
have made of the published material on the cost-benefit analysis of agricultur­
al research and development (R & D) projects has convinced us that, in its 
present state, cost·beneflt analYSIS does not provide a valid baSIS for the quan­
titative planning of agricultural R&D programs.8 The objections to it are giv­
en in a recent paper.9 They fall under three headings. Firsr, the technical data 
which are subjected to economic analysis are often so imprecise that correc­
tions stemming from the niceties of economic theory are trivial in relation to 
the uncertamtles in the data themselves. Second, there is a lack of uniformity 
in procedures, for example, in the way benefit is defined and estimated. This 
makes comparison of analyses hazardous. Third, the presentation of the re­
sults of cost-benefit analyses, particularly in the way mltiated by Griliches,lO 
we beheve to r,e objectIOnable. In particnlar, relating benefit JUSt to R&D 
expenditure leads to misleadingly high benefit-cost ratios. 

The alternative, therefore, is to rely on the informed judgment of the 
members of the boards and committees. We suggested, however, that this pro· 
cess could be rationalized to some degree by cons1denng priorities at three 
levels, as follows: 

Level (1)·Decisions on priorities between commodities and major research 
areas; 

Level (2) Decisions on priorities within one commodity or research area; 
Level (3) Priorities between indiVidual project units. 

For each level, a checklist of criteria was drawn up. For Level (1), for exam­
ple, criteria were grouped mto economic factors (such as national benefit, 
output value, value added by commodity sector, import-export considerations, 
etc.) and social factors (such as regional welfare, consumer welfare, environ­
mental considerations, etc.). The pOSSIbility of weighting these different fac­
tors and so arriving at a scoring system was considered but rejected on the 
grounds that It gives a spurious air of preciSIOn to what should be recognized 
as being fundamentally a subjective process. 
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Clearly, Level (3) is the concern of institute management, Level (2) of the 
commodity committees, and Level (1) of the boards. The fInal decisions, in­
c1udmg inter-board decisions, rest with the SemOr management of the three 
sponsoring organizations, ARC, MAFF, and OAFS. 

One of the functions of the J oint Consultative Organization is to give ad­
vice on which MAFF can base its commissions to the ARC. In descnbing the 
customer-contractor principle, Rothschild had written: "The customer says 
what he wants; the contractor does It (If he can); and the customer pays." 
The application of thiS principle to the fInanCIng of research councils in the 
United Kingdom means that the customer (that IS, the government depart­
ment) must know what it wants. Rothschild recognized this problem and 
therefore recommended that the appropnate government departments should 
each have a chief sciendst, With an appropriate sCientific staff. MAFF now 
has a Chief Scientist's Organization. 

As far as agricultural research IS concerned, the customer is MAFF, and the 
principal contractor is the ARC (which now gets 5" 5 percent of its budget in 
the form of commissIOns from MAFF, the remainder continuing to come 
from the Department of Education and Science). Imtially, MAFF has com­
missioned 55 percent of the ARC's existing ongoing research, but in future its 
choice of work to be commissioned WIll be mfluenced by the advice of the 
J oint Consultative Organization, just as the ARC takes note ofthat advice in 
its own research plannmg. 

The task of drawmg up and agreeing on commissions covering something 
like 30 million dollars' worth of research is one of no mean administrative 
complexity (even if one puts to one side awkward problems like what to do 
about capital cost of buildings which will be used for both commissioned and 
noncommissioned research). How has this task been accomplished? 

In the first place, MAFF and ARC were able, after numerous discussions, 
to agree that the number of commiSSions must be kept small- in fact, to 
twenty. These are mostly on a commodity basis (e.g., pigs, cereals, vegetables, 
etc.). Using our classification system, we were able to produce a printout 
which allocated each project unit t9 one or other of these twenty master pro­
gram areas (which in some cases are Identical with or very similar to commit­
tee areas, e.g., cereals, vegetables). However, these master program areas were 
structured not by project areas but in terms of objectives and subobjectives, 
to which project umts were allocated by scientific experts (and the informa­
tion then added to the classification data on the computer). 

A part of a commission is deScribed in Table 17-1. It will be noted th~t it 
is a draft commiSSIOn that is illustrated. This is in fact the kind of working 
document that MAFF and ARC have used, but the formal commissions do 
not list project units and give costs only down to the subcommission (objec-

., 
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Table 17-1. Illustration of Draft Cereals Commission 

AIm: To improve the quantity and quality of home-gl'own cereals 

Project Cost Project 
Objective/Sub-objective Unit No. (£000) Unit Title 

A Sub-Commlsszon - Wheat 

A 1 To increase yield/acre 
and quahty of grain 

A.1.A To provide new high· 
yielding, disease· 
resistant, quality 
wjnter and spring 
varieties 

A.l.A.Ol Breeding varieties 
with good agronomic 
characteristics. in­
cluding short straw 

A.l.A.02 Establishing durable 
resistance especially 
to yellow rust. sep­
tomi. and mildew 

etc. etc. 

B. Sub-Commission - Barley 
etc. 

etc. etc. 

tive) level, it being recognized that the mmagement of research is the func­
tion of the contractor, who must be free to change the details of the program 
in order to meet the stated objectives in the best possible way. 

Figure 17-2 provides an extension of our project system diagram. The 
computer can prim out the commissions; it can also produce printouts for 
each institute showing which project units are commissioned and which are 
not. Also mentioned in this diagram are project groups; these are department­
al or interdepartmental groupmgs of project units which are often administered 
as a group (e.g., the "Enteric Diseases ProJect"). ThIS information Can also be 
computerized, but project groups are essentially for local management, not 
for central planning. 

A further aspect of commissionmg is that there must be some kind of re­
view procedure. Since the fIrst commiSSIons have only just been drawn up, 
this procedure will not begin before 1976. It is envisaged that, in addition to 
regular annual reporting of the progress of commissions, there will be formal 
reviews at appropriate intervals (which could vary considerably, depending on 
the nature of the work) conducted Jointly by MAFF and ARC, mvolving the 
consideration of a special progress report and discussions with senior scien­
tifIC staff. 
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Commissjaning 

Master 
programme 

areas 

CommiSSions 

Project 
units 

Joint consultative 
organization 

PrOject 
areas 

Committee 
areas 

Board 
areas 

Figure 17-2. The ARC project systent. 

Conclusions 

Institute 
Management 

Project 
groups 

As indicated earher, it is not possible to attrIbute changes in the management 
of agricultural research specifIcally to the introduction of the customer-con­
tractor principle, since other important factors have been at work. Indeed, 
the decision to apply the principle to the research councils may be. regarded 
as denving from these other factors. In addition, the changes have been very 
recent and therefore any long-term consequences can only he guessed at. 

The princIpal changes have been a shift away from research administration 
toward more positive management. The methods used to bring about these 
changes, as outlined in this chapter, have been: definition of research in terms 
of specific projects with defined objectives; introduction of project costing; 
introduction of a system for the systematic review of research programs and 
determmation of priorities and for replacement of incremental by planned 
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budgeting. These changes also provide the basis for improved coordination of 
research programs in common fields between our own institutes and other 
organizations (such as the Agricultural Development and AdVISOry Service of 
MAFF). 

The majority would regard these changes as necessary and desirable. At the 
same time oue must frankly admit a sigmficant drawback: a considerable in­
crease in the administrative load, both at our headquarters and for directors 
and senior staff at Our institutes. ThiS is a question not only of paper work 
but also of attendance at many more meetmgs, committees, and boards, 
meetmgs to discuss commissions, preparation of papers and reports. This has 
been accomplished with very little increase in admimstrative staff. As regards 
the longer term, some scientists fear that the introduction of contract re­
search will in due course result in an unhealthy over-emphasis On short-term, 
apphed research, with consequent neglect of the strategic and fundamental re­
search which the ARC, at least, recognizes mUSt be the basis for future agri­
cultural development. 

Our experience of these changes has also focused our attention on certain 
other problems. First, there is no clearly defmed long-term policy for agricul­
ture m the Umted Kingdom, an essential !Uput for the effective plannmg of 
agricultural research within a framework of financial restrictlons.ll Second, 
the usefulness of existmg quantitative methods of research planning devel­
oped in industry, when applied in the context of government research, is 
limited. My Section is continuing to study this question. Third, it is also ap­
parent that insufficient resources have been devoted in the United Kingdom 
to the development of agricultural research findings. 

I think it is important at least to mention these problems, especially as I 
suspect that the first tWO may be widely shared. 

In concluding this chapter, I would like to address myself to some ques­
tions posed by Dr. Richard Nelson in discussions at the Airlie House confer­
ence. 

1. Is the problem In research management one of criteria (i.e., good selec­
tion) or of the generation of good ideas (i.e., entrepreneurship)? The answer 
is both. The provision of an environment which encourages entrepreneurship 
and the generation of good ideas must be a major concern of any research 
organization. Governmental laboratories are handicapped by having to follow 
rules and regulations on staff, pay, etc., whIch may be suitable for admin­
istrative departments but do not meet the needs of an organization devoted 
to research. (The international institutes are better off in this respect.) 

2. How is selection to be made - by ex·ante quantitative evaluation or by 
process of judgment? As already indicated. we believe that there is no valid 
basis for the notion that objective quantitative methods yet exist for ranking 
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research priorities and drawing up an optimum portfolio of projects. The 
process has to be one of informed judgment using systematic aids, including 
economic analyses as one input to the decision process. 

3. Do we favor planned complementarity in research Or pluralism (duplica­
tion) and competition? No simple answer can be given to this question. It IS a 
matter of finding the right balance. In most large research organizations there 
has been wasteful, unconscious duplication, owing to a lack of information 
and a lack of coordination. Good planning implies good coordination but al­
lows, and may positively encourage, conscious duplication and pursuit of 
different routes to the same goal. 

4. Should publicly funded research be tightly controlled, e.g., by con­
tracts, or is it better to have looser.control, with accountabIlity vested in the 
research director? The fact that the latter system has been found wanting 
does not necessarily imply that the former constitutes the correct solution. 
It is reasonable to expect that applied research in agriculture (mostly short 
term) should be mOre tightly controlled than strategic and fundamental re­
search (mostly longer term). In effect that is now the situation in the United 
Kingdom, since 55 percent of the ARC's budget is in the form of contracts 
for applied and what one might call applied-strategic work; 45 percent of the 
budget continues to come from the Department of Education and Science, 
and this is mainly for long-term strategic and fundamental work. To have all 
or an overwhelming proportion of research controlled by contracts would 
almost certainly stifle long-term basic work and, in particular, the more imag­
inative and unpredictable research. Whether contracts are the best mode of 
controlling applied work no one can yet say. It is a cumbersome system, and 
one wonders what would have been the return of a comparable investment in 
staff and time in trying to improve the coordination and planning of research 
in other ways. But perhaps the inertia in any large organization is such that 
only strong financial pressures can bring about significant change. 
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Brazil is currently experimenting with a new model for orgamzing agricultural 
research: the public corporation. The object of this experiment is to mcrease 
the quantity and quality of scientific knowledge relevant to agricultural de­
velopment. Its main objective is to make the whole research system more 
sensitive to the demand for technology. 

The main organizational agency of the new system is EMBRAP A - the 
Brazilian Pubhc Corporation for Agricultural Research. ThIS agency operates 
like any public enterprise, being open to all types of fmancial and human 
resources and at the same time ready to "sell" Its services to all kinds of cli­
ents. The corporation's principal product, of course, is agricultural tech­
nology and its ,primary dient is the government. Both federal and state gov­
ernments establish their priorities in terms of products for export and for 
domestic consumption. An mcrease in agricultural productivity is the basic 
need to be met by the research, extensIOn, and credit complex, and research 
is the responsibility of EMBRAP A. The mitial task of EMBRAP A, then, is to 
transform the general production goals of the government into research pro­
grams geared to increase the productivity of land and labor. Its second task 
is to organize and improve the skills of the scientific and technical staff who 
carry out the research programs. 

EMBRAPA is not subject to civil service hiring restrictions. It is free to 
hire whomever is considered qualified for its programs at national and inter-

394 
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national labor market prices. In order to economize, EMBRAPA is directing 
its main research programs through natIonal centers. This effort to concen­
trate financial and human resonrces on a few, but relevant, products is just 
beginnmg. Three national centers have been established to date: wheat, rice, 
and dairy. 

This chapter first offers a brief overview of the trends in Brazilian agricul­
tural development Second, it illustral.es the role of research In agricultural de­
velopment in Brazil by providing historical background. Third, the basic prin­
ciples behind EMBRAPA are deSCrIbed and, fmally, the main accompli.h­
ments of the new research system to date are presented. 

Trends in Brazilian Agricultural Development 

Land has been abundant m BraZIl. For many years it has been BraZIlIan policy 
to increase agricultural production through the expansion of cultivated areas. 
However, this is changing. Although pressures to expand the agricultural fron­
tier continue, there has in recent years been an Increasing demand to raise the 
productivity of land already under cultivation. 

During the 1950s the expansion of cultivated area and the increase lU farm 
employment continued to represent the dommant sources of growth of agri­
cultural output in Brazil. l In,the decade between 1960 and 1970, an increase 
in land productivity WaS observed throughout the country, with the excep­
tion of the Northeast, At the same time, the rate oflabor absorption declined 
significant! y. 2 

The change in trends of agricultural development in this decade was a con­
sequence of several factors. Favorable conditions m the international market 
and growth of domestic demand stimulated pressures for large mcreases in 
agricultural production which exceeded the possibility of growth by expan­
sion of the cultivated area. The availability of good and cheap land for agri­
culture diminished considerably. These new forces (international and domes­
tic demand for food and fibers) produced a dialogue between official authori­
ties on the one hand and the farmers, industrialists, and, especially, techni­
cians on the other. The result was a revision of basic agricultural policy. 
Growth through expansion was maintruned. However, increase in land and 
labor productivity was explicitly introduced as a new, additional goal during 
the late 1960s and early 1970s 

Initially, the emphasis was on disseminating existing technological knowl­
edge from the research mstitutions to the farmers. The heavy emphaSIS on 
agricultural extension services during the sixties can be understood within 
this framework This circumstance also explain~ the high priority allocated 
to the development of special lines of credit for the purchase of modern m-
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puts as well as the emphasis on minimum price policies to stimulate produc­
tion and productivity. 

An internal crisis for food in the domestic market became an additional 
and powerful factor for revising agricultural policies, especially in the mid 
19605. The feeding of the large urban centers suddenly became a crucial eco­
nomic and political goal. Government became aware that inflation plus food 
shortages were the ingredients for social upheaval and radical political changes. 

The initial steps toward the modernization of the agricultural research sys­
tem were taken at the federal' level, within the Ministry of Agriculture, which 
was under increasing pressure to raise the productivity of the agricultural sec­
tor. 

The economic forces that entered the picture in the sixties created, in the 
beginning of the seventies, a favorable atmosphere for profound change in the 
Brazilian research system. ThiS system has undergone several changes, but 
none of them has succeeded in providing Brazu with a research system capa­
ble of handling agricultural problems. It is our contentIOn that lack of incen­
tives in the economic system has been responsible to a great extent fo~ the 
failure of the reforms that have been tried. 

Historical Background 

There were some manifestations in Brazil of tbe great changes of the eigh­
teenth and nineteenth centuries in the agrarian sciences in Europe. The first 
Brazilian agricultural research units were created within the atmosphere of 
European liberalism, which generated a diffuse model. 

The Diffuse Model of Research 

The main feature of this 'model is that each research unit tries to diversify 
its activities, researcbing many different products and attempting to generate 
a wide array of technologies. 3 It represents an adequate system for organizing 
research In an environment with special characteristics. Among these char­
acteristics are the following· 

1. Availability of abundant resources for research. The abundance of re­
SourceS destined for research indicates that the society has already recognized 
the importance of research in the modernization of agriculture. Furthermore, 
mechanisms have been developed to provide agricultural research with suffi­
ciently generous and fleXible budgets to meet its needs. 

2. Predominance of a liheral philosophy, which accepts the behavior of the 
scientists as individuals and provides an atmosphere of freedom in the choice 
of researcb projects. 

3. Existence of a critical mass of farmers sufficiently organized to interact 
WIth researchers and administrators and to make the problems they face ex- " 

" ,_ ;.fI' 
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pltcit. From this interaction, pressure develops to aliocate adequate resources 
to research. This pressure also prevents the scientist from becommg alienated 
from the real world and concerned only with his particular problems. 

The pressure from farmers, together With the mdividual orlentatlOns of 
scientists, results in a research system which seeks to generate diversified in­
formation covering a vast range of subjects and large numbers of crop and 
animal enterprises. There will be many hnes of research, some seeking to 
economize on land, some on labor. 

The tendency is to develop what is possible in such a broad range of areas, 
given the limitations of time and money. The individual mterests of the sci­
entists are satisfied because they have a wide range of choice with respect to 

areas of research. At the Same time, this system guarantees that the deSires of 
the majority of farmers, particularly those in a position to influence the re­
search mstitutions, will be satisfied. When an indIVidual farmer seeking in­
formation on how to improve the efficiency of hiS farm comes in contact 
with the universe of knowledge generated, it is likely that he will find the in­
formation he needs. 

The diffuse model generates a large amount of information, only part of 
which crystallizes into new technology. This makes the model expensive and 
thus practical only in wealthy societies which can invest large quantities of 
resources in research. For example, the model has been in use in Europe and 
the United States for some time and more recently in Japan. 

In the developing countries two of the ingrs:dients essential to the func­
tioning of the diffuse model are in short supply. Fmt, resources for research 
are scarce. Second, the low cultural level of farmers, together with diffIculties 
of transportation and communication, make the establishment of a dialectic 
difficult. Nevertheless, many researchers have adopted the individualistic ap­
proach from the developed countries through training abroad and through 
the scientifIC literature. 

Conditions in the developing countries, therefore, alienate research from 
the current agricultural situation and lead to a dispersion of research among 
many crop and animal enterprises. Since human and financial scientific re­
sources are limited, this dispersion of effort reduces the efficiency of research. 
The farmer finds only hmited and incomplete information available, which 
does not permit the elaboration of a production system. Hence it is necessary 
to modify the diffuse model in such a way that the knowledge generated 
meets certain defined guidelines. 

Historical Pattern in Brazil 

In Brazil (with the exception of Sao Paulo and RIO Grande do Sui) human 
and fmandal resources are extremely limited. In addition, an organized mass 
of farmers does not exist to sensitize Brazilian authorities to the sector's 
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needs. As a consequence, the imported diffuse model cannot be expected to 
succeed in Brazil. 

Untll recently, the Brazilian agricultural research system had gradually de­
veloped an individualistic orientation; research topics and methodology were 
viewed as heing tqe exclusive property of the investigators themselves even 
though research was completely financed by public money. Research prior­
Ities were aimed at sacred themes, and the directing of science and technology 
toward the solution of the entrepreneurs' problems was considered heretic 
thmkmg. 

Scarce resources tended to be allocated to a wide variety of research topics 
defIned by the researchers who, not rarely, were more eager to duplicate an 
investigation recently published abroad than to solve the farmer's problem. 
The style of working in research was a "one-man venture", research tended to 
be designed in such a way that research teams were not used. The govern­
ment's research Investments were mainly an "act of good faith" rather than a 
goal-directed effort. This type of social background pervaded hoth the agri­
cultural colleges and the more applied research units, namely, the agricultural 
experimental stations and institutes. 

In short, the Brazilian agricultural research structure seems to have been 
negatively affected by two forces. On one hand, owing to the relative abun­
dance of land and labor, there Was little pressure for research to develop tech­
nology which economized on these factors. On the other, extremely individu­
alistic research patterns were imported from developed countrIes. 

The picture began to change at the beginning of the 1970s. Pressure de­
veloped to increase agricultural productIon in order to meet the increased do­
mestic and International demand for food and fibers as well as the political 
need for feeding the urban populatIOn. These forces have created a new at­
mosphere for shiftIng from a diffuse research organIzation model to one in 
which concentrated research efforts predominate. 

Changes in Brazilian Research 

The role of science and technology in increasing agricultural productivity 
became one of the central concerns of MinIster of Agriculture Dr. Luis Fer­
nando Cirne Lima in late 1971. In early 1972, he called a meeting of all state 
secretaries ,of agriculture and agricultural experiment station directors and 
made it clear that the central government desired to modernize the research 
system to accomphsh the newly defined national goals. At the same time, he 
nominated a special committee to recommend reforms in the agricultural re­
search system. 

The report of this committee pointed out the strengths and weaknesses 
of the federal research units. The positive aspects can be summarized as fol-
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lows: (1) A geographically dispersed network of research units was available 
to the federal government and covered practically the whole nation. (2) EquIp" 
ment and basic infrastructure were considered reasonably adequate for most 
of the units, WIth a total investment in land, building, laboratories, and other 
facIlities totaling about $300 million. (3) Sixteen technical journals were 
available for publishing the results of agricultural research. (4) There was a 
small but well·qualified group of researchers whose talents could be better 
used by the units if their administrative load were assumed by other profes­
sionals. (5) A re1atlVely well"defmed consciousness of the need for an integrat" 
ed research policy for the agricultural sector was present in most of the re­
searchers. 

The negative aspects, unfortunately, were overwhelming: (1) The basic na­
tional needs in respect to agriculture were unknown to most of the research 
personnel. (2) There was little interaction between research personnel and 
farmers. (3) The existing adminstrative structure inhibited the recruitment, 
training, and promotion of well-qualified personnel. (4) A complete lack of 
internal communication among units and mdlvidual researchers was eVidenced 
by large numbers of parallel projects on unimportant products. (5) The lack 
of suitable programming and evaluation mechanisms permitted researchers to 
undertake individual activities of doubtful value. (6) Of 1,902 individuals 
considered to be formal researchers, only 10 percent could be considered pro­
fessionals, with Some kmd of graduate training in research. (7) The salary 
policy did not permit the government to compete in the professional labor 
market; there were no means to hlre and promote qualified personnel qUIckly 
or to demote unqualified persons. (8) Higher salaries given to administrators 
reduced researchers' incentives to argue for their projects. (9) There were in­
adequate mechamsms for obtaining and managing financial resources which 
came solely from the federal government. (10) All the existing facilities were 
underutilized. 

The committee recommended a public corporation as the best institutional 
means to remedy these defects. The Congress, on December 7,1972, created 
EMBRA}> A as a pubhc corporation to coordinate and administer research in 
agriculture and animal husbandry. EMBRAPA started operating on April 26, 
1973. 

The Basic Principles of the Present Brazilian Model 

The basic tenet of EMBRA}> A is that applied agricultural research should be 
guided by the concrete needs of the natIOnal society as expressed in govern­
ment policies and in the concerns of farmers, extension agents, and industry. 
Execution of applied research directed toward immediate needs is seen as the 
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province of the technological research institutes. More fundamental research 
is seen as the province of the universities. There is not a rigid division of labor 
between the two types of research institutions. To a great extent, however, 
the comparative advantages of each are utiIized in the two types of research. 

Research units under the Ministry of Agriculture are generally in the first 
category. Their mam effort should be directed toward generating technology 
which can be readily incorporated into the production system. This implies 
that emphasis should be given to creating technological packages that achieve 
technical and economic efficiency. 

In addition to these general principles, six other ideas have been used as 
guidelines in reforming the existing research apparatus. First, the transfer of 
foreign technology to the agricultural sector IS considered a valid means of 
improvement but of limited importance in many instances. The transfer of 
specific materials and of certain packages (I.e., poultry technology), however, 
is looked upon as an opportunity to capitalize on some other country's in­
vestments. Also, training abroad and imports of personnel are very helpful in 
the Brazilian situation. 

Second, gIVen the scarcity of fmancial and human resources for research 
activities, efforts should be concentrated on regIOnal projects. This should 
help to overcome the difficulties of transferring technology among different 
ecological and economic regions throughout the country. 

Third, the private sector should participate in the development of most of 
the research projects. 

Fourth, the agricultural research system should have more administrative 
flexibility induding the freedom (al to obtain additional resources through 
contracts and agreements; (b) to pay researchers wages at market rates; and 
(cl to carry out an aggressive trainmg program, including basic traming and 
graduate work. 

Fifth, a closer relationship should be developed with the extension servIces 
and the agricultural input industries to speed the dIssemination of knowledge 
throughout the country. 

Sixth, knowledge from the intemational institutes and from other foreign 
research centers should be adapted and spread throughout the country. The 
research system should seek technical packages which decrease the farmer's 
risk. This means that an economic investigation should be systematically in­
cluded in the agronomic investigations. 

The development of EMBRAPA implies the concentration of relatively 
large financial and human research resourceS on a limited number of prod­
ucts. The challenge that this model presents is that of defining pnorities and 
responding to changing circumstances. 

This type of onentation implies a number of problems: 

! 
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1. Since resources are scarce, it is necessary to limit the number of produc­
tion system prototypes developed and the number of commodities researched. 
Clearly, pnomies must be established, but this means that some groups of 
farmers may not receive the benefits of research. 

2. There are problems of allocation of resources between research with im­
mediate applicability and that with applicability in the long run. 

3. It may be difficult to use the concentrated research model to develop 
systems of production adequate to the needs of the small farmer who com­
bines various enterprises in his operation. 

4. The concentration of effort requires an appropriate institutionabystem. 
It IS unlikely that research institutes which work on a large number of com­
modities and are organized on the basis of disciplinary departments such as 
soils and plant improvement will have a high degree of ~uccess in developmg 
production systems. In this type of environment, given the mdividualistlc 
tradition to which researchers are accustomed, pressures wiII develop that 
cause departure from the established priorities and areas of concentration. 
These pressures arise from the departments which seek to develop an'area of 
specialization, as is common in the developed countries, and from researchers 
that have dedicated their lives to commodities not conSidered to be of na­
tional priority. It should be noted that the organization of research in mstl­
tutes of this type IS a consequence of the requirements of the diffuse model. 
In rejecting this model, it IS also necessary to modify the institutional arrange­
ments which made it possible. 

Agricultural Research under EMBRAPA 

EMBRAP A concentrates on applied research, to generate improved technol­
ogy for agricultural development. However, it is not EMBRAPA's responsibil­
ity to perform all agricultural research in the twenty-five Brazilian states. As a 
consequence, two important roles have been defined for EMBRAPA On one 
hand, it has the responsibility of creating and/or supporting the state research 
systems. On the other hand, it is responsible for creating and implementing 
commodity-oriented national research centers. 

Supporting the State Systems 

Agricultural research at the state level is very heterogeneous in Brazll. The 
southern states possess relatively mature research systems. EMBRAPA plans 
to continue supporting their activities. At the same tIme, it expects them to 
adopt more flexible administrative units (corporation-type agencies) to facili­
tate coordination between the state and EMBRAPA. 

There are many other states, however, which have no research tradItion 
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whatsoever, although many of them have been receiving research funds from 
the central government. In these states, EMBRAPA is helpIng the state gov­
ernments to create their own capabilities. The main support up to now has 
been in training massive groups of research personnel as well as aiding the 
state secretaries of agriculture m organizmg their own state corporations. 

The National Centers 

These centers are defined in terms of basic national needs for the agrlcul­
tural sector. The main strategy is to concentrate funds and talents on a few, 
relevant products in specific regions. Wheat, sugarcane, corn, beans, soybeans, 
rice, coffee, rubber, livestock, and dairy have been defined as the crucial agri­
cultural products for the country. Among the key resource areas to be de­
veloped through national centers, EMBRAPA has included "cerrado," semi­
arid agriculture, and humid-tropical agriculture. 

State agencies can link themselves directly with the national research cen­
ters, particularly when they are located in the state where a given center IS 

located. 
The most important results obtained in the 1973-74 period are the follow­

mg: 
1. EMBRAPA replaced the National Department for Agricultural Research 

of the Ministry of Agriculture. The year 1973 was transitional and the corpo­
ratIon actually assumed the operation of research actiVIties in 1974. 

2. The realized budget of the old system in 1973 amounted to $14 nulhon 
(United States currency, exchange rate of December 1973). In 1974 EMBRAPA 
expended about $25 million III research activities (exchange rate of December 
1974). The planned budget for 1975 was estimated'at $65 million (exchange 
rate of December 1974). 

3. The old system was overcrowded with bureaucratic personnel. The cor­
poration was, by law, allowed to select the personnel best suited for its work. 
It chose 3,422 (data of January 1975) out of 6,705 employees of the old sys­
tem. 

4. The training of personnel forms one of EMBRAPA's most important 
programs. The program's current goal is to enable 1,000 researchers to ac­
quire the master's and/or doctoral degree In Brazilian and foreign universities. 
The program is financed by both Brazilian and foreign funds. Included in the 
latter is a USAID loan to the Brazilian government in support of the traming 
of researchers at universities· in the United States. At present, 500 researchers 
are studying for the M.S. or Ph.D. degree in various universitles. Under the 
old system, 10 percent of researchers held graduate degrees. The aim of the 
present program is that at least 80 percent of EMBRAP A's researchers will 
hold the master's or doctoral degree. 
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5. National centers for the most significant products of Brazilian agricul­
ture will be in operation by the end of 1976. Actually, the natIonal cen­
ters for dairy cattle, rice, and wheat are already in operation. Three national 
centers for the development of natural resources will be in operation in 
1976, one in the area of cerrado, another m the semiarid regIOn of the North­
east, and a third - the Center for Tropical Agnculture - in the Amazonas re-

~=. . 
6. EMBRAP A is strengthening institutional linkages with Brazilian and 

foreign universities, with the international research centers, and with develop­
ment banks to obtain technical and fmandal support for its program. 

7. Three states have already reformulated their research systems according 
to the federal model. Their research projects are supported to some extent by 
EMBRAPA funds In other states an mstitutional arrangement has been estab­
lished with the purpose of strengthening their research capabiliry and creatmg 
conditions favorable to ,the future conversIOn to the corporation system. 

NOTES 

1. A. C. Pastore, E. R. A. Alves, and J. B. Rizzieri, "Inov~o induzida e os limites a 
moderniz~o na agricultura brasileira," Altemativ-as de dese'llvoivimento para grllpos de 
bab:a renda na agricultura brasileira. 2 vols. (Sao Paulo. Insrituto de Pesquisas Economicas. 
1974). 

2. Sao Paulo has~tradltionally been an exception [0 the general Brazilian pattern. In 
the state of Sao Paulo the increase in agricultural output has for several decades been al­
most entirely the result of increases in land producrivuy See H. W. Ayer and G. E. 
Schuh, "SocIal Rates of Return and Aspects of Agricultural Research. The Case of Cot­
tOn Research In Sao Paulo:' American Journal of Agncultural Economics, 54 (1972), 
557-569, R. Evenson, liThe Contribution of Agricultural Research to Production," Jour­
nal of Fam! Eeono""es, 49 (1967), 1415-25; Z. Grtliches, "Research Costs and Social 
Returns: Hybrid Corn and Related InnovatIons." Journal of Political ECDnomy, 66 
(1958), 419-431, Z. Griliches) "Sources of Measured Productivity Growth: United 
States Agticulture 1940-196G," Journal ofFol!l,eal Economy, 71 (1963), 331-346, W. L. 
Peterson, "Return to Poultry Research in the United States/' Journal of Farm Econom­
tes,49 (1%7),656-669. 

3. The term d'ffuse model is used to describe the institutional'pattern that Hayami 
and Ruttan have referred to in their discussion of mduced innovation. See Y. Hayami 
and V. W. Ruttan, Agricultural Development All Internat1.onal PerspectwfJ (Baltimore 
Johns Hopkins Press, 1971), pp 53·63 and 82-85. The mduced mnovation model implies 
that government and private l'esearch agencIes tend to concentrate thelf effort to gener­
ate the type of technology that saves the scarce and hence expensive factors of produc­
tion. In thiS sense, the main lines of scientifiC and research policies really reflect the rela­
tive pri~es of land and labor in the case of agriculture. Institutional reform, on the other 
hand, is made possible and stimulated by the new opportumties opened up by changes in 
the relative pnces of land and labor and by the increase in the demand fot food. 
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There have been many mstances, throughout the last three decades, of the 
transfer of elite cereal varieties and associated crop production technology 
from one agricultural zone to another of similar latitude. The International 
Maize and Wheat Improvement Center in Mexico (CIMMYT) has been respon­
sible for transferring high-yielding varieties (HYV's) of wheat from the sub­
temperate/subtropical zone of Mexico to the subtemperate/subtropical zone 
of South Asia and th~ Near Jj:ast. The International Rice Research Institute 
(IRRI) in the Philippines has been responsible for transferring HYV's of rice 
from the Philippine tropics to other areas within the tropical belt. The genetic 
supply industry has been instrumental in transferring high-yielding hybrid 
maize varieties from temperate North America to temperate Europe and 
hybrid sorghum varieties from subtemperate North America to subtemperate 
Mexico, Argentina, Australia, and South Africa. In all these cases the impact 
on total grain production has been dramatic. 

Higb- Yielding Varieties 

Since the HYV's of wheat and rice formed. the basis of'the green revolution, 
it is appropriate to outline some of the salient features of these two discov­
enes. 

404 
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Wheat 

The hIgh-yielding varieties of wheat were developed largely by Norman 
Borlaug, using standard breeding techlllques of hybridizatIon and selection, at 
a small experiment station outside Ciudad Obregon in the state of Sonora in 
northwest Mexico. The station is located in Mexico's subtropical or semitem­
perate zone. The facilities at the station at the time Borlaug took over were, 
by modern institute standards, rather prImitive. 

The work waS not intended for application in South ASIa or any other re­
gion of the world; its purpose was to increase YIelds and to combat the rust 
which was plaguing wheat cultivation in Mexico at the time. Between 1945 
and 1949, four rust-resistant varieties were developed which were widely 
planted. In later years, semidwarf wheats were developed by crossing the new 
rust-resistant varieties with Japanese dwarf wheat, Nonn 10, and the new 
semidwarf varietIes were released for cultivatIOn in the eady 1960s. 

The seed waS sent from Mexico to Pakistan and IndIa in 1962. The pur­
pose of sending seed to India was to screen these wheats against rust. In In­
dia the importance of the semidwarf whears was fIrst realized by Dr. M. S. 
Swaminathan in a small plot located at one corner of his nursery at the Indian 
Agricultural Research Institute, New Delhi. In Pakistan, too, the potential im­
portance of the semidwarf wheats waS first recognized in a small patch of 
land at the expenment station at Lyallpur. 

Subsequently, an all-out effort was made to transfer these varietIes and the 
related technology from the semitemperate zone of Mexico to the semltem­
perate zone of South Asia. 

Rice 

The first modern high-yielding rice variety was developed not by IRRI but 
III Taiwan. Called Taichung Native 1, It was a short-season, semidwarf variety. 
The IRRI scientists, recogmzing the importance of Taichung Native 1, dis­
tributed it to several tropical areas of the world during the mid 1960s. The 
first high-yielding IRRI rice variety was IR-8; since its appearance several 
other IRRI varieties have been released. Although none of these newer vari­
eties represent any improvement in yielding ability over IR-8, they do offer 
improved grain quality, disease resistance, and, to some extent, insect resis­
tance. 

It IS interesting to note that the dramatIC increases in wheat and rice yields 
which accompanied the green revolution have been matched or exceeded in 
several developed, temperate zone countries. For example, in 1972 the aver­
age wheat yield increases over the 1961-65 average in two leading developing 
nations were as follows: India, 64 percent; PakIstan, 43 percent. By compari­
son, yields rose in several developed nations as follows: France, S6 percent; 



Table 19-1. Area, Production, and Average Yield of Wheat 
in Some Important Wheat-Growing Countries 

Area Production YIeld per Hectare YIeld In-
Country Years (in 1,000 hal (in 1,000 MT) (in 100 kgs) crease (%) 

Bulgaria ... 1948-52 1,432 1,776 12.4 
1961·65 1,222 2,213 18.1 46a 

1972 961 3,582 37.1 105b 

France ..... 1948-52 4,264 7,791 18.3 
1961-65 4,265 12,495 29.3 60a 

1972 3,958 18,123 45.8 56b 

IndIa. 1948-52 9,290 6,087 6.6 
1961-65 13,402 11,191 8.4 27a 

1972 19,139 26,410 138 64b 

Pakisran . . ~ 1948-52 4,218 3,685 8.7 
1961-{;5 4,984 4,152 8.3 _ Sa 

1972 5,797 6,890 11.9 43" 
United States 1948-52 27,756 31,065 112 

1961-{;5 19,432 33,040 17.0 52a 

1972 19,135 42,045 22.0 29b 

U.S.S.R .... 1948-52 42,633 35,759 8.4 
1961·65 66,622 64,207 9.6 14" 
1972 58,492 85,950 14.7 SOb 

Source: FAG Production Yearbook. 1972. 
a Increase in yield over 1948-52. 
b Increase in yield over 1961-65. 

Table 19-2. Area, Production, and Average Yield of Rice 
in Some Important Rice-Growing Countries 

Area Production Yield per Hectare Yield In-
Country Years (in 1,000 hal (in 1,000 MT) (in 100 kgs) crease (%) 

India ..... 1948-52 30,992 33,383 11.1 
1961-65 35,587 52,752 14.8 33" 
1972 36,019 57,950 16.1 9b 

Indonesia ... 1948-52 5,876 9,441 16.1 
1961-65 7,036 12,393 17.6 9a 

1972 7,983 18,031 22.6 28b 

Japan 1948-52 2,996 12,736 42.5 
1961-{;5 3,281 16,444 50.1 ISa 

1972 2,581 15,281 592 lSb 
Philippines 1948-52 2,350 2,767 11.8 

1961-65 3,147 3,957 12.6 7a 

1972 3,112 4,415 14.2 l3b 

Thailand ... 1948-52 5,211 6,846 13.1 
1961-65 6,394 11,267 17.6 34a 

1972 6,571 11,660 17.8 > 1b 
Umted States 1948-52 752 1,925 25.6 

1961-{;5 705 3,084 43.7 71 a 

1972 736 3,875 52.7 21b 

Source, FAO Production Yearbook, 1972. 
a Increase in yield over 1948-52. 
b Increase in yield over 1961-65. 
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United States, 29 percent, the Soviet Union, 53 percent {Table 19-1).1 Simi­
larly average rice yields per hectare, during the same time penod, increased as 
follows in developing nations: India, 9 percent; Indonesia, 28 percent; Philip­
pines, 13 percent; and ThaIland, 1 percent. By comparison, YIelds increased 
18 percent in Japan and 21 percent in the United States (Table 19-2). 

Maize and Sorghum 

During the past forty to fifty years, vast improvements in maize and sor­
ghum yields have taken place in almost all temperate countries and a few 
tropical countries where hybrid seed of these two crops is used. 

The introduction of hybrid maize to Western Europe after World War II 
and to Eastern Europe in the late 19505 and early 19605 revolutionized maIze 
production in Europe, as it had in the United States before World War I1.2 In 
Bulgaria, France, italy, Romania, and Yugoslavia, the national average yields 
in 1961-65 were substantially above the 1948-52 average levels. The same 
was true of 1972 Yields as compared With the 1961-65 level (Table 19-3).3 

The transfer of graiu sorghum hybrids from the United States to Mexico, 
Argentina, Australia, and South Africa took place in the late 1950s and early 

Table 19-3. Area, Production, and Average Yield for Maize in the United States 
and in Major European CountrIes Where Hybrids Are Used 

Area Production Yield per Hectare Yield In-
Country Years (m 1,000 hal. (in 1,000 MT) (m 100 kgs) crease (%) 

Bulgaria 1948-52 737 720 9.8 
1961-65 632 1,601 25.3 158a 

1972 689 2,974 43.2 70b 

France 1948-52 332 452 13.6 
1961-65 914 2,760 302 122a 

1972 1,880 8,190 43.6 44b 

Italy ..... 1948-52 1,253 2,306 18.4 
1961-65 1,108 3,633 32.8 78a 

1972 892 4,802 53.8 64b 

Romania. 1948-52 3,089 2,495 8.1 
1961-65 3,308 5,853 17.7 118" 
1972 3,197 9,817 30.7 74b 

United States 1948-52 29,856 74,308 24.9 
1961-65 22,933 95,561 41.7 67a 

1972 23,237 141,568 60.9 46b 

Yugoslavia 1948-52 2,297 3,078 13.4 
1961-65 2,474 5,618 22.7 69a 

1972 2,383 7,940 33.3 47b 

Source, FAO Production Yearbook, 1972. 
a Increase in yield over 1948-52. 
b Increase m yield over 1961-65. 
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Table 19-4. Area, Production, and Average Yield for Sorghum in the Umted States 
and Other Important.Countnes Where Hybrids Are Used 

Area Production Yield per Hectare Yield In-
Country Years (in 1,000 hal (in 1,000 MT) (m 100 kg.) crease (%l 

Argentina 1948-52 77 73 9.5 
1961-65 856 1,359 15.9 67" 
1972 1,564 2,502 16.0 > 1b 

Australia. ~ . 1948-52 57 75 13.3 
1961-65 154 228 14.8 11" 
1972 639 1,228 19.2 30b 

Mexico . . ~ . 1948-52 
1961-65 205 452 22.1 
1972 965 2,593 26.8 21b 

South Afnea 1948-52 2$3 180 6.4 
1961-65 296 295 10.0 56" 
1972 380 556 14.6 47b 

Spain ..... 1948·52 5 4 7.3 
1961-65 9 19 21.1 189a 

1972 44 177 40.2 9tb 

United States 1948-52 3,087 3,897 12.6 
1961-65 4,909 13,912 283 125" 
1972 5,410 20,556 380 34b 

Source FAO Production Yearbook, 1972. 
a Increase In yield over 1948-52. 
b Increase 10 yield over 1961-65. 

1960s. This introduction of better yielding United States-bred hybrids revolu­
tionized grain sorghum production in each of these countrles. 

Before the Introduction of hybrids into Mexico, total sorghum grain pro· 
duction in Mexico was negligible, whereas in 1972 over 2.5 million tons of 
sorghum grain were produced (Table 19-4). Furthermore, Mexico recorded 
national average yields comparable to those in the United States. Mexico did 
not make SIgnificant improvements in average yields in subsequent years, 
however, whereas average yields in the Untted States kept gOing up owing to 
considerable improvement In farming practices. 

'Striking increases in production 'also took place in the Southern Hemi­
sphere (Table 19-4). In Argentina over 2'h million tons of sorghum grain 
were produced in 1972 as compared with less than 100,000 tons before the 
introduction of hybrid sorghum. From 1948-52 to 1961-65 yields increased 
signiftcantly In Argentina and in South Africa. Because of its strict quarantine 
requirement, Australia was four to five years behind in uttlizmg the United 
States hybrids, and, as a consequence, improvement in average YIeld in 1961-
65 in that country was more modest. 

Some of the European countries which can grow sorghum recorded even 
higher gains than the countries in the Southern Hemisphere. 
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Genetic Supply Industry 

The genetic supply industry has, to a great extent, been responsible for bring­
ing about these increased yields by developing, multiplying, and distrlbuting 
hybrid seed to the farmers. 

The scientific basis for hybrid maize and hybrid sorghum, as well as for a 
host of other hybrid plants and animals, is the phenomenon known as "heter­
osis" or hybrid vigor. Heterosis can be defined as the increased vigor occur­
ring in the progeny of crosses among inbred parents, varieties, or races. It has 
been said that this phenomenon, more than any other, has revolutionized the 
agriculture of the United States. 

The genetic supply industry has attempted to exploit this phenomenon to 
the greatest extent possible within the existing body of scientific knowledge 
on the subject. There are two primary reasons for this interest. 

First, until the United States Plant Variety Protection Act was promulgat­
ed in 1972, there was no law to protect the varieties produced by private 
breeders of open poll mated varieties. The hybrids, hecause of their huilt-in 
protection, offered security to private breeders. In other words, the hybrids 
offered what is known in the trade as "proprietary" varieties. 

Second, smce hybrids had superior performance over the open pollinated 
varieties, the seed could be sold to the farmers at a price which assured breed­
ers far greater and far more certain profits than if they were sold the seed of 
commonly available varieties. Since the true hybrids are available only through 
the original breeder or his distributor, the breeder has repeat customers year 
after year if the product performance is satisfactory to the farmer. The com­
bination of these two facto,s - the large benefIts that accrue to the users of 
genetically Improved seed srock and the proprietary nature of many seed 
stocks - made the genetic supply industry flourish in the United States. 

Until recently, the overseas research and development work of the United 
States industry has remamed more or Jess limited to the transfer of temperate 
varietles and technology to temperate areas of the world. For example, all the 
major United States seed companies are active in Western Europe as well as in 
other temperate areas of the Southern Hemisphere. 

Although there has been a great deal of mterest On the part of the genetic 
supply mdustry m contributing its know-how to the developing countries, 
few effotts to accomplish this have been made to date. 

Pioneer Hi-Bred International IS unique in this respect. In 1964, it estab­
lished the Tropical Research StatiOn in Jamaica, West Indies, primarily to de­
velop maize hybTlds adapted to the lowland tropics. The station IS located in 
the lowlands, at 180 N latltude. 

Improved populations and varieties, some of which were collected by Dr. 
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w. L. Brown while he was a Fulbright scholar at the College of Tropical Agri­
culture, St. Augustine, Trinidad, were used as the station's foundation stock 
and source·breeding materials. Also, several Improved breeding populations 
were received through the courtesy of the Rockefeller Foundation and 
CIMMYT in Mexico. 

The classical inbred-hybrid method of maize improvement was used to de­
velop hybrids, this method having previously been successfully employed by 
breeders, both commercial and private, in the United States. 

The work on maize was carried out during the period from 1964 to 1968 
on an average of ten acres of land and with an annual budget of less than $15 
thousand. (The Station's total annual budget WaS $30 thousand, a lIttle over 
half of which was spent on sorghum research.) In 1966·67 the first experi­
mental hybrids were entered in tests throughout the Caribbean and Central 
America, and, in 1968, after only four years of operation, the station released 
for commerical cultivation in the Caribbean and Central America two yellow 
hybrids, X304 and X306. Two years later, it released two white hybrids, 
X101A and X10SA, for commercial use. 

Table 19-5 shows the performance of the yellow hybrids in several Canb­
bean countries in 1968·69_ These hybrids gave significantly higher yields than 
local varieties. In some instances, the yield increases were more than double. 

Trials were also conducted in parts of Central AmerIca, West Africa, East 
Africa, and South East Asia. As in the Caribbean, the hybrids from Jamaica 
were among the highest yieldmg hybrids in the tests. 

It is a well-known fact that, regardless of the success of breeders in breed­
ing improved varieties and hybrids, the impact of such developments on agri­
cultural production is zero unless the same varieties reach the farmer, not 
only in quantity but in a state which maintains the original genetic potential 
of the variety. 

Among the cereals, the nature and reqUIrements of seed production and 
distribution vary greatly depending UpOil the species involved and its mode 
of reproduction. In wheat and rice, both of which are self-pollinated species, 
the multiplication of seed is a rather Simple process. All that is needed to re­
produce a variety in large quantity IS SImply to grow and harvest the crop 
while exercising care to mamtain varietal purity by aVOiding mechaOlcal mix­
tures of seed. However, in the case of maize, which is almost completely cross 
pollinated, and sorghum, which is partly cross pollinated, the SItuation is en­
tirely different. To mamtain purity of hybnds, fertilization must be con­
trolled; consequently, the methods of large-scale production of quahty seed 
are much more sophisticated than are those used with self-pollinated species_ 

There is little doubt that the large-scale, Successful introduction of high­
yieldmg vaneties of wheat and rice into several developmg countnes in recent 
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Table 19-5.l?erformance of Hybrid Corn versus Local Corn in the Caribbean in 1968-69 

Yield (in quintals per hectare at 15.5% moisture) 

Dominican 
Yancey Jamaica Haiti Republic Grenada Barbados Trmidad Guyana 

Hybrid 
X306 

Hybrid 
X304- . 

Local 

54.7 

56.2 

59.6 

44.1 

Variety. .. 24-.9a 32.9b 

a Jamaica selected yellow. 
b Jerenue. 
C Frances. 
d Grenada. corn. 
e Barbados corn. 
f EconomIC botany selection. 
g Charity. 

63.4 

55.9 

38.9C 

39.2 

35.2 

17.1d 

30.6 

40.4 

19.1< 

54-.2 

27.9£ 

452 

47.7 

years was, to a considerable extent, a result of the reproductive mechamsm of 
the species. On the other hand, there is little doubt that the failure of the in­
ternational maize program of the institutes is largely attributable to a failure 
to develop satisfactory systems of seed production and distribution. The 
quality of breeding that has gone into international maize improvement pro­
grams is comparable to that characterizing the self-pollinated cereals, yet the 
impact of increased productivity has been negligible compared with that of 
wheat and rice. 

As a profit-oriented private company, we realized that the breeding of new 
hybrids and the multiplication and marketing of seed must be closely coordi­
nated in order to bring the results of research to the farmers in the shortest 
possible time_ And siuce research must be financed from profits, the seed 
must be s';ld at a price that provides adequate profit to sustain research. 

With these objectives in mind, we establIshed modest seed production and 
distribution facilIties, first in the Caribbean, in 1968-69, and' later in Central 
America, in 1970-71. Our four years of experience in marketing hybrid seeds 
in Central America have shown the following: 

1. If a hybrid performs, farmers wIll buy the seed year after year. And, 
contrary to widespread belIef, small as well as large farmers can and will buy 
hybrid seed: anywhere from 10 percent, in Panama, to 80 percent, in Nicara­
gua, of our hybrid seed customers are small farmers. 

2. There is no doubt that hybrids are bred to take advantage of better than 
average farming conditions. However, even under average growing conditions 
they do perform significantly better than the local varieties, thus'contributing 
to increased yields at the fann leveL 
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With our tropical research and distribution of seed well under way in Cen­
tral America, we extended our activities to other developing areas of the 
world, including Brazil, India, and, more recently, the Philippines. The results 
obtained in each country are similar to those obtained earlier in Central 
America and the Caribbean. In BraZil, we have two yellow maize hybrids 
under seed production, and seed is being successfully marketed there. 

In India, we starred with limited seed production in 1974, and we are 
scheduled for greater production in 1975-76. The hybrids being produced in 
India are X102 and X104. These were developed at our Hyderabad Research 
Station from inbred lines supplied by the parent company from the United 
States and Jamaica. Tests condncted in Andhra Pradesh during the 1973-74 
season revealed that these varieties out yielded the best available local hybrids 
(Ganga-5 and Deccan) by 17.4 to 31.0 percent at each of nine locations. 

All our overseas research stations undertake research on hybrid sorghum as 
well as hybrid maize, and most of our overseas producer-distributor organiza­
tions which produce and market hybrid corn seed are also marketing hybrid 
sorghum seed. 

In this chapter, I have attempted to point out what can be done in crop 
improvement research with limited reSources of manpower, capital, and land. 
The approach of our company has been what is called a "small expenment 
station" approach. The philosophy behind this method is that described by 
Wallace and Brown in their book CQrn and Its Early Fathers.4 As they have 
put It; 

[Tlhere are dozens of plantbreeders who can point to the fact that 
when they were living very close to their plants, seeing them every day. 
and spreading attention thickly over a small area, they got many times 
greater a return per hundred square feet than they did when working 
With large numbers of plants covering acres of-land. 

The modern trend in plaut breeding is in exactly the opposite direc­
tion. The present emphasis is directed toward doing things in a big way, 
toward the use of large numbers and "coordinated research" ... toward 
the use of large areas of land. and in many cases, routine types of in­
vestigation and thought. The work accomplished is often measured 10 

terms of budget size, of the number of pollinating bags used, or the 
number of acres devoted to yield testmg ... 

The point we are making is that lots of land. equipment and power 
can never produce scientific advancement m plant breeding or anything 
else unless ideas are big enough to match. And unfortunately, when the 
equipment, land and .manpower pass a certain point of immensity, the 
men who are supposed to do the scientific thinking tend to become 
mere administrators, making the wheels go around. keeping records, 
compiling tables, but not thinking often enough or hard enough about 
the next fundamental step forward. 
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The early HYV's of wheat and nee were developed when research facilities 
were, by modern standards, rather "primitive." 

Conclusions 

The goals of research work at the international institutes and in the genetic 
supply mdustry are the same: that is, to help farmers to produce more per 
unit of land area than they are now prodUCing. In our company there is a 
common saymg: "What is good for the farmer is good for us"; therefore we 
have a strong interest in the farmer's welfare. However, the decisions that set 
the scope and direction of private research are motivated by a strong vested 
interest in contrast to those which allocate and direct research at the insti­
tutes. 

There are several areas in which some sort of relationship between the in­
stitutes and the pnvate sector already eXists and In which exchange of in­
formation has been occurnng. However, there IS a need to strengthen thiS 
relationship considerably. For example, one of the areas in which coopera­
tion between the two could be expanded is in the exchange of breedmg ma­
terials. It is well known that the effectiveness of a breeding program is, to a 
large degree, dependent upon the extent to which elite breeding materials are 
present in a breeder's nursery. It is therefore highly desirable to establish an 
exchange of breeding materials between the two on a more or less regular 
basis. 

Another area In which the private sector and the institutes can expand 
their cooperation IS in variety evaluation work. At present, there are several 
regional test programs in which Institute scientists are directly or indirectly 
involved, for example, the Central American Cooperative Project for the Im­
provement of Basic Food Crops (PCCMCA) in Central Amenca, the Inter­
Asian Cgrn Program (IACP) in Asia, the East African Maize Variety Trials 
(EAMVT) in East Africa, and the West African Uniform Maize Tnals (WAUMT) 
in West Africa. The pnvate sector could benefit greatly if it could have its 
varieties/hybrids evaluated and obtain meaningful informatlon through the 
worldwide contacts of the Institute SCientists. 

Seed production and distribution form another area in which cooperation 
between the institutes and the genetic supply industry can playa significant 
role in increasing the productivity of farmers. 

The common method of wheat and nce Improvement In the temperate 
countries is, and has been, hybridization and selection. In the late 1950s and 
early 1960s there was a general trend to breed short, early, fcrtlhzer-respon­
slve varieties of several crops, including important cereals. CIMMYT and IRRI 
scientists successfully exploited these techniques to evolve high-Yleldmg vari­
eties. 
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For maize and sorghum, however, the most widely and successfully em­
ployed method of improvement is the inbred-hybrid method. In other words, 
improvement of these two crops is based upon exploitation of controlled 
heterosis. Much of the maize breeding now being done by the international 
institutes, however, emphasizes the development of improved synthetics and 
populations and largely ignores the use of hybrids. The reason most often given 
for this approach to breeding is that farmers in most developing countries do 
not employ sufficiently advanced technology to make good use of hybrid 
seed. As we have pointed out earlier, we have not found this to be true. A 
more realistic reason is the failure of the institutes to work out satisfactory 
systems of seed production and distribution of hybrid varieties in the de­
veloping countries. Instead of making an all-out effort to resolve the problem 
of seed production and distribution systems, the institutes have discontinued 
work on an effective and proven breeding methodology. 

The hybrid approach to improvlOg corn and sorghum offers tremendous 
flexibility because a hybrid is the product of at least two parents in the case 
of a single cross, three parents in a three-way cross, and four parents in a 
double cross. By combining lines (parents) with different qualitative traits 
with regard to disease and insect resistance and the like, one can have great 
diversity among the hybrids which are put on the market. 

Regardless of the methods employed, the objectives of the international 
institutes and the pnvate sector, as mentioned earher, are the same - that of 
improving agricultural productivity. There is every reason, therefore, for in­
creased cooperation between the two groups. Both are now engaged in vari­
etal improvement, and both will no doubt continue this activity. It would 
seem that the institutes are much better prepared than the private sector to 
provide the extension service so badly needed in the Third World. The private 
sector, on the other hand, IS much better equipped to provide those services 
associated with seed production and distribution. 

Agricultural research need not always be expensive in manpower, capital, 
or land. Increased cooperation between public and private sectors can further 
reduce these costs and increase effiCiency. 

NOTES 

1. In addItIon It may be noted that YIelds rOSe 67 percent lR Hungary and 64 percent 
ID Romania. 

2. United States·bred hybrid andlor inbred lines. The most widely spread United 
Stares hybrids were W240, W255, WZ75, W35SA, W416, W464 among the early maturity 
group; Iowa 4417, WlsconslD 641AA. Nebraska 301 among the medium matunty group; 
and U.s. 13, Ohio en, and Kansas 1859 among the late marurity group. 

Several United States inbred lines were used extensively in hybrid combinations with 
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the European lines. These are WF9, 38-11, CI03, Hy, OH43, DH7, OH51, W22, K148, 
K15D, N6, and M14 for the Danube Plain and othor regions of southeastern Europe. For 
the northern European production zone, early maturity lines such as WI 53. W37 A, 
W19A, W41A, W59E, W9, WD, A314, A375, M13, and 1205 were commonly used. 

3. Moreover. yields rose substantia.lIy in both penods in Czechoslovakia, Hungary. 
and Spain. 

4. H. A Wallace and W. L. Brown, Corn and Its Early Fatbers (East Lansing' Michi­
gan State Umversity Press, 1956). 
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Effective agricultural development requires the interaction of farmers and 
rural,insticuttons working within constraints Imposed by their socIoeconomic 
and ecological envIronments. For the effective allocation of their scarce hu­
man and financial resources, institutions such as those involved in public agri­
cultural research must take into consideration the needs of farmers as well as 
overall national, social, and economic goals. DecIsIOn-making on agricultural 
research resource allocation has received less attention, than has farmer deci­
sion-making. As a consequence, there is a shortage of both useful data and ef­
fective techmques for theIr analysis. 

While Improved producrivity and increased production may be the im­
mediate goals of applied agricultural production research, they are at the 
same time the means to reach some final goals such as improved human nutri­
tion, a more equitable income distribution, and increased foreIgn exchange 
earmng. Agncultural research mstitutions are presumed to seek ways to pro­
duce more andlor better food, feed, and fIber at a reduced per unit cost and 
in such a way as to maximize the contribution of agriculture to the achieve­
ment of ultimate social and economic goals. Hence, there IS a need for effec­
tive means to assist in predicting the relative contributions and costs of alter­
native research activities in order to establish research priorities and allocate 
avallable research resources. 

ThIS chapter suggests a systems approach to the collectlon and analysis of 

416 



A SYSTEMS APPROACH TO RESEARCH RESOURCE ALLOCATION 417 

information expected to be useful for establishing such means.2 The first 
part offers a brief discussion of means and ends in agricultural research. This 
is followed by an outline of a scheme for data collection and analysis; the 
chapter terminates with a discussion of some of the information·generating 
efforts currently under way in CIAT. 

Means and Ends in Agricultural Research 

A clear understanding of the distinction between fmal and immediate goals 
On the one hand and means to reach these goals on the other is essential to 
appreciate fully the need for improved tools for research management and to 
assure that such tools are relevant for establishing research priorities. For ex­
ample, while increased production may be an immediate research objective, 
it is not a final goal of agncultural research but rather a means to reach some 
final goals such as Improved 'income distributIOn or improved nutrItion. In a 
simIlar fashIOn, Improved Income distribution, although it may be a final de­
velopment goal, does not serve as a working objective for the agricultural 
scientist. 

To help clarify the distinction between means and goals, Figure 20-1 out­
lines the process by whIch applied agricultural production research may con­
tribute to the achievement of social and economic goals. Successful applied 
agricultural research produces knowledge andlor improved material, e.g., 
seed. The knowledge and improved material may be fed back into the re­
search process for further work, or it may be released to the fanners as new 
technology. There are three - and only three - potential direct contributions 
of such technology: (1) increasing technical efficiency, a measure of output 
per unit of input where both output and input are expressed in physical terms 
(e.g., production per hectare) of at least one resource; (2) changing the char­
acteristics and composition of products and developing new products (e.g., 
developing plant types more suited to mechanization and Improving the 
amino acid composition in the protein of a given crop); and (3) redUCIng pro­
ductIOn risk. Any other contribution WIll be indIrect, that is, It must come 
about as a consequence of one or more of the three dIrect contributions. 

There are three potential results of the dIrect contrIbutions listed above: 
(1) changing the composition and quantity of the aggregate supply of food, 
feed, and fIber; (2) changing the composition and quantity of the aggregate 
resource demand, e.g., increased or decreased employment; and (3) changing 
the composition and quantity of aggregate domestic farm consumption. Any 
of these results may contribute to the achievement of national development 
goals through changes in elements such as farm Income and its distribution 
among groups of farmers, relative resource earnings, consumer real income 
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Figure 20-1. Illustration of the potential outcomes and implications of agricul­
tural research 
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and its distributIOn among consumer groups, foreign exchange earnings, and 
human nutrition. 

Viewing agricultural research and its potential outcomes and impIications 
as a process reduces the confusIon over means and ends. The first level of out~ 
comeS (marked by (1) in Figure 20-1) is clearly a set of means, except when 
research is carried out for its own sake. The second level represents the work­
ing objectives for the agricultural production scientist. For research manage­
ment and socIety as a whole, however, this level expresses alternative a.p­
proaches to the goals shown in the fourth level. The third level in Figure 20-1 
represents the vehicle by which activities meeting the scientist's working ob­
jectives influence the ach ievement of the final goals. In other words, changes 
in product supply, input demand, and domestic farm consumption are not 
themselves goals but are means to fmal goals. 

Two conclusions may be drawn from the discussion above. First, the work­
ing objectives for the agricultural production scientist must be expressed in 
terms of technical efficiency. desired product characteristics, andlor produc­
tion risk. The specific working objectives and the most effective technology 
to reach these objectives should be determined on the basis of national de­
velopment goals. Concurrence between the technology specification received 
by the scientist and the technology which results in maximum contribution 
to the achievement of social goals is the responsibIlity of research manage­
ment. 

Second, research management needs information for research resource al­
location that is capable of both translating national development goals into 
working objectives for the agricultural production scientist and helping the 
production scientist select the most effective technology to reach the work­
ing objectives. 

A Suggested Informatwn System 

An effective information system for the allocation of resources in applied ag­
ricultural production research must be capable of providing research manage­
ment with reliable data that wIll make pOSSIble the establishment and the 
periodic review of research priorities in such a way as to maximIze the expect­
ed contribution from research to the achievement of national development 
goals. The system should also provide a frame of reference within which proj­
ect priorities can be established and mdIVldual projects can be accepted or re­
jected without great time delays. Extreme care must be taken to avoid a sys­
tem that Imposes heavy bureaucratic procedures on the production sCIentists. 

The system should be sufficiently comprehensive to improve currently 
available methods. However, the decision On how much should be spent on 
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Figure 20-2. Outline of. a senes of steps needed to translate national develop· 
ment goals into working objectives and technology specification. 
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achIeving such a system must be based on the same principles as.those used to 
allocate resources am9ng alternatIve agricultural research activities. 

Before the data reqUIrements and the conceptual model are discussed, it 
may be useful to illustrate a series of steps necessary to translate national de­
velopment goals into working objectives for use by the scientist and III tech­
nology specifications. The iIlusrration is shown in Figure 20-2. 

r t is essential that the development goals be clearly specified. The changes 
in product supply, input demand, and domestic farm consumption expected 
to meet some or all of these goals should be identified. Then the researchable 
problems, the solution of whIch IS expected to accomplish such changes, must 
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be identified. At this point no attempt should be made to quantify the ex­
pected contributions to development goals. 

Let us assume, as an example, that one of society's goals is to increase pro­
tem intake among protein-deficient groups of the population. It may be ex­
pected that - among other activities - increased production of grain legumes, 
animal products, and high protein cassava may make a contribution. The re­
searchable problems limiting production of tbese commodities, e.g., a particu­
lar disease in field beans, the nonavailability of a higb protein cassava variety, 
etc., should then be identified. 

It is important that the problems hmiting the achievement of established 
objectives be identified independendy of possible solutions, i.e., a "technol­
ogy-free specification of the problem" should be outlined. For example, if 
the problem is one of low yields, it should be expressed in terms of the fac­
tors causing low yields, such as lack of insect resistance, rather than specified 
as a problem of developing an insect-resistant variety. This is because al~erna­
tive solutions to the problem of the lack of insect resistance do exist. As such, 
the technology-free specification of the problem provides an implicit measure 
of the potential value of assembling technology to solve a particular problem. 
The technology-free speCification of the problem has to identify the farmer's 
needs and convert these needs into a specifIcation of the parameters and con­
straints that must be satisfIed by the technological innovations. 

When the relevant researchable problems are Identified, the alternative 
technologies expected to solve the problems should be specified. Then the 
cost, probability, and time requirements of both research and farm adoption 
should be estimated for each proposed technology. Based on these estimates, 
as well as on the nature of the problem, the structure and performance of the 
production sector, and the input and product-market relationships, it is now 
possible to estimate the impact of solving each of the problems on product 
supply, input demand, and domestic consumption. The last step before speci­
fying the scientist's working objectives and the technology to be developed 
refers to a quantitative estimation of the contribution of alternative re­
search efforts to the achievement of national development goals. 

Data Requirements and Sources 

From the broad framework presented above, it is now pOSSible to specify 
the data reqUIrements and the possible sources of these data. An exact specifI­
cation of data requirements is not attempted.3 Four sources of data are dis­
cussed; the farm sector, the market sector, the research sector, and the gov­
ernment. 

Farm sector data. AllocatIon of resources in applied agncultural research is 
frequently made without sufftcient knowledge about the existing problems 
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and their relative economic importance in the production process. Communi­
cation between the farm sector and the research institute is often deficient, 
and the needs at the farm level for problem-solving research may not be well 
known by the researchers. 

Farmers in most developing countries - except perhaps those who main­
tain large commercial operations andlor are members of effiCient producer as­
sociations - tend to have severe difficulties in communicating their research 
needs to the research institutes because of institutional and social barriers. Be­
cauSe of this situation, some research may be irrelevant to actual farm prob­
lems, and research results may not be adopted. 

There is urgent need for a system that will provide a continuous flow of in­
formation to the productIOn scientists and other persons who make deCisions 
on the increase in production, productivity, and risk hkely to result from 
such research activities as developing resistance to speCific diseases and in­
sects, improving cultural practices, improving plant types, and changmg plant 
responses to nutrients Furthermore, information is needed On the farmers' 
preferences with respect to new technology and on how these preferences 
may be changed so that attention can be given to the development of technol­
ogy withl a hIgh probability of adoption. 

Such a system can easily be developed where there is a continuous feed­
back of information from the farmer through the extension service to the re­
search agency. UnfortUnately, such feedback is rare in developing countries, 
and it is not hkely to take place on a national scale m the very near future. In 
the meantime, the essential information can probably best be obtained through 
organized surveys, includmg field observations. In addition to surveys, it may 
be necessary to carry out controlled experiments to determine the degree to 
which each of the various researchable problems leads to a reduction in yield. 
Whtle field surveys will provide information on the area affected by each of 
the researchable problems and some indication of their yield-depressing im­
pact, controlled expertments on yield losses will provide more exact informa­
tIOn on yield-reducing effect. Together the two data sources offer a sound 
basis for estimatmg production and productivity Impact of research on each 
of the problems specified. The impact of research on risk can be estimated 
from survey data on the past occurrence and severity of problems (e.g., pests, 
climate, etc.) and the resulting yield variances. 

Market sector data. Information on the structure and performance of product 
and input markets IS essential to predict the contribution of alternative re­
search efforts to the achievement of development goals. 

EXisting and expected future product-demand relationships may be very 
unfavorable to the expansion of the supply of certain commodities while 
favorable to the expansion of others. In this regard, demand elasticities are 
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needed to estimate the expected impact on prices and on the distribution of 
benefits between producers and consumers. In the case of new products or 
drastic changes in traditional products, it is important to predict consumer 
preferences either before research is initIated or at as early a stage in the re­
search as possible. Although a certain change in a traditional product may 
make It "better," USIng some objective measure such as nutritional value, the 
COnSumer may find it less acceptable than the original product. A number of 
caseS could be cited where "good" products have been developed through re­
search, only to find that they were unacceptable to the conSumer. Had the 
consumer preferences been checked out at an earlier stage, a considerable 
amount of research resources might have been saved. 

Instead of allocating research resources to fit existing product market re­
lationships, it is frequently possible to change the market relationships to fIt 
the research results. For example, consumer preferences may be changed or 
new markets may be found. It is important to predict how these relationships 
would behave in the case of supply expansion if adequate public pohcy mea­
snres aimed at facilitating the necessary changes are to be recommended. 

The impact of new technology on input demand will depend on the par­
tIcular technology developed. Hence, before the decision is made on the type 
of technology to develop, information should be obtained on eXisting and ex­
pected future input-supply relatIOnships. 

Research sector data. Data are needed to estimate the costs and the time re­
quirements of research as well as the likelIhood of achieving desIred results. 
Because of the very nature of research, its outcome can rarely be predIcted 
with great precision. It is argued here, however, that efforts to achieve at least 
some crude predictions of outcomes, on the basis of existing scientific knowl­
edge, are likely to make resource allocation in applied agricultural research 
considerably more effiCient. 

Government sector data. Development goals may be classIfied under three 
general headmgs: growth, equity, and security. Although specifiC develop­
ment goals may differ considerably among countries, all three of these general 
goals are usually found in some form. 

The development goals must be clearly defined and, if possible, the social­
ly acceptable trade-offs among them should be specified. 

At present, research management tends to have very limited information 
on these issues, and research priorities tend to be based exclusively on the ob­
jectives of increasing production and productivity. 

The Conceptual Model 

Figure 20-3 is a conceptual model for an information system for resource 
allocation In applied agricultural research. The figure outlines the relation-
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Figure 20-3. Flow diagram for an analytical model for an information system 
for resource allocation in applied agricultural research. 
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ships determining the expected contribution of alternative research efforts to 
the achievement of selected development goals. It also outlines some of the 
implicit relationships we believe should be considered when decIsions are 
made regarding resource allocation in applied agricultural research. It is not 
suggested here that a quantitati~e model incorporating all·these relationships 
be constructed. Rather, what IS intended by presenting the model is to make 
explicit the entire range of relationships, so that when a particular subset of 
relationships is analyzed the assumptions about the excluded relatIOnships 
are made expliCit. 

The followmg social goals are conSidered in the model: (l) economic 
growth; (2) more equitable income distribution; (3) increased productive em­
ployment; (4) increased net incomes to small farmers; (5) a more even cash 
flow to farmers; (6) improved human nutrition; (7) higher degree of self­
sufficiency m basic foods, and (8) Increased foreign exchange earning. The 
model may be changed to accommodate a different set of goals. Implicit in 
each numbered line is a causal relatIOnship between change in one variable 
and change in another. 

The contribution of new technology to the achievement of development 
goals depends heavily on existing publIc policy. Hence, existing policy should 
be clearly speCIfied, and it may be useful to apply the model to allow for 
alternative pohey measureS. 

Selected CIA T Activities 

The remainder of this chapter discusses some of the recent CIAT efforts 
aimed at developmg and fIeld testing simple methodologies for generating the 
information discussed above. Altbough the information obtained from these 
efforts is expected to be useful for CIAT and the national research agencies 
in the countries where the empirical testing IS carried out, the primary pur­
pose of the work IS to develop simple methodologies for use by national re­
search agencies in Latin America. 

The CIAT work IS discussed under three headings: single commodity anal­
yses; multi-commodity analyses; and a systems engineering methodology for 
small farms. The discussion IS limited to selected illustrative projects. A des­
cription of all the CIAT activities in this area IS beyond the scope of this 
chapter. 

Single Commodity Analyses 

This type of work is relevant when a deciSIOn has been made to research a 
specific commodity either indefinitely or for a certain minimum time period. 

I Although the amount of research resources allocated to a certain commodity 
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may be gradually increased or decreased over time, the low mobility of re­
search resources may not permit rapid and large changes in the relative em­
phasis given to research on particular commodities. Hence, the single com­
modity analysis may be appropriate, at least for the short run. 

In the case of a single commodity, information is needed on the com­
modity itself as well as on its interaction with other commodities in both 
production and consumption. The current CIAT single commodity data col­
lectIOn and analysis focus on the farm sector. 

The single commodity approach attempts to identify the factors associated 
with low productivity in a specific crop. It then proceeds to (1) identify re­
searchable problems expected to improve productivity and production, 
(2) estimate the impact of solving each of the problems on productivity and 
production, (3) estimate the costs, time reqUIrements, and adoption proba­
bilities of research for each problem and each technology, and (4) estimate 
the impact of alternative research efforts on product supply, input demand, 
domestic farm consumption, and farm sector income and its distribution on 
farm size. Such prOjects are currently under way for maize, cassava, and 
beans. Basic data are collected from agroeconomic surveys and agrobiological 
experiments. 

Agroeconomic surveys. The agroeconomlc survey attempts to transmit to pro­
duction scientists and research management the farm-level demand for ap­
plied agricultural research, through establishing a direct link between the farm 
and the research agency. The survey describes the production process and 
focuses on Identifying factors which limit production and productivity and 
on estimating their relative importance. Although highly interrelated, these 
factors may be classified as primanly agrobiologlcal, socioeconomic, or insti­
tutional. Given the purpose of the survey, emphasis is placed on agrobiological 
and related economic factors. 

Most of the data related to the agrobJ%glca/ factOis are obtaIned from 
direct observation in the farmers' fields The occurrence and severity of dis­
ease, insect damage, and weeds are noted. Furthermore, existing cropping sys­
tems, cultural practices, soil quality, availability of water, plant type, and 
general plant development are described, and yields and yield vanance are 
estimated. The farmer's perception of the agrobiological problems is com­
pared to field observations, and an effort is made to discover his attitudes 
toward solutions to the problems (new technology). In this endeavor, empha­
SIS is placed on obtainIng some mdlcation of the farmer's obJectIves - includ­
Ing the relative importance to the farmer of income, risk, and home consump­
tion - to help identify technology with a high expected rate of adoption. 

With respect to economic factors, data are sought on (1) the use of pur-
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chased inputs such as chemIcal fertilizers and insecticides, (2) labor use and 
production costs by productIOn activIty, and (3) gross and net revenues ob­
tained from the crop. 

The Illformation sought in respect to institutional factors focuses on cer­
tain aspects of input and product-market relationships as well as on the avail­
ability and use of credit and technical assistance. 

A small team of agronomists and economists provides the data collection 
mechanism. After having received an intenSive training course in diagnosing 
farm-level production problems, the team visits each of a selected sample of 
farmers three to four times over the period of a complete crop cycle. Field 
collection of data on agrohlOlogICal issues takes about half the time spent on 
each farm, while the other half is used to interview the farmer. 

Training of the field team is one of the most critical factors in assuring 
high quality data from the agroeconomic survey. Making a correct diagnosis 
in the field, for example, in distmguishing among the symptoms of certain 
diseases Or types of insect damage, in most cases requires considerable ex­
pertIse. Before initiating an agroeconomic survey, the agronomists on the 
CIAT fIeld teams spend a certain amount of tIme WIth a group from each dis­
cipline represented on the relevant CIAT commodity team. This instruction 
is supplemented in some cases with trainmg from professionals from national 
research and extension agencies. Most of this initial training takes place in the 
field. 

Agrobialagical experiments. The agroeconomic survey provides an estimate of 
the area affected by each of the problems identifIed. Furthermore, it gives an 
indication of the yield-depressing effect of a problem. However, it is frequent­
ly difficult to estimate, WIth a great deal of accuracy, the yield impact from 
survey data. Hence, controlled experiments are carried out to help quantify 
the impact of the problems on yields. 

Results. The work described above is in its preliminary stages, and before the 
real value of these efforts for research resomce allocation can be established 
more time is needed to tenninare the first round of data collection and anal­
ysis. At this stage, however, it appears that in planning their future research 
CIAT agricultural productIOn scientists have found valuable both their partici­
pation III project planning and the training and superviSIOn of field agrono­
mists and the information they have gained from the distribution of prelimi­
nary project findings. 

Multi-Commodity Analysis 

As opposed to the analysIs described above, the multi-commodity approach 
assumes that the choice of commodIties for research and the relative priority 
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among those commodities are not determined a priori. Hence, in addition to 
the data ~ollected for a single commodity, information is needed on the rela­
tive contribution to development goals of research on alternative commod­
ities. 

In this area, CIAT is currently undertaking a project whose initial objective 
is to develop and test a methodology to estimate the impact on human nutri­
tion of increasing the production of each of a number of foods. The empirical 
testing is currently being done for the city of Cali in Colombla. In addition to 
the issue of the impact on human nutrition, the project provides information 
on the impact of alternative production expansions on consumer real income 
by income strata and may at a later stage be extended to melude data on the 
impact of such expansions on farm sector incomes and distnbution.4 

The methodology is based on a simulatIOn model using as basic data a set 
of price elasticity matrices (one for each of five mcome strata) as well as cur· 
rent food prices, quantities consumed, and protein and calonc intakes. The 
model facilitates the estimation of the impact of alternative agricultural re­
search efforts on human nutrition .. The model forms a part of the conceptual 
model shown in Figure 20·3, estimating the coefficients indicated in the fig­
ure by the numbers 20,21,28,29,36,37,45,46,47,48, and 53. 

A Systems Engineering Methodology for Small Farms 

This approach centers on the farmer and his goals and is considered corn· 
plementary to the commodity-oriented approaches discussed above. It 10-

volves the development of models for the small farm; the small farm system 
is one in which the farm family and others living on the farm assemble indi­
vidual enterprIses into production, consumption, and marketing systems in 
which biological and physical factors interact with social, political, and eco· 
nomic systems. Such systems engineering. models of the small farm help to 
explain the dynamic behavior of the farm system as a function of its input 
and output relationship with external systems (the bIOlogical, ecologIcal, and 
institutional environment) and make it possible to identify the agncultural 
technologies which will be most effective in stimulating changes In the per· 
formance of the individual farm systems. In.particular, by being centered on 
the farm as a system, these models will, it is hoped, identify the principal 
limitations to the generation of well-being, income, and marketable agricul­
tural surpluses In what we earlier called a technology-free spedfication of the 
problem, i.e., a specification of the problem independent of pOSSIble technol­
ogies for its solution. The relationships explored by these efforts correspond 
to the numbers 8, 25, 26, 27, and 34 in Figure 20-3. 

The systems engineermg methodology for small farms is currently being 
applied by the Small Farm Systems Program of CIAT in its collaborative 

,. 
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Figure 20-4. Cropping cycle on some farms in southern Guatemala. 

work with the Institute of Agricultural Sciences and Technology of Guatemala 
(ICTA). Before discussing the expected utility of this methodology for re­
search resource allocation, we will descnbe briefly the overall structure of the 
models. 

The collaborative project is being carried out in an agrarian zone in a south­
ern coastal region of Guatemala. Figure 20-4 shows the principal activities of 
the agricultural cycle for that zone. A schematic representation of a general 
model for the small farm system is presented in Figure 20-5, while Figure 20-
6 is a reduced version currently being utilized for the study of the farm sys­
tem in the zone. The behavior of the small farm system is being studied as a 
function of the principal inputs for the system: credit. prices, availability of 
machmery and labor. and climate. This is a limited set of input factors. and 
the principal concern at this time is to understand the behavior of the small 
farm system when confronted with climatological risk and the interaction of 
this risk with other inputs. 

The farmers in this zone currently utilize almost no modern factors of pro­
duction. and it is speculated that this situation IS due primarily to risk aver­
sion. Delays in the credit system and Jack of confidence in the support prices 
create a situation in which institutional factors do not help to absorb the risk. 
There are serious delays In the availability of machmery, and a seasonal labor 
shortage exists owing to competition with the large plantations. The primary 
purpose of the model is to analyze whether in fact the dynamic interactions 
of institutional and climatological factors are the principal hmitations to pro­
duction and farm incomes. 

The principal function of subsystem Z1 in Figure 20·6, denominated 
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Figure 20-5. Schematk dIagram of "a general model" for small farm systems 

"Cash," is to keep account of and allocate the cash flow to the different 
activities of the family, including the purchase of family consumption goods, 
factors of production, and payments to credit. It is in this subsystem that 
the criteria for farmers' decisions are studied. 

Subsystem Z4' "Crop production," is linked to the external inputs of 
machmery and climate and to the "Cash" and "Soil" subsystems. The evalua­
tion of technological alternatives for production is carried out within this 
subsystem. The "Family consumption" subsystem represents the need for 
on-farm consumption of the various products produced on the farm as well as 
for the purchase of fo'Odstuffs and nonfoods. This subsystem helps to esti­
mate the family nutritional Situation. 

The technical coefficients used in the model are the best estimates on the 
behavior of each of the subsystems that have been provided by technical ex­
perts. The structure of the model was derived from information gathered 
through frequent visits to the ZOne by the members of the CIA T Small Farm 
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Systems Program and represents the syntheSIS of insights available on the be­
havior of small farms 10 that zone. 

A number of agronomIc experiments and a socIoeconomic survey are bemg 
carried out by the CIAT Small Farm Systems Program to test the technical 
coefficients avaIlable at present and the behavior and predIctive abiltty of the 
modeL 

It is not suggested that this model as it now stands represents the total 
reahty of agriculture 10 the zone. The purpose of developing and utilizlOg the 
model is to illustrate some of the principal structural relationships in the 
phySical, biological, and economic environment and to demonstrate the possi­
ble utility of such a model. 

The model as a research guide. It is expected that this model will be useful in 
estimatmg the likely outcomes of alternative research, public policies, and in­
stitutional changes. With specific reference to the likely outcomes of alterna­
tive extension and research policies, the model evaluates a number of pro­
posed technological packages These packages are evaluated With regard to 
their exp<;cted impact on family nutrition, family income, risk (as measured 
by income and production variance), and labor utiltzation. Preliminary results 
from this work are shown in Figures 20-7,20-8,20-9, and 20-10. 

Figures 20-7 and 20-8 present production trajectories generated by the 
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model over a simulated five-year period. Each production trajectory is identI­
fied with the production package which was simulated. Figure 20-7 presents 
production under the assumption that prices fluctuate between $70 and $120 
per metric ton throughout the year, as is now the caSe in the zone. Figure 
20-8 presents the production trajectories under support price. Comparison of 
the graphs indicates that pnce stability can be a means by which the adoption 
of technological packages is stimulated. 

Figures 20-9 and 20-10 present the net family income trajectories for some 
of these technological packages under the two sets of price assumptions. Fig· 
ure 20-9 is illustratIve of the risk that is mvolved under a situatIOn of unstable 
prices and unstable weather conditions. In particular, two of the so-called 
"production packages" are so costly that when risks are taken into considera­
tion they would generate negative net income for at least one year. Tradition­
al, or subsistence, farmers cannot tolerate this kind of risk. Another salient 



434 PINSTRUP-ANDERSEN and FRANKLIN 

US S/ha 

21. 

2ao 

19. 

18. 

17. 

16. 

15. 

14. 

1:lO 

12. 

11. 

lao 

9. 

80 

7. 

60 

50 

/ 

/ 
/ 

/ 

----

\ 
\ 
\ 

\ 

, 

_/ -

" , 

/ 

Herblclde:5= 
InsectlCldei 
Fertilizers 
Imp ... ~nelle~ 

'traditional 

0 
'-:-----'----~~----:-----_:_----_:_- 'Ytar~ 

2 3 4 5 
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fixed at U.S. $120 per metric ton 

feature of the four graphs is that the traditIOnal production package, which 
utilizes few modern factors of production, produces the lowest yields but 
tends to be better for net income than some of the more complIcated produc­
tion packages. The traditional system has the lowest income variance. A com­
parison of Figures 20-9 and 20-10 would illustrate the potential value of an 
effectively functioning market and price support system. 

It appears that the package expected to make the largest contribution to 
the income goal is that referring to the use of herbicides. Before this finding, 
ICTA did not have any work planned on weed control for that zone. How­
ever, as a result of the finding, a professional has now been sent for training 
in weed control, and the collaborative CIAT-ICTA work for the coming agri­
cultural season will involve extensive research on weed control methods and 
the economic evaluation of different weed control techniques. 

In additIOn to this immediate though preliminary outcome of the model, 
it is expected that sensitivity analysis will reveal its further utIlity in decision-
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making on research resource allocation. This analysis will involve the estima­
tion of the response of the system to variation in the parameters and coeffi­
cient. The experimental work will be focused on measuring with precisIOn 
those technical coeffIcients which appear to be sensitive to variation. If, for 
example, the model were to indicate sensitivIty for insect damage, intensive 
research on insect control would be recommended. On the other hand, if the 
model is not sensitive to variation in these technical coefficients, such re­
search would have a lower priority. Thus the model Can be utilized to estab­
lish research priorities both in the fanner's field and at the experiment sta­
tion. 

The above-mentioned systems simulation efforts are expected to be utilized 
for the agweconomic survey results to achieve some of the analyses suggested 
by the conceptual model presented in this chapter. 

NOTES 
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The objectives of this chapter are to describe systems of resource allocation 
now being used by United States public agricultural research organizations, 
'elther routinely or experimentally, and to suggest other procedures potential­
ly useful to the administrator in ranking research proposals and allocating re­
sources to them. 

Current Decision Process 

The greater part of agncultural research conducted in the United States is 
performed by public organizations, primarily the USDA and the various state 
agricultural experiment stations. While the decision process-for allocating re­
sources among research efforts varies considerably between organizations, the 
follOWing approach is reasonably typical.2 The management system consists 
of the administrator, department heads, and professional scientists. In the 
project funding process the administrator jndges project outlines submitted 
to him by department heads, who have previously analyzed proposals pre­
pared by a larger number of scientists, most of whom are tenured or career 
staff. Decisions about individual projects are made largely on a year-to-year 
basis by each SCientist acting as an entrepreneur On behalf of his own profes­
sional life; if he chooses projects that are not rewarding to the funders, to 

436 
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other scientists, and to the administration, he suffers. A great weight is placed 
on him for selectmg the appropriate projects. The decision function involves 
not the selection and funding of specific projects so much as the employment 
of specific scientists who will be attached to the research organization for a 
considerable period. Emphasis is on maximum freedom for the scientist to 

select projects and undertake desired research with minimum control or direc" 
tion from administrators. Furthermore, if experiment station administrators 
are not willing to support specific research, the scientist there is normally free 
to seek grant funds from outside sources. 

Why Modified Decision Processes Are of Interest 

Soon after World War II, as pubhc investment in research began a two­
decade perIOd of rapid growth, investigations of alternative approaches to the 
management of research were reported for the fIrSt time. The stimulus for 
such work appears to have come primarily from corporate managers con­
cerned with the rate of return from investments in research as opposed to 
other activities and from government funders anxious to prevent waste from 
the rapidly growing budget. Since the availability of scientists was lagging be­
hind, it was a seller's market. Researchers had little difficulty securing funds 
for interesting problems. 

Things are now different, however. The cycle appears to have peaked and 
the supply-demand relationship has changed. Federal researcb and develop­
ment expenditures are leveling off; substantial decreases have occurred in 
several areas, including atomiC energy and space.3 Nonfederal expenditures 
have continued to nse, but not fast enough to offset even the effects of infla­
tlon.4 With greater competition among SCientists for available funds, internal 
pressures for more intensive investigation of management processes have sur­
faced. 

Attention is focusing more directly on the research administrator, an im­
portant lmk between funding sources and scientists. It is he who must ac­
count. for current expenditures of funds while assuring sigmficant achieve­
ments over time from a highly uncertain production process; he must allocate 
support funds even though he cannot program breakthroughs; he must keep 
scientists' morale hIgh and give them sufficient latitude to perform at their 
best at the same time they .are competing more strenuously for limited re­
sources. He can solve the mcreased competition problem simply by allocating 
support funds evenly among all researchers or in proportion to salary. He can 
also reduce the size of his research staff through attrition and lor termination 
of untenured or noncareer scientists. Or, he or hiS designates can evaluate the 
merits of individual research proposals and specify which will be funded and 
for how much. 
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Of pertinence to this last alternative, an Impressive array of management 
techniques have been generated in the last few years, the objectives of which 
are to help the administrator to be internally consistent and/or to increase 
his likelihood of receiving essential information to form a valid judgment. 
Some of these structured methods are technically referred to as "decision 
models." However, virtually all that are applied to problems of ranking and 
resource allocation in research are more appropriately classifIed as "informa­
tion systems." They are mechamsms or logics for generating information for 
the decision-maker(s) rather than for automatically effecting decisions. 

Examples of Structured Information Systems 
in Agricultural Research 

Several new concepts in the management of agricultural research resources 
have recently been implemented or expenmented with in the USDA and at 
state experiment stations. Some have already been well publicized, e.g., 
USDA's Plannmg, Programming, and Budgeting System (PPBS), Iowa's Re­
view Panel System, California's Academic-Responsive Budgeting System, and 
Minnesota's Resource Allocation Information System. 5 Florida's system for 
establishing accountability in resource allocation in agricultural research was 
discussed in a paper presented at the American Agricultural Economics As­
sociatIOn meeting.6 Therefore, attention will be given here to two recent ap­
plications of structured methods. One orgamzation IS a component of the 
USDA Agricultural Research Service; the other is a state agricultural experi­
ment station. A Similar numencal approach (i.e., scoring models) was applied 
by both organizations to develop a rank order of research activities. 

Agricultural Research Service Resource Allocation 
Experiment in Livestock Research7 

Before fiscal year 1972, the deputy administrator of the Agricultural Re­
search Service (ARS) in charge of livestock research initiated a comprehensive 
evaluation of all research aCtivitIes under his Junsdiction. ApproXImately $1 
millIon was withheld from initial aHocations to permit expansion of research 
efforrs in those areas judged to be of highest prionty. 

The research program was divided Into two echelons of effort - projects 
and program activities (aggregates of research projects). Research projects 
were further subdivided into two groups - ongoing projects and proposed 
new starts. 

Three panels evaluated research efforts of each type - program actIvities, 
ongoing projects, and proposed new starts. Panel A, consisting of eight mem­
bers (assistant division directors, branch chiefs, and one laboratory director), 
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evaluated animal science research efforts. Panel B, consisting of seven mem­
bers (assistant division directors and the directors of the three largest lab­
oratories), evaluated veterinary science research efforts. Panel C, consist­
ing of five members (the deputy adminIstrator, two division directors, the 
planning, programming, and review officer and his staff assistant) evaluated 
research efforts m both areas. Members of the first two panels considered 
only those research effons that related to their respective organization's 
programs plus other selected efforts. Members of the third panel evaluated 
everything. 

A scoring model was used by each panel to evaluate research efforts. The 
scoring model 15 a ranking approach that formally mcorporates the decision­
maker's subjective trade-offs and deCISion criteria into the model framework. 
A primary assumption is that a few criteria can be established which, when 
properly related, will specify the desirability of a decision alternative. The set 
can consist of both quantitative and qualitative criteria so long as each is in­
dependent of the others. A discrete scale is developed for each criterion with 
sufficient range to mclude all efforts being evaluated and with only enough 
categories to discriminate between those that differ significantly relative to 
the criterion. An overall score is calculated for the effort by summing the 
product of criteria weights and scores over all criteria. 

Different criteria were considered in evaluating different types of research 
effort. For example, five cnteria were used to evaluate research activities, six 
for ongoing projects, and eight for proposed new starts (see Table 21-1). Cn­
teria weights were specified by members of Panel C, mcluding the deputy ad­
mmlstrator and the planning, programming, and review officer. Panelists then 
evaluated research efforts with respect to each criterion by distributing ef­
forts evenly across a five-pomt discrete scale. An average score for each effort 
was obtained by giving equal weight to each of the three panels and equal 
weight to each member of an individual pane\. 

Considerable information on each research effort was available to all panel 
members. For the research activities, information mcluded identification of 
the current state of the art, technological objective, promising research ap­
proaches, consequences of attaming the technological objective, magnitude of 
potentlal benefits, probability of success, and research resources required over 
a ten-year period. For ongoing research projects, information included the 10-
CatlOn of work, research activity contributed to, major achievements, publica­
tions, and research resources used in the previous year, redirection, objectives, 
plan of work, and resources required for the next year, mitlation date of 
work related to the project, and planned duration. For proposed new stans, 
information included location of proposed work, research activity contribut­
ed to, ongoing project related to, justifIcation for the proposal, objectives, 
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Table 21-1. Cmeria for Evaluating Livestock Research 
in the Agricultural Research Service (ARS) 

Evaluation Level 

A. Research activities 

B. Ongoing projects 

Cnteria 
Criteria Weights 

1. Benefitlcost ratio 40 
2. Extent to which research meets national] 

ARS, livestock research I and division goals 15 
3. Conmbution to knowledge 15 
4. Urgency 15 
5. Inadequate research results are expected 

elsewhere 15 

Total 100 

1. Priority of corresponding research activity 
2. Importance of corresponding specific re­

se.rch activity goal(s) identifIed as being 
contrIbuted to by this project 

3. Past achievement (last fiscal year) relative 

20 

20 

to cost 15 
4. Goals set for the next fiscal year are spe~ 

cificj- realistIc, and worth achieving 15 
5. Urgency I 15 
6. Cost relevance for this project 15 

Total 100 

C. Proposed new starts 1. Priority of corresponding research activity 15 
2. Importance of corresponding specific re­

search activity go.l identified as being con-
tributed to if this proposal is funded 20 

3. Priority of ongoing prOject to which this 
proposal relates 15 

4. Goals set for the next fiscal year are spe-
cific, realistic, and worth achieVing 10 

5. Urgency 10 
6. Cost relevance for this propos.l 10 
7. Adequacy of plan of work 10 
8. SuitabIlity of location 10 

Total 100 

specific goals for the next fIscal year, plan of work, expected duration, re­
sources required, and impact of this proposal on other projects. 

From this evaluatIon, all 98' research activities, 210 ongoing projects, and 
134 proposed new starts w.ere rank ordered. The results were provided to the 
deputy admmistrator for his guidance in allocatmg funds .initially held in 
reserve. Results were also disseminated to all livestock research managers and 
to scientists at their discretion. Because the nature of the scormg model neces­
sitated the evaluation of specific aspects of each research effort, information 
was available to diVIsion directors, branch chiefs, and scientists concerning 
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Table 21-2_ Livestock Research Activities Rank­
ing in Top 15 Percent 10 ARS Experiment 

Rank Research Activity 

1 Beef cattle reproduction 
2 Diagnosis of foreign animal diseases 
3 Foot and mouth disease 
4 Swine reproduction 
5 Dairy cattle selection and hreedmg 
6 Pork,quality 
7 Dairy cattle reproduction 
7 Beef qualIty 
9 Beef cattle feed efficiency 

10 Calf scours and enteric diseases 
11 AfrIcan swine fever 
11 Animal waste research 
13 Pesticide residues 
14 Datry cattle feed effIciency 

areas in which specific efforts were judged by their superiors to be deficient. 
The results of this exercise were not used to term mate all low-ranking re­
search efforts. However, they did provide an informational base from which 
some resources were reallocated from low-ranking to high-ranking efforts. 
Research activities ranking in the upper 15 percent include those listed in 
Table 21-2. 

North Carolina Experiment on Research Priorities 8 

Public concern about increasing costs and complexity of agrIcultural and 
related research, coupled with leveling off of research support and stronger 
demands for accountability, led to a general evaluation of agricultural re­
search priorities and of research resource allocation at the No.rth Carolina Ag­
ricultural Experiment Station beginning in 1972. The immediate goal of this 
examination was to determine which research problem areas (RPAs) should 
be given greater emphasis at the station in the next five years. 

Ajoint administration-faculty effort was mounted to conduct an exhaustive 
review of all research programs and projects at the statIOn and . .ro explore p;;s­
sible redirections for the future. All members of the research faculty and 
much of the extensIOn faculty participated -in the study. Outside scientists 
evaluated faculty task force recommendations. Recommendations included 
funding and scientist reallocations and additions at the RPA and sub-RPA 
level. Narrative support for such changes was further evaluated by numerical 
assessments of the recommendations based on a small number of important 
criteria. A'set of scoring models was applied in this part of the evaluation. 

Twenty task forces, each composed of five to ten research and extension 
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faculty members and occasional representatives of state agencies, reviewed 
the entire research program of the station One task force was appointed for 
biological sciences and technology, five for animal research, six for plant re­
search, three for environmental and natural resources research, and five for 
food-fiber-people-economics research. Each one was responsible for evaluat­
ing a portion of the total program, generally crossing departmental lines. 
They recommended quantitative changes in resource use (both money and 
SCientists) as well as timing for such changes, and they rated each recom­
mendation according to prespecified crite6a. 

Followmg submission of the task force reports, eighteen extramural panels, 
each consisting of three scientists not associated with North Carolina State 
Umversity and chaired by a representative of the Cooperative State Research 
Service, evaluated the task force recommendatIOns. They rated those recom­
mendations, using the Same criteria conSidered by the task force, and also 
made mdependent recommendations for resource allocation. 

To this point the evaluations were interdisciplinary in nature. The twenty­
three academic departments then reacted to the task force recommendations 
and extramural panel reviews in a disciplinary context, developed a third set 
of five-year recommendations, and rated the task force recommendations. 

The scoring models were developed beginning with the list of evaluation 
criterta used in the National Program of Research for Agriculture.9 The sta­
non admimstration consolidated and restructured them to improve apparent 
independence and relevance. These proposed criteria varied between the four 
major research areas. They were submitted through the mail to members of 
the Research Planning AdVISOry Committee, composed of departlnent heads, 
first for revisIOn of the criteria sets and then for specification of importance 
weights. Revisions, weightings, and explanations of reasons for them were 
developed by each member of the committee, summarized by the administra­
tion, and resubmitted to the committee members using an interactive Delphi 
procedure. 10 This approach was repeated tWice to permit modification of 
initial opinions based on the convincing anonymous arguments of others. The 
four criteria sets, with the approximate wordmg developed by the committee, 
are listed in Table 21-3 together with their average weights from the final 
Delphi round. To permit comparison across major research areas, the criteria 
weighrs for each area were standardized by the committee ro sum to 100. 

Without knowledge of the weight attached to each criterion, each member 
of the three groups - task forces, extramural review panels, and department 
heads - independently scored task force recommendations for increased RPA 
resources on a five-pomt scale. Some partiCipants rated most RP As in the up­
per two scoring intervals while others dispersed them more evenly among all 
intervals. Since each person did not score all RPAs, it was possible that those 
RPAs scored by the former rated higher than those scored by the latter only 



Table 21-3. Criteria for Evaluating Research Problem Areas at 
the North Carolina Agricultural Experiment Station 

Research Area Criteria 
Criteria 
Weights 

A. Biological 
sCiences 
and 
tech­
nology 

B. Animals 
ancj 
plants 

C. Environ­
ment and 
natural 
resources 

D Food­
fiber­
people­
economics 

1. Urgency - basic information needed to aid In solution to 
threat or problem.. 20 

2. Cost relevance - expected long-term benefits in relation to costs. 15 
3. Degree to which similar research is not now being conduct­

ed Or not likely to be conducted elsewhere (higher scores if 
inadequate research results expected elsewhere). 15 

4. Generallmporcance and potential for contribution to knowl­
edge. HIgher scores to be assigned for greater scientific merit 
and potential for contribution to faculty development and 
improved academiC performance. 50 

Total 100 

1. Extent to which proposed research IS consistent with sta-
tIon, regional. and national goals In agriculture and forestry. 
Consider economic va.lue of the crop or animal enterprise 
and its products to people of North Carohna. 

2. Cost relevance -expected benefits in rela.tion to costs. 
3. Extent to which similar research of adequate: qualIty is not 

being conducted on this commodity elsewhere (higher SCOre 
for RPAs and sub-RPAs for whIch adequate results are nOt 
hkely to be available elsewhere), and degree of urgency of 
need for research results. 

4. Potential for contrJbution to knowledge. 
Total 

1. Extent (0 which proposed research is consistent with sta­
tion, regional, and national goals in natural resource develop· 
ment and COTIservatlOn. 

2. Cost relevance - expected benefits in relation to costs. 
3~ Extent to which similar research of adequate quality on this 

resource is not being conducted elsewhere (higher scores for 
inadequate research elsewhere) and whether or not there is 
(1) a threat to natural resource, (2) public pressure, or (3) a 
critical need for environmental protection~ 

4. PotentIal for contribution to knowledge. 
5. Extent to which the research Will aid in meeting broader pub­

hc service commitment of the school and umversity, beyond 
traditlOnal statutory charge of the experlment station. 

Total 
1. Extent to which recommended research is consistent with 

station, regional, and national goals of promotmg and pro­
tectmg public health and Improving family hvmg, potential 
for Improving quality of hfe and developing rural communi­
ties in North Carolina. 

2. Cost relevance - expected benefits In relation to increased 
costs of research in these a.reas, resUlting from these recom· 
mendatIons. . 

3. Extent to which similar research of adequate quality is not 
being conducted elsewhere (higher scores for inadequate re­
search elsewhere) and whether there IS (1) public support for 
research to evaluate the impact of improved agricultural tech­
nology, (2) a threat to public health, or (3) a need for infor­
mation to support new processmg industries. 

4. PotentIal for contributIon [0 knowledge. 
Total 

35 
20 

20 
25 

100 

35 
15 

15 
20 

15 
100 

35 

20 

20 
..11. 
100 

" , 
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because of personal differences in using the subjective model. While there are 
also legitimate reasons for different average scores between participants, no 
objective procedures were available to make such interpersonal judgments. 
Therefore, to permit comparison across participants, each person's scores 
were given equal weight by adjusting proportionally sO that the average over­
all score for all RPA resource increases evaluated by any individual was the 
same. 

Recommendations for resource increases in ninety RP As were evaluated 
with the scoring models. Project rankings were obtained from the adjusted 
scores according to two standards; average score by all raters and average 
score minus one standard deviation of all raters. Although this latter standard 
forces the rank to respond to some extent to the degree of variability among 
participant scores, it is of course arbitrary. The standard deviation is comput­
ed based on the assumption of a normal distnbution. For the normal distribu­
tion, approximately 83 percent of observations lie above the mea11 minus one 
standard deviation. If the observations are skewed to the right, more than 83 
percent of them would lie above this point; if skewed to the left, less than 83 
percent would. For other distributions the percentage may also be different. 

The second standard caused RPAs for which there was much sampling vari, 
abIlity, dIfference of opinion, and lor variability in the basic predictability of 
the area to be ranked lower than when ordered according to the first standard. 
RP As with little 'difference ranked higher in the second list. Ten RP As that 
ranked in the top 15 percent on both lists are as follows (not in order of 
rank); 

Appraisal of soil resources 
Control of diseases, parasites, and nematodes affecting forests 
Control of diseases of-livestock, poultry, and other animals 
Genetics and breeding of forest trees 
Improvement of biological efficiency of field crops 
Improvement of biological effiCIency in production of livestock, poultry, 
and other animals 
New and improved forest"products 
Improvement of economic potential of rural people 
Improved income opportunities in rural communities 
Improvement of rural community institutions and services 

As expected, there was considerable difference of opinion between raters 
and between groups of raters. Between groups, the rank order correlation be­
tween the department heads' scores and the extramural panels' scores was 
highest at only .45. The correlation between the task forces and extramural 
panels was comparable at .42 while the correlation between the task forces 
and department heads was .24. Furthermore, an analysis of variance suggested 
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that the variation of scores between groups was not sigmficantly different 
from the variation between raters of the same group. There was no eVIdence 
that the three groups came from different populations of opimon holders, 
only that the population was extremely diverse. The coefficient of variation 
of scores for indivIdual RP As was frequently in excess of 20 percent. 

Alternative Methods 

The first part of this chapter has described a currently typIcal resource al­
location decision process and has presented a pair of case studies in the ex­
perimental application of a more structured mechanism. Attention will now 
turn to a review of various other methods reported in the research manage­
ment, utlhty theory, and behaVIOral science literatures that could help the 
research administrator to be internally consistent when ranking research ef­
forts and allocating resources to rhem. They do not asSIst dIrectly in formu­
lating the "correct" Judgment about a particular effort, although some stimu­
late opinion changes through additional information. These techniques vary 
WIdely m the amount of time reqUIred to implement them, processmg costs 
incurred, and information generated. Important questions selectively addressed 
in this section include: (1) How quickly can judgments be obtained using the 
technique? (2) What processing costs are incurred? (3) How many opinions 
are listened to? (4) How does the technique affect the fISk of a bad decision? 
(5) What types of information can be obtained from the process (i.e., ordinal 
or cardinal ranking of projects, benefit/cost ranking, recommended alloca­
tion, summaries of spectified characteristics)? (6) How does the process han­
dle funding options, multIple constraints, and uncertamtles? (7) With how 
many techniques is it compatible;> (8) How have users judged the value of Its 
products? 

Project Ranking 

Methods of ranking projects using both single and multidimensIonal mea­
sures of project benefit will be introduced first. 

One·dimensional ranking methods. Several techniques, including Qsort, paIred 
comparisons, successive ratmgs, and successive comparisons, are included in 
the category of individual participant comparative metbods.11 In each of 
these techniques a single judge compares the overall SUbjective worth of one 
item with another or with a group of items. When only a few items must be 
evaluated, methods m tbls group are among the SImplest procedures for sys­
tematic comparison. An implicit assumption is that each item is independent 
and mutually exclusive of all others. 

With Qsort, projects are divided into hierarchical categories on the basis 
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of their expected benefits, or on any other standard basis. Typically, essential 
information about a project is written on a card and the cards are then sorted 
into piles. No quantitative values are assigned to any category, but each may 
be dIvided into additional categories until no significant dIfferences in antici­
pated benefits are discernible among its projects. 

With paired comparisons, a complete ordering of projects is obtained and 
verified. All possible paIrs are examined, and the project within each that has 
the higher expected benefit is identified. Again, no quantitative value is as­
SIgned to any project - only an ordlllal rankmg. After projects are ordinally 
ranked, successive ratings andlor successIVe comparisons can be applied to 
establish and verify a relative cardinal ranking. Benefit-cost ratios Can be 
computed from these rankings and used as a rational method of allocatIon if 
the fundmg deCIsion is strictly of the "go/no go" type. 

With successive ratings, an arbitrary base number is assigned to the highest 
ranked project. Numbers are given to each subsequent project in accordance 
with its anticipated benefIts relative to the top one. These values are verified 
by covering tbem and repeating tbe comparison relative to tbe lowest ranked 
project. If Significant dIfferences appear in the two sets of numbers, the pro­
cedure IS repeated until consistent ratings are obtained when the scale is 
anchored to both the highest and the lowest benefit projects. 

Witb successive comparIsons, initially assigned values are refined by com­
parIng the value of one high benefit project with portfolios of lower benefIt 
ones. The number of projects in the portfolio is succeSSIVely reduced until 
the single blgh benefit project is preferred to the portfolio. The logIC of this 
method is structured to establish bounds on the cardinal ranks of all projects 
and to identify inconsistencies in earlier assigned values. 

A fmal comparative approach, dollar metric, permits the calculation of ab­
solute benefit-cost ratios.!2 Paired comparison are used first to identify the 
preferred project from each pOSSIble pair From an estimate of the expected 
cost of each prolect, the partiCIpant specifIes how much the cost of the pre­
ferred project could increase before the other would be chosen. He repeats 
this procedure for all pairs. Next, he determines how much the cost of the 
least preferred project could increase (or decrease) before he would be mdif­
ferent toward the choice between funding the project or not having a project 
in this research area. This base figure permIts the specifIcation of anticipated 
benefit m dollar terms. By Identifying actual expected cost, he can calculate 
a benefit-cost ratio with the numerator and denominator in the same units. 

Features of the comparative ranking methods are summarized in Table 21-
4_ Also included are two rankmgs of the methods by ease of use and user 
satisfaction with the product of the method_ Rankings of the methods are 
based upon the reactions of mIddle managers who used four of them during 
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Category of 
Comparison 

Type ofr.nk 
obtained 

Potential 
uses m re­
search 
evalua­
tion 

Ranking 
methods 
it can be 
used with 

User sat.s~ 
faction with 
rankmg 
Ease of use 

Table 21-4 Comparative Ranking Methods 

Q-sort 

Categories 

Groupmg of 
proJects. 
program 
areas, Crite­
ria. or ob­
Jectives 
All 

4 

1 

Paired 
Comparisons 

Ordmal 

Ranking of 
projects. 
program 
areas, cri te~ 
na. or ob­
Jectives 
Q-sor<. dol­
lar metriC, 
group and 

j multidi-
mensional 
methods 

2 

Successive 
Ratings 

Cardmal­
relative 
scale 
Ranking of 
proJects. 
program 
areas. cnte~ 
ria, or ob­
jectives 
Q-SOrt, 

palred com­
parisons, suc­
cessive com­
parisons, 
group and 
multid,­
mensional 
methods 

2 

Successive 
Comparisons 

Cardm.l­
relative 
scale 
R.nkingof 
projects, 
program 
areas, crite­
ria. or ob­
jectives 
Successive 
ratmgs, 
group and 
mUltidI­
mensIOnal 
methods 

1 

4 

Dollar 
MetrIC 

Cardinal­
abso~ute 

scale 
Ranking of 
projocts. 
program 
areas. cnte­
ria, Or ob­
jectives 
Q-sort, 
paired com­
pansons, 
group and 
multidi­
mensional 
methods 

n a.a 

n a. 

Note Ordering of methods is based upon my experience in working with twenty middle 
managers who applied the methods III a large governmental research and development 
organization. 1 = highest ranked m~[hod (most satisfaction or eaSiest). 

a Not applied. 

a workshop on benefit measurement. Those methods which were easler, fast­
er. and more natural to use also resulted in project rankings which were less 
useful andlor less satisfactory to the person applying them. Several expressed 
most satiSfaction with the ranking generated by using Successive comparisons. 
However, each concluded that the thought process of comparing One project 
With portfohos was unnatural and preferred successive ratmgs even With a 
shghtly less satisfactory ranking. 

Even after the mdlvidual's subjective rankings are elicited. the problem re­
mains concerning which person(s) to listen to and how to process multiple 
opinions. Using group-determined measures of benefit opens up a number of 
options. The deCision-maker can identify one "best" judge and listen ex­
clUSively to him. Alternatively, to increase the likehhood of obtaining a more 
nearly "correct" opinion, he can identify several experts and accept a simple 
or weighted average of their opinions as the best estimate. Following this 
course also permits the degree of vanance among their opinions to be deter­
mmed; this is an important by-product. A third course permits mteraction be-
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tween participants. However, when that occurs, independence of OpinIOn is 
partially Inuted, and the ability to use statistical measures of variance is 
restricted. There are several forms of group interaction. 

In the first approach, called "committee or round table," the group meets 
together, airs differences of opinion, and concludes with a "group opinion." 
Minority opinions may also be expressed. 

In the second, or "chain-of-command" approach, interaction takes place 
between adjacent links. If a superior disagrees with a subordinate's opinion, 
the subordinate's view may be totally suppressed in the next step when the 
superior interacts with his superior. Most typically, only a single opinion exits 
from the highest lInk III the chain, and that IS often formed through interac-' 
tion with one other person. That individualm turn presented only one opinion 
although a wide variety may have surfaced in the,interaction that preceded it. 
The Iowa Agncultural Expenment Station is using a variant of this approach, 
in which panels are included as three links in the chain to evaluate five-year 
research alternatives. 13 

A third approach, "Delphi," IS a formalized method designed to promote 
consensus without obscuring variants. 14 (See also earher reference to the use 
of Delphi in the North Carolina experiment.) It consists of a series of individ­
ual interrogations to a group of experts, mterspersed with Information and 
opinIOn feedback. Some questions inquire into the reasons for previously ex­
pressed opinions A collection of such reasons is then presented to each 
respondent, who is invited to reconsider his earlier estimate. Delphi attempts 

. to Improve the committee approach by subjecting views of individual experts 
(0 each other's critiCism in ways that avoid face-to-face confrontation. It pro­
Vides anonymity of opIlllOns and of arguments advanced in their defense. 

Each of the group methods can be used to obtain ordmal or cardinal rank­
ings of projects, program areas, criteria, or research objectives. They can be 
used singly or In conjunction with comparative andlor multidimensional 
methods. However, while several of the comparative methods make a logical 
system when used In succession, few of the group methods do. I have ranked 
the methods relative to three criteria (see Table 21-5). Like the comparative 
methods, none is consistently high or low with respect to all criteria. The one 
which requires the least time from all judges combined also permits the fast­
est rendering of a final decision because only one person need be Involved, 
but It results in the highest risk of a "bad" judgment being made. In addition, 
measures of variant opinions are normally restricted to the group average and 
Delphi methods. And, although opinion variation can be calculated at each 
round of Delphi, a statistical measure of variance satisfies the Independency 
of observation reqUIrement only in the first round. 

http:alternatives.13
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Table 21-5. Group Ranking Methods' 

Evaluation "Best" Group Cham of 
Category Judge Average Committee Command Delphi 

Other ranking Compar-a- Compara- Compara- Committee, Comparative 
methods with dve and tive and tive and compara- and muln-
which each group multidi- multldi- rnultldi- tive. and dImensional 
method can be mensional mensional mensional multidi-
used mensional 
Theoretical risk of 5 3 2 4 1 
"bad judgment" 
Total time i 2 3 2 3 
required of all 
Judges 
Speed of obtain- 1 3 4 2 5 
ing judgment 
Estimate of vari- no yes not usually not usually yes 
ance among judges 
possIble? 
Special problem How to Most re- Subotdl-
areas identify spe-cted or nate opln-

"best" persuasive lOns are sub-
judge member's dued in sub-

opinion sequent m-
likely to teractions 
carryex-
cessive 
weight 

Note: Evaluation of methods IS by the author. The highest ranking IS 1, indicating least 
risk, feast time requirement, and fastest Judgment. 

a All methods are flexible as to type of rank obtamed - category, ordinal, andlor 
cardinal type of rank The potential uses in research evaluation of all these methods in­
clude rankmg of projects, program areas, cntena, and/or objectlves. 

MlIitldl1nenslOllai ranking methods. The baSIC objectIve of informatio1l systems 
IS to provide important mformatlon to the administrator in a form that will 
assist hIm In choosing among decision options. No attempt is made to place 
projects in overall rank order, but measurements for each dImenSIOn of bene­
fit are hsted. Several information systems have been designed for research 
project evaluation, including the one developed by FIshel for the Minnesota 
Agricultural Experiment StatIOn. is 

The benefit contribution models approach is SImilar to the scormg models 
illustrated earlier in that several factors are speCIfIed which can be used to 
judge the expected ments of a decision alternative. However, instead of speci­
fymg general evaluation critena, overall goals of the organization are divided 
into independent, mutually exclusive objectIves. The relative importance of 
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Table 21-6_ Comparison of Multidimensional Ranking Methods 

Category of 
Comparison 

Type of rank ob­
ra.ined 
Potential uses in re­
search evaluatIon 

Other rankmg meth­
ods each multidi­
mensional method 
can be used with 
Special properties 

Mmnesota Infor~ 
manon System 

Scoring 
Model 

Pam,l c"dmal Overall cardmal or-
orderings 
QuantItative at­
rnbute display 
of ptojects 
Comparative 
andlor group 

derings 
Ranking of PfOJects, 
program areas and/or 
objecuves 
ComparatIve and/or 
group 

Diagnostic capacity 
for Identification of 
project'S weakest 
area(s) 

Benefit Contn­
bution Model 

Overall cardlOal order­
Ings 
Ranking and funding of 
projects and/or pro­
gram areas 
Comparative and/or 
group 

Ranking may be condi~ 
nonal upon assumed 
funding pattern 

such objecnves and the contribution of a project to each of them are estimat­
ed. Total benefIt of a project may be computed by product summatIon 

ConSIderable flexibIlIty for evaluating project InterrelationshIps is permIt­
ted_ For example, the structural relationship between projects and objectIves 
may be defined such that the contribution of one project is conSidered to be 
a function of which other projects are funded_ In this case it is not possible 
to obtain a Simple ordermg of benefIts or benefit-cost ratlos without speclfy­
mg the funding level of mterrelated proJects_16 

A summary comparJson of three multidImensional ranking methods. in­
cluding scoring models. IS contained in Table 21-6_ Scotlng models have been 
used more than the others for rankIng research proJects_ However, partial­
ordering mformation systems analogous to the Minnesota Experiment Station 
system have also been used III an informal way_ 

These multidimensional methods are compatible for use In combination 
with comparative and group methods; however, the combinations vary_ For 
example, partial orderings prOVIded by an information system may be used as 
input data for obtaining an overall ordermg utilizmg the comparative andlor 
group methods_ However, wIth sconng and benefIt contributIOn models, 
other methods are used to weight the scoring criterIa or research objectives, 
and the overall ranking is determIned by the multidimensional model. 

Approaches for Optimizing Resource Allocation 

Benefit-cost analysis BenefIt-cost ratios are frequently used as a basis for 
maximIzing expected benefit from a given inveStment. To use these ratios ex­
clusively, there must be only one constraint on resources (e_g_, total research 
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budget for One period) and only one positive funding optIOn for each proJect. 
The decIsion consIsts merely of funding the highest ranked projects until 
funds are exhausted. Problems may arise because of project indlvlsibtlities 
(i.e., when there is money left but not enough to fund the project next in 
order), but a satisfactory solution can generally be obtamed by a manual 
check of nearby alternatives. However, when there are multIple constraints, 
time perIOds, andfor project funding options, simply allocating funds based 
upon magnitude of the benefit-cost ratio IS not so appealing. 

Optlmrumon models specifically for research. A number of specifIC optimiza­
tion models have been developed for resoutCe allocation in research and de­
velopment when one or more of the complicating factors exist. Some have 
been designed for research evaluatJon, but many are appropriate only for de­
velopment projects. Each purports to analyze quantified subjective data in a 
prespecified manner and to suggest the most appropriate allocation of avaIl­
able resources, gIven the model assumptions. They vary greatly in scope and 
procedure. Virtually all focus on the allocation of funds, and some address 
the issues of manpower and facility allocation as well. Some are deterministic 
models, others incorporate stochastic elements. Most are static; a few are 
dynamic. Some focus only On economic evaluations, others are not restricted 
in the type of vanable they can conSIder. A few attempt to derive the optimal 
research budget, but most treat the research budget as an upper restraint on 
the deCISIOn problem.17 No allocation model developed specifIcally for agri­
cultural research allocation has been reported, although two partially de­
veloped models have been presented. The algebra for an agricultural expen­
ment station allocatIon model has been discussed by Paulson and Kaldor. 18 

However, the specifIC structure of the model and the method of solution were 
not defined. The mathematical structure for a fund and manpower allocation 
problem In a university department has been Identified by Cartwright 19 The 
complexity of the problem resulted In its being left in conceptual form. 

Since a large n,umber of models have been described m the references 
above, this discussion WIll focus on two recent models representing dIfferent 
approaches to the allocation problem. Both include operational computerized 
models for allocating money to research projects. The first was developed for 
and has reportedly been implemented by an industrial research organization. 
The second model was developed for a defense research and development or­
ganization and IS now being used there experimentally. Both are being used 
pnmanly for applied research evaluation. 

Atkinson and Bobis, authors of the simulation model, seek to attain maxi· 
mum expected profit through optimal allocation of a fixed five-year research 
budget among projects and over time.2o The approach is dynamic in that It 

http:problem.17
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solves the problem of distrlbutmg the funds among the five years. It mcorpo­
rates stochastic elements, meaSureS costs and benefIts in economic.units only, 
and utilizes a simulatIOn procedure to obtain solutIOns. Expected econOmIC 
value of a research product is computed as a function of the year the project 
is completed and the probability of technical, legal, engineering, and commer­
cial success. Year of completion IS a stochastic function of project funding in 
that and each previous year. The selection of proJects, optimal rate of fund­
ing, and annual allocatIOn ofthe total research budget are determined through 
an Iterative procedure using only pomt estimates of potential payoff. The 
point estimates are subsequently replaced WIth distributIOns and randomly 
sampled by Simulation to estimate the range in payoff possible from the Se­
lected strategy. 

The network model, by Baker et aI., is both static and deterministic, but 
It incorporates noneconomic as well as economic variables and permits direct 
interaction between deCision-maker and computer. 21 An optimal allocation 
of a smgle-perlod research budget is sought through the use of a network pro­
gram. Separable programming can also be used. A pieceWIse-linear benefIt 
function approximates the nonlinear function. It is maximized subject to a 
set of budgetary constraints. The benefit functIOn is completely flexible in 
the type and form of variable it can consider. The constraint set includes an 
upper limit on total budget and upper and lower constramts on the funding 
of .indlvidual projects, program areas, technologies, and performmg orgamza­
tions. Interactive opportunities are bUilt mto the program to permit the parti­
cipant to conduct sensitivity analyses by varying data inputs which are least 
certain and by asking "what If" types of questions. 

The simulation and network models represent different philosophical and 
mathematical approaches to allocation. Being designed for an industriallabo­
ratory where economIc profit is the motivating force, the simulatlon model 
IS comprehenSive In the types of market deCision variables incorporated. Both 
stochastic variables and dynamic allocation decisions are consldered_ The net­
work model was prepared for a government research and development organi­
zation where nonmarket goals are at least as important as economic ones. The 
budgeting process earmarks some funds for specific types of research; there­
fore, multiple constramts must be considered. The model is static and the 
variables deterministic although stochastic elements can be evaluated through 
interactIOn 

In another respect both models represent a simdar view of resource alloca­
tion among research efforts. A project can be expanded or reduced in scope, 
and progress can be speeded up or slowed down depending upon the resources 
allocated ro it. SignifIcant uncerrainties exist about cost and potential'payoff 
from any given effort. Both models view the allocation problem as a complex 
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Table 21-7. Comparison of Resource Allocation Optimization Methods 

Caregoryof Benefit-Cost Atkmson-BoblS Baker et al. Net-
ComparIson AnalysIs Simulation Model work Model 

Variables In benefit Flexible, general- Econonnc returns FleXIble 
function lyeconomic 
Form of benefit Point Functional relation- Linear or nonlinear 
functton ship between date of approximated by 

research success and piecewise linear seg-
benefit ments 

Number of proj- I ~ 

ecr funding options 
permitted 
Number of con- I (budget) 1 (5-year budget) Finite number (bud-
stramts permItted get) 
Method of handling Manual sensitivity Simulation SensItIvIty analysIs 
uncertainty through interaction 
Number of periods 1 period Up to 5 periods I period 
over which funding 
is optImized 
Speed of use Fastest Slow relative to Slow relatIve to 

benefit cost benefit cost 
Equipment required None Computer Computer 
for solving allocation 
problem 
Cost of using method Least High relative to HIgh relatIve to 
(data sources, com~ benefit -COst benefit cost 
purer, analyst) 
Special properties Computer can be Tabulates require-

used to reduce ments for nonbud-
manual time re- getary resources also 
quirements 

one and pennit direct consideration of multiple fundmg options and the ef­
fects of uncertam parameters_ 

A summary comparison of optimization methods is IOcluded in Table 21-7_ 
Depending upon the combination of methods used in the evaluation system, 
the benefIt-cost approach is generally the fastest and easiest to use. One of 
the simplest combinations consists of using successive ratings to order the 
projects and then dividing by expected costs. When alternatives need to be 
considered beyond what is feasible with a benefit-cost approach, a host of 
other models is available. The two described require more data processing 
equipment and analytIcal time than the benefIt-cost approach does, but they 
also provide more information_ 

Although SOme aspects of the latter models are identified rather specifIcal­
ly, considerable flexibility is mherent In both. The benefit function of the 
simulation model consists of economic returns only. However, the function 
could be expanded to include noneconomic variables a1so_ Each of die models 
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is flexible as to the combmatlon of ranking methods t:,at can be used to mea­
sure benefit. For example, a scoring model has been used to weight research 
objectives as parr of a benefit contnbution model that estimates benefits of 
projects to which an allocation of funds is subsequently proposed by the net­
work model. 

Framework for Investment in Management Tools 

Conceptually, the decision framework for optimal investment in management 
is the same as for any other investment option: purchase units of manage­
ment until the marginal returns added per dollar spent is equal to the margin­
al returns from the dollar invested in the next best alternative. Since adminis­
trative costs typically come out of the research budget, this framework is also 
valid for research management investment decisions. Management approaches 
are in direct competition with research prOjects for resources. There, the 
management approaches which add the most to the expected value of re­
search (because of a better decisIOn) per dollar spent should be engaged until 
the value gamed fwm another dollar's investment is no greater than if invest­
ed in the marginal research project. This would equahze the marginal rate of 
return from alt~rnat1ve hnes of investment. Hence, the amount of manage­
ment used m different organizatIOns could vary also. If all the research op­
tions in one organization are expected to Yield a very high rate of return, its 
investment III management tools should be restrIcted to those that wili yield 
at least as high a return through Improved decisions. Another organization, 
with lower and more vaned rates of return expected on research options, 
could afford to invest m more management. 

The major problems in implementing such a framework are not conceptual. 
They are measurement problems: how to determine which management ap­
proach is dollar-far-dollar better than another and how to measure value from 
management tools in the same units as research projects. While much work 
has been undertaken to develop new ways for subjectively ranking projects 
and allocating resources to mem, far less has been done to determine which is 
the best management approach to use. In fact, only one paper appears to have 
addressed this problem directly: Souder has reported the application of a 
scoring model to an evaluation of twenty-six project selection models. 22 

Opinions were solicited from administrators and management scientists con­
cerning the statu~ of the models with respect to five crIteria - realIsm, fleXI­
bility, capability, ease of use, and cost. The criteria were subjectIvely weight­
ed and an overall score derived for each model. The only model included in 
that evaluation that was also discussed in this chapter, the Atkinson-Bobis 
model, tIed for the highest score.23 

http:score.23
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Laboratory costs to obtain reasonably objectIVe measures of costs and 
benefits of research management tools would probably be prohibitive Con­
trolled experiments would be necessary over lengthy periods of time suffl­
cient to observe the benefits resulting' from research projects selected WIth 
different tools. One is probably lImited for practical purposes to subjective 
measures. Souder's subjective scoring approach provides a useful comparison 
of a number of management methods. However, it is not sufflclent for deter­
mining the optimum level of investment in management. Factors of both 
benefit (e.g., realism and capabllIty) and cost (e.g., dollar costs and ease of 
use) were included in the score. To determIne the optimal Investment in such 
management methods, benefits and costs must be separated and measured In 
the same umts as for research projects. The dollar metric approach previously 
discussed has potential as an inItIal mechamsm for subjectively placing man­
agement tools and research projects In comparahle umts of measurement. 
Then the marginal principle could be applied to both sets of options to select 
the optimum portfolio. 

Summary 

Considerable research has been conducted to develop management tools for 
pOSSIble substitution for or complementary use In subjective deCIsion processes. 
Case examples in the application of such methods m public agricultural re­
search orgamzations have been cited. Other literature has been selectively sur­
veyed to emphasIZe the breadth of methodological developments for research 
project selection and reSourCe allocatIon. A partial comparative evaluation of 
the selected methods is mcluded with the survey. Apphcability of the marginal 
principle for determining the optimum investment in research management 
has been emphasized and a rudimentary framework for implementing that 
prInciple suggested. Many research challenges remain in the area of method­
ological development. Particularly great is the need for innovative thought 
and practical experimentation to compare costs and benefits of alternative 
subjective decision processes. 
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The purpo$e of thIs chapter IS to show how the allocation of research resources 
among commodities and the effects of such allocations on the output mix de­
pend upon (a) the initial production conditions, (b) the nature of the research 
production functions, (c) the nature of the demand relations for the com­
modity OUtputs, (d) relative factor endowments, and (e) the existence of dif­
ferent types of envltonmental constraints. The basic model used is a two­
factor, two-product model in which certain kinds of technical change are m­
troduced. This model is presented and discussed in the next section. The thIrd 
section deals with the effects of technical change and of demands for the out­
puts on the product mix. The role of factor endowments is the topIC of the 
fourth section, which is followed by a discussion of the effect of certain types 
of environmental constraints on the allocation of research resources and the 
output mix. The policy implicatIons of the analysis are dIscussed in the fIfth 
part of the chapter. 

The Basic Model 

To analyze certam questions concerning the benefits to be derlved from the 
diversification of agricultural production, we need a theoretical model which 
will enable us to trace through changes in productIon functions, factor en­
dowments, and relative product prices on output, IUcome, and factor rewards. 

461 



462 ABEL and WELSCH 

A simple, but useful model for looking at the influence of technical change 
on the output mix is the standard two-factor, two-product model of produc­
tion. 

Let us start by assuming that a region (either an area within a country or a 
country tradmg m a larger, world market) produces two goods, ql and qZ' 
with two homogeneous factors of production, Land K, where L is the labor 
input and K is the land (capital) input. Total factor supplies are assumed to 
be fixed 

Production of our two goods is gIVen by the Cobb-Douglas production 
functions 

q - LUK 1 - u - L I - TIll - Tl 1 [~ir -u 

[~;r -~ 

(1.) , 

(lb) 

whIch reflect constant returns to scale. 71 and r2 are indices of techuology 
In addition, the fixed supplies of labor and land (capital) are represented by 

Ll + L2 = L (2.) 

Ll [~n + L2 [~~J = K. (2b) 

Furthermore, we assume that the factors of production are fully employed. 
We can derive the expression for the slope of the production possibility 

curve, which is 

where, , 

u 
a= 1- a 

b - ~ 
-I-f!' 
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The reader is referred to Johnson and to Abel, Welsch, and J oily for de­
tailed derivations of the production possibilIty curve and methods for solving 
for the outputs ql and q2' gIVen the product prices.2 

We can consider two possibIlities wIth respect to the influence on product 
prices of changes in the output levels of our producing regIon. One is a com­
petitive environment in which both product prices, PI and Pz, are given to 
the regIOn and do not vary with changes in qi and qZ' The other is where 
changes m either q1 or q2 influence the levels of market prices. In the first 
case, the region will face straight line iso-revenue curves. In the second case 
the iso-revenue curves will be convex to the origin over the relevant range of 
output. A fuller discussion of the pnce (revenue) side of the model is con­
tained in Abel, Welsch, and Jolly. 3 

Our model assumes Cobb-Douglas productIOn functions to be relevant 
throughout the full range of production - from complete specialization in 
ql to complete specialization m qZ' We would like to make two points about 
thIS assumption. FIrst, there is nO need to suppose that the agricultural pro­
duction world is fully represented by Cobb-Douglas functions. Other forms of 
production functions, such as quadratic or CES production functIOns, may 
be more appropriate in Some circumstances. Second, there is no reason to ex­
pect a particular form of production function to hold over the full range of 
possible factor substitution. At best, any given form may be a good approxi­
mation over a given (and sometimes small) range of resource substItution be­
tween the two production functions. at the extreme ranges of substitution 
between q1 and q2 the production possibility curve might exhIbit either a 
complementary or a supplementary relationshIp in the production of ql and 

Q2" 
The model presented above has some interestmg propertIes. Most important 

is that the production possibility curve will have little curvature for a wide 
range m values of the production elaSticities a and (3. (This result will hold 
over the range m output variation for which the Cobb-Douglas production 
functions are good approximations of the real world.) This has been clearly 
demonstrated by Johnson and can be easily verified by evaluating equation 
(3) for alternative values of a, (3, and 2.4 From this result, It follows that the 
sensitiVIty of the output mix of q1 and q2 depends very much on whether the 
producing regIon operates as a price-taker or whether changes in the outputs 
of the region mfluence product prIces. This is illustrated in FIgure 22-1 One 
can easily see how slight vanations in the product price ratio, P, would cause 
large changes in the output mix along the production possibility curve f (q1 0, 
qzo) ~ 0. 

On the other hand, when our region faces downward-sloping demand 
curves for one or both products, a high degree of stabihty m output mix is as-
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Figure 22-1. Equilibrium in production with either fixed relative prices or 
downward sloping demand curves. 

sured. Exogenous shifts In the demand curves for the two products of our re­
gion wlll result in a rotation of the COniC section represented by the iso-revenue 
line TR in Figure 22-1. The less the curvature of the Iso-revenue hnes, the 
greater will be the effect of exogenous shifts in the demand curves on changes 
In the output mix. In other words, as the price eIastlcmes of demand ap­
proach Infmity, the situation we assume to prevail under a competitive frame­
work, the curvature of our lso-revenue line approaches a straight Ime, and the 
effect of a given rotation of the iso-revenue line on changes in the output mix 
increases. 

Technological Change 

We now wish to examIne the consequences of certain types of technological 
change in the context of our two-commodity, two-factor world. National re-
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search leaders are faced with the question of the allocation of research resources 
among commodities. Even if research administrators follow the Hayami-Rut­
tan prescription of generating technological change of a type which is consis­
tent with relative factor endowments and (undistorted) relative factor prices, 
they are still faced with the question of how best to allocate research resources 
among commodities. s As we shall see, the decision on how research resources 
are allocated depends not only on characteristics of the research production 
functions, but also on the nature of the demands for the final products. Three 
alternative situations are analyzed. 

Situation I 

ThiS situation IS presented graphically in Figure 22-2. The following as­
sumptions are employed. 

1. The initial production possibIlity curve, f(ql0, q20) = 0, is a straight lme 
which Implies a = /3. 

2. If ql and q2 are measured 10 terms of the same physical unirs, complete 
specialization in ql results in greater output than does complete specialization 

mq2' 
3. Our producing region can face either fixed prices or downward-sloping 

demand curves for its outputs. 
4. There is a fixed research budget which can be allocated between generat­

ing changes in 1'1 or 1'2' Thus, we are concerned with determining the opti­
mum allocation of research reSourceS subject to a research budget constraint. 

5. The research production functions for 1'1 and 1'2 exhibit constant re­
turns to scale. For Simplicity, we assume the research production functions 
are of such a nature as to make qlO~l = q20q21. The latter assumption im­
plies that the two research production functions yield identical absolute in­
creases in production for equal research expenditures on 1'1 and 1'2' The anal­
ysis can be modified in appropriate ways for alternative assumptions about 
ql0q1l and qlq21; e.g., a given budget increases efficiency in equal propor­
tions for ql and q2' 

The Implications of our assumptions are: • 
1. Allocation of all research resources to increasing 1'1 results in a new pro­

duction possibility curve f(ql l , q20) = 0. Similarly, allocation of all research 
resources to mcreasing 1'2 results in a new praductlon posslbllity curve f(ql0, 
q21) = O. Under the assumption of constant returns to scale in the research 
production function, linear combinations of research expenditures trace out 
an innovation pOSSIbility frontier whIch is convex to the origm. The innova­
tion possibility frontier represenrs the highest output combmations attainable 
from alternative allocations of a fixed research budget. We can illustrate this 
result in the following way. Assume.that research resources are equally divid-
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q~ qj 

Figure 22-2. Technological change and the output mix with constant returns 
in research - linear production possibility curves. 

ed between mcreasing '1"1 and '1"2' We get a new production posSIbIlity curve 
such as f(qI 2, q22) = 0. The line segment CD represents higher levels of out­
put than are attamable from either f(qI l , Q20) = ° or feQI0, q2I) = O.lf one 
rotates line f(qI 2, Q22) = 0 to reflect alternatIve combinations of research re-

I 

sources one can see that this traces .out an innovation possibIlity frontier 
whIch is slightly convex to the origm. 

2. If the producing region faces fixed prices, it pays to specialize complete­
ly in research, and there WIll be complete specialization in production of either 
qi or Q2' If product prices are such that their imtial result is complete special-
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ization in q1 at level Oq10 , our producing region would benefit most from in­
vesting all research resources m increasing output of q1; i.e., generating the 
new production possibIlity curve f(ql1, qZO) = o. The reader can verify that 
even with a range m relative prices which would result in production of either 
Oq11 or Oq}, total output would be greater at Oq11 and, therefore, increasing 
71 is superior to increasing 72. If prices are given but result initially in special­
ized production of OQ20, then the converse of the situation above holds with 
respect to technical change. (This would not necessarily hold iff(qIO, ~1) = ° were sufficiently different from f(q20, q21) = 0.) 

3. Xf the region faces downward-sloping demand curves, not only will the 
region produce a combination of q1 and q2' but also the highest level of pro­
ductic>n is obtainable from allocating research resources to increasing both 71 
and 72. In Figure 22-2 we show that, given the iso·revenue line, the highest 
level of output is achieved at B, which is on the new production possibiliry 
curve f(q12, qZ2) = o. Furthermore, the more price inelastic the demand 
curves, the more convex to the origin will be the iso-revenue curves and the 
smaller will be the effect of technical change on the changes in the Output 
mix. 

Situation II 

In this case we modify situation I by assuming that decreasmg returns to 
scale prevail m the research production functIOns. This IS probably the most 
reahstic assumption about returns to scale in research. Decreasing returns 
could arise in two possible ways. First, the static research production func­
tions could exhIbit decreasing returns to scale because the stock of "baSIC" 
knowledge from which the research actIvities draw IS fixed at any point In 

time. We assume that our research activities are not directed toward expand­
ing the supply of "basic" knowledge. Second, if one views research as a prob­
abilistic search process, decreasing returns in the research production func­
tions are likely to prevail.6 

All the remainmg assumptIons in situation I hold in situation II. The re­
sults are Illustrated in Figure 22-3. 

The implications of our assumptions are: 
L Allocating all research resources to increasing 71 results in the new pro­

duction pOSSibility curve f(q11, qZO) = 0. Similarly, allocating all research re­
sources to increasmg 72 gives us f(q10, q21) = 0. Linear combinations of re­
search resources on 71 and 72 will trace out an mnovation possibilIty frontier 
which is convex to the origin, but less convex than in the case of situation I. 
We can illustrate this in the following way. Because of decreasing returns in 
both our research production functions, ql0~ 2 > 112 Ql0ql1 and QZOqZ2 > 
112qlq21. The line segment BC in Figure 22-3 is relatively longer than CD in 
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O·L-----------------------------~~----~~---------~ q~ q~ q~ 

Figure 22-3. Technological change and the Output mix with decreasing returns 
in research -linear production possibility curves. 

Figure 22-2. if one rotates line f(q1 2, q22) = 0 to reflect alternative comb ina­
nons of research resources, keeping in mind that decreasing returns to scale 10 

the research production functIOns result in successively smaller 10crements in 
7"1 or 7"2 for successive absolute iucreases 10 research resources of a given size, 
one can see that this traces out an innovation possIbility frontier which is con­
vex, but less so than in Figure 22-2. 

2. if the producing region faces fixed prices, it pays to specialize complete­
ly in research, and there will be complete specialization in production of 
either q1 or Q2' This result is the same as that obtained in situation I. 

3. If the region fa.ces downward-sloping demand curves for its products, 
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Figure 22-4. Technological change and the output mix with decreasing returns 
in research - COncave production possibility curves. 

not only will the region produce a combination of ql and qZ. but also the 
highest level of production is obtainable from allocating research resources to 
increasing both "fl and "fZ- In Figure 22-3 we show that, given the iso-revenue 
line, the highest level of output is achieved at A, which is on the new produc­
tion possibility curve f(q12' QZ2) '" 0. 

Situation III 

In this case we make the same assumptions as in situation II except that we 
now assume the initial production possibility curve, f(qlO, Q20) ~ 0, is concaVe 
to the origin. The'results of these assumptions are shown in Figure 22-4. 
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The implications of our assumptions in this situation are as follows. 
1. With given prices, the region would completely specialize in the produc­

tion of ql or q2 only if the terms of trade were sufficiently in favor of one 
output or the other. Otherwise the region would produce some combination 
of ql and q2' The more concave the production possibility curve, the mOre 
likely it is that there would not be complete specialization in production. 

2. Alternative combinations of research resources for increasmg Tl and T2 
will trace out an innovation possibility frontier which is concave to the origin. 
This can be shown by the same procedure suggested in situation II. As in the 
previous case, the production possibility curve f( q1 2, ql) = 0 is the one 
which results from allocating one-half of available research reSOurceS to each 
commodity. 

3. In this situation, It might pay to allocate research !:esources to increasmg 
both Tl and T2, regardless of whether t!)e region faced fixed product prices or 
downward-sloping demand CurveS ThIS can be seen m Figure 22-4. Assume 
that relatIve prices are such that the price line for fixed prices would be tan­
gent to f(q1 2, q22) = 0 at A. Also assume that the iso-revenue line resultmg 
from downward-sloping demand curveS is also tangent to f(q12, q22) = 0 at 
A. In either case, the highest attainable level of production results from an al­
location of research resources to both Tl and 1"2 which generates the new pro­
duction possibility curve f(q1 2, q22) = o. 

Situation IV 

One might also wish to consider the case where the research production func­
tions exhibit increasing returns to scale_7 Increasing returns may prevail if the 
research production functions are S-shaped and the fixed research budget is 
small enough to restrict research activities to the increasing returns portion of 
the research production function. If the Initial production possibility curve is 
a straight hne, as in Figures 22-2 and 22-3, the new innovation possibility fron­
tier representing alternative combinations of research expenditures on ql and 
q2 will be convex to the origin. If, on the other hand, the mitial productIOn 
possibility curve IS concave, the new innovation possibility frontier could be 
less concave, a straIght Ime, or convex, depending on the degree of increasmg 
returns in the research production function. Increasmg returns to research 
will result in complete specialization In research activity so long as the new 
mnovation possibility frontier is convex. This will be so whether o'r not the 
region faces given prices or downward-sloping demand Curves for its products. 

Resource Endowments and Envzronmental Constraints 

We can also use our model to illustrate how different resource endowments 
affect both the output miX and the allocation of research resources. Let us 
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L---------~~----------L-----------~~----------~q2 o q2A q,. 

Figure 22-5. Relative factor endowments and the allocation of research among 
products. 

assume that (a) there are two regions, A and B, producing the same two out­
puts ql and q2, (b) the production function for each output is the same in 
both regions; (e) the production of ql 1S more intensive in the use of land 
(capital) relative to labor than the production of q2; and (d) One region, A, 
has relatively more land than labor compared with the other region, B. 

The initial situatlon 1S illustrated m Figure 22-5. The product10n possib1hty 
curve for region A 1S f(qlA' q2A) = 0 and that for region B is f(qlB' q2B) = 

O. Since the productlon of ql is relatively more land (capital) mtens1ve than 
the productlOn of q2 we would expect reglOn A to favor the production of 
Ql' With both regions facing the same fixed relative prices, P, the output mix 
of region A would be at point X and the output mix of region B at point Y 
in Figure 22-5. The results are as one would expect. Region A, wh1ch has an 
abundance of land (capital) relative to labor, produces more of ql than q2, 
and region B, wh1ch has an abundance of labor relative to land (capital), pro­
duces more of q2 than Ql' 

• 
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EmplOYing the same type of analysis concerning technological change as 
was used in the previous section and assuming the same fixed relative prIces, 
P, in both regions as shown in Figure 22-5, one can verify that (a) 10 region A 
it would pay to invest a higher proportion of the research budget in increasing 
71 than in increasing 72' and (b) In region B it would pay to invest a higher 
proportion of the research budget in increasing 72 than In increasing 71' How­
ever, the results may change as relative product prices change. If the price of 
q2 is Significantly higher relative to the price of ql then in the situation illus­
trated In Figure 22-5 region A would allocate more resourceS to Increasing 72 
than 71' With sufficiently strong product price incentives in favor of q2 both 
regions A and B would allocate proponionately more of their fixed research 
budgets to 72 than to 71' The reverse would be true With sufficiently strong 
price incentives in favor of q1. 

In addition to the role of demand conditions for [he fmal products and the 
nature of the research production functions, varIations in relative factor en­
dowments and in relative factor intensities with respect to the outputs also 
play important roles in determining the allocation of research reSOurCeS. For 
example, under the product prtce assumptions illustrated in Figure 22-5 the 
labor "rich" region will allocate relatively more research resources to the 
labor ,intensive commodity, and the labor "poor" regIOn WIll allocate relative­
ly more research resources to the land (capItal) intenSive commodity. (See 
chapter 24 for empirical support for thiS proposItion.) 

In the paper on which thiS chapter is based we used the model to examine 
how several environmental constraints affect the allocation of research re­
sources and the output mIX. We examined the effects of four types of phySI­
calor institutional (economIc) situations: (1) heterogeneity 10 the quality of 
at least one factor of production, (2) restrictions On the use of certain tech­
nologies; (3) restrictIons on the output-of one commodity; and (4) improve­
ment in the quality (productivity) Of one or more inputs. The results can be 
summarized as follows: 

L Heterogeneity in the quahty of factors increases the likelihood that it is 
profitable to allocate research resourCeS to increasing factor productivity for 
both commodities. 

2. Where restrIcttons are placed on the use of certain technologies, the op­
timum allocatIon of research resources depends heavily on final demand 
conditions. If relative prtces more strongly favor the production of one prod­
uct, say, q2' then research resources should be allocated more to increasing 
72 than 71' As relative prices move more 10 favor of the other product, say, 
q1' tbe relative mix of research resources will move In favor of increasing 71' 

3. When an output restramt for One commodIty is binding, It may still pay 
to devote some research resources to increasmg factor productivity for that 
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commodity. However, the general effect of the restraint is to cause a realloca­
tion of research resources to increasing factor productivity for the unrestrained 
commodity. 

4 Investments may he made to Improve the productivity of one of the in­
puts, say, land. As an example, consider a situation in which irrigatIOn is feasi­
ble but there is little control over the application of water in individual fields. 
The effect of Improvements in the irrigation system which result in full water 
control in mdividual fields will, under given product prices, result in a switch 
from complete specialization in the initial crop to complete specialization in 
an alternatlVe crop. 

Some Implicat!ons 

Our analysis shows that the optimum allocation of research resources among 
commodities and its effect on the output mix of a region depend upon the 
imtial production conditions (concavity of the production possibility curve 
and the relative size of ql and q2 with complete specialization in the produc­
tion of each), the extent to which there are either increasing or decreasing re­
turns to scale In research, whether the producmg region faces gIVen pnces or 
downward-sloping demand curves for Its outputs, and changes in relatIVe fac­
tor endowments. To decide on the optimum allocation of research resources 
among commodities, research administrators need information on all four 
aspects of the problem. 

If the production possibility curve is relatively flat and the region is a price­
taker, we would expect significant shifts in the output mix as a result of 
changes in relative output pnces. Furthermore, the allocation of research re­
sourCes depends heavily On relative product pnces and return to scale in re­
search. Research resources would be devoted entirely to increasmg the pro­
duction of ql if (a) prices Illitially favor complete specialization in the pro­
duction of ql' (b) there are constant or increasing returns to scale in research, 
and (c) there are identical production functions for '1 and 'z. Research 
would strengthen the tendency toward complete specialization in production. 
On the other hand, if the production possibility curve is concave, both ~ and 
qz would tend to he produced, except in the case where the region faced 
fixed prices which were of such an extreme nature as to dictate complete 
speCialization III production. Except for the extreme case, research resources 
would be allocated to increasing both Tl and TZ. 

Even If the production pOSSIbility curve is relatively flat over a wide range 
of variation in ql and Q2' we may still observe a high degree of stability in t!'le 
output mix even with technological change. because the region faces down­
ward-sloping demand curves for its outputs. The more price inelastic the de-
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mand curves, the more convex the iso-revenue lines and the less sensitive IS 
the output mix to technological change. Furthermore, even with downward­
sloping demand curves, it would still pay to devote all research resources to 
one commodity if the combination of Ca) the slope of the initial productIon 
possibility curve and (b) returns to scale in research resulted in an innovation 
possibJllty frontier which was either a straight line or convex. 

A region might face downward-sloping demand curves for its products ei­
ther because of short-run rigidities in parts of the marketing system or be­
cause changes 10 output levels of a region were sufficient to change prices 
throughout the marketing system. There is evidence that significant changes 
in the production of one crop can cause temporary distortIOns in the relative 
prIce structure of a region compared with prices in a larger marketing area. 
Lele, in her study of sorghum grain marketing in western India, found that 
distortions in intermarket price differentials arOSe when the volume of grain 
production and marketings pressed against the supply of transport servlces.8 

J oily, in a study of corn and soybean price behavior in southwestern Minne­
sota. found that the margin between central market prIces and local prices 
was a function of the level of output and the output mix 10 the local reglOnY 

Yamaguchi, and Yamaguchi and Binswanger, in a study of the effecr of 
techOlcal change and population growth on the economic development of 
Japan, observed patterns of production and price behavior consistent with 
our model.1° In looking at the agricultural and nonagricultural sectors (equiv­
alent to our two commodities), they found (a) a very flat production pOSSibil­
ity curve and Cb) a high degree of stability 10 the output and consumption 
mixes, because the demand curves for the outputs of both sectors were down­
ward-slopIng and especially price inelastic in the case of demand for agricul­
tural products. 

In a situation with downward-slopIng market demand curves, intervention 
10 the markets for ql and q2 by government (or other groups) In the form of 
price support meaSures or trade restrictions can Yield results similar to the 
competitive model, l.e., Intervention can result 10 a higher degree of special­
ization than would result from a market SOlution. (ThiS does not automatical­
ly follow, because governments can also set the relative support prices in ways 
which will shlft the terms of trade agamst the commodity expenencIng the 
technological change.) Furthermore, price support programs or trade restnc­
tions can also affect the allocation of research resources to the extent that 
product price bellavior is important in determining such allocations. 

The question of which commodity should receive research reSources de­
pends very much on society'S developmental objectives and policies. For ex­
ample, suppose it is the primary concern of pohcy makers to increase the in­
comes of producers, and relative prices are unimportant. Then one rule whICh 
could be followed is to inc~ease the production of the commodiry with the 
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highest price and income elasticities. In this way one would tend to minimize 
the extent to which a shift m the terms of trade tends to counteract the ef­
fect of technological change. On the other hand, suppose one of the commod­
ities is a wage good, it has lower price and income elasticities than the non­
wage good, and It is the policy makers' deSire to keep the pnce of the wage 
good as low as possible. In this case, It would make sense to invest research 
resources III bringing about technological change in the wage good, I.e., we 
want to maximize the shift in terms of trade against the wage good. These are 
but two of many possible situations. 

We should be cogmzant of the fact that the price elasticity of demand 
which a region or country faces depends on both domestic and export de­
mand parameters. It is possible for the domestic demand curve to be quite 
price melastic while the export demand curve facing the country or region is 
qUite price elastic, e.g., the case of corn m Thailand. In such a situation It 
would be important for the country or region to follow price policies which 
did not exclude domestic production from entering export markets, if the 
policy objective were to mmimize the adverse effect on terms of trade for 
corn of a change in output. On the other hand, if the name of the game were 
to keep domestic prices as low as possible, then export barriers might be 
erected, e.g., the case of the rice premium in Thailand. 

Fmally, we explored in our earlier paper the Implications of four environ· 
mental Situations for the allocation of research reSources and for the resultmg 
Output mix. In each Situation our model gives uS useful insights. Demand 
conditions for the products play an important role in allocating research re· 
sources in each environmental situatIOn considered, 

Heterogeneity in the quality of factors of production imparts convexity to 
the productIon possibility curve. Regarrlless of demand conditions, heteroge· 
neity in factors will tend to cause research resources to be allocated to both 
commodities. In the case of restrictions on the use of certam technologles in 
the production of one of the commodities, the optimum allocation of re­
search resources depends heavily on final demand conditions. Restrictions on 
the level of output of one commodity should cause a reallocation of research 
resources to increasing factor productivity in the other commodity. 'However, 
it may still be profltable to allocate research resources to both commodities 
even when the output restraint is binding. Improvmg the quality of one factor 
can also have a significant effect on the output mix, wlth the nature of fmal 
demand conditions again playing an important role. 

Conclusions 

We have constructed a relatively simple theoretIcal model which shows that 
the allocation of a fixed research budget between research on two commodi-
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ties and the effects of such allocations on the output mix of a region depend 
on the initial production conditions, the presence of economies or disecon­
omies of scale in research, the nature of the demands for the outputs of the 
region, changes in relative factor endowments, and the existence of certain 
types of environmental constraints. Research administrators require informa­
tion on all these aspects of the problem in order to determine the optimum 
allocation of research resources. 

Our analysis indicates that there IS nothing inherently good or bad about 
diversification of production. Changes in output mix must be evaluated in 
terms of a country's resource endowments and developmental objectives. En­
vironmental considerations clearly play an important role in effecting an op­
timal allocation of research resources. Price policies also have a significant ef­
fect, not only on the allocation of traditional resources among cO:mmodities 
In a region but On the allocation of research resources. ll Falcon has argued 
cogently that agricultural pnce polIcies should be consistent with national 
development objectives. 12 Unfortunately, price and market policies designed 
in response to short-run food procurement needs or political pressures from 
producers often are not consistent with the price policies that would facilitate 
achievement of longer term development goals. 
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Relating Research Resource Allocation 
to Multiple Goals 

John W. Mellor 

23 

In most countries, technical change is necessary for agriculture to playa posi­
tive role in economic development. With limited land area and classic dimin­
Ishmg returns to the uSe of other inputs, it hecomes more and more costly to 
meet the increasing demand for food unless research provides new, higher 
yielding crop and livestock technologIes. The need for effective agricultural 
research is strongly remforced in those many low-mcome countrIes in which 
productiVity of agricultural labor and even capital have already been driven to 
very low levels by past population growth. Such research is further necessitat­
ed as social objectives accelerate the demand for food by fostermg mcreased 
employment of low-income people who wish to spent the bulk of their added 
income on food. . 

This latter "distributional" pressure on food production capacity will be­
come even greater if international and national demands for more jobs and 
broader participation in growth are to he met. The dramatic effect on the de­
mand for food of change in mcome distributIOn is iJJustrated by Indian data 
which show that while the top 5 percent iu the expenditure distribution 
spend only 2 percent of increments to mcome on food grain, the bottom 20 
percent spend S9 percent.1 

The increasing societal need and demand for agricultural research results 
lends urgency to achieving efficient allocation of scarce research personnel 
anQ institutional reSOurceS. This scarcity also requires that attentIon be gIven 
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to organizing and conducting research to expand research capacIty. This need 
for expansIon results in part from past failures to recognize the importance of 
agrIcultural research and past and present deficiencies in agricultural educa­
tion. Thus a current objectIVe of research programs must be to make theIr 
own growth self-sustaining, through developing their own personnel and insti­
tUtIOnallesources. 

The crucial task of determining public policy for optImal allocatIon of 
agricultural research resources cannot rely on the market pnce mechanism 
alone. Three partIcular problems arise in addItIOn to the usual one of the 
extent to which prIces refleft the underlymg supply and demand for the 
commoditIes from whIch research denves its returns. First, the relatIonship 
between quantity of research resources and productive output is poorly under­
stood. That IS, once a problem is defmed - even a straightforward one such) as 
inc~easmg yield per acre of a particular crop in a partIcular area - there is lit­
tle knowledge of how much research investment of what type WIll give how 
much return. Second, agTlcultural research has a untque capacIty to affect vari­
ables, such as health and nutntional status, whIch because of factorS such as 
consumer Ignorance may not be given their true societal value in market 
prIces. Third, m a world of unequal dIstributIon of productIve assets and 
income, new technology affects the distribution of income by changmg both 
the relatIve returns to owners of various producrive resources and the prices 
of goods consumed in unequal proportion by vanous Income classes Even 
though society may accept the initial mequality In income and assets, it may 
not find increased InequalIty agreeable. We may "iew determination of public 
research policy as a process of explicitly creating the demand for research of 
certam types rather than simply responding to existing demand through 
estImates of market forces and their effects. In thIS alternative view, policy 
may call for an allocatIon of research resources quite contrary to that sug­
gested by the market relationships. 

Research resource allocation IS a problem in multivariate analysis; it IS a 
problem of multiple goals and multiple instruments complicated by a lack of 
InformatIon about'the relationships between dependent and independent vari­
ables. Perhaps It is the beWIldering complexity of the task whIch accounts for 
the tendency of decision-makers In research resource allocation to follow a 
simple sequentIal procedure, emphasizing only one or a few objectives at a 
time but gradually pyramiding to a meeting of multiple goals. In this ap­
proach to decision-making in a context of multiple goals, it IS Important to 
set ptiorines for an appropnate sequence of actions to meet those goals. Even 
this approach is complIcated because societal objectives may be reached 
through dIverse Instruments, of which allocation of various types of research 
resources IS only one. The trade-offs In efficIency among the various policy 
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instruments must be carefully considered in allocating research resouces, and 
they will certainly affect the sequence of efforts to achieve specific objec­
tives. 

The problem of multiple goals presents two major tasks: first, to catego· 
rize the goals with suffIcient detail and specificity to give them operational 
meaning; and, second, to set priorities among objectives, reflecting the prob­
abilities of success and the comparative costs of alternative research lines for 
reaching the various objectives and, perhaps, outlining a schedule for time 
phasing and ordering. 

ThiS chapter attempts to shed light on research deCISion-making fITSt by a 
discussion of some specifiC aspects of societal objectives, then by a brief state­
ment about the nature of the research resources to be allocated, and finally 
by an analysis of specifiC instruments of research policy in terms of implica­
tions for their choice and manipulation. The analYSIS concludes with a hypo­
thetical research policy sequence and a statement of research needs for im­
proving research policy. (For a theoretical treatment of some of the issues dis­
cussed in this chapter, see chapter 22.) 

Societal Objectives of Agricultural Research 

Society's objectlve in research IS presumably to mcrease its own welfare. That 
objectlve IS advanced by research allocations which maximize the per capita 
stream of welfare over some time span from the imtial stock of resources. 
This concept allows for augmenting the per capita stock of resources and us· 
mg research resources speCifically to generate more research resources, per­
haps in the short run confhcting with research output. Since welfare is hkely 
to be defmed in per capita terms, we can say that the further objective of re­
search IS to raise the pro.ductivity of the stock of labor, subject to the con­
straint of that labor's working conditions and of fixed resources such as land. 
G,ven existing concern about questions of mechalllzatlOn, employment, and 
income distribution - to whIch thiS chapter Will return - it is worth emphasiz­
mg this baSIC concern with labor productivity. At the same time, it must be 
noted that in densely populated countries research policy may still focus on 
the intermediate objective of increasmg the productivity of land. 

Under pressure to simphfy choice by concentratmg on a simple objective 
function, the agnculrural SCienCe research worker often focuses first on yield 
per aCre or on a crop output mdex. In doing so he is apt to have m mind a set 
of market weights. Once yield is markedly increased, various sub objectives are 
pursued, usually sequentially, including reducing the use of inputs such as 
chemicals and hence costs and reducmg variance of YIelds Apparently sub­
stantial gams in research effiCIency are achieved through such Simple state-
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ment and pursuit of objectives in sequential order. And the resulting loss in 
economic efficiency may be sl1ght, If price relationships correctly reflect SOCI­
ety's costs and values. The demand for simple objectlves undoubtedly traces 
from the very large number of variables with which the agricultural scientist 
deals -from a wide range of soil and chmate variables on the input side to 
physical output, variance in output, and consumption quality on the output 
side. Without even considering social factors the agricultural scientist works in 
a multiple·goal environment. 

Beyond the well-known, general market imperfections, two specifiC prob­
lems anse in the use of price·weighted output as an objectlve function. First 
is the possibIlity that consumers may be ignorant of the relationship between 
a product and aspects of its welfare function such as health and nutrition. 
Second is the fact that relative prIces result from a distrIbution of Income and 
assets that itself may be inconSistent with societal values. This in turn reflects 
a broader concern with what society perceives to be a maldistribution of in­
come, often intensified by technical change. Needless to say, the use of "in­
ternatIOnal" rather than domestic prices substitutes a different set of societal 
structures which may be equally arbitrary and equally inconsistent with cur­
rent national objectives. 

With respect to the effect of consumer ignorance of price relationships, an 
Important caveat is In order. The perception of utility may differ between 
rich and poor, and it may well be the former, not the latter, who are in error. 
For example, the poor in low-income countries are unlikely to pay more for 
increased protein content in food because, contrary to Widespread beltef, 
their diet is far more defiCient In calones than in protein. 

Distribution of income is of Increasing concern to society. The fact that 
technical change has the potential profoundly to influence income distri­
bution enhances the importance of enhghtened research policy. However, 
research pohcy IS only one of many instruments for altering income diS­
tribution. The emphasis on the distribution question arises from the diver­
gence between societal objectives with respect to income distribution, the 
actuality of pro4uctlve-asset distribution, and the apparent inabtlity of 
society to redistribute either assets Or income directly. On the one hand, 
inequality of distribution of assets and income may be reinforced by tech­
nological change which biases returns toward one production factor. On the 
other hand, those very biases offer an opportunity to change income distri­
bution m a desired direction. Society may wish to allocate research resources 
so as to influence factor shares in the desired direction or at least to know 
how innovation Will affect income distribution so that appropriate com­
plementary pollCles may be insmuted. Choice of crops, regions, and diSCI­
plines of emphaSIS all will affect the distributlon of gains among regIOns, be-
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tween landowners and laborers, between men and women, and among other 
class groupings. 

It must be recognized that, although there is necessarily a loss in efficiency 
in attempting to meet distributional objectives through research allocatIon 
rather than through other means, all societies appear to face this problem. To 
attempt to equalize mcome distribution by breeding labor-intensive CfOp vari­
eties rather than redistrIbuting the land IS analogous to movmg the piano to 
the plano stool. Indeed one wonders why, when the social sCientist complains 
about the skeWing of Income distribution by the green revolution, the bIOlogi­
cal sCIentist hasn't pointed out that better Income distribution could be rath­
er simply effected through land redistribution. 

In more sophisticated terms, new technology changes the distribution of 
income because It increases the relative pfOductivity and demand for various 
factors of production. If all factors were equally owned or if all income were 
equally diVIded, no skewing of Income would result from change In technol­
ogy. It IS the Imposition of change in factor shares on an eXIsting inequahty 
whIch creates the prdblem Clearly, to dIvert research attention from increas­
Ing output per umt of Input to addltlonal ConCern with the bias In factor 
shares mterferes WIth the accomplIshment of primary objectives. 

The distributional problem is particularly acute with respect to labor shares. 
Since their mcome IS directly related fO the amoUnt of work needed to be 
done, laborers are particularly vulnerable to new technologies which increase 
labor productivIty and thus reduce needed man-hours, as do almost all yield­
increasing Innovations. Sucb innovation may decrease the demand for labor 
and result In both a lower wage and less employment. The return to land 
rISes of course smce It is the residual claimant after payment to labor. If land 
were dIstributed in proportion to labor, then wbat an mdlVidual lost on re­
turn to labor would be gained in return to land. A system of taxes on land or 
on technology-associated inputs could be devised to have the Same effect. It 
should also be noted, as above, that society's welfare objective almost certam­
Iy mcludes raIsing the productivity and reducing the onerousness of labor­
creating a conflict If the very act removes work opportunity for a segment of 
the population, because of differences in asset dIstribution and power. 

The pomts made above apply also to the distribution of income among re­
gIOns. Even If Income and assets are equally diVIded within a region they may 
occur unequally among regIOns. In such a case, new technology may intensify 
InterreglOual disparities. In this context, mamland China's rising rate of re­
glonal dispanty IS espeCially Instructive Within the commune, mechanization 
apparently has little effect on iucome dIStribution, but smce each commune 
reaps benefits of its own land and labor, those communes where technological 
Input is concentrated will experience greater increase m mcomes. In thIS sys-
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tern, as in others, it is difficult to redistribute assets, labor force, or income. 
In China, too, then, the second best solution - effecting income redistribu­
tion through allocation of research resources - may need to be considered. 

To summarize, the widely accepted societal objective of mcreasing total 
human welfare is subject to the constraint of the distribution of benefits 
among and Within regions. Moreover, welfare is madequately measured by the 
price mechanism and nutritional concerns may often be understated. Finally, 
because of our imperfect knowledge of the effect of research mputs, only 
very general poliCies On research reSource allocation can be considered. 

Before proceeding to a discussion of the resources to be allocated and the 
instruments of research policy, we may note that actual deCisions on research 
pohcy are made in a bureaucratic framework m which the primary objective 
may be one of maintaining power, with consequent potential for departure 
from general welfare objectives with respect to effects of deCISions on the 
growth of income and its mterpersonal and interregIOnal distributIOn. Indeed, 
depending on the sources of the political and bureaucratic power, there may 
be little or no actual concern for the substance of objectives as stated m the 
preceding paragraphs. An analysis of deCision-making in that context would 
give much more weight to the speCifiC nature of admmlstratlve structure and 
power relationships than does this diSCUSSIOn. 

The Nature of Agrzcultural Research Resources 

The agricultural research reSourceS to be allocated are the physical plant and 
trained personnel and, most Important, the institutional structure 1OtO which 
plant and personnel are organized for a productive purpose. Because of the 
potentials for transfer of research results between indigenous and foreign re­
search units, the nature and quantity of research resources available for mdig­
enous purposes are a complex composite of what now exisrs plus what Will be 
coming mto existence. So httle is known of how to train competent person­
nel and how to bUIld mstitutions that the most effective way to promote 
growth in the research resource base is almost certainly through developmg 
the research structure itself. 

What this means, 10 practice, IS that the research resources to be allocated 
should not be viewed in a static sense. In a world of less than infinite discount 
rates, the very mode of allocation of research resources will strongly influence 
the quantity of such reSourceS to be allocated m the future_ In this context, 
we need to consider several specific questions. 

To what extent can time be saved in the short run by use of forelgn tech­
nicians, and will such input reduce or mcrease institutional capabilities m the 
long run?2 Will regional diverSificatIOn of research slow the growth of the sys-
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tern by fractionization, or will it speed growth by forcing decentralization 
and encouraging diffusion of responsibility and consequent growth in capaci· 
ty? How far will a close relatlonshlp with an internatIOnal system expand re· 
suits and personnel resources? Will such a relationship effect institutional de· 
velapment, or will it have deleterious consequences through setting up con­
flicts between national and international perceptions and objectives, by pro­
vIding less encouragement for important indIgenous capabIlities? The problem 
of finding answers to these questions - the dynamics of whIch may be much 
more important than the Status of allocating current resources - underscores 
the difficulty of decision-making in this area. We can see how these questions 
may be decided on the basis of pohtical rather than techmcal considerations, 
how the sequential method may be chosen In preference to a multidirectional 
approach. 

The Instruments of Research Policy 

The three prime instruments of research policy are (1) allocatIOn among crop 
and livestock systems; (2) choice of emphasis, withm a farming system and 
among geographic regions, on the productivity of the vanous factors of pro­
duction, and (3) selection of research disciplines. The latter, of course, inter­
acts with the others. 

From the preceding sections of this chapter it can be seen that, beyond 
market-price based critena, analysis for each of these areas of allocation 
choice should be made with respect to effect on (1) the degree to which the 
supply of those food commodities most heaVily weighted in the consumption 
pattems of the poor will support increased employment and riSing real 10-

comes of lOW-income people; (2) the demand for labor and the distribution of 
actual employment among various social classes; (3) the level of total output 
and producers' net income; (4) variation in producers' net IUcome; and (5) 
the nutritional composition of the food supply. Through these instruments, 
research and resultant technological change may have a profound effect on 
the structure of the society. Understanding of the relationships is important 
in pOinting the way to optimal allocation of research resources. Such knowl­
edge can be even more important IU assisting societies to adjust to the stresses 
which typically accompany .technological changes no matter how benefiCial 
such change may ulnmately·be. 

Choice of Crop and Livestock Systems 

Research results affect the choice of farming systems by increasing the ef­
ficiency and reducing the cost of production of one system compared with 
another. Technological change is likely to increase. production both directly, 
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with a given set of resources, and indirectly, by increasing relative profitability 
and thereby transferring resources from other enterprises. Farming systems 
vary in the extent to which they contribute to various objectives. Four spe­
cific characteristics are discussed below to Illustrate the nature of such varia­
tion and its relationship to research resource allocation. 

Food grains as basic wage goods. Allocation of research resources to food 
grains facilitates employment growth through expansion of the supply of 
basic wage goods. In India, as noted earlier, the two lowest deciles in expendi­
ture class spend 59 percent of increments to income on food grains (Table 23-
1). Without a large increase in imports and an effective system of rationing, 
an employment program which increases incomes of low-income laborers 
must be matched by rapid increase m domestic food grain production. If it is 
not, sharp inflationary pressures will brIng about a demand, on the part of the 
politically powerful urban middle class for cessation of the program. 3 Such 
an effort to improve employment justifies an inltial major emphasis on basic 
food grains in research resource allocation. Now If rapid technological change 
in food grain production is not matched by an increase in the incomes of low­
income consumers, deficiency of demand wIll result in reduced relative food 
grain prices which on the one hand directly raise real incomes of the poor but 
on the other hand may remove the price incentive needed to stimulate con­
tinued application of high input technological methods. Clearly, there is a 
high degree of interdependence between technological progress in food grain 
production and high employment policies. Policy In respect to one must be 
meshed with policy on the other. 

Employment contel1t and factor shares. While research emphasis on food 
grams helps to release the most basic wage goods constraint to employment, 
It tends in itself to prOVide only a small portion of employment at the new 
equilibrium level. Although geographically concentrated breakthroughs in 
food grain production may provide substantial aggregate increase in employ­
ment in those areas, they augment the capacity to support increased employ­
ment by a vastly greater amount. 

For example, In a typical case of the new wheat technology m India, only 
10 percent of the added gross mcome produced by the high-yielding vanety 
is expended for labor, while 67 percent is allocated to family-owned capital 
and land, and 23 percent is paid out for other inputs, of which fertilizer 
represents a maJor component (Table 23-2). 

Table 23-3 illustrates two important aspects of employment in food grain 
production. First, there is considerable variability in the labor share of in­
creased output. Second, typically only a small share - roughly 5 percent to 

15 percent - is paid as wages. It follows then that food grain production, al-



Table 23-1. Division of Incremental ExpendIture among Expenditure CategorIes, 
by Rural Expenditure CI."s, India, 1964-65 

Rural Expenditure Class by Decilea 

Sixth, 
Fourth Seventh, Lower Upper 

Bottom and and One-Half One-Half 
Two Third Fifth Eighth Nmth of Tenth of Tenth 
(land- (under (1-5 (5-10 (10-15 (15-30 (30 + 

Expenditure Category less) 1 acre) acre.-,) acres) acres) acres} acres} 

Mean per capita month-
ly expenditure CRs.) ... 8.93 13 14- 11.80 24-.13 30.11 41.89 85.84 
AllocatIon of additional 
rupee of expenditure 

Agricuh;ural com-
modities .. ..... 0.79 0.69 0.59 0.52 OA6 DAD 0.33 

Food grains .... 0.59 0.38 025 0.16 0.11 0.06 0.02 
Nonfood grains 0.20 0.31 0.34 0.36 0.35 0.34- 0.31 

Milk and milk 
products. 0.01 0.11 0.12 0.13 0.13 0.12 0.09 
Meat, eggs] 
and f"h .... 0.02 003 003 0.03 003 0.03 0.02 
Other foods 0.01 0.05 0.07 009 0.10 0.12 0.16 
Tobacco .... om 0.01 0.01 0.01 0.01 0.01 0.01 
Vanaspatl ... 0.01 0.02 0.02 0.02 0.02 0.01 
Orher oils 0.05 0.05 0.04 0.04- 003 0.02 0.01 
Sweeteners. . . 004- a as 0.05 0.04 0.03 0.02 0.01 

Nonagricultural com-
mOditleS .. ...... 021 0.31 0.41 0.48 0.54 0.60 0.67 

Textiles ..... .. 0.09 0.08 007 0.08 0.07 0.06 0.07 
Cotton tex-
tiles. _ . _ ... 0.09 0.08 0.07 0.06 006 0.05 0.03 
Woolen tex-
tIles . .... 001 0.01 001 0.02 
Other texnles 001 0.02 

Nontextdes 012 023 0.34- 0.40 0.47 0.54 0.60 
Footwear .. 0.01 001 0.01 0.01 0.01 001 
Durables and 
semidurables 0.01 0.01 001 0.02 0.02 0.03 0.05 
Conveyance 0.01 0.01 0.02 0.02 003 0.05 0.10 
Consumer ser-
vices ... 0.02 002 002 003 003 0.04 0.06 
Education ... 0.01 0.01 002 0.03 0.03 005 0.11 
Fuel and light 0.07 0.07 0.06 0.05 0.05 0.04 0.03 
House rent ... 0.01 0.01 0.02 0.03 0.04 0.08 
Miscellaneous 0.09 0.16 0.22 0.27 0.28 0.16 

Total .. ...... 1.00 1.00 1.00 1.00 1.00 1.00 100 

Source. John W Mellor and Uma J. Lele, "Growth Linkages of the New Foodgrain Tech-
nologies." lndtcm Journal of Agrrcultural Econo1nlcS t 28:1 (January-March 1973), 35-
55. The data are reported in B. M. Desai, "AnalySIS of Consumption Expenditure Pat-
terns in India," Cornell Umversity-USAID Employment and Income DistrIbution Proj-
ect, Department of Agricultural Economics, OccasIOnal Paper no. 54, Ithaca, Comell 
University, August 1972. The source for the data is National Council on Applied Eco-
nomIc Research, Ali-IndIa Consumer Expenditure Survey, 1964-65, voL 2 (New Delhi, 
1967). 

a Roughly corresponding agricultural holdmgs are in parentheses. 
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Table 23-2. Allocation among Inputs of the Increased "Payments" from a High-YIelding 
Wheat Variety, Aligarh District, Uttar pradesh,lndla,1967-68a 

Allocation of Paymc:ntsb Percent of Increment 
Allocation of lfl Gross Value of 

Traditional High-Yleld- Incremental Production of Incre-
Inputs Variety ing Variety Payments" mental Payments 

Gross value of pro-
duction ......... . 653 1,115 462 (71) 100 
Payments to ~ 

All inputs except 
labor ...... 573 989 416 (73} 90 

Family land 
and capital. 380 690 310 (82) 67 
Inputs other-
than family 
land and capi-
tal. ....... _ 193 299 106 (55} 23 

Fertihzer ... 37 76 39 (110) 8 
Labor .... 80 126 46 (59) 10 

Family labor ... 54 91 37 (68) 8 
HIred labor .... 26 35 9 (35) 2 

Source, Adapted from R S. DlXit and P. P. Singh, "Impact of High YIelding Varieties on 
Human Labor Inputs," Agncu/twal S~tuatton 11l IndIa; 24 12 (March 1970). 

a The traditional varIety of wheat in Aligarh DIStrict yielded 7.5 qumtals per acre, 
whIle the high~yie1ding variety yielded 14.8 quintals per acre, an increase of 96 percent. 
"Payment" is defmed here as either the amount of income paid out for inputs such as 
ferclilzer or the value of Income assigned to inputs such as family labor. 

b [n rupees per acre. 
C In rupees per acre, with percent of increment in parentheses. 

though necessary to relax a wage goods constraint, has not normally provided 
a full solution to the employment problem. And consequently, not only is 
there insufficIent effect on the social welfare objective, but the productIOn 
objective is brought into questIOn as well, since the increase in demand for 
food grains will not be commensurate with the increased supply. For that 
balance, one requires the mdirect or linkage effects of the food grain produc­
tion increase.4 It is here that one must recognize the options in dealing with 
problems of policy. Emphasis on increasing the secondary employment ef­
fects of new production technology may be more effectlve than attempts to 
dtrect research So as to increase the primary employment effects. 

A major potential for increasing employment within agriculture lies with 
mcreaSing emphasis on and shifts among various nonfood grain cropS Schluter 
shows, for Surat DIstrict, India, that sugar can return 50 percent more income 
to labor per acre than nce and nearly four times as much as improved vari­
eties of wheat (Table 23-4). SimIlarly, among umrrigated crops, both ground­
nut and cotton return more to labor than sorghum (but less than rice), while 



Table 23-3_ Division of Increased "Payments" between Labor and Other Inputs, Various High-Yleldmg Varieties and Areas, India 

Increase in Gross Increase In Labor 
Percentage of Percentage [ncre;ase in Value of Output. "Payments" 

Percentage of Increased Out- Labor "Payments" for a 
Rupees Percentage Rupees Percentage Increased Out- put to Other 1 Percent Increase in 

Arca per Acre Increase per Acre Increase put to Labora Inputsb Gross Value of Output 

Wheat 
Aligarh, U.P. .... 462 71 46 58 10 90 0.8 
Varana5l, U.P ..... 620 65 11 15 2 98 0.2 
Udai pur, RaJasthan . ... 043 43 18 13 5 95 03 
Punpb ........... 450 100 56 42 12 88 0.4 

Kharif Paddy 
West Godavari, Andhra 

Pradesh ........ 269 38 32 17 12 88 0.4 
East Godavari, Andhru. 

Pradesh .. 216 H 20 13 10 90 0.4 ... Uttar Pradesh ....... 1,H)0 200 67 92 6 94 0.5 co 
CO TamIl Nadu ..... 550 100 33 20 6 94 0.2 

Laguna, Philippines. 374 72 3 3 1 99 0.0 
Sambalpuf,Orissa . .. 404 95 36 28 11 89 0.3 

Rab.Paddy 
West Godavari j Andhra 

Pradesh ....... 562 86 39 16 7 93 0.2 
East Godavari, Andhra 

Pradesh ........ 761 153 39 30 5 95 0.2 
TamIl Nadu ...... 625 100 46 21 7 93 0.2 
Gum., BII, Bangladesh 948 208 302 125 32 68 0.6 

BaJra 

Kalra, GUJarar ... .... 300 85 39 27 13 87 0.3 

Average ... ...... 532 97 52 3S 9 91 0.3 

Source. John W. Mellor and Uma J. Lele, "Growth Linkages of the New Foodgrain Technologies," hld,an Journal of Agrtcultu,al Econom-
.cs, 28'1 (January-March 1973), 35-55, Table I!. 

a Labor "payment" IS defined as physIcal labor mput (famIly and hired) In man-days at a constant wage. 
b Other Inputs Upayments" defmed as gross vaIue of outpUt minus share to labor. 
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Table 23-4. Returns to Labor and Land per Acre for 
Unirrigated and Irrigated Crops over a Six-Year 

Period in Surat District, India 

Returns Returns 
Crop to Labora to Landb 

Unirrigated, 1966/61-1971/72 
Rice (with fertilizer)c . ... 129 202 
Groundnurs ... ...... 108 207 
CottOn (without fertlhzer)C . 65 230 
Sorghum ..... 50 163 

Imgared, 1971-nd 
Improved rice .. 242 507 
HYV rice . . _ .. 265 608 
Improved wheat. 82 237 
HYV wheat ... 68 473 
Sugarcane 383e 2219 

Source, MIchael G. G. Schluter, "Interaction of Credit and 
Uncertainty In Determining Resource Allocation and Incomes 
on Small Farms, Surat DIstrict, India," Cornell Umversity­
USAID Employment and Income DistributlOn Project, De­
partment of Agricultural Economics, Occasional Paper no. 68, 
Ithaca, Cornell Universiry, February 1974, chapter III, Table 
7, p.14. 

a Estimated at the market ratc. The number of man-days 
used for each operation is muItipIied by the appropriate wa.ge 
rate, with no distmction between the hired and family labor 
inputs. For umrngated croPSI we assume a general wage of 
2.00 rupees per man-day; for weeding, we assume 1.50 rupees. 
For rice. we use 3.00 rupees per day; for rice weeding, irriga­
tion. and fertihzer application, 2.50 rupees. For wheat and 
sugarcane, we use 2 00 rupees per day but 3.00 rupees for 
planting, as this occurs during a peak period. 

b Esrimated as a. residual. From gross rerurns1 subtract 
average total variable costs in 1971-72. tncluding the imputr 
ed value of famIly labor. The only COst not subtracted is in­
terest charges. Gross returns include the value of the by­
product. 

C Most fanners in the unirrlgated zone use fertihzer on 
rice, but no farmer uses it on COtton 

d For lrrIgated crops we use data for 1911-72 rather than 
for the six-year period, owing to the difficulties of obtaining 
time-seric::s yield data for the new varieties. 

e Over 50 percent of this goes to migrant workers from 
Maharashtra who are employed by the factory for harvesting. 

groundnut returns to labor two-thirds more than cotton. Data on vegetables 
or on livestock such as dairY would be even more strikmg. 

Donovan shows, through a linear programming analysis, the substantial e~­
feet of cropping pattern changes on labor requirements in Mysore State, India, 
and he stresses the role of seasonal labor bottlenecks and the po~sJbilities of 
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clearing those bottlenecks offered by migration and mechanization.5 Similar­
ly, Desai and Schluter show dramatically how changes in cropping patterns, 
specifically between groundnut and cotton, alter the total demand for labor 
in Surat District, Indla. 6 The same point could be made in respect to change 
between Jute and rice in Bangladesh. 

It is of course crucial to recognize that production patterns must be in 
balance with demand and hence that efforts to increase employment by 
changing the structure of production must be matched by shifts In demand. 
Such 'demand shifts may occur as indirect effects from expenditure of ris­
ing incomes, or they may be the product of specifiC public policy. Some 
of the most labor-intensive agricultural enterpnses such ~s sugar, vegetables, 
milk, and certain other livestock commodities have highly elastic demand. On 
the one hand, demand will grow rapidly for such commodities as incomes 
rise, creating a favorable environment for increasing production and employ­
ment, On the other hand, If supply is melastic, rising production costs and 
hence prices Will readily shift consumption to other commodities which may 
Or may not provide as many jobs. Consequently it is important to proVide the 
institutional changes needed to facilitate ready increases In production and 
marketing, while research which increases production efficiency and the sup­
ply elasticity can greatly facilitate growth in employment in this sector. 

In a context of rapid growth in Incomes, a favorable environment IS pro­
vided for increasmg production of demand elastic, potentially labor-intensive 
commodities such as sugar, vegetables, and livestock products. Since relaxing 
the wage goods constraint through increased food grain production may be 
effective in creating such an environment, a Simple research allocation strate­
gy follows first, stress food grain production; then sel in motion a high em­
ployment program, which creates a favorable demand environment; finally, 
accentuate labor-intensive crops and livestock in research programs. 

After taking advantage of the increased mcome from new food grain tech­
nology as a means of increasing demand for labor-mtensive production, one 
may pursue additional steps. First, export 'demand may be stimulated for 
labor-intensive agricultural commodities. ThiS could be further facilitated by 
the mtroductlon of technological ch,mge which decreases cost of production. 
Second, internal demand structure may be mfluenced by subsidy and educa­
tional programs. The key point is that, while agricultural research may ap­
propriately emphasize labor-Intensive commodities, it must be backed up by 
pohcles which increase or shift demand accordingly. Research policy must be 
seen in complementary play with other poliCies. 

Rtsk al1d uncertainty. Allocatmg research resources III such a way as to decrease 
the variation in yields in a context of varying weather and management prac-
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tlces WIll reduce risk and uncertainty. Lessening the probability of particular· 
ly poor results not only raises average returns but reduces variance as well, 
and this may be seen as part of the general effort to increase production ef· 
flciency. 

However, variation in results has implicatlons beyond the effect on average 
production. In general, socIety prefers present income to future income and 
so fisk Illvolves a loss through unexpected deferral of income. Perhaps more 
important, low·income farmers tend to avoid risk, and hence the amount of 
variation in results affects the distribution of benefits and the adoption of in· 
novation. 

Schluter's analysis of Surat District, India, shows clearly that lower income 
farmers choose the lower profit and less labor·intensive but more certain en· 
terprises. Thus the farmers with lower income tend to choose cropping pat· 
terns with a lesser deVIation in income. More specifically, On the basis of a 
MOTAD model Schluter shows that for each 100 rupees of increased Income 
from change in cropping pattern there is a sacrifIce of 100 rupees in increased 
variance. 7 It follows that It would be useful to small farmers to reduce vari· 
ance of income III the more labor·intenSive and profItable crops. Indeed, be· 
cause the more profItable crops are more labor·mtensive, It follows that, ex­
cept for risk aversion, small farmers should have a comparative advantage in 
those crops. 

Although varIation in mcome arises from fluctuations in both price and 
YIeld, fluctuation in YIeld is the more important factor. For example, Schluter 
shows for Surat District that the coefficient for variation for yield is greater 
than that for price by a factor of 4 for nee, 3 for sorghum, 11-> to 2 for cot· 
ton, and 11-> for groundnnts (Table 23·5). Further, price variation tends to be 
inverse to yield variation and therefore tends to reduce overall variation, glv· 
en the fluctuation in yield induced by weather.8 Thus, as Schluter's data con· 
firm, in the complex real world of many conflicting forces, price stabilization 
schemes may increase income instability, at least for lower income producers. 

It follows then that the burden of reducing varIation in income must fall 
more on production than on price policy factors. Within production policy 
there are many variables: expenditure on extension effort may improve man­
agement and reduce crop fadure; expeJlditure on irrigatIon may reduce de­
pendence on favorable weather; expenditure on credit programs or insurance 
schemes may provide greater staying power. However, a research program 
deSIgned to reduce varIation in results may be an efficient means of dealing 
with the problems. The greater the concern with reducing income dIsparities 
and increasing the participation of small farmers, the more emphasis will be 
given to research on reducing vanation in results. Such emphasis may con· 
tribute imtially to the most widely grown high·Yleiding varieties of crops and 
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Table 23-5. Coefficients of Variation for Yield,hice, and Revenue 'under 
Alternative Price StabiHzation Policies for Major Unirrigated Crops. 

Surat District, India, 1966167'1971/72 

Revenue 

No Stabi- Partial Sta· Complete Sta-
Crop Yield Price Hudon bllizationa bilizationb 

Rice 
Low fertilizer 0.40 0.09 0.36 0.39 0.40 
HIgh fertilizer 0.42 0.09 0.36 0.39 0.42 

Cotton 
Low fertilizer 0.42 024 0.30 0.36 0.42 
High fertilizer 0.51 0.24 0.43 0.47 0.51 

Sorghum ...... 0.39 0.13 0.43 0.40 0.39 
Groundnuts .... 0.37 0.26 0.42 0.34 0.37 

Source, Michael G G. Schluter, "[nteraction of Credit and Uncertainty in De· 
termlning Resource Allocation and Incomes on Small Farms, Surat DIstrict, 
India," Cornell University-USAID Employment and Income DIstribution ProJ­
ect, Department of Agricultural Economics, Occasional Paper no. 68, Ithaca, 
Cornell University, February 1974, chapter VII, Table 30, p. 44. 

a Gross returns with price deviations from the mean reduced by SO percent 
in each year. 

b Gross returns wlth prices fIxed at the mean levels. 

then spread to the high profit, demand elastic, labor-intensive enterprises 
which have such a substantial potential to increase employment. 

Nutrition aspects oftbe production patte",. Finally, a word on nutrition. Nu­
t,mon may deserve speCIal emphasis in research allocation because consumer 
ignorance may result in too bttle expenditure for nutritious foods, while re­
search may be able to mcrease nutritive content of foods at low cost and high 
convenience. 

Unfortunately it IS all too often forgotten that'the key trade· off-in research 
allocation vis-a-vis nutrition is likely to be between yield and nutrients other 
than calories. Thus the critical question may be what is most detrimental to 
the health of a particular populatIOn - insufficient calories or lack of other 
nutrients, such as protein or vitamins. 

For most of the world's low·income people, food grains are usually the 
basic source of calones. It IS only after expendIture IS suffICIent to meet basic 
calorie needs that consumption may properly Stress protein and other nutri­
ents in the cropping pattern. Just as the objective of increasing employment 
calls for first increasing food grain production and then more labor-intensive 
crops, so improving nutrition calls for food grains first and then other crops. 
As noted earlier, It IS a commOn error to minimize calorie deficiency relative 
to protein defiCIency Y As long as calories are deficient, research should not 
emphaSize other nutrients at the expense of yield. 
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In this context, however, one should note the interaction of improved 
nutrient content with labor intensity. Although nutritious foods like hvestock 
products may be mefficient means of providing nutrients such as protein and 
may in any case be sold to higher income persons, they may also provide the 
demand for labor which, m rum, provides the purchasing power for the poor 
to meet their more basic food needs. Thus, research that accentuates income 
generation for the poor may do- much for their state of nutrition through 
market processes. 

Again ·it should be noted that if low-income persons are to be encouraged 
to devote SCarce land and other productive resources to production of vegeta­
bles to improve home nutrition, then It IS Important to reduce the risks in" 
volved in their production. Moreover,. there is a clear trade·off between al­
locating resources to research to reduce yield variance and allocating resources 
to such actiVities as extension for teaching cultivation methods that reduce 
variation in results. 

Choice of Emphasis within an Enterprise Category 

Once decisions are made on the relative research emphasis among various 
enterprises, there remain allocational questions on the relative weight of ob­
jectives for the mdividual enterprises. In the broader sense the research objec­
tive is to increase physical effiCiency - output per unit of input. But since 
various factors of production are distributed unevenly, raismg the produc­
tivity of such factors unevenly will affect the distribution of income. And the 
extent to which the reduction of vanation In results is highhghted will affect 
rates of adoption among mcome classes and hence the distribution of beue­
fits. Simtlarly, relative accent on approaches that raise or lower the use of 
purchased inputs will affect income distribution. 

Choice of Discipline 

Relative emphaSIS on various academiC diSCiplines in staffing a ,esearch in­
stitution is an important policy instrument and is likely to have substantial 
effect on the distribution of benefits. The most interesting set of considera­
tions in thIS regard is probably that which arises with respect to engmeering, 
since that is pamcularly related to mechanical innovations which have been 
most associated with displacement of labor. The allocation among disciplines 
is, however, very complex, even from an employment point of view. For ex­
ample, a general production problem is that of seasonal labor bottlenecks. 
ThiS is particularly a problem of mtensive multiple-cropping programs, but 
even societies with large numbers of very low-income people suffer clear labor 
constraints to production at seasonal pe,iods.10 Now, mcreasmg total em­
ployment may reqUIre mechanization to break seasonal bottlenecks. It is by 
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no means certam, however, that such effort will not overshoot the mark, re­
ducing total earnings of the poor. Ideally, research resource allocation would 
stress increase In efftciency, including labor effiCIency, using redistribution of 
assets and income to deal with income distribution problems. Unfortunately, 
that IS not necessarily how policy priorities get set. The conflict calls for de­
tailed economic analysis of seasonal labor supply/demand balances to facili­
tate research on how to break seasonal labor bottlenecks without displacing 
labor and thereby reducing incomes of the poor. This is an area where coop­
eration between social scientists and production SCIentIsts can be partIcularly 
effective. 

Presumably reduction of the arduousness of work is a widespread human 
objective. Technical innovation which accomplishes this is desirable on egali­
tarian grounds only If the benefIts are distributed to those formerly perform­
ing the arduous task In a communal socIety machine hulling of rice relieves 
the low-income women of a very dIffIcult task and releases their time for bet­
ter child Care and other welfare-increasing actiVIties. However, if income and 
assets are unequally distributed, displacing hand pounding of rice may simply 
elimmate the prImary source of income of a low-income group with an in­
crease m net income of a higher income entrepreneurial class and a higher in­
come consuming group A SImilar point could be made for many other rural 
actIVIties. Again, conflict between stated societal objectives and societal reall­
tie~ greatly complicates research resource allocation. 

As in the case of allocation among crops, a decision regarding one crop 
must be made on the extent to whIch various nuwtional elements will be 
emphasized. Agam, the main trade-off appears to he in the chOIce between 
increasing protein content or Increasing yIeld, or calorie productIOn. As we 
have seen, the Western approach has tended to accent protein. Clearly, more 
research is needed, both on the effects of diet and health among the poor and 
on the extent to which foods naturally contain a sufficient balance of nutri­
ents as long as the total quantIty is adequate. 

The Regional Problem 

The choice of enterprise to emphasize and the approach to research on any 
one enterprise profoundly affect the distribution of income among geographic 
regIOns. This is the result of not only regional defICIencies in soils, topography, 
and chmate, but also economic and social differences - including income 
differences - which affect the acceptabihty of various types of innovations. 
In the long run, the regional allocation of research resourCes may be one of 
the most powerful influences on regional power and equity. 

In countries with generally adequate food supplies, such as ThaIland, It 
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may be regional disparities of food which are most constraining to Increased 
equity. Even mainland China has had great difficulty in meeting the problems 
of regional inequity. Trade-offs in research may be substantial, with empha­
sis on regions with poor production resources resultmg in high costS of re­
search and low increases in productivity. And again, the trade-offs in achiev­
ing objectives With unequal Investment in educatlOn or With dIrect income 
transfers should be considered in allocating research resources. 

An Example of a Research Pahcy Sequence 

The critena for research policy are, of course, dependent on the objectIves 
stated for research policy, the research resource availabilities, and the political 
acceptabihty of alternative means of reaching objectives. The latter, of course, 
reflects a broader set of objecuves, both explicit and implicit, and the weights 
on these objectives dictated by the power structure within the society. Pursu­
ing objectives In a sequential manner recognizes that prionties can be estab­
lished and that effective research requires clearly understood guidelines, 
which are possible only if objectlves are separated and sequenced. Then re­
search policy must set the priorines which order the sequence of effort - that 
is, not only the order of objectives but the ease of meeting particular objec­
tives given the realities of the tasks and the resources. In particular it should 
t:e recogmzed that adding criteria to research both reduces productivity and 
reinforces the need for pursuing objectIves sequentially rather than simulta­
neously. 

The process may be exemplified by assuming that we are faced with a SOCI­

ety attempting to increase participation of the poor in growth, but without 
major redistribution of income or assets. Such a society might first emphaSize 
increasing yields per aCre of the basic food grains in the most responsive areas 
of the country. ThiS would release the wage goods constraint to employment 
and increase the supply of basic calories. As success IS met on the basic food 
grain front, geographic area coverage of the effort would be expanded to less 
productive regions. Soon, coverage would be extended to additional crops, 
with priority given those which are particularly labor-intensive in production. 
The latter effort would be coordinated with expansion of ,demand eIther 
through exports, rising domestIC mcomes, or subsidies. In each case, however, 
the conditions of success require expansion of baSIC food grain production. 
The reason for this is obvious in the case of domestic markets, but even rais­
mg income from exports requires a large supporting increase of domestic food 
prodnction.!1 Throughout each of these thrusts research would stress reduc­
tion in year-to-year yield variation because of the special risk aversion of low­
er income farmers. 
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Research Needs for Improved Research Direction 

Because of our minimal background of knowledge and experience, the alloca­
tion of research resources offers in its own right an area ripe for research. Re­
search in the social sciences to support optimal decision-making in allocatJOn 
of production research resources needs to emphaSize definition of societal ob­
jectives; sources and means of income by income class; the consumption pat­
tern of various income classes; and the factor share bias of innovations. 

Societal objectives have been defmed in this chapter in terms primarily of 
level and distribution of income with added attention to uncertainty of in­
come and nutritional status. However, little is known about the Importance 
of absolute mcome as compared With relative income in determming well­
bemg, yet that distinction may be crucial to determinmg optimal pohcy. 
Similarly, if research is to be keyed explicitly to societal objectives, IS is im­
portant to know whether the same forces which prevent land reform, pre­
sumably because redistribution of income is not a prime objective of society, 
will prevent effective impact of research results which would effect redistribu­
tion of income. Or could it be a stated objective to effect income redistribu­
tion through research only as long as such effort is not effective' It may be 
inconvenient to make societal objectives explicit, but that may be essential to 

effective public sector decision-making. 
Only when it is known how much mCome each income class generates 

through what production means can research policy be designed to improve 
income distribution. Innovation affects Income distribution through its effect 
on demand for factors of production and supply of consumer goods. General­
ly the poor provide labor, and relative increase in demand for labor increases 
their Income In relation to that of others. Effective policy demands knowledge 
of the precise nature of labor supply and demand, including elasticity of labor 
supply. Such knowledge prOVides a basis for estimating returns to increased 
demand for labor and probable wage behaVIOr. Similarly, consumptIOn pat­
terns of the low- and high-income classes differ greatly. Research concentrat­
ed on goods the poor consume Will benefit them relative to the more well-to­
do. Despite this obvious fact little detail is available on the precise nature of 
consumptIOn patterns of the poor. 

Finally, knowledge is needed of the effect of vanous innovations on the 
demand for payment to various factors of production. What is needed is 
knowledge not only of the average amount of labor used and yield Increase 
but of the variation m functional relatIOnships between input and output and 
the variance m those relationships. Then optimal choice of technology can be 
made in the context of varying risk and uncertainty and levels of input. 

We close on a research-oriented note in thiS chapter on research a1loca-
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rions. Social scientists could contribute substantially to increased efficiency 
In this most crucial area of development. To do so, they must verse them­
selves in the technology of agriculture to grasp somewhat more fully the con­
straints that delineate the art of the-possible. They must recogmze the im­
practicality of a general equIlibrium approach In this extraordinarily complex 
area and settle for numerous partial 'approaches and consequent doubt of 
whether or not they have even an approximation of a correct answer. Finally, 
they must immerse themselves in the operational context of the real world so 
that they may choose economically among the many possible "partial" prob­
lems in allocating their own potentially valuable resources. 
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Increased attention has been gIVen in recent years to the management and al~ 
location of research resources according to specified criteria Or to some sense 
of priority'! This Increased concern is in part a result of the growing recogni~ 
tion that research is indeed an economic activity involving the organization of 
scarce resources. Bur, in addition, It reflects the growing consensus that tech~ 
nical change is a key element in the development process. 

ThiS chapter reports a modest attempt to formahze the economic concepts 
available for establishing research priorities, to utilize data to test the model, 
and to bring to bear as much empirical information as possible on the prob~ 
lem of establishing research priorities for a particular economy. The basic 
model draws on the concepts of consumer and producer surplus, the neoclas­
sical theory of production, recent work on models of induced techmcal 
change, and a two-sector general equilibrium model. Important themes In the 
analysis are (1) that the specification of goals is a critical element in the estab­
lishment of research priorlties; (2) that an understandmg of the dIstribution 
of benefits from technical change is a key to understanding the extent to 
which these goals are met; and (3) that in a country the size of Brazil regional 
differences are important. 

The Model 

The starting point of the model is to view new production technology as hav­
ing an instrumental role in attaining a larger set of goals and objectives. Tech-

498 
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nical change in agriculture can be understood in the context of the contribu­
tions agrIculture can make to general economic development. These contrIbu­
tions mclude (I) supplying food for the total population; (2) supplying capi­
tal to the economy, especially for expansion of the nonfarm sector; (3) sup­
plying labor for the expansIOn of nonfarm actiVities; (4) supplying exchange 
earnings in order that imports critical to tbe development process can be pur­
chased from abroad; and (5) providing a market for the products of the non­
farm sector. The development and distribution of new production technology 
can be a powerful means of strengthening agriculture in regard to each of 
these factors Hence, the demand for new productIOn technology can be de­
rived from this framework. 

There are rather obvious confhcts between some of these contributions. 
For example, if all of agriculture's surplus earnings are siphoned off as capital 
for the nonfarm sector, agriculture's potential as a market for goods and ser­
vices produced by the nonfarm sector is greatly reduced. In addition, the rela­
tive importance of each contribution will depend on the stage of development 
of the economy, the particular development model the government uSeS as a 
basis for economic policy, and the specifiC policy meaSureS the government 
uses to implement its policy. 2 

For analytical purposes we specified four alternative sets of goals for the 
research program: (1) to increase the total net income of the agricultural sec­
tor; (2) to increase employment and income of workers in the agricultural 
sector; (3) to increase consumer welfare by providmg food at lower real prices, 
and (4) to maximize the contribution of agriculture to the growth of the 
economy as a whole. These goals are somewhat broader than the contribu­
tions that agriculture can make to economic development, although in most 
cases a direct linkage can be made to the latter. The advantages of these par­
ticular specifIcatIOns are that they are operational m terms of the more for­
mal model that will be presented below and that they are commonly held 
goals for agncultural research. 

It should be ObVlOUS that to attain each of these goals may require differ­
ent "kmds" of technical change. Hence, the choice of technology becomes an 
important issue. In addition, the kind of technology chosen Will have differ­
ent income distribution consequences, as will the choice of product On which 
to focus the research program. Therefore, we next turn to a discussion of the 
theory that Will help to answer these questions. 

Induced Technical Change 

The baSIC Idea of the induced innovation theory IS that innovations and 
their resource-saving directions depend on economic conditions prevailing 
Within a gIVen economy rather than bemg determined exogenously to It, as 
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is frequently assumed. Hayami and Ruttan have extended the theory of in~ 
duced innovation from its micro-formulation to an understanding of tech~ 
meal change at the sectoral I eve!. 3 

Two elements of the model developed by Hayami and Ruttan are of in~ 
terest from our standpoint. First, they recognize that technical change can 
take alternative routes in its resource-saving effects and that the particular 
route it takes is condItioned by relative factor scarcities. This idea gives rise 
to the concept of an effIcient path for technical change and suggests the Im­
portance of allocating scarce research resources so that technical change is 
directed along such an economically efficient path. Hayami and Ruttan argue 
that for agricultural technology to be an efficient Source of growth, it must 
be directed toward easing the barriers to output expanSlOn posed by inelastic 
factor supplies. 

The second element of the Hayami-Ruttan model is the instrumental role 
it assigns to individual "technologies" in facIlitating the substitution of one 
input for another. Hayami and Ruttan view biological improvements, such as 
the development of varIetieS that are more responsive to fertilizer, as a.means 
of facilitating the substitutlOn of fertilizer for land. Mechanization, on the 
other hand, is a means of facilitating the substitution of land for labor in the 
sense that it permits a substantial change in the mannand ratio. In both cases 
there is an mfusion of capital into the production process, but the contribu­
tion in facilitating subStItution among the prImary inputs of land and labor 
may be as important as the contribution of the additional tnput qua tnput. 

We use the Hayami-Ruttan framework in an ex-ante sense as a normative 
model of what direction technical change ought to take if it is to be an effi­
CIent source of growth. Our analytical-empirtcal task is to Identify the re­
source constraint that is Inhibiting output expansion so that production tech­
nology can be directed toward easing such constraint. This information will 
enable uS to determine whether the research program should concentrate on 
biological or mechanical innovatlOns. 

Distribution of Benefits-between 
Consumers and Producers 

Although the notion of an efficient path for technical change (in the re­
source dimension) can serve as an important basis for allocating research re­
sources, it alone is not sufftcient. Technical change has important income dis­
tribution consequences, and these in turn are important in determming the 
extent to which a given research program will attain specifIed goals. One issue 
is the extent to whIch the benefItS of techmcal change redound to the con­
sumer or to the producer. A second issue IS the extent to which the producer 
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Figure 24-1. Effects of a shift in the supply curve as a result of technological 
change III a dosed economy. 

surplus redounds to particular factors of production. In this and the following 
sections we turn to a consideration of these Issues. 

The concept of economIc surplus is a useful tool for analyzmg the distribu­
tion of benefits between consumers and producers.4 The basic analytical 
model for a closed economy IS given in Figure 24-1. Suppose that before 
some technological innovation the equilibrium price and quantity are Po and 
QO In addition, suppose tha.t the supply curve were perfectly elastic. The 
gam to society from a technological change which lowered the supply curve 
to Sl' would be the gain in consumers' surplus, A ... B + C. If the imtial supply 
CUrve were perfectly inelastic, on the other hand, a shift in the supply curve 
from QOSZ to Ql S2' would result In both a change in producers' surplus (F + 
G - (A + B)) and a change in consumers' surplus (A + B + C). However, if the 
supply curve is positively sloped, the net gain will be B + C + E + F, since the 
change in producers' surplus IS (E + F) - A, while the gain in consumers' sur­
plus IS A + B + C. 

For our purposes we want to extend this model to that of an open econ­
omy with traded products. The distribution of benefits in this case can be un-
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Figure 24-2. Effects of a shift in the supply cutve as a result of technologIcal 
change in an open economy. 

derstood by means of Figure 24-2. The figure is drawn on the assumption Ii 
that the country is relatively ummportant in world markets so that its exports 
will not affect world prices. This assumption can be relaxed, although it was 
not necessary to do so in our research. 

With a shift in the supply curve, the elastic demand curve imphed by an 
open economy will not allow for gams m consumers' surplus if the product 
has traditionally been exported. If the product was not exported before the 
technical change, there may be some gain in Consumers' surplus as a result of 
the initial shift of the supply curve. This would occur, for example, If before 
the technical mnovation the domestic price were above the world price and 
"protected" either by transportation costs or by trade policy. 

It can be seen from Figure 24-2 that all economic surpluses will accrue to 
the producers if the product has been traditionally exported. If this is the 
first time the product has been exported, however, and if the internal price 
was previously above the world market, the producers will share some eco­
nomic surplus with the consumers for the initial shift in the supply curve. 

These concepts are useful tools for analyzing the return to mvestments in 
research, as illustrated among others by Grillches, Peterson, Ayer and Schuh, 
and papers presented at the Aidie House conference.5 And 1£ rate of return 
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criteria were to be used for establishing research priorities, the basic frame­
work would provide a means of selecting the products to which researchers 
should give priority in their research efforts. 

For our purposes, however, these concepts provide a means of setting pri­
orities in terms of more specific goals established by policy makers. Knowl­
edge of the demand and supply elasticities Will provide a basis for determin­
ing whether the flow of benefits from a given techmcal change will be realized 
as a producer surplus or as a consumer surplus. Then, depending on whether 
the policy makers prefer to favor the producer or the consumer, research re­
sources can be allocated accordingly. 

It should be noted that in the open economy case the export multiplier be­
comes an additional mechanism through which social gains are realized. These 
gams are denved from the increased exportable surpluses made avaIlable by 
the new technology. Although recogmzed where relevant, the gains realized 
through the export multiplier are not explicitly accounted for m the empitlcal 
work reported below. 

Technological Change and the Neoclassical 
Theory of Distribution 

Another important aspect of the present study is to determine how the 
benefits of techmcal change are distributed among the factors of production. 
The neoclassical theory of distribution provides the means for analyzing this 
problem. At the macroeconomic level one distributional question of interest 
concerns the behaVior of aggregate relatIVe shares in response to technical 
change. In fact, one customary way of defming technological bias is by wheth­
er the relatIve share of labor mqeases, remains unchanged, or declines as tech­
nological change takes place. 

The problem m using the pure neoclassical theory IS that the analysis is 
restricted to two factors. One possible way to proceed is to specify the aggre­
gate production function in separable form, where the degree of substitutabil­
Ity among inputs is assumed to be greater than one withm the postulated sub­
functions, but less than one between subfunctions. More specifically, assume 

Y = F(f(L', KL '), g (T*, KT ') 

where Y is the aggregate agricultural output, T and L are land and labor in­
puts, respectively, KL is laboresque capital (mechamcal), and KT IS landesque 
capital (bIOlogical, chemical, and agronomic).6 The astensk indicates that the 
factor in question IS measured in "effective" units, e.g., L' = tL L, where tL 
is an mdex of nonneutral technological change which increases the quality, or 
"effective umts," of the nominal mput L (labor). The further assumptions of 
fixed input prices, homogeneity, and weak separablliry permit the definition 
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of pnce indices for the subfunctions on the basIs of which the optimization 
process can be performed in two separable stages. 

Elasticities can be derived which indicate the effect of nonneutral tech­
nological change On the mcome to individual factors, on the functional dis­
tribution of mcome, and on the employment of individual factors of produc­
tion. Since the magnitudes of the estimated elasticities of substitution were 
not consistent With the a priori restrictions, this part of the analysis was prej­
udiced. 7 However, the parameters of the production function are of inte~est 
in theit own right and will be presented below. 

General Equilibrium Considerations 

The analysis above assumes a partial eqUilibrium framework. However, to 
prOVide a complete view of the effects of technological change m one sector 
of the economy on employment and the returns to factors, general equilibri­
um considerations must be taken into account. The problem that.arises in the 
general equilibrium framework is that technical change affects the level of 
output, which in turn can affect the relanve prices among products. The 
change in price of the product can lead to a redeployment of resources which 
10 some instances can more than offset the direct effect of the produc[!on 
technology on factor productivity. 

Empirical Results 

The empirical results are presented in three sections: (1) estimates of the total 
potential gains from an assumed technologically mduced shift in the supply 
curve for selected crops, together with estimates of the distribution of these 
gains between producers and consumers; (2) estimates of the parameters of 
the underlying production function; 'and (3) data on recent trends 10 factor 
prices as a basis for determining relative factor scarcity. 

Total Gains from Assumed Shifts in the Supply Curve and 
Their Distribution between Consumers and Producers • 

At some point m the decision process allocation deCisions on research mon­
ey are made on a crop baSIS. (The livestock sector was excluded from the 
present study). Policy makers decide that X amount of money will be allocat­
ed to crop Y and that some crops will receive attention while others will not. 
Our assumption is that deCision variables involved in this process include 
some Judgment about the expected flow of total benefits from a given research 
effort and some notion of who will receive the benefits of the research. 

Two criteria were considered in selectmg crops for this part of the analysis. 
The first was their relative economic importance as measured by value of total 

, 
I 
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output, total area planted to the crop, and the geographic spread of the crop 
over the country. The second criterion was the size of the price elasticity of 
demand. since this parameter is important in determining the relative distrIbu­
tion of benefits between consumers and producers. 

An important determinant of the size of the demand elasticity is whether 
the product is exported or not. Therefore, it was decided to choose some 
products that have only a domestic market and others that either have been 
exported in the past Or have the potential to be exported. By this means the 
analysis would consider a rather wide range of values for the structural param­
eters. 

The crops chosen accordmg to these criteria were cotton, sugarcane, corn, 
rice. edible beans, and manioc.8 Cotton and sugarcane are traditional exports 
from Brazil. RIce and corn have been exported occasIonally but for the most 
part on a much smaller scale than cotton and sugarcane. Edible beans and 
manioc are traditIonal staple foods which for the most part have not been ex­
ported. During the period 1966-70 these six crops accounted for 46 percent 
of the total value of output from crops and 74 percent of the total area in 
crops. Moreover. each of them was grown over a rather wide area in Brazil. 

Available estimates of the demand and supply elasticities for these crops 
arc summarized m Tables 24-1 and 24-2. As the tables indicate, there has 
been more work on the supply side than on the demand side. and on the sup­
ply side there were more estimates available for the state of Sao Paulo than 
for Brazil as a whole or for other states 

Given the range in the estimates of the parameters, three alternative esti­
mates for each crop were selected on the supply side - low, medium. and high 
- and two were selected on the demand SIde -low and high. On both the de· 
mand and supply side it was necessary to specify arbitrary values in some m· 
stances in order to have a desired range in the parameters. For sugarcane and 
rice a relatively elastic response to price on the demand side was assumed 
smee both have considerable potentIal in world markets. (The available esti­
mate for sugarcane is based solely on the domestic market.) In the case of 
maniOC, for which no estimates of the demand elasticity were available, it was 
assumed from a prlon knowledge that It is an mferior good and that it there· 
fore would be expected to have a low elasticity of demand. 

The elastiCities chosen are presented m Table 24-3. It would have been 
desirable to have more precIse estimates of these parameters. but economet­
riC work is not yet very far advanced in Brazil. Consequently, the results 
which are presented helow have to be interpreted as illustrative of the effects 
of demand and supply elastiCities in determimng who receives the benefits 
from technologically mduced shifts in the supply curves. 

Since the analysis is cast in an eX-a7lte rather than an ex-post framework, 
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Products 

Cotton 
Sugarcane 
Rlcc 
Corn 

. [ldible beans. 
Manioc ... 

Table 24-1. Selected Supply [llasticities for Brazil, St.te of Sao Paulo, and St.te of Goias from Vatlous Authors 

Pastore 

SR' LRb 

.19 .63 
.16 .16 
.31 1.17 
.15 .57 
.14 .15 
.11 .96 

Brazil 

Paniago 

SR LR 

.31 1.74 

Thompson 

SR LR 

.15 .58 

Pastore 

SR LR 

1.22 2.03 
.12 12 
.61 1.96 

.37 .37 

.26 .47 

Sao Paulo 

Toyama Be Ayer& 
Pescarin Brandt Schuh 

SR LR SR LR LR 

.37 .69 1 57 .944 

.27 .39 

.42 .69 .62 4.10 
83 3 32 .45 2.55 
31 .43 .10 .31 

GOlas 

Villas 

SR LR 

.30 2.34 

Source· A. C. Pastore, "A ofert. de produtos agrJcolas no Bmsll," Pesquisa e plal1"Jall1.lIto, 1 2 (December 1971),171-234. E Paniago, 
nAn Evaluation of Agricultural Prices for Selected Food Products' Brazil," Ph D thesiS, Purdue UniversitYI 1969. R L Thompson t uThc 
Impact of Exchange Rate Pohey and Other Restricted Policies on Corn Exports m Brazil," M.S. thesis, Purdue University, 1969. N. K. 
Toyama and R. M. C. Pescarin, "Projc~oes da ofcrta agncola do Estado de Sao Paulo," Agncultura am sao Paulo 17.9-10 (September­
October 1970), 1-97. S Brandt, M. Barros, and D. D. NelO, "Rela~es .rea-pre~o de .Igodao no Esrado de Slio Paulo," Ag>iclIltura em SliD 
Paulo, 12 1-2 (January-February 1965), 31-38. H. IV Ayer and G. E. Schuh, "Social Rates of Return and Other Aspects of Agricultural 
Research The Case of Cotton Research m Sao Paulo, Brazil," American Jour1Ial of AgrlclIlt",al Economics, 54:4 (November 1972), 557-
569 A T. Vilas, i'Estimatlvas de fun~oes de oferta de arroz para 0 Estado de GOlas c suas impIica~es economlcas, periodo 1948-1969," 
M.S. theSIS, Federal University of Vieosa, Brazil, 1972. 

a Short-run elasticity as implted by a Ncrlovc-type distributed lag model 
b Long-run elastICIty dS implied by a Nerlove-type dismbuted lag model 
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Table 24-2_ Selected Elasticities of Demand for Bra2i1 
and the State of Sao Paulo from Various Authors 

Product 

Cotton . .. 
Sugarcane. 
Rice. 

Corn ...... . 
Edible beans _ .. . 

Elasticity 

_ 5.3a 
_ .56b 

- .10 
- .16 
- .66 
- .32 

Author 

Ayer & Schuh 
MartinI 
Panlago 
Mandell 
Thompson 
raniago 

Source: H. W. Ayer and G. E. Schuh, "Social Rates of 
Return and Other Aspects of Agricultural Research 
The Case of Cotton Research In Sao Paulo, Brazil," 
American Journal of Agf1.cultural Economics, 54:4 
(November 1972); E. Martini, "A,ucar no Brasil: 
Produogao, procura e pre~o,'~ M.S. thesis, Federal Unt­
versity of Vi-cos-a, Braz.Il, 1964; E. Paniago~ "An Evalu­
ation of Agricultural Prices for Selected Food Prod­
ucts' Brazil," Ph.D thesis, Purdue University, 1969, 
P. I. Mandell, "A expansao da moderna rizicultura; 
Crescimento da of en a numa economia dinamica/' 
Remsta BrasiJeJTa de economia. 26 3 (July~September 
1972), 169-236; R. L. Thompson, "The Impact of Ex­
change Rate Policy and Other Restricted PoliCies on 
Corn Exports in Brazil," M.S. thesis, Purdue Universl­
ty, 1969. 

a Elasticity for the State of Sao Paulo. 
b Demand elasticity for sugar. 

an arbitrary shift of 10 percent was assumed for the supply curve. One of the 
first results obtained is the flow of total benefits by crop that would result 
from the specified shift. Based on the average value of output III the 1966-70 
period, the annual flow of benefits from a 10 percent shift to the right in the 
supply curve is estimated to be: rice, $157 million; corn, $145 million; sugar­
cane, $106 milhon; manioc, $92 mIllion; edible beans, $88 milhon; and cot­
ton, $88 million. These data represent gross benefits since neither the cost of 
obtaining the supply shift, the value of complementary inputs such as fertjl­
izers, nor adjustment costs are considered. The gross benefits give some no­
tion of the relative payoff from investments in research under the assump­
tiOnS that the COSt of obtainmg a given supply shift is the same among crops 
and that complementary inputs and adjustment cOStS are ignored_ It is worth 
noting, moreover, that the gross flow of benefIts is determined largely by the 
relative economic importance of the crop. The elasticities have less influence. 

Data on the relative distribution of these benefits among consumers and 
producers according to various assumptions about the structural parameters 
are summarized m Table 24-3. The results support the nOtion that technologi­
cal s~ifts for crops that have a relatively high price elasticity of demand (e.g., 

• 
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Table 24-3. Percent of Benefits to Consumers and Producers Resulting from a Specified 
Shift in the Supply Curve, Based On Two Demand and Three Supply Elasticities 

for Each of Six Crops, Brazil 

Percent of Benefitsa 

Pro- Con- Pro-
Crop 

Demand 
Elasticities 

Con­
sumer 

Pro­
ducer 

Con­
sumer ducer surner ducer 

Cotton. 

Sugarcane - .56 
-2.50 

RIce. . . . . . .. - .16 
-1.50 

Corn. . - .30 
- .66 

Ed.ble beans. .. - .32 
- .50 

Mamoc . .... - .10 
- .30 

9 
4 

16 
4 

20 
17 

33 
18 

32 
23 

52 
27 

(.19) 
91 
96 

(.10) 
84 
96 

(.)1) 
80 
83 

(.15) 
67 
82 

(.15) 
68 
77 

(.11) 
48 
73 

a Supply elasticities are given wuhm parentheses. 

(,94) 
32 
15 

(.60) 
52 
19 

(1.17) 
88 
44 

(.58) 
66 
47 

( 31) 
49 
38 

(.47) 
82 
61 

68 
85 

48, 
81 

12 
56 

34 
56 

51 
62 

18 
39 

(1.57) 
42 58 
23 77 

(2.34) 
94 6 
61 39 

(332) 
92 8 

17 
(.43) 

43 
54 

<'96) 

83 

57 
46 

91 
76 

9 
24 

crops with export potential) will tend to favor the producer, while for crops 
with a relatively low price elasticity of demand (e.g., necessities) the shifts 
tend to favor the consumer. However, the results also illustrate that it is the 
relative magnItude of the elastIcities that is important. If the supply elastiCI­
ty were larger than the demand elasticity, regardless of the absolute size of 
the demand elasticity, the'consumer would tend to receive a larger share of 
the benefits. (The extreme cases of perfectly elastic or perfectly inelastic de­
mand and supply curves are ruled out of this comparIson.) 

The case of rice illustrates thiS relationship rather well. Even with a rela­
tively low price elasticity of demand, producers receive a major share of the 
benefits from a shift in the supply curve if the supply elasticity is low. Simi­
larly, if the supply elastiCity is high, consumers can receive a (comparatively) 
large share of the benefjts even if tbe demand curve is relatively price elastic. 
To benefit consumers, therefore, one would want to induce shifts in the sup­
ply curye for crops that have a relatively low price elasticity of demand and 
a relatively high supply elasticity (manioc may be a caSe in pOint). To benefit 
producers, on the other hand, one would want to shift the supply curve for 
crops that have a relatively high price elasticity of demand and a relatively 
low supply elasticity (cotton, for example). 
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An additional inference that could be drawn IS that, If the crop has a high 
price elasticity of demand, the tesearch effort might be directed to increasing 
the supply elasticity if it were desired to increase the share of benefItS going 
to the consumer. This might be doue by Increasing the geographic area of 
adaptability of a particular crop. 

Estimates of the Production Function 

The estimates of the parameters of the separable production function pro­
vided IInportant Insights about the stage and character of modernizatIon in 
Brazilian agrIculture, even though they did not turn out quite as expected.' 
To estimate the parameters of this function it was assumed that the aggregate 
production function is strongly separable into two subfunctions that are 
homogeneous of degree One and which belong to the CES class of production 
fUnctIOns. One subfunction contained labor and the "Iaboresque" capmtl varI­
able (mechanization) as independent variables, and the other contained land 
and the "landesque" capItal variable (fertilizers). It was expected that the 
elasticity of substitution between the two variables in each subfunction would 
be greater than one and that the elasticity of substitution between the two 
subfunctions would be less than one. 

Two time series of data for Brazil as a whole were avaIlable to estimate the 
parameters of the labor subfunction. One data series referred to tractors on 
farms and covered the period from 1950 to 1971 This was used as a proxy 
for laboresque capital, with the price of a "typIcal" tractor unit used as the 
price. The flow of tractor services w.>s estimated as the combi,zatlOn of an op­
portunity cost rate of interest and depreCIation. (The opportunity cost of 
capital was assumed to be 10 percent, and the depreclatlon charge was 5 per­
cent. The larrer assumes straight line depreciation and an expected life of 
twenty years, Sensitivity analySIS indicated that the results were quite stable 
under alternative measures of the flow of services.) Estimates of the labor In­

put were made from data on the total agricultural labor force. The dally 
wage rate for the cash, dally-paid worker of Sao Paulo was used as the price 
of labor. 

The second time series provides estimates of the stock of horsepower on 
farms and is available only for the perIod from 1'962 to 1971. ThIS data senes 
provides an alternative measure of laboresque capital. It was also pOSSIble to 
eStImate an average prIce per unit of horsepower. In this case the "stock" of 
horsepower also represents the flow, and hence the problem of estimating the 
flow of services IS reduced. Again, the price of the "flow" of horsepower was 

* The authors' detailed diSCUSSion of the production functions utilized has been omItted 
to shortcn and simplify the presenratlon For details. see [he work cited In n. 7. ~ Ed. 
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T,ble 24-4_ RegresSIon Results for rhe Labor Subfunc­
non with Time Series Data, Nanonal Model, Brazil 

Coefficients 

Constant term. 
PrIce vanable .... 

R' _ . ____ . _ 
D_F .. ____ . _ 

Tractor 
(1950-71) 

-12588' 
3_740 

(4.231)' 
.46 

20 

PrOXIes 

Horsepower 
(1962-71) 

- 2.174' 
- _60S 

(- 1O_681} 
_92 

8 

* Significant at the 1 percent level. 
a The numbers in parentheses are t values, 

estimated by assuming a twenty-year life for the tractor. The labor input and 
price of labor were defined in the same way when this data series was used_ 

The statistical results with the two sets of data are presented in Table 24-
4_ In both cases they are reasonably good_ The coefficients of determination 
are relatively high, and the coefficients for the price variable are statlstlcally 
different from zero at the 1 percent leveL However, the pnce coefficient has 
opposite signs in the two equations_ (The R2 in the horsepower specifIcation 
IS also substamially higher than it is in the tractor speciflcation_) The sign 
when data for the longer period (and the tractor variable) were used was con­
trary to a pnori expectations, while the expected sign was obtamed when 
data for the shorter period (and the horsepower variable) were used 

One interpretation of these results is that about 1960 there was what Brown 
would call a technological turning point_9 To test this hypothesis, the 1950-
71 series was disaggregated into two periods, one extending from 1950 through 
1961 and the other from 1962 through 1971. The statistical results for the 
two periods are presented m Table 24-5_ They suppon the hypothesis of the 
existence of a turning point_ 

The eVIdence for a technological turning pomt is rather strong, since the 
negative coeffIcient for the more recent peflod is obtained with both con­
cepts of the laboresque capitaL However, a problem'still remains_ When the 
capital variable is measured as the value of tractor servIces, the coefficient of 
the price variable is larger than one and hence consIstent with a priori expec­
tations_ When the flow of horsepower services is used, the coefficient is less 
than one and hence not entirely consistent with expectations. Despite this 
problem, the results with the horsepower measure were used in further anal­
yses, m part because horsepower would seem to represent a conceptually 
"cleaner" measure of the services provided by laboresque capital, and in part 
because the use of thiS measure results in a larger coefficient of determination 
for the estimation equation (.92 m contrast to .48)_ 
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Table 24-5. Regression Resulrs for rhe Labor Snbfunc­
non with 1950-71 TIme Senes Disaggrcgated into 

Two Components, National Model, Brazil 

CoeffIcients 

Constant term. 
PrIce variabIe . 

R2 .... _ ..•. 
DF ........ . 

1950-61 

-10.500' 
2.754 

(12.510)a 
.93 

10 

1962-71 

5.570' 
- 2.311 

(- 2.902) 
48 

8 

:t: Slgnflcant at the 1 percent level. 
:;l The numbers in parentheses are t values~ 

Both the notion of a turning point and the relatively small coeffIcIent for 
the price vanable are plausible results. Up until 1960 the level of mechaniza­
tion was indeed low in BraZIL 10 Moreover, the most important use of tractors 
was for the power-demanding land preparation operation, which is belIeved 
by most authoritIes On the subject to increase the demand for labor rather 
than to be labor displacmg. The increased demand for labor comes abour by 
increasing the crop area and yields.l1 

During the 19605 there was conSIderable mechanization m Brazil. More­
over, a start was made toward mechamzing the harvesting operation, especial­
ly for crops hke wheat, soybeans, and cotton, and, to a lesser extent, sugar­
cane. The mechanIZation of the 'harvestmg operation IS generally believed to 
be strongly labor displacing. 

ThIs difference in both the extent and the kmd of mechamzatlOn seems a 
plausible explanation of the turmng pomt. The fmdmg of a coefficient no 
greater than one is probably explained by the fact that as late as 1971 mech­
anization in general was faIrly limited and in particular was not yet WIdely 
used in the harvesting operation. As mechanization Qecomes more widespread, 
however, and as It is extended to the harvesting operation through greater use 
of combmes and harvesters, the substitutabihty of capital for labor will prob­
ably increase. This has important Imphcations for the establishment of re­
search priorities. 

To estImate the parameters of the land subfunction, data were available on 
the total quantity consumed and the respective prices for each nutrIent (N, 
P, K) plus the area in crops in Brazil.12 Unfortunately, data were available on 
land values or land rentals only smce 1966. Therefore, only the price of fertil­
izer was used as an independent variable in estimating the elastiCIty of substi­
tution ThIS speCIfIcation assumes that the price of land does not vary sys­
tematically with the price of fertilIzer. 

Given that the results for the labor subfunction suggested a turning point 
in the production technology at some tIme m the early 1960s, the equations 

http:yields.11
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were estimated for two different time periods: 1950-60 and 1961-70. In addi­
tIOn, separate models were estimated for each nutrient and for the aggregate 
of the three. 

The statistical results (Table 24-6) were consistent with those for the labor 
subfunction In that they also indicated the existence of a technological turn­
ing poine In the eady 1960s. When the equatIOns were fitted with data from 
the 1950-60 penod, in no case were the coefficients of the price variable sig­
nificantly different from zero, and the coefficients of determination were 
close to zero. These results were consistent with the hypothesis that the elas­
ticity of substitution between fertihzer and land is zero, or that they are com­
plements in production. 

When data from the 1961-70 period were used, however, the coefficients 
of the price variable were all significantly different from zero at usually ac­
cepted levels, and the coefficients of determination were relatively high. The 
coefficients all have the expected signs, and for nitrogen and potash the coef­
ficients (elasticities of substitution) are greater than one. This suggests that 
fertihzer was becoming a good substitute for land. 

In conclusion, the time senes data provide evidence for a technological 
turning pomt in both components of the production function. The explana­
tion for these turning pOJnes seems to be that during the decade of tl;!e 1950s 
the modern inputs of fertilizer and machinery were still used at relatively low 
levels. The complementarity of fertIlizer with land was not quite so high as 
was the complementarity of mechanization with labor. In fact, fertilizer ap­
plication may have been doing little more than replacing nutrients removed 
by crops. During the decade of the 1960s, however, the use of both fertilizer 
and mechanization appears to have reached the point where they were land­
and labor-substituting, respectively. This change ill structure has very impor­
tant imphcatlons for research pohcy and the establishment of research pri­
orities. 

Because of data limitations, only one estimate of the elasticity of substitu­
tion between the two subfunctions was made. The statistical results were 
reasonably good. The coefficient of determination was relatively high (.74), 
and the coeffiCient of the input/output ratio had the expected sign and was 
sigmficant at the 1 percent level. The size of the elasticity of substitution 
(.90) as estimated from the input/output ratio was consistent with a priori 
expectanons (less than 1). 

Trends in Factor Prices 

Trends in factor prices should give some notion of relaeive factor scarcity 
and hence some notion of the directIOn in which research should be focused 
in ehe factor-factor dimension. It was originally hoped to be able to estimate 



Table 24-6 RegresslOn ResultS for the L.nd SubfunctlOn, TIme Series Data, 1950-70, BraZIl 

Item 

Constant tel m 
Price of fertilizer 

Degrees of freedom 

1950-60 

2_004 
-_778 
(- 860)' 

_07 
9 

N 

• Significant a.t 5 percent level. 
"'" Significant at 1 percent level. 

1961-70 

2_994 
- 1.025" 

(- 7.328) 
85 

8 

n Numbers ill parentheses are t latiDS 

1950-60 

1.060 
- .202 
(0 437) 

.02 
9 

1961-70 

2.395 
- _717' 

(- 2.729) 
45 

8 

K20 

1950-60 1961-70 1950-60 

_462 3_587 .869 
- 079 - 1 237" -_010 

(- .105) (- 3.424) (- _015) 
.00 _56 _00 

9 8 9 

Total 

1961-70 

3 341 
- 933" 

(- 5.751) 
.79 

8 
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Figure 24-3 Recent-trends m factor prices in leal terms, Brazilian agncuh:ure. 
1966-73 (prices deflated by the cost of Iivmg index, data for 1973 refer to the 
first semester). 
Source: Funda910 Getuho Vargas, Conjulltuya EC01l0mlCa1 various issues. 

implict prIces through knowledge of the production function, but, because 
the lack of time senes data On land values precluded the identif.cation of a 
key parameter, this was not possible. Instead, trends m the prices of the ind.­
vidual mputs were considered. 

Data on the real price ofland and labor, the two primary mputs, are graphed 
in Figure 24-3. The data indicate that between 1968 and 1973 the price of 
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land had been increasing faster than the price of labor, although the pric­
es of both have been increasing since 1970. These data suggest that In re­
cent years land has become Increasingly scarce in relation to labor. There­
fore, a tentative conclusion is that the agricultural research program should 
give special attention to the development and adoption of land substi­
tutes 

This conclusion should be tempered With a certain degree of caution, how­
ever, because Brazil is basically not a land-scarce country. It still has large 
areas of unsettled land, and the government is making sizable investments to 
open up new areas, especially in the vast Amazon region. Thus it is possible 
that the relative scarcities of land and labor may change, especially if the re­
cent rapid rates of industrialization continue and if new areas of fertile land 
become available to the economy as a result of improvements and extensions 
of the transportation system. 

The trends in the prices of the close substitutes of labor and land - tractors 
and fertilizers, respectively - provide additional insights into what direction 
research should take. In general the weighted price of fertilizer has been de­
clining relatively more than the price of tractors. The real pnce of fertilizers 
in the aggregate declined some 35 percent from 1966 to 1970, while the price 
of tractors declined on the order of 25 percent. Among the plant nurrients, 
nitrogen has experienced the greatest decline in price, followed by potassium, 
With the pnce of phosphorus (an important nutnent under Brazilian condl­
tions) declining the least. 

These data abstract from the recent upsurge in fertilizer prices_ How­
ever, jf thiS is of a temporary nature, the data on price trends suggest that 
research on the land subfunctlon - the development of Improved varieties, 
increased knowledge about pesticides and fertilizers, etc. - should receive 
high priority. It should be noted that recent efforts of the Brazilian govern­
ment to strengthen its agricultural research arm are therefore in the right 
direction. Moreover, the large road-building programs designed to open up 
new areas are also consistent with the need to ease what appears to be a grow­
ing land constraint. 

The decrease in fertilizer prices which was occurring until recently makes 
the development of fertilizer-responsive varieties an attractive means of easing 
the emerging land constraint. If the current economic boo!ll continues, how­
ever, the mechanization of agriculture may also become an increasmgly im­
portant aspect of the development process. 

Finally, the use of modern inputs has increased fairly rapidly in recent 
years The fact that this increase appears to be the result of changing factor 
prices provides support for the model of induced technological change from 
which the present analytical model was developed. 
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Economic and Policy Implications 

The results presented above do not provide conclusJVe recommendations on 
research priorIties since they do not take account of the expected costs of , 
making a given technological advance. However, they do suggest certain em-
phases for consideration in allocating a given research budget among the 
many alternatives faced by the decision-maker. The particular emphasis chosen 
will depend on the goals held for the research program. 

The followmg discussIOn is organized in four parts. FIrst, the focus of the 
research III the factor-factor dImensIon is dealt with. Then some genera] equi­
librium marrers are discussed, followed by a consIderation of research priori­
ties in the product-product dimension. Finally, a crude evaluation of the po­
tential for technologIcal change m the six crops studIed is presented as a 
proxy for the coSt of making technological advances with them. An implicit 
assumption throughout the analysis is that the rate of return to investment in 
agrIcultural research will be high. 

The Factor-Factor Dimension 

In the context of the Hayami-Ruttan Induced innovation model the cor­
rect technological path for a country to choose is that which eases the par­
ticular factor scarcity that is constraining output expansion, with the factor 
scarcltles of major mterest 'being those of the primary inputs, land and-labor. 
The trends In relative factor prices are important, smce these would indicate 
whIch resource was most Inelastic In supply 

Data On the trends In relative factor prIces were summarized in the previ­
ous sectIon and provide strong clues on the direction that research should 
take in Brazil. There was evidence of a growIng relative factor scarcity of both 
land and labor in recent years, but the price of land was increasing at a much 
hIgher rate than the prIce of labor. This suggests that greater emphasis should 
be given in the research program to the land subfunction than to the labor 
subfunctlon. Of particular mterest would be tesearch which helps to bring 
more land into production (sod research, for example) or whICh faCIlitates the 
replacement of land by land substitutes. SoIl research mIght be focused on 
problem soils such as the celrados,13 whIle bIOlogical research might focus on 
the development of varieties that are more responsive to fertilizer. 

A legItimate question might be raised whether so much emphasis on raIsing 
land productiVIty is justified when labor productivity is so low and hIgher 
earnmgs are notlikely to be realized until the productivity of labor is increased. 
These alternatives are not mutually exclusive, however. If one recognizes the 
well-known relationship between labor productivity and the productivity of 
land and the landlman ratio, 

Y IL = (Y IT) (TIL), 
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(where Y = gross output, L = labor, and T = land), It becomes clear that in­
creasing the productivity of land may raise the productivity of labor without 
having a large labor-displacing effect To focus more directly on raismg labor 
productivity by increasing the land/labor ratio (by mcreasing mechamzatIon, 
for example) may have a strong labor displacement effect_ 

Considerations such as these may have special relevance in the Brazilian 
Northeast, where the land frontier is almost closed, some 63 percent of the 
labor force is still in agriculture, and the absorptive capacity of the nonfarm 
sector is still quite limited Increasing the productivity of land may be the 
only way that agricultural research can Improve the welfare of the rural popu­
lation without havmg strong labor-displacing effects. Ultimately, of course, 
other measures are needed to solve this problem, includmg greater invest­
ments in schooling and traming, the reduction in factor price distortions, and 
more generalized industrialization withm the region. These may be more ef­
fective means of solving the problem of low returns to labor than agricultural 
research per se. 

This discussion of the special problems of the Norrheast brings to the fore 
the larger questIon of regional disparities in a country as large as Brazil. For 
example, m contrast to the Northeast, the frontier of the Central West is 
characterized by a relatllle abundance of land and a relative scarcity of labor. 
Sanders has argued that one of the reasons for mechanization on the Mato 
Grosso and Goias frontiers is the cost of obtaining and controlling seasonal 
labor. 14 

Trends in the prices of land and labor in selected regIOns ate presented 10 

Figures 24-4 and 24-5. Land prices have been increasing at a faster rate III the 
old regions (Norrheast, East, and South) than in the more recently opened re­
gion, the Central West. There .s less dispanty in the trends 10 real wages, but 
in the last two years there was a sharp upward movement in both the West 
and the East. The latter region js close to the industrial heartland of Belo 
Horizonte, Guanabara, and Sao Paulo. The rapid industrializatIOn of recent 
years has drawn a lot of labor away from agriculture in this region, with the 
result that the real wage has started to rise. 

To summanze, the discussion above suggests two baSIC conclusions .f out­
put growth is the primary goal of technology policy_First, in the aggregate, 
primary. attention should be directed to the land subfunction in order to ease 
what appears to be a growing land constraint to output expansion. However, 
given the regional diversity in BrazJi, a case can be made for regional differ­
ences in research policy. In the Northeast, East, and South, major emphasis 
should be given to raislllg land productivity. In the West and East, however, 
a labor constraint is emerging_ Moreover, if the economy continues to expand 
at the rapid rates of the recent past, more attention may need to be given 
generally to the problem of labor scarcity. 

http:labor.14
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Figure 24-4. Recent trends In land prices In selected regions, real terms, Brazil, 
1966-73 (prices deflated by the cost of living mdex, data for 1973 refer to the 
first semester). 

General Equilibrium Considerations 

1973 

The analYSIS above has been cast m a partial equilibrIUm framework. How­
ever, a technological breaktbrough is expected to lead to a shift of reSources 
from one crop to another as well as from agrtculture to the nonfarm sector. 
A two-sector general equilibrium framework is useful for analyzing these shIfts 
and for drawing Implications regarding the allocation of research resources. I 5 

The contribution of the general equilibrium model is to mtroduce the price 
elasticity of demand for the product into the analYSIS so that conclUSIons can 
be drawn about changes in the distrlbntion of income between the two fac-

http:resources.15
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tors of production, labor and capital. The discussion will be conducted in two 
steps. First, the agricultural sector will be analyzed in relation to the nonagri­
cultural sector. Second, groups of crops, classified according to their price 
elasticity of demand, will be considered In relation to the rest of the econ­
omy. 

ConsIder the introduction of a land-saving (or land-augmeming) technical 
change into agriculture. The estimates of the elasticities of substitution In the 
production fuuction were .625 between labor and mechanization, .933 be­
tween land and feltilizer, and .900 between the land subfunction and the 
labor subfunction. Since the labor subfunction was made up prtmarily of 
labor (the level of mechanization being quite low), we have essentially two 
estimates of the elasticity of substitution between labor and other inputs; 
.625 and .900. The latter IS probably more approprtate for the present anal­
ysis, for it ind,cates the elasticity of substirution for a broader category of 
mputs. 

In a closed economy the price elasticity of demand for agrIcultural output 
in the aggregate tends to be low. Although to the best of our knowledge no 
estimateS are available for Brazil, most analysts would judge this elastiCIty to 
be in the range of .4 to .6. Under these conditIOns a decrease in labor incomes 
is expected from the technical change, and a redeployment of labor out of 
the sector will be the result. 
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If the economy is opened, the demand elasticity will be much larger, with 
the SIze dependmg on the extent to whIch the small-country assumption ap­
plies and on the relative importance of exports. In principle the elasticity of 
demand in the aggregate could be sufficiently large so that no decline in labor 
income would result nor would a redeployment of labor out of agriculture be 
requIred. However, in the past Brazil has discriminated severely against its 
agricultural sector by means of restrictive trade poli~ies (export quotas) and a 
greatly overvalued currency. Consequently, technical change would have been 
strongly labor dIsplacing, almost independently of what technological path 
was chosen. 

During the late 1960s and early 1970s trade policy shIfted to overt export 
promotion, with an exchange rate that was near equilibrium. But because of 
the convulsion in commodIty markets in recent years, restrictive practices 
have been imposed agam to protect the domestic consumer. ThIS is being 
done at the very time that the research mfrastructure is being strengthened. 
It should be noted that, although such policies do benefit consumers, they 
force a major adjustment problem onto the labor force. 

The results are similar at the lower level of aggregation. Products such as 
[Ice, corn, edIble beans, and manioc have relatively low price elastIcitIes of 
demand. A technological change for anyone or all of tbese crops wili release 
labor to the rest of the agricultural sector and to the nonfarm sector, and ad­
Justments will be required If a new equilibnum is to be reached. If the research 
program is focused on export products such as cotton and sugarcane, how, 
ever, the expected outcome wIll be an increase in the return to labor and an 
increase in employment, other things remaining equal. 

The moral to this story is that even technical changes which are not direct­
ly labor displacing can cause the dIsplacement of labor as a result of the OUt­
put effects and their effecLon product price. To the extent that the research 
program focuses On export products and free trade is promoted, this problem 
need not arise. But to limit the research program to export crops IS to forgo 
the benefits to COnsumers from a more generalized technical change. If these 
benefits are desired, then complementary pohcles,to facilitate the labor ad­
justment problem are required. 

The Product-Product Dimension 

As the analysis above suggests, the choice of product for research emphasis 
is an important determinant of who wIll receive the benefits from a given ex­
penditure on research. This is because the price elasticity of demand for the 
product is an Important determinant of the distributIOn of benefIts between 
the producer and the consumer, as well as the functIOnal distribution of in, 
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come. The present section contains a more systematic analysis of this choice, 
cast in the framework of four alternative sets of goals. (The role of the supply 
elasticity is submerged in this discussion.) 

If policy makers choose to illcrease tbe income to tbe agricultural sector as 
their primary goal, the products that should be considered are those with a 
large price elasticity of demand. Among the six products treated in this study, 
cotton and sugarcane would be the obvious choices, since they are traditional 
export products. But products such as corn, of which Brazil is a marginal ex­
porter, would also have considerable potential. And more generally, products 
which are already exported or which would have export potential with tech­
nological improvements should receive attention. 

The same set of conclusions would apply If the goal were to mcrease tbe 
income and employment of agrlculturallaboT. If the technological change is 
in the land subfunction (i.e., the development of more fertilizer-responsive 
varieties and the increased use of fertilizer), then it is sufficient that the price 
elasticity of demand for the product be greater than .9 in order for the speci­
fied goal to be artained. Obviously labor-displacing technologies such as mech­
anization should be avoided, with an important caveat for that mechanization 
which does increase the demand for labor. 

If the goal IS to Increase consumers'welfme, the choice should striss those 
products which have a low price elasticity of demand. And It may be desirable 
to emphasize those products that are consumed by low-income groups Of the 
SIX products considered in this study, corn, edible beans, and manioc would 
receIve high priority, as would rice. As development proceeds In BraZIl, corn 
is declining In importance as a human food, but it may eventually become im­
portant as a feed input for the production of the hvestock products. Rice is 
consumed by all income groups, but as long as the goal IS to benefIt the con­
sumer, it should receive attention. 

The attainment of the goal of elzlarging agriculture's c01ltributi01l to gen­
eral economic development IS a b,t more complicated than achieving the other 
three goals. It depends in part on .easing the constraints which prevent the 
economy from realizing its potential. The choice of product for research em­
phasis can contribute to this end, as seen by recalling the five contributions 
that agriculture can make to the general development ofthe economy; (0 to 
keep the price of food low so that wage pressures are dlmimshed - a stimulus 
to industrialization, (2) to increase the supply of exchange earnings, (3) to 
supply capital for the expansIon of the nonfarm sector, (4) to provide a mar­
ket for the products from the nonfarm sector, and (5) to supply labor for the 
expansion of the nonfarm sector. 

The product choice to facilitate contribution (1) is the same as that for 
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benefitmg the consumer. Certam agricultural products are wage-goods, aud 
these should receive emphasis. Among the six products considered, emphasis 
should be given to corn, nce, edible beans, and manioc. 

Contributions (2), O}, and (4) will be attamed by the same product choice 
that will increase the income to agriculture in the aggregate. To the extent 
that the choice focuses on export products there will be less competition with 
the nonfarm sector through the product market and a larger net gain to the 
economy. 

Finally, to release labor from agriculture (5), two approaches can be taken. 
The fust is to concentrate on labor·dlsplacing mechanizatIOn. The second, 
and more Important in the present context, is to focus the research effort on 
those crops with a low price elasticity of demand. Since these products tend 
to be those that are wage-goods, such an approach would make a double con­
tnbution to the labor market. In addItion to releasing labor directly from the 
agricultural secror, It would also keep nominal wages down In the nonfarm 
sector by helpmg to lower the price of wage-goods. 

The Potential for Technical Change 

Our analysis up to this point has completely neglected the cost side of the 
question. The assumptIOn has been implicit that comparable investments in 
research directed to each of the crops would produce comparable results. This 
is not likely to be the case. 

In the absence of data on the costs required to obtain a given technological 
advance or data on the expected rate of return to research on particular crops, 
other rather crude indicators can be conSidered. For example, the immediate 
potential for YIeld increases might provide a crude proxy for the costs required 
to obtain yield increases. One measure of this potential would be a compari·· 
son of yields in Brazil With thOSe in othet countries. Another indicator would 
be the ease with which mternational technology can be' adapted to Brazilian 
conditIOns. 

A comparison of yields III Brazll with those from selected other countries 
for each of the six crops considered shows that, in general, Brazilian yields 
are quite low by international standards and have shown little tendency to in­
crease. On the basis simply of the differentials between Brazilian and these 
foreign YIelds, we may hypothesize that yield mqeases wIll be easIest to ob· 
tain with corn, followed by rice, cotton, sugarcane, edible beans, and manioc, 
in decreasing order. This consideration of existmg yield differentials, although 
a crude indicator, may provide a first approximation of the costs involved in 
Increasing yields. 

With respect to the transfer of technology, the most promising potential 
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would appear to be with those crops that have received attention from the in­
ternational centers. Not only have these centers concentrated on Increasing 
the ecologkal adaptability of the crops they work with, but they also have 
the capacity to deal with these crops under ecological and economic condi­
tions that are at least somewhat similar to those in Brazil. By this criterion, 
nce, wheat, corn, and manioc may offer the lowest cost advances. 

Some Concluding Comments 

The "model" presented here does not lend itself to formalization in a system 
of equations. We believe, however, that it points out the directions in which 
analysis might proceed to develop such a formal model. One of the most seri­
ous deficienCies at the present time is the lack of input-output data on the re­
search process itself - data which would indicate how much it would cost to 
make a given technological advance. In making more precise judgments about 
research priorities, however, SOme estimation of these costs could be achieved 
by working closely with knowledgeable biological scientiSts and administra­
tors. 

The analysis also points up the Importance of certain key parameters as 
the basis for establishing research priorities. The state of knowledge for many 
of these for countries lIke Brazil is rather deficient. As the basic econometric 
work proceeds, however, improved judgments about research priorities can be 
made. 

The question of research priorities is strongly dependent on policy makers' 
goals for both the agricultural sector and the research program itself. These in 
turn wIll depend on the stage of development of the economy, the particular 
development model used as a basiS for policy, and the particular measures 
used to implement the pohcy. Economists would contribute greatly by identi­
fying for policy makers what these goals might be. 

Finally, research priorities cannot be established in isolation from other 
poltcy meaSures. Economic policy, for example, can either cancel out the ex­
pected goals of a research program or reinforce them. Similarly, economic 
policy can provide alternative means of easmg output constraints, as illustrat­
ed by the road-building program in Brazil. 

Economic policy is also important as a means of offsetting some of the 
social costs of the research program. Technical change which prematurely re­
leases labor to the nonfarm sector can impose serious costs on particular 
groups in the soclety. These costs should enter the calculus of research priori­
ties. Moreover, to the extent that effective programs are implemented to deal 
with them, the benefits of the research program will be larger. 
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This chapter looks at recent theoretical and empIrical advances in the theory 
of mduced mnovation, wIth respect particularly to the direction of technical 
change. The fIrst section discusses the mechanIsms of Induced Innovation and 
the potential roles of economic factors and fundamental biases in determining 
the direction of technical change. The second section explores the question of 
whether the agricultural sectors of different countries have developed along 
technological paths of different factor intensities or whether the observed fac­
tor ratIo differences simply reflect ordinary substitutIon adjustments to dif­
ferences m factor prices. The third section assesses the relative importance of 
factor prices and fundamental biases in determinIng the dIrection of technIcal 
change. 

Mechanisms of Induced Innovation 

In agriculture, the term induced innovation has been used by Hayami and Rut­
tan essentially to indicate that factor scarcities or factor prices influence the 
directIon of technical change for a particular commodity.l It is hypothesized 
that technical change IS directed toward saving the progressively scarce or 
more expensive factors, I.e., savmg proportionately more of the scarce factor 
than of the abundant factor per unit of output at constant factor prices. 
(Many technical changes reduce Input requirements of all factors per unit of 
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output aud therefore "save" all factors. In economics, however, we define a 
techmcal change as labor saving only if it reduces labor requirements to a 
greater degree than it reduces the requirements of other factors.) In this chap­
ter, consistent with recent advances in the theory of mduced mnovation, the 
term induced innovation is used more broadly than before and includes the 
response of the rate and direction of technical change to fmal demand condi­
tIOns and to factor scarcities.2 

The response of the rate of technical change to final demand conditions 
has been empirically well estabhshed by Schmookler, Griliches, Lucas, and 
Ben-Zion. 3 As a result we can concentrate here on the factors which induce 
biases in the direction of technical change. 

The factor intensity of agrIculture as a sector of the economy is determined, 
m the absence of research, by two sets of forces: the choice of the commodi­
ty mix of output and the choice of technique for each commodity. IntrinSical­
ly different factor ratios are associated with different agricultural commodi­
ties. Vegetables, tree crops, and livestock tYPically have a higher labor/land 
or labor/capital ratio m all economic environments than do most grain crops. 
The theory of comparative advantage states that countrIes with high labor/ 
land Or labor/capital ratios will concentrate on the more labor-intensive agri­
cultural commodities and that agncultural output as a whole will be produced 
in countries with lower land/labor or capital/labor ratios than in countries 
With small labor endowments. Moreover, for each commodity produced, 
countries with low wage rates will use more labor-intensive techniques than 
countries With high wage rates; this tends also to decrease the sectoral land/ 
labor and capital/labor ratios. 

If a country with relatively abundant labor decides to subsidize capital 
(e.g., through tractor subSidies, subSidized credit, tax preferences, or over­
valued exchange rates), it WIll distort both the choice of commodities and the 
choice of technique for each commodity such that the aggregate capital/labor 
ratIo Increases. Whether this mcrease comes pnmarily from a change in com­
modity mix or from a change In the technique of each commodity depends 
on the elasticity of substitution among factors in the production of each com­
modity. If the elasticities of substitution are low, the aggregate factor ratio 
changes primarily as a result of the change in commodity mix. If the e1astitities 
are high, however, the aggregate factor ratio changes prImarily as a function 
of a change m the techmque used for each commodity.4 

Research has an impact on the agricultural factor ratios through 1(S effects 
both on the commodity mix and on optimal factor ratios within each com­
modity. Research on a labor-intenSive commodity whIch results in neutral 
techmcal change for this commodity wdl, at existing factor and goods prices, 
increase the profitability of the commodity compared with all other commodl-
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ties. Cultivators will tend to produce more of the commodity which experi­
ences rapid technical change by reallocating land and capiral resources to the 
improv~d commodity. If they can hire more labor at the going rate, the aggre­
gate land/labor intensities of agriculture will decrease despite the neutrality 
of the technical change in the particular commodity. 

Abel and Welsch bave shown (in chapter 22) that for a labor-intensive 
country it makes sense to concentrate research resources on the labor-intensive 
commodities in which the country has comparative advantage. Even before 
research, such a country or region wIiI have produced relatively more of the 
labor-intensive commodity owing to its comparative advantage. The factor 
productivity increase, therefore, would apply to a larger volume of output in 
the labor-intensive commodity than in the capital-intensive commodiry, and 
the rate of return to research on the former would be higher. This is the first 
mechanism of induced innovation by which ~actor scarcities affect agricul­
tural factor intensity. 

In addition, research can alter factor intensities of production of a given 
commodity. I have recently worked out a micro economic model of this type 
of induced innovation mechanism. 5 The model is based on a vIew of tech­
nological research and discovery similar to that of Klslev's (see chapter 10). 
Kislev's model asks the question, what quantity of resources shall be allocat­
ed to a single YIeld-increasing line of research? In my model It is assumed 
that, to increase the productivity of a given commodity, researchers have a 
chOIce of several research strategies or research lines. Each line of research has 
different Implications for the factor ratios of the commodity, and the re­
searcher chooses the combinatIon of research lines which leads to the maxi­
mum reduction of COSts of production a1: the existing factor prices. It can 
then be shown that the higher'labor prices are in in relation to land or capItal 
prices, the greater WIll be the allocation of research-resources to those lInes of 
research which tend to save labor and the smaller the allocation of resources 
to the lines of research which tend to save capital or land. This means that the 
higher the cost of labor, the higher will be the labor-saving bias of technical 
change. 

Sometimes, because they do not look at factor prices III making theIr re­
search deciSIon, researchers and research administrators claim that the mech­
anism just described is not reahstic. However, for such a framework to oper­
ate It IS not even necessary that the research resource allocator be conscIen­
tIOusly trying to save the relatively more expensive factors. If he makes his re­
search resource allocation decision on the baSIS of expected benefIts from a 
research proJect, he wul automatically tend to favor those research hnes 
which eIther favor the high-priced commodity or save the high-priced factor. 
The reason for thIS is that the payoffs of any research are the product of in-



MEASURING THE IMPACT OF ECONOMIC FACTORS 529 

creases in output and reductions In input reqUirements (owing to the innova­
tion) weighted by the price's of the output and the Inputs. Since the prices 
enter as weights, projects which result In increases In output of expensive 
commodities or which save primarily the expensive factors will have higher 
payoffs than projects which affect pnmarily inexpensive outputs and in­
puts.6 

What has been said so far establishes the potential responsiveness of the 
factor ratio to factor prices through a mechamsm of Induced innovatIOn. 
However, this mechanism might be empirically Irrelevant if research possibili­
ties themselves were severely biased and allowed the researcher httle chOice in. 
research strategy. Research possibilities might be such that research projects 
on capital-Intensive commodities and in capital-intensive duectlOns would al­
ways be easier to carry out than research projects on labor-intensive commod­
ities and in labor-intenSive directions. In such a situation, induced innovation 
at best could only partly offset tbe fundamental bias of innovation pOSSibili­
ties. EffiCient labor-using paths for technical change would not exist. On the 
other hand, If techmcal change possibilities were completely neutral toward 
commodities and toward biases within commodities, and if the potential re­
search lines had a wide variety of factor-saving ImplicatIOns, there would be 
many different paths of efficient tech meal cbange from wbicb countries could 
cboose according to their factor scarcnies. For example, conSiderable atten­
tion has been given recently to the effect of fertilizer availability and price on 
the attractiveness of studYlllg bIological mtrogen fixation. Techmcal change 
evolvmg from such exploration would be commercial fertilizer saving_ Wbether 
such techmcal cbanges will occur in the future Will be determined botb by the 
price of fertilizer and by biological research possibihties. If for some biological 
reason, nitrogen fixation cannot be brougbt about in crops other than le­
gumes, and if tbere is a biological barrier to the amount of mtrogen fixation 
by legumes, tecbnical change possibilities would preclude a substantial fertil­
Izer-savmg bias from this source even If fertilizer prices rose considerably. 
Sucb problems could also make induced labor-using biases empirically irrele­
vant. 

A Two-Factor Test of Induced Innovation in Six Countries 

The empincal tests described in this and tbe following section bave been in- " 
spired by and are partly based on tbe work of Hayami and Ruttan.7 Because 
the tests look at the responsiveness of aggregate factor ratios or factor sbares 
to economic forces, cbanges In commodity mix cannot be distIngUisbed from 
cbanges in factor miX for given commodities. Of the two tests reported, the 
first is based on a c0'Vpanson of tecbmcal change paths among SIX countries 
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and addresses the question of whether the paths are really different, Le., 
whether there is a wide array of choices with respect to factor ratios. The sec­
ond and more powerful test shows that fundamental biases of technical change 
possibIlitIes explain a substantIal parr of the observed bIases. It also reveals, 
however, that factor prices are capable of offsetting or increasmg fundamen­
tal biases substantially, it thus demonstrates the empirical relevance of the in­
duced innovation hypotheSIS. 

Figure 25-1 traces the paths of IOput-output combinations for six countries 
from 1880 to 1970 in full logarithmic scale. Constant land/labor ratios are 
represented by the dJagonal hnes. Movements of the input-output combina­
tion toward the lower left-hand corner are technical advances Equidistant 10-

ward movements correspond to equal rates of productivity improvements. 
From thIs figure we can see that all countries expenenced substantial produc­
tivity advances during the period. However, for the United States the rate of 
productivity increase between 1930 and 1970 far exceeded the rate of pro­
ductiVIty increase before 1930. In Great Britam there was practically no tech­
nical change before 1930. 

The differences in land/labor ratios are enormous, as can be seen in Figure 
25-2. The land/labor ratios are plotted In semtlogarithmic scale. (Equal slope 
of lines indicates equal rate of increase in factor ratios.) The Untted States 
ratio exceeded the Japanese ratio by a factor of 30 10 1880 and by a factor of 
102 in 1970, i e., the differences in land/labor ratios increased substantially 
over tIme. 

Figures 25-1 and 25-2 cannot by themselves answer the question whether 
the increases in factor ratios over time are caused by biases of technical change 
or by decreases In the price of land relative to that of labor. NeIther can they 
answer the question whether the dIfferent land/labor ratios among countries 
reflect that the countries were using technologIes WIth mherently different 
factor ratios or whether the factor ratio differences SImply reflect factor sub­
stitution owing to price differences within a technology having Identical fac­
tor intensities. 

It is useful at thIs point to state the problem that must be solved in any 
test of induced innovation. In Figure 25-3, assume that the labor/land factor 
ratio in Japan can be represented by a line from the ongin through P and that 
the labor/land factor ratio in the United States can be represented by a line 
from the origin through Q. Assume also that the slope of the line BB represents 
relative factor prices in Japan, where land IS expensive in relation to labor, 
while the slope of CC represents the relative factor prices III the United States 
where labor is expensive In relation to land. If the substitution pOSSIbilities of 
the available agricultural technology can be represented hy an isoquant map 
WIth little curvature, such as 10* and 11*' the dIfferences in factor ratios be-
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tween Japan and the United States could be explamed by sImple substitution 
along production functions with equal factor-intensity characteristics (but 
not necessarily equal efficiency) caused by the dIfferences in relative factor 
prices. If, however, the possibilltles of substitution between labor and land 
are represented by 10 in Japan and 11 in the United States, the points P and Q 
would not represent alternative factor combinatIons along production func­
tions with equal factor intensity. The difference between the isoquant set 
{IO' II} and the isoquant set {Io'", I1*} is that the elasticity of substitution 
of the latter is much larger than that of the former. Therefore, the two-factor 
test to differentiate between technologlcaI-factor IntensitIes and simple factor 
substitution buIlds on the concept of pairwise elasticity of substitutIOn be­
tween land and labor. The test mvolves an implIcit assumption that the pro­
duction process is separable between land and labor and all other factors. This 
assumption implies that the Iandllabor ratIo is independent of changes in the 
prices of other inputs. To the extent that the land/labor ratio is influenced by 
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other factor prices-the price of farm machmery, for example-the assump­
tion of separability does introduce a bias into the simple induced innovation 
test used in this chapter. 8 

The test is somewhat complIcated by absolute efficiency difference between 
periods or countries. Referring again to Figure 25-3, let P and Q represent the 
input·output combinations in two different time periods in the same country 
(or two different countrIes at the same time). Further, let BB and CC repre­
sent the respective factor/prIce ratios in the two time perIOds (or the two 
countries). Q has a higher land/labor ratio than P and a lower relative land 
price. Now construct a homothetic isoquant map which is tangent to BB at P 
and tangent to CC at Q. These would be the two production functions if the 
factor ratio change between P and Q could be explamed by ordinary factor 
price substitution and neutral technical change over time (or equality of fac­
tor intensities of the production functions m two countries at a given time). 
Pairwise elasticity of substitution of this isoquant map can be measured from 
the factor ratios and factor/price ratios (see the mathematical footnotes m 
Tables 25-2 and 25-3), and we call It the Necessary ElastiCIty of Substitution 
(aN) to explain factor ratio differences by differences in relative prices. Sup­
pose now that we have an econometric estimate at of the elasticity of substi­
tution between land and labor for agriculture and that isoquants with a' tan­
gent to BB at P and to CC at Q would look like 10 and 11 instead of 10' and 
11*. The shift of 10 to 11 represents a labor-saving techmcal change over time 
(or true factor mtensity differences between two countries at a given time). 
Hence, if (TN is sufficiently largerthan (T' we can reject the hypotheses of both 
neutral technical change and equal factor mtensitles. 

EStimates of a pairwise elastiCity of substitution between land and labor 
are not avatlable in the literature. However, I have provided estimates of a full 
set of factor demand elasticities for the United States, and Mundlak has de­
veloped a methodology to compute pairwise elasticities of substitution from 
factor demand elastlcltles.9 Using Mundlak's method, I have computed an 
elasticity of substitution between land and labor (at) to be 0.67. Thus a 10 
percent change in the labor/land price ratio leads to a 6.7 percent change in 
the land/labor use ratio. For reaSonS given in footnote 10, a' = .67 IS a central 
value for the elasticity of substitutIOn, but depending on the nature of the 
price rlSes it may exceed it or fall short of It. 10 Furthermore, a statistical er­
ror IS attached to the estimate. Therefore, the cntical value for rejecting the 
hypothesis of neutral shift or identical factor mtensities will be taken as twice 
the estimated value, i.e., the hypothesis will be rejected if aN exceeds 1.34 
for any comparison of POlOts with different factor intensities. 

This test IS fItst applied to each country indiVidually over time to see wheth­
er biases occurred along the path of each counrry. Japan is not mcluded in 
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Table 25"1 Land/Labor Ratios and Land Price/Labor Price Ratios 

Year 

1880 ... 
1930 ... 
1960 ... 
1970 . 

1880. 
1930 . 
1960 .. 
1970 ... 

Great 
U.S. Brltam France Germany Denmark Japan 

Agricultural LandlWorker (AIL! 

25.4 14.7 7.0 6.34 8.91 0.659 
40.5 19.7 8.8 6.46 8.17 0.908 

109.5 23.3 13.4 8.83 10.21 1.131 
160.5 33.5 16 2 12.20 17.92 1.573 

Price of Agricultural Land/Datly Wage Ratea (PAIPL ) 

181.0 995.0 780.0 967.00 381.00 1874 
115.0 189.0 264.0 589.00 228.00 2920 
108.0 211.0 166.0 378.00 166.00 2954 
108.0 20,.0 212.0 244.00 177.00 1315 

Source Vernon W Ruttan et al.~ "Factor ProductivIty and Growth A H1S­

torical InterprctatIon," in Induced lnnovatton_ Technology~ 171.strtutw71S 
and Development, eds Hans p. Binswanger and Vernon W. Ruttan (Balti­
more. © The Johns Hopkms University Press, m press) 

a Price of land is price of agricultural land without bUildings, except for 
Denmark, where buildings are included in the price. Price of labor is daily 
wage rate without room and board. 

this time-series test because the comparability of its factor price data over 
tIme is doubtful. 

Next the test is applied to all the countries at a given point in time to see 
whether the factor intensities of their production functions differ. Denmark 
is excluded from the companson because its 'factor price series is based on a 
land price concept different from those of other countries. 

The data on factor Intensities and relative prices are given in Table 25-1. 

The Paths of the Land/Labor Ratio in Five Countries 

Table 25-1 shows that between 1880 and 1930 In the UnIted States the 
land/labor ratio rose from 24.5 to 40.5, while the corresponding price ratio 
fell from 181 to 115. In Table 25-2 It is shown that the necessary elasticity of 
substitutIOn to explain the drop in the land/labor ratio (A/L) by simple price 
effects is 1.03. This falls short of the critical value of 1.34. Therefore, the hy­
potheSIS that technical change was n~utral during this period cannot be reject­
ed. However, the necessO(y elasticity of substitution jumps to 16.5 for the 
period 1930-60, and In the SIxties the relative price ratio does not change, 
while the land/labor ratio continues to rise. Therefore, change has been strong­
ly biased In a labor-saVing direction since 1930. 

In Great BrItain, France, Germany, and Denmark the necessary elasticity 
was very low between 1880 and 1930, which Implies neutral technical change 
In Denmark the changes in factor ratios and relative prIces even imply labor-
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Table 25-2. Necessary Elasticity of SubstitutIOn (aN)a to Explain' 
the Interperiod Changes in Land/Labor Ratios by Price Effects 

within Selected Countriesb 

Great 
Time Period U.S. Bntain France Germany Denmark 

1880·1930. 1.03 0.16 0.20 004 e 

1930·60 16.50' d· 0.90 0.70 0.70 
1960-10 .. c· 9.43' d. 0.74 d* 

'* Significantly labor saving. 
a Percentage change in land/labor ratio between two periods 

aN Percentage change of labor pnce/land price ratio 

with geometric means as a basis for the two percentage cha.nges, l,e., 

(AlL)i ... 1 - (A/L)i (PLIP Ali ... 1 (PL/P A)i 
aN~ x 

(PLIP A); - (PL/P Ali ... 1 (AIL); + 1 (AlL)i 

where i = 1880, 1930, 1960, 1970. 
b The critical ratio to reject hypothesis of neutral techmcal change is 1.34. 
cNo price change, technical change labor savmg. 
d Price ratio and land/labor ratio flse, which imphes labor-saVing techni­

cal change. (No common isaquant map can be constructed through P and 
Qm Figure 25-3 in thIS case.) 

e Landllabor ratio declines very slightly but pdce dedines much more, 
which Implies labor-using technical change. 

saving tech'OIcal change, and that may be the case also in the othet Europe­
an countnes where the necessary elasticmes of substitution are exceedingly 
small. 

Between 1930 and 1960 Great Britain experienced labor-saving technical 
change, while technical change remained neutral in the other European coun­
tnes. In the 1960s technical change in Great Britain, Denmark, and France 
was labor saving but It remamed neutral in Germany. Labor-saving techmcal 
change (relative to land) is therefore a recent phenomenon for Europe, and In 
Germany it never occurred at all. 

The Cross Section Comparison of Factor Intensities 

The comparison of factor intensities and factor prices across countries IS 
shown In Table 25-3 With the necessary elasticities to explain the factor ratio 
differences among the countries. All the necessary elasticities of substitution 
of the comparison between the United States and Japan exceed the critical 
value of 1.34. Therefore Japan and the United States must have used tech­
nologies with different factor intensities throughout the period. This confirms 
the Induced Innovation hypothesis because the high wage country did use a 
more labor-Intensive technology than the low wage country. 
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Table 25-3. Test of Differences in Technological Paths Necessary 
Elasticity of Substitution a to Explam Differences in 

LandlLabor Ratio by Price Ratio Diffcrencesb 

[tern 1880 1930 1960 1970 

U.S. vs. other countries 
Japan ....•. 2.08* 1.35" 1.93" 3.12* 
Great Britain .. 0.29 1.47' 2.50' 2.70* 
France ..... 0.87 1.96* 5.79" 4.13* 
Gennany .. ~ . 0.80 1.16 2.42' 4.00* 

Japan vs. Europe 
Great Brltam .. 7.01* 1.21 1.24 2.04* 
France . .... 3.26' 0.92 0.79 1.39" 
Genn.ny ... 4.13* 1.29 1.00. 1.28 

Great Britam vs. 
continental Europe 

France c* 2.47' c. 1712" ...... 
Germany ...•.. c" 0.98* 1.71" 5.72" 

Continental Europe 
France vs. Gennany .... 0.46 0.38 050 2.02' 

* The paths of the two different countries differ significantly in 
land/labor intensity. 

(AIL)· - (AIL)· (PL/P A)i (PLIP A)j 
a I I 

uN= x 
(PL/P A)I - (PL/P A)i (A/L)i (A/L)j 

where i ilnd j are the different countries in the same year. 
b Critical value to rejeQt hypothesis of equ.l technology, 1.34, 

I.e., twke the value of a for equiproportional changes in P A and PL-
C Denotes cases where the country with the higher land/labor 

ratio also has the hIgher land pricellabor price ratio. Such behavior 
.is possible only If the country with the higher land/labor ratio em­
ploys a more land intensive technology, i.e., the hypothes]s of equal 
technology is rejected. No common isoquant maps can be COnstruct­
ed through points P and Q in FIgure 25-3. 

In 1880 the United States and the European countries were apparently on 
essentially the same production function. Th,s is not lmplauslble given the 
state of mechamcal technology in the late nineteenth centul')'. By 1930, how­
ever, differences between the European and United States production func­
tions had clearly emerged, as indicated by the increases in the necessal')' elas­
ticities of substitution. Even in 1930, however, the hypothesis of Similar pro­
duction functions cannot be rejected for the United States-Germany compari­
son. Because after 1930 techmcal change became extremely labor-saving m 
the United States, European technology differed vel')' strongly from United 
States technology In 1960 and agam in 1970. 

The differences in factor ratios between Umted States and European ~gri-
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culture thus reflect dIfferences not only in relative factor prices but in the 
production functions available to United States and European farmers. 

In rhe second sectIOn of Table 25-3 the test IS' earned out for Japan in 
comparison with Europe. In 1880 European technology was much less labor 
intensive rhan Japanese technology. But neutral or labor-usmg technical 
change in Europe together with neutral or pOSSIbly labor-saving technical 
change in Japan brought rhe technologies much closer by 193 O. By 1970, 
however, labor-saving technical change m the United Kingdom and France 
had become strong enough to make their technologies clearly different from 
Japanese technology again_ In Germany the technical change remained neu­
tral, however, and by 1970 It seems likely that differences in factor ratios be­
tween Japanese and German agriculture are accounted for primarily by differ­
ences in factor prices. 

The third section of Table 25-3 shows that Bmish technology was almost 
always less labor intensive than French and German technology, except for 
Germany in 1930, when the test fails. The fourth section mdicates that Ger­
many and Ftance were using the same technology until 1960. Thereafter 
labor-saving technical change in France moved the two technologies apart. 

Implications for the Induced Innovation Hypothesis on the 
Basis of the Time Series and Cross Section Comparison 

We can distinguish essentially four paths for technology: 
1. The {,Jnited States, starting from a positIon similar to Eutope, developed 

away from Europe in a strongly labor-saving direction. 
2. Great Bmam also experienced strong labor-saving technical change after 

1930, but irs technology remains much more labor intensive than the tech­
nology of the Umted States. British technology was also less labor intenSIve 
than the technology of contmental Europe and Japan. 

3. Continental Europe expenenced essennaIJy neutral technical change, or 
possibly even labor-using technical change, throughout rhe period, except for 
France and Denmark in the 1960s. 

4 Japan started from an extremely labor-mtensive pOSition. Its technical 
change must have been either neutral or possibly slIghtly labor savmg. 

The tests therefore confirm the induced innovation hypotheSIS_ Indeed, 
the United States, with rhe hIghest relative wage rate, developed on the least 
labor-intensive path, while Japan, with the lowest relative wage rare, had the 
most labor-mtenslve technology. The European countnes, with labor price 
levels between those of the Umted States and Japan, also used technologIes 
WIth intennediate factor intensities. Furthermore, given the often high values 
for the necessary elasticities of substitution, the technology differences must 
have been quite substantial. 

Although the tests performed in thIS section clearly establish rhat the 
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paths of factor ratios of technology are guided by factor scarcities, there are 
some observations which are not consistent wIth the simple version of the in­
duced innovation hypothesIs. For example, the United States followed a 
more labor-saving path with respect to its initialland/labor ratio than did the 
four European countries despite the fact that in the United States the decline 
in the price of land relative to that of labor was less rapid than it was m Eu­
rope (see Figure 25-4). A simple induced innovation framework which as­
sumes that all bIases are caused exclusIvely by factor prices would predict 
that Europe should have more labor-saving technical change than the United 
States. 

There are several factors that may account for the less than complete con­
sIstency between the mduced innovation hypothesis and the observed differ­
ence in factor price and resource use ratios. One possibIlity IS that there are 
fundamental biases in mnovation possibilities in the labor-saving direction 
whIch were only partly offset, m the case of Japan, by techUIcal change in­
duced by the rising relative price of land. A second possibility is that the ef­
fect of changmg relative prices on the directIon of technical change may 
sometimes be offset by the low cost of borrowing from countries with differ­
ing factor price ratios. Fmally, differential rates of growth in demand may in­
duce technIcal change through changes in the factor/product price ratIos. 

The impact of technology transfer on borrowing from countr.ies with dif­
ferent factor/price ratios may be particularly important for the countries with 
extreme differences in factor/price and use ratios such as Japan and the Unit­
ed States. If a country starts the process of modernization from an extremely 
labor-intensive position, as Japan did in the 1880s or as some of today's de­
veloping countries are domg, the only technologies which it can transfer or 
borrow from other countries will be more labor saving than those which 
would be induced by its own factor endowments and price ratios. SImilarly, 
if a country starts the process of modernization from an extremely labor­
extensive position, as in the case of the United States in the POSt-CiVIl War 
perIod, it is likely that the technologies which it borrows will be more land 
saving than those which would be induced by its own factor endowments and 
price ratios. In such sItuations it IS unlIkely that the inducement process will 
be able to offset more than partially the combination of fundamental bias 
and transfer bias. At this stage we are not able to provide quantitative esti­
mates of the effect of the fundamental and transfer biases. 

A Many-Factor Test of Induced Bias 
In United States Agriculture 

The test discussed in the last section established the existence of different 
paths of technology. This sectIon provides a more powerful test of induced 
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mnovation m United States agriculture. The methodology used overcomes 
one flaw of the earlier test in whIch a many-factor production process was 
treated as if it were a two-factor process. As a consequence, the test neglected 
the influence of prices other than of land and labor on the landllabor ratio. In 
this section a true many-factor framework tS employed. 

The test IS based on directly measured biases of technical change mstead of 
factor ratios. Biases are measured for the United States agricultural sector 
from 1912 to 1968, and for fIve factors (land, labor, machmery, fertIlizer, 
other mputs). Once these biases are measured they can be compared with the 
trends m facror prices to see whether factor-savmg biases correspond to rIsmg 
factor prices and factor-usmg biases correspond to declming factor prices_ 

One problem with testing the inducement mechanism is that factor prices 
may be endogenous to agriculture. Suppose techmcal change biases were very 
responsive to factor price changes, and suppose, in the absence of technical 
change, that the land price has a tendency to increase. If such an increase 
were followed by technical change in a land-saVIng direction, the land price 
would rise less than it would in the absence of technical change, and in an ex­
treme case It mIght even fall ThIS problem makes It Impossible from ex-post 
empirical data to show that it was the factor price whtch caused the bIas and 
not some land-saving bias in the innovation posslbilttles. However, If a factor 
pnce is exogenous to agnculture, this problem does not arIse and the test pro­
posed can properly identify causal relationships. 

The prIce of land can be treated as endogenous. Therefore, we wtll neglcct 
the series of land biases in the tcst, but for the other four factors the pnces 
are governed in the long run pnmarily by the nonagricultural labor market 
and by cost condItions m the input-supplying tndustnes. The bIases of these 
four factors wtll be compared with the prices of the factorS. The logic of the 
test IS as follows: Suppose, ftrst, that innovation possibilities are neutral, i.e., 
that 10 the absence of factor prIce influences the direction of tcd1Utcal change 
would be neutral. In this caSe induced tnnOvation would be supported if we 
found that the factors with nsing pnces expenenced a factor-saving btas whtle 
the factors with falling pnces experienced a factor-ustng btas. 

When innovation possibilities are not neutral - and we would expect thIS 
after the results of the last sectIon - the sItuatIon IS more complicated. In 
such a case it is possible that a factor with a rising price might experience a 
factor-ustng bias At most, induced innovation can partly offset the funda­
mental bias. Indeed, the fact of a nstug factor prIce together WIth a factor­
using btas estabhsbes that 1I111uvatlO1I possibilities cannot have beelll1elltml. 

In such a sttuation we have to look at the turmng poims of factor prices 
and of biases. A sharp tucrease of a slowly ristng price should. after some nme. 
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be followed by a reduction in the factor-usmg bias to establish the presence 
of induced innovation. Such behavior would be consistent with a causal rela­
tionship between factor prices and biases in the direction of techmcal change. 

The Measurement of Technical Change Biases 

The basic problem of measuring biases in the Hicksian sense.is most easily 
explained in a two-factor case.!l The empirical diffIculty of measuring biases 
arises from the fact that factor prices change over time, i.e., the observed 
changes III the factor ratio are due to two causes: (1) ordinary factor substim­
tion along a given production functIOn; and (2) biased technical change. Fig­
ure 25-5 illustrates thiS problem. 

From economic data we can know the factor ratios OA and OB (for one 
unit of output) in two periods of time. We can also know the factor pnces 
which prevailed during those two periods, namely, those corresponding to DD 
and EE If we knew that the production function was of fixed proportions we 
would know that the entire change of the factor ratio between these periods 
was caused by techmcal change, and measunng biases according to (1) would 
be very Simple. The move from A to B would have been a labor-saving tech­
nical change. But with a neoclassical production function, the observed data 
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alone cannot tell us this. Suppose the elasticity of substItution was very large, 
as for the isoquant II. At equal factor prices 0'0' the capital/labor ratio 
would have decreased, I.e., technical change would have been labor uSing. The 
observed capital/labor ratio nevertheless decreased owing to the rise of lab01 
prices from DO to EE. To measure biases, therefore, we nee~ to know the 
parame,ers of the production process. In the two-factor CES case we have to 
know the elastiCity, of substitution to be able to split the observed factor ratiO 
changes into two components, one owing to price changes and the other ow­
ing to teChnical change. 

A SimIlar procedure applies to the many-factor case, where we also have to 
know the substitution parameters of the production process to estimate bias­
es. When many factors are present, factor share changes become a better start­
ing point for measuring biases than factor ratlO dIfferences, and it becomes 
necessary to split the share changes into components owing to ordinary factor 
substitution and to bIases, respectively The method for thIS IS described m 
AppendIX 25-1. 

Results ' 

The data and results III Table 25-4, for pnce-corrected factor shares, and in 
Figure 25-6 mdicate the existence of a very strong fertilizer-using bias, accom­
panied by a rapid decline of the price of fertilizer relative to the price of agri­
cultural output III the United States since 1912. Over a long period of time It 
is safe to assume that the fertilizer price is governed by cost conditions in the 
fertilizer industry, i e., that it IS exogenous to agriculture. The behavior of the 
fertillzer bIaS is thus consistent with the mduced mnovation hypotheSIS. 

It is also reasonable to assume that the price of labor to a great extent is 
governed by wage rates In the nonagricultural sector and is exogenous to agri· 
culture. The pnce of labor increased throughout the period but at a much 
more rapid rate after about 1940. Up to 1944 technical change was labor neu­
tral, but thereafter a strong labor-saving bias did eXlst.l2 This is again COn­
Sistent with the mduced innovation hypothesis. Between 1944 and 1968 the 
observed labor share dropped from almost 39.5 percent to 15.8 percent, I.e., 
a drop of 23.7 percent. Biased techtllcal change alone could have explained a 
drop of almost 14 percent. ThiS means that about two-thirds of the drop in 
the labor share must be explained by bIased technical change and only one­
thud by Simple prIce substitution effects. 

In the long run, the price of machmery IS governed pnmarlly by cost con­
ditions In the machinery-producing and machinery-repairing Industries, as 
well as by fuel costs, and it is therefore also regarded as exogenous to agncul­
ture. The overall me of machinery prices was about the same as for labor 
prices, and a substantial part of it occurred before 1948. After 1948 the rate 



544 BINSWANGER 

of the price rise accelerated. But despite that price rise, technical change was 

machinery using, not saving. Had innovation possibilities been neutral, this 

could not have happened. Innovation possibiitties must have been machinery 

usmg regardless of the role of factor pnces in determining bIases. Any price-

induced bias would have been machinery saving, not machinery using. 

Fertilizer and labor biases are consistent wIth the hypotheSls of neutral in-

novation possibilities and with the hypothesis that factor prices account for 

most of the hiases, but the machinery bias contradicts this. It is even possible 

that the labor and fertilizer biases were primarily fundamental bIases and that 

the corresponding price changes were coincidental rather than causative. 

Table 25-4. Price-CQrrected Shares (SO. Actual Factor Shares, and 
Factor Prices Used in Computing (SO 

Year Land Labor Machinery Fertilizer Other 

Przce·Caryected Factor Shmes aj·a 

1912 .. 21.0 38.3 10.9 1.9 280 
1916 ... 212 36.7 11.6 1.8 28.7 
1920 ... 19.6 39.3 9.3 2.1 29.7 
1924 ... 20.0 39.7 103 2.2 27.8 
1928 ... 18.1 41.4 10.4 2.7 27.4 

1932 . 188 40 3 143 2.7 24.0 
1936 ... 18.9 32.5 16.3 3.0 29.3 
1940 ... 16.8 34.3 17.6 3.9 27.5 
1944 ... 16.5 38.4 16.1 4.8 24.2 • 
1948 ... 17.1 37.2 13.9 5.1 26.7 

1952 16.5 29.8 197 57 28.3 
1956 16.3 30.6 23.1 65 23.4 
1960. 17.1 272 234 6.1 261 
1964 ... 178 258 22.4 6.7 27.3 
1968 ... 19 1 25.3 23.1 7.2 25.3 

Actual Factor Shares u
1 

1912 ... 210 38.3 109 19 28.0 
1916 ... 21.6 36.5 11.6 1.9 284 
1920 ... 17.3 40.5 101 2.0 30.1 
1924 ... 19.7 38.5 10.3 1.7 29.7 
1928 ... 159 -10.9 102 1.9 31.1 

1932 . 18.6 37.6 12.6 1.6 297 
1936 .. 149 34.7 14.5 2.2 33.7 
1940. 120 3:; .3 15.1 2.3 35.2 
1944. 8.5 395 140 23 35.6 , 
1948. 9.4 37.7 12.2 2.4 38.3 

1952 9.8 297 17.5 30 40.0 
1956 115 27 -I 20.1 3.3 37.8 
1960 15.6 21.3 19.8 2.9 40.4 
1964 .. 17.5 18.3 18.5 3.3 42.3 
1968 ... 20.4 15.8 19.1 36 41.1 
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Table 25·4 - contmucd 

Year Land Labor Machinery Fertihzer Other 

Factor Prlcesb 

1912 .. 100.0 .100.0 100.0 100.0 100.0 
1916 .. 113.3 106.8 110.0 105.7 103.8 
1920 .. 79.0 104., 81 3 85.7 105.0 
1924 .. 119.0 134.5 111.7 9,.1 106.6 
1928 .. 104.8 154.1 1285 90.0 118.9 

19,2 .. 160.8 194.7 231.5 128.6 101.5 
19,6 .. 69.4 113.4 1892 99.6 110.9 
1940. 873 179.0 2888 103.4 160.1 
1944 .. 65.2 217.2 244.2 63.0 211.7 
1948 .. 730 2478 226.6 50.4 222.8 

1952 . 91 3 274.3 30Ll 536 214.6 
1956 .. 145.8 407.9 423.7 65.9 229.6 
1960. 254.1 502.7 550.3 63.0 241.5 
1964 . 3,8.1 610.0 651.2 63.2 2709 
1968. 481.0 766.9 735.8 58.2 2804 

Source' Hans P. Bmswanger, "The Measurement of Technical Change 
Biases with Many Factors of Production/' AllU!1ICatl Economic Re~ 
view, 64 (December 1974), 973. 

a Model A estimates 
b Relative to agrIcultural output prices (1912 ~ 100). 

But the view that b,ases are generally caused by non-neutral mnovation 
posslblhtIes and not by factor pnces IS contradIcted by the time sequence of 
turning points in factor prices and biases. The labor price rise strongly ac­
celerated at the start of World War II, and it was some six to ten years later 
that a strong labor-saving bias emerged. Similarly, the machinery price rose 
rapidly between 1948 and 1952, and, agam, it was about six years later that 
the machinery-usmg bias disappeared. Evenson has found a mean lag, between 
research initiation and benefits, of between 5 Vz and 8 Vz years in agriculture, 
which would support causahty m the observations above13 It IS unlikely that 
these changes are coincidental. 

The series on land prices and biases cannot g,ve uS much more informatIOn 
on the induced Innovation hypothesis because the land prIce is largely endog­
enous to agriculture. It is worth noting that land prices fluctuate widely, but 
there was apparently very little bias With respect to land. 

The price of other inputs declined by about 40 percent durmg and after 
World War II but did not change much before and after. However, there was 
no discernible bias with respect to this conglomeratIOn of factors. 

The clearest conclusion to be drawn from the series is that fundamental 
bIaseS in innovadon pOSSibilities were an important source of the machinery­
uSlllg bias in United States agrIculture. 

There can be no question that large, sustained changes III factor pnces have 
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Figure 25-6. United States indices of biases in technical change, estimates of 
Sit/Sj 1912 (1912 = 100). 
Source. Hans P. Binswanger, "The Measurement of Technical Change Biases 
with Many Factors of Production, n Amencall liconomlC RevUJw~ 64 6 {De· 
cember 1974), 972. 

had a strong impact on the direction of techmcal change. In com panson with 
the prices of the four other inputs, the fertilizer price fell throughout most of 
the period. This fall was accompanied by a strong fertilizer·usmg bias. Similar­
ly, about eight years after labor prices began to nSe rapidly, a very strong 
labor-savmg bias emerged. In about the same lengrh of time, after an accelera­
tion in the pnce of machinery, the machinery-usmg bias which had been 
caused by biased innovatIOn possibllitJes disappeared. 

Conclusions 

The conscious effort of researchers and research administrators to choose 
projects that Will maximize the rerums from the research investment m their 
own economic environment puts the theory of induced innovation on faIrly 
firm theoretical foundations It has been shown that the research resource al­
location mechanism used by researchers does not have to be complicated to 

make the direction of technical change responsive to factors and goods prices. 
Once rhis IS recognized, the empirical question remams whether mnovation 
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possibilities are flexible enough to make available to dIfferent countries 
paths of effIcient technical change with factor ratIOs which can accommodate 
widely different factor endowments. The comparison of the development 
paths of six agriculturally advanced countries has shown that technology is 
indeed flexible enough to accommodate widely different factor ratios con­
sistent with factor scarcities. • The comparison of factor prices with measured biases in the United StateS 
from 1912 to 1961 further confirms that fundamental biases in innovation 
possibilities play at least as important a role in determming the biases of tech­
nical change over time within a country as do economic factors. ThIS seems to 
be particularly the case for mechanical technology, with technical change 
possibilities strongly biased in favor of more intensive use of machines. On 
the other hand, the United States series on factor prices and bIases shows that 
factor prices do indeed either generate biases in technical change or dampen 
exogenous, biases to make the technical change more consistent with econom­
ic factors than would be the case m the absence of induced innovatIOn. This is 
fairly strong support for the empirical relevance of induced mnovation. 

APPENDIX 

Appendix 25-1 Tbe Metbodology oftbe Many-Factor 
Test of Induced Innovation 

In the two-factor case biases can be measured with the following measure­
ment equation: 

Q' ~ (k* - Q') t u(r* - w') 

where k* and 1* are observed proportional rates of change of K and Land 
r' and w' are rates of change of the capital rental rate and wage rate, and 
a(r* - w') is the component of the capital!labor ratio change which is due 
to ordmary factor substitutlon.14 

The measurement of bIases thus consists of two steps: (A) Measure the 
elasticity of substitution in an independent sample. (B) Apply equatIOn (1) to 

tIme-series data to measure the biases. 
In the many-factor cases the procedure is similar to thIS two-step proce­

dure. However, the biases must now be defined in terms of factor shares: 

dS-' 
B·~-I 

I dt 

1 < (i-saving) 
x - = 0 -> (neutral) (2) 

Sj > (I-using) 
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where d5{ is the factor share change whlch would have occurred In the ab·· 
sence of factor price changes, whlle 5i is the actual factor share in total costs 
of production. 

The CES production function usually used in the two·factor case is inap· 
propriate in the many·factor case, where it implies the constraint that all 
partial elasticities of substitution are Identical between all pairs of factors. 
ThiS was consIdered to be too restrictive. 

The basIc Idca outlincd here was apphed to the translog cost functlOn of 
Chnstensen, Jorgensen, and Lau. The details of this procedure are fairly com· 
phcated. IS The approach leads to a basIc estimation equation of the biases as 
follows: 

dS! = dS· - l: 'Y.' dIn W· 
1 I • IJ J 

(3) 

J 

where dS" are the share changes whIch would have occurred In the absence of 
factor price changes, dSi are the actual share changes, 'Ylj are the substitution 
parameters of the production process, and din Wj are the proportional changes 
of factor prices. The method thus consists of subtracting from the observed 
share changes that part which was caused by changing factor prices 

The resulting dSi' can be substituted into the discrete equivalent of equa· 
non (3) to compute rates of biases. Here, however, we compute series 5", 
which shows how the shares would have developed after the inmal year 
(1912) in the absence of factor price changes: 

t , , 
Si =Si,I912 + l: t:. Sit· (4) 

1 = 0 

These series are presented in the section on US. vs. other countries of Table 
25·3 Series of standardized values, I.e., Rit = Sit'ISi, 1912 are presented In 

Figure 25·3, which is In semlloganthmic scale. Hence, the slope of the hnes 
indicates biases according to equation (2), while the poSItion of the line 
shows the cumulative bias since 1912. 

NOTES 

1. YUjlr6 Hayaml and Vernon W Ruttan, Ag1lcultural Development- A1J Internation­
al Perspective (Baltimore Johns HopkJns University Press, 1971). 

2. Hans P. Binsw .. mger and Vernon W. Ruttan. eds . Induced innovation 7 echno/­
ogy, /l1s(itllticms aud Development (Baltimore The Johns Hopkms Umversity Press, in 
press) 

3. Jacob Schmooklcr, Invel1t;ol1 aud Economic Growth (Cambridge, Mass Harvard 
University Press. 1966); Zvi Grilichcs, "Hybrid Corn: An Explanation of the Economics 
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of Technical Change," Econometrica, 25 (October 1957), 501-522; R. E Lucas, "Tests 
of a Capital Theoretical Model of Technological Change," Review of EconomIc Stud,es, 
34 (January 1967), 175-190; Uri Ben-Zion, "Aggregate Demand and the Rate of Tech­
nical Change," in Binswanger and Ruttan, Induced Innovation. 

4. For an example of the effect of tractor subsidies on factor ratios, regional com­
parative advantage, a.nd mcome distr1bution~ see John H. Sa.nders, uBiased Choice of 
Technology in Brazil/' in Binswanger and Ruttan. Induced ltmovatton. 

5. Hans P. Binswsnger, lOA Microeconomic Approach to Induced Innovation," Eco­
nomic Journal, 84 (December 1974), 940-958. 

6. For example, suppose the research administrator has the choice between two re­
search projects, A and B. A only reduces ,ca.pital or land reqmrements from KO to K1 , 
whIle B only reduces l.bor requirements from LO to L1 In a one·period model the bene­
fits from A and B, respectively, are 

PA = (Ko - K 1)R 

PB = (LO - L1)\Y 

where Rand Ware the capita~ rental rate and the wage rate. If the projects have equal 
benefits, I.e, if 

(KO _. K 1)R = (Lo - L 1)W 

or 

the decision·maker Will have no basis for choice. If, however, he lives in an economy 
where the wage/rental ratio exceeds the CrItical ratio, he will choose Project A; he will 
choose Project B if the wage/rental ratio falls short of the critical ratio. 

7_ Hayami and Ruttan, Agricultural Development. 
8. Simulations in a more complex model were perfonned to assess the possible size of 

such biases with various assumptions about the size of a full set of cross elasticities of 
factor demand. It turned otit that the effects of changes In prices other than of land and 
labor generally had very little impact on the land/labor ratIO and that consequendy bIas~ 
es could be expected to be small. 

9 Hans P. Binswanger, "A Cost Function Approach to the Measurement of Factor 
Demand Elasticities and Elasticities of Substitution." American Journal of Agricultural 
EconomICS, 56 (May 1974), 377-386. Va" Mundlak, "Elasticities of Substitution and the 
Theory of Denved Demand," RevIew of Eco1lomlC Stud .. s, 35 (ApnI1968). 225-236. 

10. The conversion formula is 

('Iii - 'Iji) dlog Pi + ('I,j - 'Ijj) dlog Pj 
cr·· = ----'--:-;----",--:-e'-"..::'---'-

IJ dlog Pi - dlog Pj 

whe£e 11ij are partial factor demand elasticities and dlog Pi are proportional changes 
in factor prices. For given factor demand elasticities the SIze of {JIJ depends on the extent 
to whIch the factor pnce ratio Change comes from a change m Pi or a change In Pj" Table 
2 of Btnswanger. ~'A Cost Functlon Approach It gives the fOllowing values for the factor 
demand elasticities of A and L, 1)AA = - .3356; 'ILA = .0308; 'lAL = .0613; 'ILL = 
- .9109. These values imply the followmg values for" AL • 
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Price ratio change ow.ing to 

Change in P A only 
Change in PL only 
Equiproportional change in 
PA and PL or PK andPL 

.37 

.96 

.67 

In the international comparisons the precise source of the change in the factor price ratio 
is unknown. Equiproportionality of changes in rhe tWO prices involved will be assumed. 

11. We define the Hicksian bias B' as the change in factor ratios which would have oc­
curred had factor prices stayed stable, 

d(KlL) t I > (labor saving) 
B' d x K/L Factor prices = (neutral) 

t < (labor using) 

where K is capital and L is labor. 
12. Lianos also found a labor-saving bias in agriculture. See Theodore P. Lianos, "The 

Relative Share of Labor in United Stares Agriculture 1949-1968," Amencan Journal of 
Agricultural Economics, 53 (August 1971), 411-422 

13. Robert E. Evenson, uThe Contribution of Agricultural Research to Agricultural 
Production, H Ph.D. dissertation, University of Chicago, UniVerSIty Microfilms, Ann 
Arbor, Michigan, 1968. 

14. Proof of equation (1) Ryuzo S.to, "The Estimation of Biased Technical\>rogress 
and the Production Function/' international Economic Revtew (june 1970), 179-207, 
shows that rates of augmentation can be measured as follows; 

a' 
ar· -y* +k* 

1-a 

O'w*-y*+I* 
b' = "-_-'-_"::' 

. 1-a 
(a) 

Robert Solow proved much earlier that the bias is related to factor augmentatlon rates as 
follows. 

A' = (1 - a) Ca' - b'). (b) 

Substituting (a) into (b) leads to equation (1). 
15 Hans P. Bmswanger, "The Measurement of Technical Change Bi.ses wah Many 

Factors of Production," Amenwll Economtc ReVIew, 64 (December 1974), 964-976. 
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and Institutional Innovations: 
An Interpretative Framework 
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The economic structure of a social system can, in its essence, be characterized 
by two features' the level of development of ItS capacity to produce; and·the 
way in which people relate to one another in their respective functions In the 
production process. 

The capacity to produce is determined by the quantitative and qualitative 
stock of productive resources. Recent empirical studies have shown that the 
qualitative attribute of resources is indeed a fundamental source of output 
and productivity growth. For physical capital, this attribute takes the form of 
technological change; for human capital, it takes the form of Increased labor 
skills. Since It affects both output and productivity, the rate and bias in 
the growth of the qualitative attribute of resources are major determinants of 
output growth and of changes in income levels and in the distribution of in­
come. As a result, whoever controls the production of new technologies and 
skills largely determines the pace ",nd nature of economic development. Ulti­
mately, then, it is the social structure which conditions the rate and bIaS of 
technological and skill innovations, and these innovations are, In turn, power­
ful determinants of change in the social structure. 

The earlier chapters in thiS section have focused primarily on the environ­
mental, technological, and economic conSiderations that affect the direction 
of technical change. In this chapter institutional considerations will be ex­
amined as well. The ways In which people relate to each other in their respec­
tive functions in the production process are translated into a set of institu-

551 



552 DE JANVRY 

dons that charactenze and establish guidelines for these relationships. Most 
important are those institutions which specify the rights of ownership and 
which define the functions and the scope of action of the state. These mstitu" 
tions condItion the rate and bias in technological and skill mnovations and 
the impact of such innovations on growth and mCOme. And, reciprocally, 
technological and skill mnovations are powerful inducers of institutional in­
novations. (Throughout this chapter, for the sake of simphcity, the term tech­
nological inno'llation will be used to refer to both technological and skill inno­
vations.) 

Technological and institutional innovations are thus so closely interrelated 
that any change in one ultimately presses for change in the other. Which one 
first induces change - a question that has been raised repeatedly in the recent 
literature on agricultural technology - is a chicken-and-egg-type question to 
whIch only history can provide an answer. In some instances, output stagna­
rion induces institutional change to restore the dynamics of accumulation. 
Here instItutional change precedes technological change. Examples are the 
urban-induced land reform programs that followed the Punta del Este Confer­
ence in Latin America. 

In other instances, the dynamics of accumulatIOn, fueled by technological 
innovations, creates sharp social antagonisms that lead to institutional innova­
tions. Examples are the peasant-led land reforms in MeXICO and BolIVIa and, 
to some extent, the initial impact of the green revolution. Here technological 
change precedes institutional change. 

HaVing recognized both the endogenous nature of technologlcal and insti­
tutional mnovations within a social system and theIr reciprocal relationship, 
we now turn to the speCIfication of a,slmple but, we beheve, useful model of 
the generation of technological and Instltutional innovations.! The technolog­
ical innovations considered here are those whlch are generated by the public 
sector through fundamental and applIed research. In agriculture, the public 
sector has a major ,responsibility in technological innovation. As a conse­
quence, technological and institutional innovations assume the nature o~ pub­
lic goods, and the following model is one of supply and demand for pubhc 
goods in general. Since a social system can be characterized largely by its tech­
nological and institutional structures, however, a model of supply and de­
mand for technologIcal and institutional change is actually an approximation 
of a general model of the dynamics of change in SOCIal systems. 

A Dialectical Model of Tecbnological 
and Institutional Innovations 

After having deflOitely shelved the teachings of historical matenalism, neo­
classical economIsts have recently begun to theorize on the very question that 
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is central to historical materialism; the dialectical rela):ionship between pro­
ductive forces and social relations of production and the way in which this 
dialectic explains the evolution from one mode of production to another; or, 
in other words, the relationship between technological and institutional inno­
vations and the procesS-through which these innovations occur. 

Using the neoclaSSical apparatus, Hayami and Ruttan have developed a 
path-breaking theory of the mducement of technological and mstitutional in­
novations. Their model is lInear, and its starting points are the stock of scien­
tific knowledge - conceptualIzed as defining the InnovatIOn POSSibility Fron­
tier (IPF) in the factor space - and the relative factor scarcities. Through the 
market mechanism, changes in relative factor scarcities determine changes in 
relative factor prices; these changes lead to a search within the IPF for new 
cost-minimizing technologies which will, of course, tcnd to be biased toward 
saving the most expensive factor. Institutional changes may, in turn, be in­
duced by technological change in order "to enable both individuals and SOCI­

ety to take fuller advantage of new technical opportunities under favorable 
market conditions. "2 The causal sequence is thus from technological to insti­
tutional change. 

While useful, this model does not fully explam the process of technological 
and institutional chan·ge or stagnation. By its nature, a linear model cannot 
describe a reciprocal relationship, such as we have suggested exists between 
tethnological and institutIOnal change. Moreover, the model m question does 
not uncover the dynamics of the interrelationships between supply of and de­
mand for innovations, nor can It articulate the parameters that affect both 
supply and demand. 

The alternative model depicted in Figure 26-1 conceptualizes the genera­
tion of technological and institutional innovations by the publIc sector as a 
dynamic process of circular and cumulative causation. In this process both 
the socioeconomic structure (the infrastructure) and the politico-bureaucratic 
structure (the superstructure) are given explicit roles. The central node of the 
model IS a "payoff matrix" which identifies the net economic gains and losses 
that are expected to result from the provision of a given set of public goods 
(technological and institutional innovations) to a given set of interest groups 
m society. Some of the alternatives considered within this matrix are tech­
nological choices among commodities (e.g., food versus cash crops, cereals 
verSuS livestock); among regions (e.g., irrigated versus dry land, fertile versus 
margmal lands); and among technological biases (land-saving bIOchemicals ver­
sus labor-saving mechanical devices, modern versus intermediate mechanical 
techniques, etc.). Interest groups IUclude, m partIcular, commercial farmers, 
traditional landed elttes, subSistence farmers, landless agncultural workers, in­
dustrial employers, urban workers at different mcome levels, exporters, and 
government Each social group expects to deflve a specific IUcome gam or loss 



554 DE JANVRY 

Supply of new 

technologies 
(pu bl i c goods) 

Socioeconomic Structure 

Land tenure 

Product and factor pnces 

Access to institutions 
(credit. information, etc.) 

Po I iti co-Bu reaucratl c 
Structure 

Public research system 

BasIc research (iPF) 

Applied research (search) 

Payoff Matrix 

Economic gains for 
particular social 

groups 

Demand for new 

technolo~ies 

(public goods) 

Figure 26-1. The inducement and diffusion of technological innovations (pub­
lic goods). 

from each particular public good. These incomes are the "payoffs" that con­
stitute the entries in the public goods-social groups matrix. In this model the 
economic base of society determines its evolution. 

The supply and demand mechamsm for public goods is centered on the 
payoff matrix and conditioned by the socioeconomic structure On the One 
hand and by the pohtico-administrative structure on the other. Specifically, 
the demand for new public goods originates from the matrix of expected pay­
offs; each social group will pressure the polinco-administrative structure for 
puhlic goods to be (or not to be) generated depeuding upon the correspond­
mg payoffs it expects to derive. Here the relative power of a social group over 
the polmco-admlnlstrative structure determines whether the group's demands 
for a supply of a particular publIc good will be satisfied. In the case of tech­
nology, pressure on the politico-administrative structure induces allocations 
of funds and of human capital to research mstitutlOns and to particular lines 
of research. The level of sCIentific knowledge and the quantity of physical 
and human capital allocated to basic research Will determine the posmon of 
the IPF. The amount of such capital allocated to applied research will deter­
mine the intensity of search for new cost-minimizing activities within the IPF. 
And the orgamzatlOn of national research systems will condition the way in 
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which they will respond, in terms of both intensity and bias, to the set of de­
mands made upon them. 

The resulting supply of public goods creates, through the socioeconomic 
structure, speCific payoffs for each social group. For agricultural technology 
these payoffs are determined by (1) the physical impact of the innovation in 
terms of yield effect andlor resource-saving and resource-substitution effects; 
(2) the diffusion effect, conditioned largely by the nature of the technolog­
ical mnovation and the particular positions of different SOCial groups in the 
socioeconomic structure (the land tenure system and the degree of access 
each group has to institutions of credit, information, marketing, etc., are de­
terminmg factors); and (3) the terms-of-trade effect, which determines the 
economic value of the physical and diffusion effects. All three effects - physi­
cal, diffusion, and price - are, of course, interdependent and together deter­
mine the entries of the payoff matrix as products of the interaction between 
supply of specific new technologies and the socioeconomic structure. 

New expected payoffs induce further demands for new public goods. In 
activating this' process, the organization of the research system is, again, of 
major importance because it influences the formation of such new expecta­
tions through the dialectical interactions it mamtains with social groups. 

Productivity of a national research system should thus be measured by the 
entries of the payoff matrix relative to costs incurred by the research system. 
If other costs are incurred in creating the observed payoff effects - for exam­
ple, m the diffUSIOn of new technology or the implementation of institutional 
changes - care must be taken to charge these costS agamst the resultmg pay­
offs also. 

The payoff matrix thus reveals the material base of the dynamiCs - or lack 
of dynamics - of the inducement and diffusion of technological innovations. 
It also indlcates that, unless one makes severe value judgments and aggregates 
all payoffs into one net effect, care must be taken to identify the specifIC so­
cial effects of the gams and losses from technology in order to estimate the 
economic and social Significance of such technology. Even if the aggregate 
payoff is used as a cntenon of net social gain from technology, care must still 
be taken to identify possible negative payoffs (such as loss of employment 
and income for some SOCial groups) in order to write them off from the total 
payoff and to determine needed economic compensations. Indeed, the com" 
monly used net social gain measure is but a global approximation of the pay­
off matrix which largely hides the specifiC socioeconomic effects of tech­
nology as well as the reasons why technological innovations and change did or 
did not occur. 

This model of the inducement of technological and institutional innova­
tions is thus useful at the conceptual level. It permits the classification of a 
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wealth of factors known to affect the process of innovation: the material in, 
centives to innovate, the socioeconomic structure, the politico-bureaucratic 
structure, etc. It also helps to locate the blockage factors to innovation: on 
the demand or on the supply side, on the effectIve translation of demand into 
supply or m the materialization of supply into actual payoffs. 

But this model's capacity extends beyond conceptualization. By quantify­
ing the payoff matrix, it can actually become a powerful instrument for poli­
cy analysis and decision-making. To determine the material significance for 
society of alternative technological and institutIOnal options is, however, a 
difficult task and one of central concern to economists and other social SCI­

entists. Although we do not pretend to resolve this question here, we can pro­
vide some guidelines on how quantification of the payoff matrix may pro­
ceed. 

Estimation of the Payoff MatrIX for Public Goods 

The payoff vector for a public good is obtained as the change in net per capita 
income for each social class between the pre-public good and the post-public 
good situation. If the only impact on mcomes between two time periods 
is due to the pubhc good, ex-post observation of the changes in per capita in­
comes provides the payoff vector. But other changes have usually also occurred 
durmg the time interval; moreover, we may want to predict, ex ante, the ex­
pected payoff from alternative courses of action. In both instances, estima­
tion of the payoff vector will require construction of a model that can ex­
plain the process by which personal incomes are generated and account for 
the changes in personal Incomes brought about by introductIon of the public 
good. 

To devise such a model we propose to proceed in two stages: (1) construct­
ing national accounts that make explicit the flows of income and expenditures 
for different social groups; and (2) simulating - through partial modeling­
the impact that the public good has on these flow~ and hence ultimately on 
indiVIdual incomes. 

Constructing Socioeconomic National Accounts 

Unfortunately, the standard national account systems and input-output 
tables do not provide tnformation on income and expenditure flow for SOCIal 
groups, bemg dlsaggregated only by types of economIc activities. What IS need­
ed instead is a system of socioeconomic national accounts where a disaggrega­
tion by social class is nested within the standard disaggregation by economic 
sector. 

To provide an example, I have constructed such an accounting system for 

I 
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ChJie using data compiled by Echeverrla. 3 Included are four economic sectors 
(agricultural, nonagncultural, foreign, and financial), two types of land tenure 
(commercial farms, classified by the Inter-American Committee for Agricul­
tural Development (CIDA) , as large and medium multifamily farms; and peas­
ant farms, categorized by ClDA as famtly and subfamily farms);4 and three 
social classes within each type of tenure (the owners, the semlproletarians 
who receIve part of their wage as the usufruct of a plot of land, and the pro­
letarians whose whole wage is in cash). It IS unfortunate that, for lack of data, 
the government sector must be omitted here, smce its inclusIon would have 
made It possible to account for income transfers through taxes and subsidies. 

In Table 26-1 the rows correspond to income and the columns to expendi­
tures. For the producmg sectors the columns give a breakdown of the value of 
goods in "constant" capital (e = cost of intermediate products and deprecia­
tion of the stock of capital), "variable" capital (V ~ cost of the labor force), 
and "surplus value" (S =' interest, divIdends, rents, and profits). Semiproletari­
ans are remunerated partly in land rights (VL), partly in consumptIOn goods 
(VK), and the remainder in cash (Ve). The land rights generate mCome for 
the semlproletanans and enter as costS for the owners valued at the opportu­
nity cost of land for them. The payments in kind enter as Income and COSt for 
the owners and as income and expenditure for the semiproletarians. Among 
the columns that show the entrepreneurial activities of the owners and semi­
proletanans, those to the left (C, VC, VK, VL) account for production costs 
and those to the right account for consumptIOn and savings, that is, for the 
use made of net Income. The surplus val.ue is used, in part, for consumption 
purposes (SC) and, in parr, for savings (SS). 

For each social group gross income IS the sum over columns. The net m­
come of owners and semi proletarians is the difference between gross income 
and the sum over rows of production costs. As Table 26-1 shows, the net m­
come per commercial farm owner IS twenty-three times higher than that of 
the peasant owners, fifty-two times higher than that of theIr semiproletarian 
workers, and eIghty-four times higher than that of proletarians. 

Simulating the Effect of Public Goods 

What now has to be SImulated 15 the impact that the introduction of a spe­
cifIC public good can have on the per capita net income vector. To do so, we 
must represent the effect of thIS public good on the flows of funds in the 
type of socioeconomIc accounts referred to above. 

Consider, for example, the contrast Hayami and Ruttan have drawn between 
two broad alternative technological options: mechanical technology (which is 
labor savmg and yield neutral) and bIochemIcal technology (which IS land sav­
ing and, hence, yield Increasing). 5 The market and distributional effects for 



Table 26-1. SocIoeconomic National Accounts for ChIle In 1962 

CommercIal Farms (1,000 escudos) Peasant F.,ms (1,000 escudos) 

Owners Semlprolctanans 
Prole-

Owners Scmlprolctarl.ns 
Prole-

Category C VC VK VL SC 5S C VK SC SS tarians C VC VK VL SC SS C VK SC 5S tartans 

Commerc1.l11 farms 
Owners ..... 36.1 12.2 32.S 14.7 13.1 20.7 4.5 93 39.2 1.1 1.8 1.1 
Semlproletarnms 366 27.9 131 12.2 82.6 1.4 0.4 
Proletarians 11.3 

Peasanc farms 
Owners ... 4.4 1.4 25.0 1.1 2.8 11.7 04 
Semiproletarians 2,4 0.1 3.2 1.1 1.1 7.2 
Proletarians . . . 2.8 

Nonagricultural sector 
Owners ... 123.0 131.5 34.3 59,4 3.9 25.0 31.2 3.0 5.2 1.0 
Proletarians 

Forclgn sector 
Imports .. 21.3 9.9 

Financial sector 
Savmgs . ... 108.2 11.1 3.6 0.9 

Total expendi-
ture .... 180.4 47.9 12.2 32.5 190.8 108.2 605 12.2 162.7 11.1 11.3 59.3 6.0 1.1 2.8 82.1 3.6 5.2 1.1 14.2 0.9 2.9 



Table 26·1 -continued 

Nonagricultural Sector (1,000 escudos) Foreign FinancIal Gross Net In· Net Income 

Owners Sector Sector Income come Active Popu· per Active 
Prole· (exports, (investment, (1,000 (1,000 lation (1,000 Person 

Category C V SC SA tarians 1,000 escudos) 1,000 escudos) escudos) escudos) persons) (escudos) 

Commercial farms 
Owners ... 59.3 78.8 202.7 26.9 24.1 5781 305.1 51.6 5,913.0 
Se:miproletanans 61.3 11.1 246.6 186.1 162.3 114.6 
Proletarians 11.3 11.3 158.6 71.0 

Peasant farms 
Owners ... 14.5 23.6 60.6 3.6 149.1 79.9 310.5 257.0 
Semiprolctarians 5.3 1.0 21.4 16.2 13.3 1,218.0 
Proletarians .. .. 2.8 2.8 413 68 

Nonagricultural secrot' 
Owners .... 2,538.8 2,793 9 1,837.6 637.9 598.7 8,824.4 3,243.0 402.6 8,055.0 
Proletarians 2,403.8 2,403.8 2,403.8 1,761 7 1,365.0 

Foreign sector 
Imports ... 565.0 54.0 236.3 251.2 1,137.7 

Financial sector 
Savings .... 765.8 889.6 

Total expendi-
ture ... 3,177.6 2,403.8 2,950.3 765.8 2,4038 664.8 8897 14,264.8 2,901.9 
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both types of technology m closed and open economies are depicted in Fig­
ure 26-2 (for further elaboration see chapter 6). The case of the open econ­
omy is characteristic also of an economy where price-support programs exist. 
In Figures 26-2.3 and 26-2.4 the supply function becomes horizontal at the 
minimum average variable cost level. below which firms would discontinue 
production. 

Mecba11ical imlOvations (Figures 26-2.3 and 2.4). Under the assumptions of 
our model, mechanization is purely cOSt reducing, and the resulting net social 
gains (NSG) accrue wholly to landowners in both closed (Figure 26-2.3) and 
open (Figure 26-2.4) economies, since welfare gains are capitalized m land 
values.6 In thiS case the technological "treadmill" that coerces nonadopters 
mto change materializes through rismg land values. Adopters of mechanical 
innovations bid up the price of land, internalizing the welfare gains from 
mechamzation in land values, and thus raise both the opportunity cost of 
holdmg land for owner-operators and the rent for tenants. The rise in oppor­
-tunity costs forces all those that have not mechamzed to do so or abandon 
agncul ture. 

Biochemical innovations (Ftgures 26-2.1 and 2.2). In a closed economy the 
net social gains from biochemicals that result from lower food pnces (Figure 
26-2.1) will accrue, in the form of cheaper wage goods, to consumers or to 

industrial employers according to the relative social power of the two groups. 
They accrue to landowners in an open or farm price-supported economy (Fig­
ure 26-2.2). In the open-market case, welfare gains to the whole economy 
arise only from increased exportable surpluses and the effect that higher 
foreign exchange earnings have on economic growth through the Import 
multiplier. In the price-support case, welfare gams to landowners result from 
increased government costs of protectionism and-thus imply an income trans­
fer from taxpayers to landowners. 

The dynamiC diffusion mechanism of new biochemical techniques in the 
closed free-market economy (Figure 26-2.1) occurs through the Cochrane and 
Owen "Mill-Marshall ian" treadmill' of falling product prices.7 By contrast, the 
diffusion mechanism occurs through the land-market treadmill m the open 
and in the farm price-supported economies (Figure 26-2.2). The well-k'nown 
observation that, in the United States, "the net result of technological ad­
vance concurrently With public farm programs, such as we have had in the 
past 30 years, is mainly a continuous nSe in farm real estate values"S mdi­
cates that this second mechanism may have been the effective one. 

Conflicts of Interest and Solutions 

Definite conflicts of interest eXiSt among social groups in the use of me­
chanical versus bIOchemical techniques In the closed economy. Because no 
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Figure 26~2. Social distribution of the economic surplus from agricultural 
technology. 

solution exists in the game between employers-consumers and landlords over 
the choice between mechanical verSuS blOloglcal technologies, resolution of 
this contradiction will hinge upon the relative social power of landlords, in­
dustrial employers, and consumers. It is only when the industrial entrepre­
neurs' class is also the land~owning class, as Stavenhagen claims to be the case 
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in most Latin American countries,9 and when workers' (consumers') power is 
weak, that a single social class can capture the benefits both of biochemicals, 
through lower wage-goods and Increased surplus values in industry, and of 
machmery, through increased land-rent earnings. 

In the open and price-supported economies, by contrast, solutions exist 
that are of opposite nature. 

In the open economy, while mechanical technology benefits only land­
lords, biochemicals increase the welfare both of (1) landlords, through higher 
land rents, and of (2) the economy at large (or at least of the industnal entre­
preneurs' class), through growth resulting from relaxation of foreign exchange 
bottlenecks Hence, unless landlords have specific reasons for preferring to 
denve gains through mechamcal rather than biological technologies (which 
can be expected to be the case under the latifund,a tenure system because 
mechanization reinforces the owner's power over farm workers, while bio­
chemicals would weaken It and eventually jeopardize the survival of the ex­
tant social order), class and sectoral coalitions of interests would lead to 
choosing a technological path dominated by biochemicals. 

In the price-supported economy, biochemicals still benefit landlords but 
require income transfers from taxpayers to them. By contrast, mechanical 
technologies benefit landlords while being neutral on consumer, employer, 
and taxpayer welfares. As a consequence, class coalitions, when they exist, 
will tend to pursue mechanical rather than biochemical means of technolog­
ical development. 

Summary 

A model has been developed that speCifies the dialectical process through 
which technological and institutional changes occur. In this model, the eco" 
nomic payoff that each social group expects to derive from the change pro­
vides the rational basis from which demands for such change arise. The politico­
bureaucratic structure of society determines how these demands are trans­
formed into an actual supply of new technologies and institutions. And the 
SOCIOeConomiC structure translates that supply into actual payoffs for each 
social group. 

IdentIflcatlOn and quantification of the payoff matrix are major tasks con­
fronting SOCial SCientists because they give the key to the ex-post analysis of 
the evolution of social systems as well as to the ex·ante evaluation of projects 
of technological and institutional change. An attempt was made to indicate 
how such a matrix could be obtained by constructing socioeconomic accounts 
and identifying in those accounts the impact on per capita incomeS of tech­
nologIcal and institutional changes. 
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NOTES-

1. If external mfluences are important - which is general1y the case in the less devel­
oped countries - the social system in question exceeds natlonal boundaries. 

2. YUJlro Hayami and Vernon W. Ruttan. Agricultural Development An lnternatton­
al Perspective (Baltimore: Johns Hopkins University Press,1971), pp. 59-60. 

3. R. ECheverria, PoUtica de prectO$ y redistrtbuciOlt de mgreSO$ agricolas (Santiago, 
Chile: Instiruto de Capacltacion e Investigac-i6n en Reforma Agrarla. 1972). 

4 S. Barraclough, ed., AglartatJ Structure In Latm America (Toronto: Lexington 
Books, 1973). 

5. In accordance with this contrast, an aggregate two-stage production functIon for 
the agricultural sector Can be specified where (1) there are four inputs -labor, land, 
labor-saving capital (machinery), and land·savmg capital (biochemicals) denoted by L, T, 
KL' and KT, respectIvely, (2) Land KL are highly substitutable and so are T and KT , 
and (3) substitution possibilities between KT or T and Lor KL are low. Consequently, 
with an inelastic aggrega.te land supply and a constant level of land-savmg capltalnems, 
KL can be only mildly OUtput increasing since the output effect is blocked by the fIXed 
land and land~savmg inputs Under these CIrCUmstances, mechamzation is essentially 
labor displacing. Also, with an inelastic land supply and a constant level of labor-saving 
capital Items, KT is hIghly output increasing .slong as the elasticity of supply of labor IS 
high. 

The aggregate production function for agriculture can be written then as a two~srage 
function 

Y = TF [fT(T", KT")' fL(L". KL")] 

where T IS an index of neutral technological change and the asterisk denotes inputs mea­
sured in effective units (hat are reIaxed to the nommal input units through a factor-aug­
menting coefficient of technological change. The subfunction, fT' is an index of 'jland" 
inputs, while fL is an index of "power" mputs. The distributive effects of technology 
can be analyzed under the assumptions that land is in completely inelastic aggregate sup­
ply In the short run and that the internal market demand for agncultural products has a 
price elasticity of less than one. Also, to contrast the different impacts of machinery and 
of biochemicals, technological changes and shifts in factor suppHes of these two types of 
capital goods can be analyzed separately, if the level of use of the other capItal good is 
always held constant 

6. The inelastiCIty of supply in {hese two fIgures, which reflects the model's assump­
tions, implies that the marginal productivity of labor in agriculture is zero when land and 
land-savmg capital are in fIxed supply_ 

7. W. W. Cochrane, Farm Prices Myth and Reality (Mmneapolis' University of Min­
nesota Press, 1958); W. Owen, "The Double Developmental Squeeze on Agriculture," 
American EconomIc ReVIew, 56:1 (May 19M), 43-70. 

8. W. B. Black, "Discussion: Income Effects of Innovations -The Case of Labor in 
Agriculture," Journal of Fan/! EconomIcs, 48.2 (May 1966), 338. 

9. R. Stavenhagen, "Seven Fallacies about Latin America,,· Latin AmerIca Reform or 
Revolution, eds. J. Petras and M. Zeitlin (GreenWIch, Conn., Fawcett, 1968), pp. 13-31. 
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One of the purposes of the semmar which led to this volume was to discuss 
the relevance of a number of recent theoretical, historical, and empirical stud­
Ies for the international institutes supported by members of the Consultative 
Group for International Agricultural Research (CGIAR). These studies lie in 
the fIelds of technology transfer, measuring economic returns to agricultural 
research, techniques of resource allocation within research organizations, and 
the dynamics of forces that influence the direction of Investments in agricul­
tural research. 

This chapter attempts to draw the strands together and to articulate a few 
of the issues posed for the international institutes by a Joint conSideration of 
these varied types of research. Its method IS, first, to present a way of deline­
ating the mterrelationships among the several components of this volume; 
second, to sketch a composite picture of the internatIOnal institutes and their 
evolving programs, as these emerge from the papers and discussions; and third, 
to outlme a few of the Issues that impress me as being of conSiderable impor­
tance. 

Interrelationships among Seminar Components 

One way to summanze the mterrelationshlps'among different components of 
the seminar IS to vlsuahze the central area of cOnCern of the seminar - the 
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technolo9V de\lelopment and transfer and on allocation 
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research 

Domam B IS composed of the many types of actniltles 
reqUired to achlelte agrlcultura' development It mcludes 
technology dev:eIQpment a"d tr3n:$.fer, bu.t 'it also incl\Jde; 
technician naming, Input manufacture and distributIOn, 
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poltcles. and the organizimon and adminIstration of all of 
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It IS this comrnon ground th~t con.ultuted the main concern 
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the fole of tile fntf:rnational mstltt,Jtes concerns whu;h ac­
tivities should be inside, and which outside thts ove,rap area, 
particularly With respect to Domams Band C 

Figure 27-1. The role of the international agricultural research institutes in 
agricultural development 
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activities of the international institutes - as being represented by the com­
mon ground, or overlap, among three different domains, each of which might 
be represented by a diamond-shaped area, as depicted 10 Figure 27-1. Several 
major Issues for the international institutes emerge from a consideration of 
the "domain analysis" presented in thIs figure. 

The major question that anses with respect to domain B - agricultural de­
velopment activities - is how broad the activities of the international insti­
tutes should be. Should they be limited to research and, even within that, to 
certain types of research? Should their programs embrace technician training? 
If so, of what types and in what proportion to research activities? Should 
their actIvities be extended to mclude still other aspects of national produc­
tion programs, m addition to research and techniCIan traming? 

The major questlon with respect to domam C - types of agencIes - has to 
do with what the international institutes should do, what should be done 
through other international agencies, what should be done by national agri­
cultural programs, what should be done by private sector research, and what 
formal and informal lInkages should be developed among all of these. 

The international institutes must consider all three domains SImultaneous­
ly in order to dIscover which of the many types of deCIsions that each Insti­
tute must make can benefIt from the analytical and allocation techniques dis­
cussed in domain A and whIch must contmue to be based On other criteria 
and utilize other techniques. 

Finally, m using thIS "domam analysis" it must be borne in mind that the 
situation with respect to each domam is highly dynamIC. The techniques dis­
cussed in this volume WIth respect to domaIn A are new and incomplete, and 
they are growing and changing every day. The programs of the international 
instItutes alffer, and each is constantly undergoing evolutionary change. New , 
international agencies are entering domaIn C, and the programs of each of 
these keep changing. Moreover, some national programs are steadily advanc­
ing in sophIstication and maturity. 

A Composlte Picture of the International Institutes 

The papers in this volume are rich in detailing the growth of the international 
institutes Together they yield a composite picture of some of the stresses 
which rapid growth entails. In the followmg paragraphs a few elements of 
this picture are outlmed. 

As the fmancial support for the IOstitutes through the CGIAR has grown, 
the established institutes have begun to think bIgger. They have launched ad­
ditional actIVItIeS, both at their home bases and in theIr respective outreach 
programs. They have proposed ever larger current budgets Consequently, 
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they face the prospect of having to compete among themselves for resources. 
The boards of trustees of Individual institutes have, by their charters, as much 
fiscal and program autonomy as ever. A new element has been added, how­
ever, in the dehberatlOns on priorities that take place in meetings of the Tech­
nical Advisory Committee (TAC) and of the CGlAR. Budget figures approved 
by the CGIAR are not binding, either on its members or on the institutes. In­
diVidual mstitutes may seek additional funding for particular actiVities from 
individual members of the CGIAR or from outSIde sources. The proliferation 
of mstitutes with overlapping sources of support undoubtedly has complicat­
ed the budgeting and fmancing processes. 

As newer Institutes have often adopted somewhat different objectives­
though still centered largely on biological agricultural research - and as some 
of these institutes have a~sumed global and others only regional responsibili­
ties for particular crops, significant actual or potential conflicts over the geo­
graphic scope of responsibility of each indiVidual institute have developed. 

Success In varietal experimentation has been accompanied by some dIsap­
pointments. Either varieties did not spread as rapidly as had been hoped or 
very few farmers adopted a whole package of practices and consequently fell 
far below the biological potential of the varieties. As a result, the Internation­
al Rice Research Institute (IRRI) and the InternatIOnal Maize and Wheat Im­
provement Center (CIMMYT) began to be more concerned about the quality 
of national production programs. They and the T AC seem to be ambivalent 
about this In some statements, the three say that the institutes cannot be­
come responsible for national programs and their successes or failures; In 

others, the institutes defend and expand theIr outreach activities to those pro­
grams. 

A dIfferent development that tends to push institutes into a closer rela­
tIonshIp with national research programs I~ the increasmg emphasis on farm­
ing systems. Ir may be good research strategy to begm by concentrating on 
one or a few crops, considered separately, bur sooner or later one mUSt be­
come concerned about how they fit into farming systems. When that time 
comes - as it dId several years ago for IRRl and CIMMYT - the respective 
roles of each institute and their criteria for assessing their accomplishments 
need to be reconSidered. 

As they had some Initial successes in crop technology, the instItutes generat­
ed hIgh credibility even in agricultural fIelds significantly removed from their 
primary competence. This has led to the problem Hanson mentions of the 
danger that members of the institutes' staffs may pontificate beyond their 
competence. It has led also to an increasing number of projects of bilateral as­
sistance being channeled through one or another international institute for 
admIni~trative and techmcal backstopping. 



UNRESOLVED ISSUES IN THE INTERNATIONAL SYSTEM 571 

MeanwhIle, elsewhere on the mternational scene, new agencies such as the 
Southeast Asia Research Council in Agriculture (SEARCA) are arising with 
ambitions to share the field, even in agricultural research. Should they be en­
couraged? SEARCA IS an example of a type of agency which, unlike the in­
ternatIonal institutes, IS partly financed by developmg countries themselves. 
Like the international institutes it now seeks additional financing from inter­
national and bilateral aid agencies and from foundations. Other similar agencies 
are likely to develop. Must the sItuation become increasingly competitIve, or 
are there ways in which these varIOUS efforts can become truly complemen­
tary? 

Finally, several private corporations, selling farm inputs, have gone interna­
tional m theIr operatIOns. They inevItably become involved m technology 
transfer. Recogmzing the necessIty of modifying theIr products to fit differ­
ent resource endowments, they have become involved also in technology de­
velopment. By the nature of their operations they are international agencies. 

Issues for the International Institutes 

QUIte a numher of issues for the International institutes emerge from the 
composite picture of them and their programs sketched briefly above. Six 
such issues which come rapidly to mind are the following: 

1. How much responsIbility should the international institutes assume with 
respect to strengthening natIonal research systems? 

2. How should relationships between two institutes which are engaged in 
outreach programs regarding the same crop be organized? 

3. Should the institutes undertake to develop administrative talent for na­
tIonal research programs? For natIOnal productIOn programs? 

4. How should Institutes handle the Imputing to them of expertIse outsIde 
their competence? 

5. What should the relationship be between the institutes and organiza­
tions like SEARCA? 

6. Is there a basis for a natural division of labor between governmental and 
private sector research? If so, would the same division hold for technology de­
velopment and transfer? 

Rather than attempt to catalog all such questIons, however, I Wish to Single 
out four particular issues that appear to me to be crucial. 

1. Which is more ce1ltral to tbe successes to date oftbe illtematiOllai illsti­
tutes, espeCially tbose of CIMMYT a1ld IRRI. Is it tbe fact tbat they have 
cOllcelltrated largely 011 resea,ch and trail/iug 01' IS it their u;Jique type of 
organizatioll and method of support? 

I doubt thiS question can be answered definitively, bur concentrating our 
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attention on it may shed some light on what role the institutes should be 
a ~ked to play in the future. 

Surely, in the beginning, the concern of those who founded IRRI and 
CIMMYT was to accomplish high·quality research on selected food crops. The 
form of organization developed for the institutes was an instrumental means 
to that end. 

Now, however, with several similar institutes well established, with their 
own boards of trustees, international staffmg and salary patterns, and insti­
tutionallzed pipelines to the financial resources of members of the CGIAR, 
the institutes, because of the form of operation that was created for them, 
have become an institutional resource that might be useful for activities other 
than research and related training. 

At the same time, there are reasons to believe that the marriage of concen­
tration on research and the international Institute format is particularly har­
monious and productive. Adequately funding and organizing national research 
programs in developing countries has been and remains a difficult task. The 
payoff 15 usually too long range for pohticians subject to frequent reelectlon 
to be very interested in such a task. The urge to keep salarie~ for various gov­
ernmental and university positions relatlvely uniform (but lower than those 
for sim1larly trained persons in the private sector or in major administrative 
posts) has prevented recrumng and retaining competent staff. The tradition 
of frequent transfers of governmental per~onnel in and out of research is 
another restramt. 

Observing that essential activities of agncultural development other than 
research need simIlar release from the exigencies of national administration, 
there 15 a tendency to conclude that they also should become activities of the 
present, or new, international institutes. But would that conclusion be sound? 
Biological and engineering research, once established behind stout fences and 
III laboratories with adequate equipment, can go Its merry way, almost regard­
less of the politlcal weather around It, Economic and social srudies can ven­
ture into the hinterland to collect data provided they are circumspect about 
tOpiCS and diplomatlc m their approaches. But the closer one comes to the 
heart of the matter - widespread agricultural development - by engaging a 
number of essential issues other than research, such as price policies, land re­
form, tractorization, and credit policy and practice, the more stormy the 
political weather becomes. 

Does the internat10nai mstltute format have certalD advantages for these 
other agricultural development activities? Or are other types of organization 
equally appropriate? Or is the international institute format a posaive liabdity 
here? 

2. Is achieving a mi12;mll1n critical mass of research talent and other re-
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sources an ill/pO/tcmt issue for the mternational institutes from now all, or 
should we be pllying more attentIOn to achieving 1111 optimum size of staff for 
each ",stitute? 

Crawford poses this question in chapter II, when he speaks of achleving a 
"critical mass ... of very high skills in research" as a major element in the 
CGIAR decision to establish and expand support of the Internatlonal instltutes. 
However, when one looks at their recent histones one wonders how stable in 
size such a cntical mass within the internatlOnal mstltutes really is. CIMMYT 
and IRRI were much smaller when they made thelr major breakthroughs than 
they are now. They keep growing Is the question really one of mmimum cm­
ical mass, or should we now be thinking more about an optimum size of mdl­
vidual organization· not too small and not too big' not tOO speciahzed and 
not too general? 

ThlS question becomes increasingly important as One notes the rise of or­
gamzations hke SEARCA and the universally recogmzed need to strengthen 
national research capacity. The international mstitutes have their established 
pipeline for resources through the CGIAR. Other mternatlOnal and national 
agencies do not have that resource but are expected to go directly to indi­
Vidual fundmg agencies. Despite frequent statements by CGIAR, TAC, and 
the international institutes themselves about the importance of these other 
types of research agenclcs, the very existence of the international institutes 
wlth their built-in organio:ational advantages would appear to glve them a 
funding advantage over the others 

Each institute will grow as much as it is allowed to. Should there be no 
restraints? Are there no inherent diseconomies of scale for them - not JUSt 
when considered alone but takmg mto account the opportunHy COSts conS1St­
ing of the Iimltattons that their growth imposes on fmancial support ro other 
internationaJ and national research and action programs? 

3. What are the valid CYltel/i/ for judging tbe success or fili/llle of tbe re­
search activities of the mteYllatlOlIlI1 institutes? 

It has been stated repeatedly that increasmg natIOnal crop yleIds IS the 
criterion by which one must judge the success or failure'of each international 
institute. At the same time, however, several statements have been made 
about concentranng on 1I1creasmg the productivity of farmmg systems rather 
than just the production per season of particular crops. 

There are at least two shortcomings 111 the use of average national crop 
yields as a criterion in judging the performance of the research programs of 
mternatlonal institutes. 

One IS that it almost forces each institute 1I1to programs related to other 
essential elements of agricultural development. If experimental resuh:s at an 
mstitute show a yield of X bushels per acre achieved by a given vanety w;rh a 
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given combination of associated cultural practices, but the national average 
yield refuses to go above X/4 and the institute is to be judged by the national 
average yield, what is it to do? The obvIOus answer is to broaden its program 
to include price policies, credit administration, the extension service, manag-
109 irrigation systems, or some other pohcy or program affecting average 
yields. But to aSSume one or more of these responsibliities takes the institute 
outside Its relative immunity to political winds and places it more at the 
mercy of national factors beyond its control. And it may not be able to be ef­
fective in one or more of these other fields even apart from the political 
weather. 

The other shortcoming in using national average yields as the criterion for 
success or failure of the research program of international institutes is that it 
ignores the greater Importance of the productivity of entire farming systems. 
In considering the latter it is the value added per acre per year, by whatever 
the optimum combinatlon of crops and cultural practices may be, that is im­
portant rather than either national aggregate production or national average 
yield per acre per season of any particular crop. An increase in such value 
added per acre per year, and even in the total availability of human food pro­
duced domestically, may be achieved in ways which include an absolute de­
cline in national aggregate production of one or more crops with respect to 
which an international institute has a mandate. It may also involve being satis­
fied with lower crop Yields per Season whenever It is possible, by assummg 
that cost, to increase the productlviJ;y of an entire farming system. 

In other words, a drop either m aggregate national production or in the 
average crop yield per season of a particular crop may be consistent with an 
internatIOnal institute's havmg done its research job well with respect to that 
crop. 

4. What should be the future role and responsIbIlities 'of the internatiOl1al 
I1lstltutes~ 

It seems qUite clear that, in the beginning, IRRI and CIMMYT were in­
tended to be almost exclusively research institutes. Their training programs 
were designed to tram research workers only, and their outreach programs 
were, primarily at least, to provide testing facilities in various countries. Over 
the years, however, their programs have grown not only in size but in types 
of activities. Statements of their role and responsibihties have become more 
and more varied. Such a trend is not necessarily undesirable. It may well be 
that there should be variety among them, and even competition. 

Nevertheless, it seems to me that more attention needs to be paid to the 
question of what the role and responsibilities of the institutes, indiVidually 
and (perhaps not so certainly) cQllectively, ought to be in the future, taking 
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into account the changes, from year to year, in the circumstances under 
which they operate. 

At least three possible future roles for the international institutes can be 
discerned. 

Option 1. Clearly, one alternative would be for some or all of the mterna­
tional institutes to retain or regam the character of the exclusively research 
institute. This would be consistent with the initial judgment that a basic need 
for agncultural development IS improved technology and that the facihtIes of 
an internatlonal'instltute, unhampered by natIOnal admmistratlve obstacles or 
by other responsibilities, are essential to efficient pursuit of that goal. If this 
were to be done, would it not be necessary to change the criteria by which 
the mstitutes are judged' No longer would what happens to average yields or 
aggregate production in md,vldual countries be considered to be the responsI­
bility of the mstitutes, but only the potential performance (taking costs and 
returns Into account) of the technologies they come up With, for different 
agroclimatlc zones. Outreach programs would remain but only m cooperation 
with national resealch programs, both to strengthen them and to test tech­
nologies under a WIde variety of local settings. Traming might remain, but 
only training of research workers (and perhaps of research administrators). 
This option would rule out the administration by institutes of projects sup­
ported by bilateral assistance agencies to strengthen any other than national 
research systems. 

Option 2 A second possibility would be to accept an evolVing nature for 
each International instItute as a welcome and frUitful development but only 
after a substantial breakthrough in production technology has been achieved 
for at least one major crop With which It deals. Choosing this option would 
fit my mterpretation of what Hanson says, I.e., that thiS is already happenmg 
to CIMMYT. Is it happening to IRRI as wei!? Research would continue to be 
a central activity of each institute, but to it would be added outreach pro­
grams dIrected to not only national research programs but natIOnal produc­
tion programs as well. Instead of being a research institute, each would be­
Come a research-based agrzclllwral development institute. 

Under this OptlOl1, a new and different kmd of allocative problem, already 
present for CIMMYT and IRRI, would become increasingly acute. Of the re­
sources available to an international msritute, how much should it spend on 
research al1d how much On some of Its other activttles? Am I nght that m the 
past, as between research and training, such decisions have been based (and 
perhaps rightly so) on Judgments on how much trammg and of what types 
could effectively be earned on that would complement and strengthen, or at 
least not unduly hamper, a research program of given sIze' Certainly these 
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decIsions have not been based on a comprehensive inventory, much less on 
quantitative estimates of relative rates of return in comparison with similarly 
estImated rates of return on research projects. How should they be made? 

If this second option were chosen, what actually happens to national pro­
ductivity In terms of value added per acre per year mIght remain as one mea­
sure of the institutes' performance, but not what happens to national average 
crop yields or aggregate phYSIcal production of particular crops. And addi­
tional evaluative criteria of vanous types would become important. 

Option 3. A thIrd possible role for the international institutes would be to 
become, more and more, service ce1lters to national prog1ams. This would en­
tail less emphasis on the research they do themselves and more on helping na­
tional systems of research become more productive. There would be more 
emphasis on training (of present and other types), perhaps including training 
in the management of various types of agn-support activities, induding but 
not lImned to research programs. The institutes would continue to conduct 
symposia and to issue publications. They would provide sabbatical oppor­
tunmes for research workers in a setting where sophisticated equipment and 
stImulating interchange with other profeSSIonals are available. Much, perhaps 
most, agricultural research (bIOlogical engmeenng at least) could probably be 
done with much Jess elaborate facilities than the institutes possess, but scat­
tered around the world there need to be a number of places where SCientIsts 
from various countries which do not have within their borders advanced agri­
cultural research facilities can work together with other scientists with SImIlar 
or complementary interests. 

The present international institutes are not the only candidates to help fill 
this role, but they have the advantages (1) of havmg concentrated on crops 
that are important In the tropics; (2) of being strategIcally located In various 
tropIcal and semitropIcal agrochmatic zones, and (3) of having non-natIOnal 
forms of administration and fields of interest. 

Evenson's dIscussion m chapter 8 is relevant to deciSIons WIth respect to 

the future role of the mstitutes. It seems to me that he is saymg. 
L InvestmentS in high-capaCIty conceptual-sc1entific skIlls, as represented 

In the early stages of IRRI and CIMMYT operations" are more productive 
than any other single type of investment m agricultural development act1vlties. 

2 There IS constant pressure to dIvert orgamzatlOnS having those skIlls 
into less productIve (but still essential) activities requmng only technical­
scientifIC and lor techntcal-engineering sk1lls. 

3. With the emergence of the international instItutes which can afford to 
be more resistant to the temptations to sltp Into less remunerative types of 
rcseaJch the trend has been for these Institutes to assume the role of "main" 
research stations of which national research programs serve as "branches." 
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If that is a correct interpretatlon,_ one would expect Evenson to recom­
mend Option 1, i.e., to pull the institutes back to their initIal concentration 
on research and away from Involvement WIth natIonal production programs 
If that were done, then two related questions would become pertinent. 

First, who is to assume suppon for the other types of research and for de­
veloping other agri-support services on which the translation of the research 
results of international institutes mto higher value added pe, acre per year in 
indiVidual countries depends? Can that question be answered In terms of com­
parative rates of return for individual activities? Or would it be necessary to 
resort to cntena of sequences and complementanties among actiVIties regard­
less of individual rates of return? And are the activities reqUIrmg other than 
"conceptual-scientific" skIlls to be dependent on individual country financ­
ing, or should a portion of international fmancing be devoted to them? 

Second, present judgments about IRRI and CIMMYT rest on past achieve­
ments. What do they now g,ve promIse of doing as an encore? Here Evenson 
turns somewhat pessimistic. He sees them as probably continumg to make 
contributIOnS but of a much lower order of magnitude 10 the field of vanetal 
development. If thlS is so, may there not be a time m the life of each msntute 
when it should move to OptIon 2, into more general programs as research­
based mStitutes of agricultural development? Or should the institutes skip 
that option and move directly to Option 3? In either case, one result would 
be to face quite a different set of allocatlve problems and a greatly mcreased 
need for effective cooperatIOn with the activIties of other mternanonal and 
national agencies. 

I suggest the hypothesis that, for the foreseeable future, the unique strength 
of the mternational institutes Will be a combination of the way in which they 
are organized, the manner in WhICh they are operated, and the Sources of 
their fmanclal support. That strength they could retain no matter what the 
nature of their activities might be. The crucial question, then, would be w!tb­
ill tbe broad spectrum of essential agricultural deve!opmellt activities, what 
sbould ;llstiwtes of thIs pat{;cular kmd be doing? 

If the decision IS that they should concentrate solely on certam types of 
reseal c/) , then the techniques being discussed for choosmg among research 
projects are central to the efficient operation of the institutes. If, however, 
the decision is that, in addition to research, they should engage in selected 
other types of activity, including cooperation With national productlOn pro­
grams, then techniques for choosing among research projects become relatIVe­
ly less Imponant (though stIli important 10 an absolute sense). In the latter 
case, we would face the problem of searching for other decision-making tech­
niques with respect to the broader spectrum of activities for whIch the !flter­
national institutes have, or might be given, responSIbilIty. 



Uneven Prospects for Gains 
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to Economic Policy 
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The neW InternatIonal network of agricultural research activIties whIch has 
been developed during the last three decades serveS many countries. Although 
it is mternational in scope, it was not launched by governments. It began as a 
venture of a rare breed of research entrepreneurs who knew from experience 
the requirements of the agricultural·sclences. At the outset it was fmanced by 
private foundations. It now consists of a WIde array of mterrelated research 
enterprises located m various low-mcome countries throughout the world. It 
is clear that the function of thIS network of research actiVIties is to employ 
the knowledge and talents of agricultural sClemists as a means of mcreasing 
the productivity of agriculture in low-income countries. 

This international approach to agricultural research is nOW well established. 
It IS robust. It is capable of dealing with changing·clrcumstances. It is success­
ful In takIng advantage of new opportumties. There are many low·income 
countnes that could have benefited from this research but have faIled to do 
so. Others have benefited somewhat but much less than they could have. 
Among these are countnes that have the natural endowment and the poten­
tial economic capacity to increase greatly their agricultural production. We 
have not, in my VIew, gIVen adequate attention to the factors that account for 
these failures. It IS my contention that, unless these factors are altered for the 
better, the uneVen prospects for gams from agricultural research that are re­
lated to the economic policy of the respective countries will continue to 
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thwart the potential success of this international approach to agricultural re­
search. 

I shall begm with a comment on aspects of the antiscience "movements" 
with special reference to the now popular misconceptions and criticisms of 
agricultural scientists that prevail despite the recent acute shortages of food 
in parts of the world. I shall then concentrate my remarks On economic issues 
pertaining to the future value of agricultural research, with special references 
to economic policies that account for the uneven prospects already referred 
to. 

The Utility of Science Is Bemg Debased 

The role of agricultnral research in maintaining Our faith in the utIlity and 
legitImacy of the sciences is stated imaginatively by Andre and Jean Mayer in 
a recent essay: 

Few scientISts think of agriculture as the chief, or the model sCience. 
Many, Indeed, do not consider It a science at all. Yet It was the fIrSt SCI­
ence - the mother of all sciences; It remams the science which makes 
human hfe pOSSible; and It may well be that, before· the century is over, 
the success or failure of Science as a whole wIll be judged by the Success 
or failure of agriculture. l 

If agriculture is the mother of sciences, motherhood is being treated rather 
shabbily these days. Be it the current food deficit in India or the approachmg 
doomsday, there IS a lot of rhetoric proclaiming that agricultural sdentists are 
to blame. The effects of science on agrIculture are deemed to be bad; It fol­
lows, of course, that agricultural scientists are responSible for the InordInate 
appetlte of modern agriculture for energy and for the chemicals that pollute 
our soIl and contaminate our food supply. It is also being said that the SCl­
entists are making agricultural production more vulnerable to changes in 
weather and that they cause much unemployment. In the United States dur­
ing the sixties, agrIcultural sCientists were blamed for the then mounting agri­
cultural surpluses. Some crItics even proclalm that the green revolutlon only 
confounds the excess population growth, and worst of all it IS popular to say 
that it is unjust to poor people. Wade has recently tried to present a balanced 
view, but he leaves his rcaders with a very dismal picture of the green revolu­
tion. 2 

AgrIcultural scientists have good reasons for feelIng ambivalent about the 
treatment they receive. Although our major private foundations have been 
generous and successful in budding InternatIOnal agncultural research centers, 
UnIted States aid in support of agricultural scientists over the years, beginning 
with Pomt Four, has been much more uneven and undependable than the 
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CanadIan performance through the CanadIan International Development 
Agency (ClDA) and the International Development Research Centre (lDRC). 
Our prestigious National Academy of Sciences, in its foreign activities depart­
ment, has failed to understand the role and requirements of agricultural sci­
entists and, In Its domestic committee, has tended to look upon agricultural 
scientists as a lowly breed who are In general Out of touch with the real phys­
ical and life sciences. The environmental movement has added to the sci­
entIsts' woes. And agricultural SCIentISts also are stung by the statements of 
those economists who claim that agricultural scientIsts are contrtbuting to the 
inequality in the personal distribution of income inasmuch as they have failed 
to develop types of wheat, nee, and other crops that would solve the equity 
problems In low-income countries I shall return to thIS issue. 

The VIew that I shall take rests on two propositions· advances in the agri­
cultural sciences are one of the necessary conditIOns for agriculture to succeed 
as the primary supplier of food; and optImum economic incentives for agri­
culture, i.e., for farmers, are one of the necessary conditions In determining 
the full posslbilmes for useful advances In the agricultural sciences. I shall 
contend that we have not given suffICIent attentIOn to the second of these 
two propOSitions. In support of my view, I shall comment briefly on parts of 
the papers presented at the Alrhe House conference and then turn to a con­
sideration of an economic approach that is more general than has been our 
wont in analyzing the real economic value of agricultural research. 

Tbe Conference Papers 

In Ime with the plan of the Alrhe 1·louse conference, the papers that were at 
hand before we met fell mto three groups: the orgamzation, funding, and the 
decision-making process of the international agricultural research activities; 
the economic studies of the production effects of this research during the re­
cent past in particular countries, including estimates of COStS and returns; and 
a set of economic models that may prove useful in undertaking future re­
search. Judging from the quality of discussion and it~ fruitfulness, We should 
give a high mark to the plan and the papers. 

Organization, Funding, and Decision-Making 

The papers devoted to theSe topic~ give a ;lch account of what has been 
learned from experience. We See thIS result clearly as an internatlonal enter­
prise from Crawford's advantageous pOSItion (see chapters 11 and 29). Wort­
man stresses that the critical decisions come down to "conSIdered Judgments" 
(see chapter 14); I strongly concur. These decisions entail risk and uncertain­
ty and other conSIderations that are heyond precIse measurement. Each of 
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the papers in this set adds appreciably to our insights on how this research 
complex IS operated, how it is evaluated, and how it is adjusted to changing 
perceIVed opportunities. Three things, however, are missing. 

First, no doubt out of modesty, the authors are reluctant to discuss the 
very important function of research entrepreneurship in the success of thiS 
enterprise. I would like to know what are the essential qualIfications of re­
search entrepreneurs. It is more than a talent for management and administra­
tion. It is undoubtedly a rare talent. There is in this area a lot of experience 
to draw upon. The generation of research entrepreneurs who successfully 
launched the new institutes will soon be replaced by a new generation. Are 
they being recruited, acquirmg experience, and bemg tested? I see no evi­
dence that this IS occurring. Our discussion convincea me that the functlOns 
of the research entrepreneur are not adequately understood and that the 
value of their contributions to the success of this research complex is vastly 
underrated. 

Second, there IS no systematic treatment of introducing and taking advan­
tage of market competition in the organization of this activity. On the con­
trary, [he appeal by some is to ever more complex systems of communication 
to provide information and to integrate the decision-making process. The im­
plied assumption of this approach is that the market IS at no point as efficient 
in providmg such information as is an extensive nonmarket communication 
system. This is, in my view, a false assumption. There are many points at 
which market competition is far more efficient in this respect. We see it in the 
production and distribution of high-Yielding food and feed grains. Private 
fums, subject to competition, have demonstrated theit comparative advan­
tage. Sehgal's analysIs in chapter 19 bears on this POInt. Once we begin to 
look for ways of taking advantage of market competition III shaping the or­
ganization of this research, we will find that It can serve us efficiently at 
many points. One further remark regarding competition: I have on other oc­
casions expressed concern about the increasmg centralization in the alloca­
tion of resources to agricultural research. It implies Jess competition, it as­
Sumes general indivisibility among research activities, and it constrains the 
research choices of individual agricultural scientists. I confess I am biased in 
favor of competition. What would the considered judgments of those who 
have inside experience tell us about the role and limits of competition In this 
area? 

, The third missing element pertains to the inherent difference in research 
possibilities among various crops in both the short and the long run. A good 
deal must be known from experience and from the state of our scientific 
knowledge. There are no doubt many variables that must be reckoned with III 
arriving at considered Judgments. What are these variables and to what extent 
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is each subject to uncertainty? What weight do research entrepreneurs give 
to the anticipated research effort that will be required, the time it may take, 
the yield effects, and the risk and uncenainty that are involved? Economists 
are woefully uninformed with respect to the research alternatives that face 
agricultural scientIsts and research entrepreneurs. 

Production Effects of Research 

To see the second set of papers as 1 do, the choice of language and con­
cepts is important. In the allocation of resources, agricultural research is 
fundamentally an investment in future returns. It obviously is not a leisure 
activIty to please and to enhance the welfare of agricultural scientists. The 
concept of research capital formation is useful in guiding our economic think­
ing. It leads us to look at the different forms of such capital, e.g., banks of 
genetic materials, laboratory facilities, expenmental fields, and various mixes 
of scientific skills. r am attracted to Wortman's defmition of "scholarly capi­
tal" (see chapter 14); it is SUCCinct, cogent, and useful. Each form ofresearch 
capital has ItS own rate of depreqation and, when the genetic yield reaches its 
maximum, all further research would consist of maintenance research. In the 
production of research capital, the concept of scale and the optImum com­
bination of research inputs serve to guide us in distinguishing between less 
and more efficient organizations. The concept of a general economic equilib­
rium is always, as it should be, in the back of our minds, although the observ­
able behavior of people, including research entrepreneurs, reveals their per­
ceptions, deciSions, and actions to regain equilibrium. It is my contention 
that we grossly neglect the extension of theory to analyze these eqUlllbratmg 
processes. Factor prices obviously matter, but so do farm product prices. Al­
though farm product prices are in serious dlsarray throughout the world, the 
papers in this group are virtually silent on the implications of these pnce dis­
towons for the optimum contribution of agricultural research. 

The empirical studIes that trace the diffusion of and that estimate the re­
search costs and returns from the new hlgh-yieldmg gram varieties in selected 
low-income countries represent a major contribution. They tell a consistent 
story, i.e., the realized rate of return relative to the costs of the research is 
much higher than the rate of return from most alternative investment oppor­
tunities in these countries. The results from Dalrymple's approach (see chap­
ter 7) are for all practIcal purposes the same as those from Evenson's produc­
tlOn function approach (chapter 9). Although data hmltations abound and 
specificatlOn biases are ever present, the results are so robust that they must 
be taken seriously. The endeavor by Evenson to distinguish between applied 
and sCientific research in this context Is sufficiently important and promIsing 
that it should be placed high on our eCOnomic research agenda. With respect 
to developments in Colombia, the study by Hertford and his associates (chap-

, 
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ter 4) adds two new insights: as a consequence of the strong adverse effects 
of PL 480 wheat on the farm price of wheat lfl Colombia, the payoff from 
the wheat research in Colombia has been very low;' and in the case of cotton, 
yields nearly quadrupled mainly since 1958 In response to the favorable price 
effects resulting from the exchange rate reforms in that year, and Colombia 
became an exporter of substantial amounts of cotton. But in this particular 
success story, "no signifIcant, positive benefits were derived from the Colom­
bian cotton research program." I venture that a c .. refullook at the evidence 
pertaining to Mexico's success in cotton would reveal a SImilar story. Analyt­
ically, what is noteworthy in Hertford et al.'s study is that they took account 
of both wheat and cotton farm prices. The study is not limited to changes in 
factor prices. 

The two papers on BrazIl come closest to dealIng wIth the dynamics of 
economic development, including the reduction in barriers to' the export of 
farm products and with the resulting favorable farm price effects. The impli­
cations for agricultural research are strongly pOSItive. According to Pastore 
and Alves (chapter 18), one of the main purposes of the recent large increases 
in federal supp art for agricultural research IS "to gain sizable slices of the in­
ternational market." The approach of de Castro and Schuh (chapter 24) is 
useful in interpreting the Brazilian experience. 

Economic Models 

There are a few papers that consist of models with no empirical analysis 
to show that they may be useful. I take a jaundiced vIew of such papers. It 
became evident in the conference diSCUSSIOn, however, that the authors had 
applIed them. I hold the view that no paper should be published unless the 
author has used his model m empirical analYSIS. Our economic literature is 
plagued WIth an abundance of unused (useless?) models. 

I am puzzled by the fact that these three groups of papers are mute on the 
economic policies of those lOW-income countries that thwarc the gains to be 
bad from agnculrural research. I know that mternational research entrepre­
neurs are reluctant to cntlcize the policies of governments openly. It is ob­
viously a very sensitive ISSue But the issue must be faced if the production of 
food is to be increased, as it can be, to serve the needs of the people in these 
countfles. The fact that the papers by economists say so httle bearmg on this 
issue is odd indeed. 

l!conomic Policy Matters 

We have not allowed ourselves to see the effects that governmental policies 
have on the economIc value of agricultural research. If we dId, as we should 
have, we would find that in many low-income countries these effects are hlgh-
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ly adverse to the attainment of the optimum henefits from both international 
and national agricultural research enterprises. We fmd it convenient not to see 
these consequences because the economic poltcy of any government, other 
than Our own, is a very sensitive issue. We play it safe by proclaiming that it 
is improper for us to criticize such policIes. This unctitical view of what sov­
ereign countries do leads uS into a serious inconsistency. Our endeavor to help 
solve the food problem in these countries tends to be, under such circum­
stances, Inconsistent with their sovereign behavior. In my view, a large part of 
the poor performance of agriculture in many low-income countries is a conse­
quence of bad economic policies. In this context, it is a mIstake on our part 
not to take a carefully considered, critical view of such policies, granted that 
in doing so we would enter upon some very sensitive issues pertaining to sov­
ereignty. 

I shall restrIct my remaInmg remarks to three such issues: the gains that 
consumers derive from agricultural research; the effects of such research on 
the personal dIstribution of mcome; and the adverse effects of farm ptoduct 
price distortions on the optimum contrIbution of agricultural research. 

Consumer Gains from Agricultural Research 

We are remiss in not showing the extent to which consumers gain from 
agricultural research. Merely to say that there may be a consumer surplus is 
not sufficient. To contend, as we do, that farmers as producers are the teal 
beneficiaries of agnculturaI research is far from true. Farm families as con­
sumers may gain and, under special circumstances, would derive the full gain. 
Suppose that the costS of producing rIce were reduced significantly by means 
of new variety, and suppose further that the small rice farmers who adopt 
this variety are wholly self-sufficient in what they produce and consume. In 
this speCIal case, all the benefItS would accrue to the farm famlly as consumer 
gains. The real income of the family would be increased. The transfer of these 
gains from a reduction ·in real costS is much more complex m a market econ­
omy under competition. The event that leads to a reduction in costs in the 
first instance creates a disequilibrium. Farmers make adjustments to regain 
equilIbrium. The rate at which and the extent to which the gains are trans­
ferred to consumers depend on the elasticity of demand and the shift in de­
mand during the full adjustment perIod. If all the product were consumed 
within the country, as a first approximation, the gains would be transferred 
to domestic consumers (including, of course, farm families). If all the product 
were exported, it would be rhe consumers in the importing countries who 
would gain and the extent to which they did would depend upon the effects 
that the additional exports of the country have on the world price. Although 
there are various possibilities, general economic theory tells us that the gams 
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in agricultural productivity derived from research are, in general, transferred 
Over time through competitIon to consumers. Farmers cannot hold on to 
these gams for long, although those who are among the first to reduce theIr 
costs profit for a time and until competition has had ItS say. Farmers, of 
course, benefit in their capacity as consumers. 

We know from Peterson's research that the marked decline in the price of 
meat from poultry was in considerable part a consequence of agriculturarre­
search.4 Between 1910-14 and the 1971 crop year, "the real price of food 
grains declined by 37 percent."S I wish we knew how much of this consumer 
gam was derived from agricultural research. Before World War I, the price of 
a ton of wheat was substantIally higher than that of rice. Since the mid fifties, 
however, the ptlce of wheat has in general heen about one-half that of rice. My 
guess is that agricultural research over this period was much more effective in 
reducing the real cost of.producing wheat in the world than it was in the case 
of rice. How much is to be credited to research and how the many equilibrat­
ing processes In agriculture have performed is still to be determined. There is, 
however, the .reduction In the costs of producing poultry, wheat, and many 
other farm products. This being true, the possibilities of reducing these costs 
further in the future·should enter as a basic consideration in makmg eConom­
ic poltcy. 

J 

Effects of Research on Personal Income Distribution 

Although we know all too little about the factors that alter the personal 
distrIbution of income, we nevertheless know enough about the income distri­
bution effects that are associated with the history of agricultural moderniza­
tion to correct some of the widely held misconceptions about this issue. I 
shall restrict my remarks to consumers, landlords, and farmers. 

The primary research effects on income inequality OCCur as a consequence 
of the gains in agricultural productlvity that are transferred to consumers. 
Any reduction in the real costS of producing farm products benefItS the con­
sumers. The real income of low-income famihes IS increased therehy, and rela­
tIVely more than the real income of high-income families. We know that a 
sales tax on food is regressive. By the same econOmiC logic, the research ef­
fects here under conSideration are progressive in the way the benefits are dis­
tributed among poor and rich families. Lower farm-food costs, therefore, are 
important in reducing the inequahty in personal mcome. There is much evi­
dence whIch shows that the primary accumulative effect of agricultural mod­
ernization, including agricultural research, has not been unjust to poor people; 
on the contrary, it improves their lot more than It has that of the rich. We 
owe our agrIcultural scientlsts a great deal In this connection. 

Another income distribution effect occurs as a consequence of,changes in 
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factor shares. It is widely observed that the share of income of farm landloids 
dechnes as the modernization of agriculture proceeds. It is my contention that 
agricultural research accounts for a considerable part of this decline in the 
economic importance of farm land as a factor in production, measured in 
terms of the fractlon of the income that accrues as land rent. We fail to See 
this process because our analytical approaches rest on Hicks's Law. No one 
has been more cogent than Pen in showing the limitations of Hicks's Law in 
analyzing the historical decline in farm land rents as a share of income.6 

Some of the credit for the fadmg away of this landlord class belongs to our 
agrIcultural scientists, because they have come up with substitutes for farm 
land and because they have increased the human capital that is required. 

The effects of agncultural research on the d,stribution of personal income 
amOng farme,s is an issue that IS dominated by confusion. Farm famIlies may 
gam as consumers, and in this context, as Hayami and Herdt have shown, 
small rice farmers tend to benefit more than the large rice falmers. 7 To the 
extent that the research provides a substitute for farm land and to the extent 
that farmers are owners of farm land, the rent that accrues to them will tend 
to decline over time. As modern farming becomes more complex and as the 
adoption of new research results becomes more important in farming, the 
human capItal of farmers becomes mcreasingly important. Under such dy­
namIC conditions, the better educated farmers, m terms of their acquired 
human capital, win out under competition.8 

Contrary to much that has been said about the bad effects of the high­
yielding wheat vaneties on the dlstribution of personal income in Indian agri­
culture, there are now two studies in depth that show that in fact the income 
inequality has been somewhat reduced.9 These effects could not have been 
predicted; we had to walt for the evidence to find out. Under other economic 
conditions, the results could be otherwise. Important as it is that economic 
policies not bypass and not discnminate agamst small farmers, agrlcultural 
scientists who are endeavoring to develop more "efficient" plants (and ani­
mals, too) in terms of their genetic capacities and chemists who are engaged 
in developmg cheaper and better chemIcals should "ot be placed under the 
constraint that the fruits of their research be app\Icable only to small farms. 

Effects of Price Distortions on the Contribution 
of Agricultural Research 

Last and most important on my agenda is the pricing problem. In my view, 
the distortions in farm product prices greatly reduce the potential economic 
value of agricultural research. But we have not come to grips WIth this prob­
lem, except for (a) the distortion in wheat prices in Colombia and ItS adverse 
effects on wheat research and (b) the awareness of the importance of export 
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prices in Brazil. The countnes of Western Europe and Japan overprice farm 
products, and as a consequence the economic value of research is thereby 
overvalued. The high internal price of rice In Japan and of wheat in France is 
a mIsleading indIcator of the real value that agricultural research adds to in­
come. The success of research in Japan must be discounted substantially for 
this reason. The effects of overpricmg In Western Europe are much more sen­
ous in the sense that they reduce the fann price incentives in some of the low­
income countries. 

Our primary concern, however, IS to improve the organization of and to 
increase the investment in agricultural research as a means of increasing the 
supply of food m low-mcome countries. But the persistent, serious, under­
prIcing of food and feed grains in most of these countries greatly reduces the 
potential possibilities of achieving this objective. None of the recent rhetoric 
On shortages of food grains has dealt with thIS basic issue, namely, that the 
cheap food poltcies of many of these countries not only hampers, but keeps 
agnculture far below its optimum production. In my view, it is the task of 
outSide economists to provide the analysis that will determine the extent to 
which low-iucome countries are themselves responsible for their shortages of 
food. It is this implted interactIOn between agricultural research and produc­
tion that we did not face throughout the Airlie House conference. To take 
the internal prIces of these countries as given is to dodge our analytical re­
sponsibilIty. 

Hard as it is to ascertain the real farm product prices in these countries, 
the prices that I have at hand tend to support the following economIc infer­
ences.10 

First, the state monopoly marketing boards throughout West and East 
Africa have been and are pricing theIr best farm crops to death. By "best," I 
mean the crops in which these countries have a real comparative advantage. 
If these marketing boards had been established for the sole purpose of reduc­
ing the economIc mcentives to produce these crops, it would be difficult to 
see how they could have accomplished that purpose more successfuily. To 
give an example, while I was In Senegal recently, I observed that the farm 
price for groundnuts was deCIdedly less than one-half of the real export price. 
The marketIng board was collecting revenue and the farmers were beIng d,S­
couraged further by the marked rise in the price of fertilizer. The implications 
for research on these key crops in these parts of Africa are obvIOUS. 

Second, the economic potentIal of the Argentine as a major supplter of 
wheat lind corn has been greatly impaired by the underpricing of these crops 
within that country. The farm price Incentives have long been one-third and 
more below the real value of these crops. Is it any wonder that yields have 
benefited so little from wheat and corn research? 
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Third, in the production of rice, I see Thailand and Burma as having a very 
large unrealized economic potennaL But it IS not forthcoming. The economy 
of Burma is in serious disarray. In Thailand, the politically convenient export 
tax on rice has long been the means [0 keep the price that rice producers re­
ceive a third to two-fifths below Its real economic value. The new high-yielding 
dwarf rices and their costly complement,. i.e., investments to control the 
water, continue to remain uneconomic. In contrast, the pricmg, the use made 
of research, and the impressive gains in the production of corn in Thailand 
reflect a story of real economic success. 

Finally, another view of farm price distortions is evident when one looks 
at the prevailing mternal relative prices. I take as my standard that the real 
economic value of rice is about twice that of wheat per ton and that of corn 
somewhat less than for wheat. In India, the farm harvest pnce of nee has 
tended to be somewhat below that of wheat. The Implication seems obvious: 
if the farm price of rice were twice as high as that of wheat, the incentive to 
modemize rice prodUCtIOn would turn sharply in favor of rice. To return to 

Thailand, the wholesale price of nee In Bangkok has been virtually the same 
as that for corn. In seven of the years between 1960 and 1973, the price of 
corn was actuaUy higher. Yet the real economic value of rice is more than 
twice that of corn; whereas the price of corn is m line with its real value, rice, 
the key crop. is vastly underpriced. 

Summary 

We have learned a lot about the organization of agricultural research. It is true 
that the basic decisions come down to "considered Judgments." It is also true 
that research entrepreneurs and competitIOn are important, but they were 
omitted in the several useful papers on organization. We now have robust evi­
dence that the payoff on investment in agrlcultural research has been very 
high. But there is more to be said on the interactions between agricultural re­
search and the economy. The gains from research over time benefit primanly 
conSumers. As consumers benefit from lower costs of farm foods, low-income 
families gain relatively more than high-income famtlies, and to this extent the 
mequality in income is reduced. The economic importance of the landowner 
class declines in part as a consequence of the contributions of agricultural sci­
entists. Within agriculture, the income distribution effects in low-income 
countries are not necessarily adverse to small farmers. From a polky pom! of 
View, however, what IS important is that there are appropriate economic poli­
cies for reducing the inequality among farm families, It is a mistake to burden 
agncultural scientists with this particular inequality problem for the reasons 
1 have presented. The neglect of the farm product pricing problem between 
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and within countries is, in my view, the most serious omission. The eXIsting 
distortions in these prices greatly reduces the potential economIc value of 
agricultural research. I realize that it is a very seusitive problem, in all prob­
ability too sensitive an issue for those who are inside to enter upon. Neverthe­
less, solutions must be found If in fact many of the low-income countries are 
to succeed in producing enough food to satisfy their demand. 
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I felt cheered by the importance so clearly attached by all speakers at the 
Aidie House conference to the growth of international agricultural research. 
True, at times I felt that some speakers too easily saw the problem of deciding 
the correct allocation of resources to research as a matter of mathematical 
and economic formulas which could determine the probable costs/benefits 
relationships before the event. There IS no doubt that research has paJa off 
and handsomely, but I doubt if the founders of the International Center for 
the Improvement of Maize and Wheat (CIMMYT) and the International Rice 
Research Institute (IRRI) could have made any very convincing calculatIOns 
of "payoff" before the event. The truth is that those who invest in research­
especially in international research of the kind we discussed at the conference­
have little more than past experience and informed judgment to guide them. 

This is not to disparage analysis of the economic and social implications of 
projected research if success be assumed. If judgment is the basis of the al­
location decisions to be made, it will be the better for good analytical work, 
of which I fear there is not yet enough in the system. As Schultz has said (see 
chapter 28), the deciSIOns being made in the international system of which 
the Technical AdvJsory Committee (TAC) is a part "entail risk and uncertain­
ty and other conSiderations that are beyond precise measurement." Accord­
ingly, "considered judgment" is still the basl~ of decision-making. Neverthe­
less, the more informed the consideration the better - especially as we ap-

590 
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proach a limit to finance available for further investments In new centers or 
for new lines of research to be orgamzed In other ways than in new centers. 
In such condItions we are bound to try to project and compare the sigmfi­
cance of the results of more than one way of spending limited resources. 

Certainly I have to claim that T AC's advice to the Consultative Group for 
International Agricultural Research (CGIAR) has been well considered but, 
alas, it has not always been possible to offer the refinement of analysis which 
might have been possible under conditions of less pressure to act fast. TAC 
was four years old In June 1975, and, as I have indicated in chapter 11, much 
has happened. In monetary terms the expansion in CGIAR fundmg from, say, 
$10 million iu 1971 to about $45 million In 1975 is evidence of rapId action 
If nothing else. We cannot guarantee that all the new ventures (or expansions 
of old ones) WIll succeed as hoped. Nevertheless, our Judgments have been 
made in relation to priorities conSCIOusly adopted by T AC with CGIAR en­
dorsement. These prioritIes need review from time to tIme, for they wJlI play 
an increasingly important role if, as must be expected, the rising curve of 
funds available for expansion of effort begins to flatten out. 

In developing my view of the future I will address myself briefly to six 
headings; "A Unique System"; "The Approach So Far Developed"; "What 
Do We Expect of the Centers?" "Are Centers the Only Approach?" "The 
Link WIth National Research"; and "Evaluating International Research." 

A Unique System 

My background paper (chapter 11) does, I hope, bring out the uniqueness of 
the system nOW developed. In a paragraph, it can be said that those who came 
together in the CGIAR believed strongly that international agricultural re­
search could contnbute to the expansion of agricultural output in developmg 
countries. This expansIOn was (and is) seen as necessary for higher food pro­
ductIon and for stimulating general economIc development and employment 
via higher farm incomes. In this belIef m research the members were encour­
aged by the results already apparent in respect of lRRI and CIMMYT. It was 
especially felt that, without decrying the importance of national research (of 
which more later), more extensive mternational research could lead to the de­
velopment of new technologies without which farm Incomes could rise but 
little if at all, especially in those nations of the world where population was 
already pressing heavily on limited land resources. 

The members (governmental and nongovernmental alike) Were limited in 
the belief that a concentratIon, in international centers, of very high skIlls in 
research could be one way of achievmg widely applicable results. It was not 
thought to be the only way - an Important fact I discuss later in the fourth 
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section of this chapter. While the early attention of the CGIAR and of TAC 
(as its adviser) was in fact given to the existing and new centers, TAC, which 
had ample scope for initiative, was encouraged to think in different terms if 
it wished. 

The Approach So Far Developed 

The thinking of TAC on prIorities is substantially reflected in my background 
paper (chapter 11). Food was given absolute pnority in the sense that TAC 
expressed opposition to suggestions that it make recommendations in respect 
of nonfood crops. Within food, crop priority was given to food grains. It is 
fair to say that our COncern was production, and we did not m our early work 
debate extensively the question of maxlmi.,;ing production versus optlmi.,;mg 
farm income distribution, whatever that may mean. We did, however, keep 
before us the need to strive for technologies which were applicahle to small- . 
scale farmmg for the simple reason that many of the world's underfed people 
are poor, so-called subsistence farmers. Moreover, many of the farms supply­
ing the market are small and lack adesuate institutional support for their de­
velopment. As our work evolved the recogmtion of these facts became strong­
er, and it has been reflected in our growing concern for a more effective fann 
application of research, whether mternational or national in character. 

A few further related facts about our past work need to be mentioned to 
make easier any statement about the future. Let me outline these as follows: 

L Our past approach was to promote far more work through crops - rice, 
wheat, maize, potatoes, sorghum, millet, and certain legumes - and through 
animals for food. Our choice of products related to their essentiality to the 
mass of people in the very broad regions of developing countries which we 
chose to recognize. 

2. Early on we were faced With strong pressure for separate research on 
factors of production· water use and management, fertilizers, pesticides, 
biological insect control, and so On. We preferred that theSe matters be dealt 
with in relatIOn to the crop or animal under research at a center- to ensure if 
at all possible that an integrated package of technology would emerge from 
the work of the center. Some Significant departures from this approach are 
under examination now, and the future may well see specific programs in 
fertllizers (see item 4 below), entomological work, and even in water manage­
ment. 

3. In fact the first apparent break from a strict crop or product-Oriented 
approach came with the recognition by T AC of the importance of farming 
systems worK. Nevertheless, this was bound to happen if our objective was to 

develop integrated and more productIve technologies. A farmer's response to 
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the adoption of a new technology for a given crop IS often influenced by 
how thIs fits Into his overall system. Rotational livestock, pasture, and crop­
ping systems and multiple cropping practices and pOSSibilities (especially Un­
der irrigation) are remInders that the final objective IS to increase output per 
umt area per unit of time. This is especially so when land, water, and lllputS 
such as fertilizer are scarce. There is an increaSing recognition of systems 
work In all centers. ThIS does not mean that their research on the central crop 
or ammaJ components of the system has been assigned lower prIority. It does 
necessarily mean that staffs and budgets are lDcreased - a matter that wIll call 
for care and attention by TAC and CGIAR. 

4. The second break from the fIrst approach may emerge from the study 
we have lately begun on fertilizers. TAC is now exanunlllg what research 
should be encouraged in (a) deVeloping new chemical fertilizers for tropIcal 
condItions; (b) making more effective use of existing fertilIzers, including or­
ganic manures; and (c) widening the scope for bIOlogical fIxation of nitrogen. 
This last Illustrates an Important future role TAC may aSsume (see later dis­
cussion). 

5. We have repeatedly looked at the water questIOn, but it has proved diffI­
cult to fmd an effective way to advance research of a kllld likely to be widely 
applicable. Nevertheless we may be able, building On work done in Israel and 
some other countries, 1:0 develop proposals especially relating to the conserva­
tion of water usage in arid land farming systems. Meanwhile It is important as 
a factor in existing centers and fjgures prominently, for example, in the work 
of the International Crops Research Institute for the Semi-Arid Tropics 
(ICRISAT) on dryland farming systems. 

The five points above, so summarily presented, do represent sigmficant 
shIfts without abandonment of the basic role of crop improvement in terms 
of yield and quantity. Indeed, the shifts occur because of our central empha­
sis on securing a technology applicable in the farming areas of those develop­
ing countries heavily dependent on their agricultural systems for food and 
economic growth. 

Whether our judgment is sound will ultimately have to be assessed post 
hoc. It is in this connection that I think both Wortman and Ulbricht are right. 
Our judgments are "considered" as Wortman putS it, if only because, as I un­
derstand Ulbricht, we see no alternative in the form of usable eX'illlte calcula­
tions of cost/benefit ratios. Such calculations can be made but only on the 
baSIS of assumed results, obtained in a given time and apphed with an assumed 
geographical coverage and assumed results in the form of yields per hectare. 
We do not make such calculations! Nevertheless, events and experIence are 
forcing uS to encourage more analytical work, more national institutional 
building, and more resources for investment in the extension of the use of re-

, 
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search if the benefits, which can be confidently expected in the research cen­
ters, are to be reaped in the farmers' fields. 

What Do We Expect of the Centers? 

This question IS raised sharply by the preceding paragraph. The answer, in my 
View, is very much in terms of Mosher's second option. This option has three 
components; 

a. At the center, core research on one or more crops. (TAC prefers few 
(two or three) to too many.) 

b. Ttaining component at the center (see later remarks On national links). 
c. Research relatIons WIth other research bodies - national, internatIOnal, 

and regional systems. (Here there are limits In the managerial capacity at the 
center and the financial and skills capacity of the cooperators to support their 
end of agreed programs.) 

From these three components we expect (1) that technologies will evolve 
to serve the farming systems in the areas being served by the research in ques­
tion and capable of being tested in the field in many countries (and not mere­
ly at the research center); and (2) that technology will be related to the cir­
cumstances of the countnes in need (i.e., to the structure of small farms, dry­
lands or wet lands, etc.). We do not expect every particular outcome (e.g., a 
particular high'Ylelding variety) to be applicable to all situations. Hence our 
repeated stress on the links With national systems and the need to build up 
their capacity to undertake adaptive (as well as original) research. 

Since we expect the centers to produce usable technology packages (sub­
Ject to locational modifications), should they carry the respollsibllity for the 
adoption In each country for which they show promise? The anSWer is no. 
Centers can be criticized If their research results have requirements which are 
beyond any reasonable expectation of being adopted by small and medium­
Sized farmers, but if the final constraints on adoption he only withm the 
capacity of the natIonal governments (with or without technical assistance 
from external sources) then the centerS cannot carry the respomlbility for any 
fmal failure. For, indeed, that failure may result simply from the inabIlity or 
unwillingness of national governments to supply the inputs, price incentives, 
and credit facilities necessary if the farmers are to adopt new technolOgIes 
whIch promise higher yields but call also for higher investment. 

This view does not downgrade the contribution the centers can and do 
make through components (b) and (c) of Mosher's second option. Currently, 
it is clear that many smaller countries - m economic terms, weak in their agri­
cultural productIVity - are seeking more direct help from centers, eVen to the 
extent of seeking staff from the centers virtually to develop and manage their 
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research cum extenSlOn effort. Fears of food shortages ventilated at the World 
Food Conference have no doubt stimulated these requests, especially from 
countries once self-sufficient in food but now facing rising import bills. I have 
in mind, for example, the clear interests many countries have in seeking direct 
help from CIMMYT in developing their maize and wheat production pro­
grams. ThiS help appears to relate to national extension as much If not more 
than it does to national research for, in some cases, effective research exists 
alongside farms continuing low-yield traditional farming systems. 

This need for stronger national systems of research and extension stands 
between the centers and the full application of their work. Until "the interna­
tional system" can generate more national recognition of agricultural prton­
ties within each country and Increased international support for developing 
more efficient national systems, much of the dividend of international research 
will be lost. I will return to this matter later, but before doing so I wish to 
dispose of the notion (Implicit in much of the conference discussion) that 
"international" research necessanly implies new centers whenever a felt need 
for additional research arises, 

Are Centers the Only Approach? 

I will not spend much time on this matter, but I believe my examples have 
important implications for the future. TAC believes that It is not always nec­
essary or desirable to think in terms of new centers. I take three examples. 

1. There IS need for raising the productivity and extending the use of soya 
bean In developing countries, TAC believes the already outstanding work of 
the University of Illinois in this field should be supported to this end. TAG's 
"INTSOY" proposal would virtually make the university an international cen­
ter behaving and governing in the manner of IRRI, CIMMYT, and the like, 
The proposal IS still under examination, but the political difficulties (both 
university and international in character) of using a center in a developed 
country have yet to be overcome, I believe ways will be found and, once 
found, will open the way to a more effectIVe use of established Institutions 
In developed countries in the Interests of developing countnes. 

2. The second example also relates to developed countnes, but not ex­
clusively so. Biological fixation of nitrogen is associated with the legumes. 
There are hopes that a capacity on the part of cereals might be developed, a 
long shot which is no longer regarded as hopeless by workers in countries 
lIke Britain, the UnIted States, Australia, and India. The case for establishing 

-e major new center for this work in a developing country is weak: the risks 
are too great at thIS stage. Moreover, it IS unnecessary. TAC believes that basic 
work of this kind can rightly be stimulated by "the system" by supporting 
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periodic workshops to renew progress by the pioneers. TAC believes it would 
be right to support research if these workshops reveal prospects for break· 
throughs which may later prove sufficiently promising to justify risk capital 
investment. That point may not be Immediate, but, when it comes, support 
from an international system could be cmical. 

3. My third example is not dramatic, nor so far has it been remarkable for 
early 'success. The West Afncan Rice Development Association (WARDA) is 
an effort to provide regional cooperation in developing rice varieties' appropri· 
ate to the environments of member countries in West Africa. Such efforts 
need strong backing from the centers (IRRI and the International Institute of 
Tropical Agriculture (IlTA), in this case) if they are to succeed. Again, in 
Latin America an effort to improve legume yields may be made by a regional 
cooperative program similarly coordinated and backstopped by the Interna­
tional Center for Tropical Agriculture (ClAT). These are early days for such 
experiments, but TAC is not and ought not be afraid to thmk in terms other 
than of international centers in the grand manner of their progenitors. 

The Link with National Research 

Again I return to the problem of the capacity of natIonal systems to absorb 
and use the results of international research.2 More and more is being said 
about the problem of linkage between the work of the international and na­
tional systems. From the beginning, the "Bellagio" meetings (which predated 
the establishment of the CGIAR and have continued since), TAC, and the 
CGlAR have strongly recognized the linkage in certain forms. Increasingly 
these forms are Seen-to be not enough. 

There is nO lack of support for units at the international research centers 
for traming young research workers - a training whIch includes the develop­
ment of understanding about technological packages required by high-yieldmg 
varieties or new multiple cropping systems. Agam, through the work of both 
rhe scientisrs and the economists there is a good deal being learned about con­
straints on new technologies to be found m the field. 

The collaborative programs between centers and national systems do pro­
duce two-way communications, or feedbacks, and we do wrong to underesti­
mate their value. Yet many scientists feel frustrated when national farming 
systems do not reflect more quickly the new technologies they (the scientists) 
consider - and usually with good reason - to be available. Why? 

The truth is, of course, that research can produce a useful technological 
package but that this requires (a) adaptation to often widely varying local 
conditions withm natIOnal boundaries; (b) national polLeies of extenSIOn, sup­
ply of inputs, price policies, credit systems, and the like designed to enable 
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wide adaptation within national units; and (c) a recognition of (a) and (b) by 
the national policy makers and administrators, if progress in overcoming severe 
economic constraints is to be made in accordance with what is often an urgent 
national need for faster agricultural growth. 

It IS askmg the centers too much If we expect them to accept responsibility 
for (a), (b), and (e). They can and do assist significantly in (a) through their 
relations WIth national research systems; they may be drawn willy"mlly mto 
some aspects of (b);3 but they can hardly be expected to help much with (c). 
Who can? The TAC's answer so far has been the U.N. systems and especially 
the World Bank, FAO, and UNDP, together with the larger national aid bod­
ies. In all these international agencies things are now moving faster, and 
practical policy IS evolving. Nevertheless, I suspect that some new and faster 
technIques may need to be developed if the very large number of weak na" 
tional agricultural systems are to be strengthened rapidly enough to profit 
from the work of international centers as well as from the Stronger national 
systems available in some developing Countries and many developed coun­
tries. A "Bellagio" conference held in Montreal in June 1975 recorded prog­
ress. TAC, in whose terms of reference the subject is included, is striving to 
develop ,workable Ideas for consideration by the CGIAR. It is bound to do so 
10 the effort to maximize the dividends expected to flow from the research 
of the many centers now supported by the CGIAR on TAC advice. 

Evaluating International Research 

This brings me to the final portion of my remarks, which relates to the evalu­
ation of the work of the centers, I will report first a major decision of the 
CGIAR in this respect and then comment on the wider tasks of assessing the 
impact of the work of the centers as measured by the results in producmg 
areas of the world. 

For some time the various centers hitve had both mhouse and external re­
vlews, espeCIally in preparation of their developing programs. The CGIAR, 
with the concurrence of the centers, has·asked TAC to undertake quinquen­
nial reviews of the ennre work of each center. The reviews are not seen as an 
accounting exercise nor as a means of grading individual scientists. Rather 
they are an asSessment of programs under way, of the relative emphasis given 
to various objectives, and of their prospect for success, together with some at­
tempt ro welgh the pros and cons of possible new directions of effort. 

The revIew teams will comprise both TAC members and outSIde invitees, 
selected after consultation with the center in question. The terms of reference 
will mclude not only the core program but also center"national linkages and 
intercenter linkages in the work of major "worldwide" programs, •• 



598 CRAWFORD 

As Wortman would agree, a final test is the impact on actual national pro­
grams - itself rather diffIcult for a qmnquennial review missIOn except per­
haps for those countries in which linked programs operate. For this reason 
it becomes Important for TAC to develop or encourage others to make more 
systematic assessments of the impact of international research and linked na­
tional research on national production programs. 

Dalrymple, Evenson, and others are doing valuable ex post facto studies of 
the kind needed. Nevertheless, some continuous monitoring system needs 
working out - eIther by TAC or, better, by TAC WIth the help of mdivlduals 
and of bodies like FAO, the World Bank, and the new organization shortly to 
be established, the International Food PolIcy Research Institute (IFPRl). 
Some system of monitoring for results would also brIng to light many prob­
lems and constraints capable of resolution by national and international effort. 

In preparing (by experience) methodology for our quinquennial reviews 
and our monitoring of results "in the fIeld," we may well meet some of the 
critical questions raised in the papers at the Airlie House conference. 

I finish where I began. From the Inside I see a unique system which has 
produced much and promises more. None of uS mSlde is smug about It. This 
conference has sharply, faIrly, and helpfully reminded us all of the questions 
that have not only to be asked but also to be answered. In many cases we 
know the problem but not yet the answers; but if I and my colleagues in TAC 
seek answers somewhat pragmatically I hope this will be understood. The 
many blueprints available In the papers in this volume will suggest Ideas and 
approaches. In the end, however, Judgments will have to be made by TAC and 
the CGIAR, not to mention the review miSSions in the field. 

NOTES 

1. These remarks do not reptesent a paper prepared before the Airlie House confer~ 
ence but rather one listener's reaction to the various issues presented by speakers in the 
main conference sessions. Reference to my paper prOVided as background material for 
the conference {chapter 11) \Ydl be a help in understandmg some of the points made 
here. The word tns1de In the title for these remarks really refers to my position as chair­
man of the TechnIcal Advisory Committee (TAC) which is, as the background paper ex­
plains, the principal adviser to the Consultative Group on International Agricultural Re­
search (CGIAR) on the expansion of international agricultural research activities. 

2. In the pressure of limited time to speak on many of the issues rrused in the main 
seSSlons one ineVItably telescopes words. Thus it needs always to be remembered that im­
portant parts of the results of international centers often derive from the two-way link­
ages in research which mark the re]atlonship between the established centerS and coop­
erating national centers. 

3. Since these words were spoken, it has been clearer to me that many small nations 
are looking to the centers for help - especially in natlOnal demon'ltration programs. This 
is a difficult matter which needs eady resolution in TAC and the CGIAR. 
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tivity, 68f, cereal rust Investigation, 
70·71 

Morrill Land Grant College Act, 72 
MOTAD model, 491. 
Multidimensional ranking methods, 449-

450, 450t 

Nanonal Federation of Cotton Growers 
(FNA), Colomhia, 96·97 

National research See Research, national 
Neoclassical theory of distribution and 

technological change, 503-504 
Nerlovc-Baelestra technique t 259, 260t, 

506n 
Network model, of research resource 

optimIZation, 452-454 
Nicaragua, hybrid maize, 411 
North Africa: area planted in high-yielding 

varieties, 183~184, 184fj dryland wheat 
productIOn, 190·191 

North Carolina. research priority experi­
ment, 441445 

Nutrition: effect of increased crop produc­
tion. 428; relation to research alloca­
tion, 492493 

Office de la Recherche Scientifique et 
Technique d'Ourre·Mer (ORSTOM), 
329 

One-d.mensional ranking methods, 445-
449 

Optimization of resource allocation, 450-
454,453t 

ORSTOM,329 
Output growth rates and factor shares 

(India), 129-130, BOt 
Output inde" , Japan, 35t, U.S., 75f 
Output miX, effects ofrechnological 

change upon, 464470 

P~ired comparisons rankmg, 446' 
Pakistan. wheat, 179, 181, 182f, 186·188, 

405, 406t, rice, 181, 182f, 186<, 187-
188; technka1 assistance to. 371 

Panama, hybrid maize, 411 
Payoff matrix, 9,553-562 
PCCMCA,413 
Peru: sugarcane development, 213, 216, 

collaborative research with CIMMYT, 
316·317 

Philippines. rice, 181, 182f, 186-188,225, 
406t, 407; high-yielding vs traditional 
v,,,ety yields, 189-190; sugarcane de­
velopment, 216; technical assistance 
to, 372; maize, 411 

- national resea.rch programs· collabora­
tive research with IRRI, 302; develop­
mont of, 372 

Plant Variety Protection Act, 409 
Producers' surplus, 151-156: distribution 

between producers and consumers. 
500·503, 56lf, 584-585 

ProductIOn trends for US., 63 i index of 
value for Minnesota. 65fj wheat and 
nee, relative increases, 186t, 187t, 
193t, 200t, measurement of technol­
ogy effects upon, 191-202; sugarcane, 



216t; cereal grain ingex, 260t, equilib­
rium, 464f_ See also Benefits from re­
search, Rice, Wheat 

Production function analysis. for agricul­
ture in India, 126-140, 194; data roe-­
quirements for, 191-192; for wheat 
and rice in Asia and Middle East, 192-
193; comparison with index: number 
analysis, 200-202: for cereal grains in 
Asia, 258-263: labor and land subfunc­
tIons, SlOt, 511-513 

Production function estimates: rice, for 
Colombia, 92t: cotton, for Colombia, 
lOOt; wheat, for ColombIa, 110t; soy­
beans, for Colombia, 115(: Brazil, . 
509-512 

Productivity, agricultural mannand ratios 
for Asia, 30t; index for Japan, 35f; 
US, 62f, 63, 74-76: regional hetero­
geneity effectS on analysis, 138-139: 
land/labor ratios, international, 535-
536,537t 

Productivity research: general discussion. 
4-8; cycles in sugarcane, wheat, and 
rice, 209-234: policy implIcations, 254-
258. See also Benefits from research; 
Returns to research 

Public goods, simulation of effect of, 557-
560 

Pueno Rico1 sugarcane development, 211, 
213t, 214,216t, 218 

Punjab (India), returns to research invest­
ment, 137-138 

Purnell Act, 368 

Q-SOrt ranking, 445-446 

Rainfall, influence on return to research 
Investment, 139 

Rankmg methods for evaluatIng research 
projects, 445-450, '147t 

Research· demand for, 8-11,437; organi­
zation and management, 16-19,4043, 
289-290,383, 391-392; systems, 17-
19,241-242,287-288,438-445: de­
cision-making. 19-23 j evaluation and 
allocation, 23-25, 443tj maintenance 
research, 74-75, 178-179: food crops 
in less developed countries~ 171~172; 
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skills, 240-242, 337, 338; basic, 273-
275; socioeconomic, 288-289; dermi­
tion, 324, capacIty, 337; rewards, 
338-440; goals vs. means, 417-419; so­
cietal objectives, 480483; entrepre­
neurshIp, 581 

Research, international: evaluation, 172· 
173,597-598; network, 299-301, 325-
327; definition, 324; impact on na­
tional systems, 328·332; impact on in­
ternational community, 332-333; mea­
surement of impact, 333-334 

- international centets~ productivity, 13-
16; relationships with developing coun­
tries, 14:; research and naining pro­
grams, 14~ orientation, 15 i future roles, 
24,275-276, 304-305, 575-577, gener­
al description, 173-177, 282-283t;re­
lanon of research results to changes In 

production, 177-183, investment re­
turns, 251-254, income stream, 253t, 
research characteristIcs. 324-32.5 i co­
operation with private sector, 413-414: 
role in agricultural development, 567-
569, 568f;issues facing, 569-575; re­
lationships with national production 
and research programs, 570-571; cri­
teria for judging success or failure of, 
573-574: future role, 574-577; hIstory, 
592-594; expectations for, 594-595; 
possible adjuncts to, 595-596; national 
research links, 596-597. S .. also names 
of individual centers 

Research, national: definition, 324; re­
ward system in developing nations, 
338-340: coordinated projects in ad­
vanced nations, 367-369; coordinated 
projects in developmg nations, 369-
380; information systems for goals 
and objectIves, 420-421, 420f. 

- organization of national research: need 
to strengthen, 290; contract research, 
381-392, public corporation model, 
394-395, 399-401; diffuse model, 396-
397. See also japan, rescarch 

Research effeces, distributional, 160-162; 
potential, 177-180,418£, of interna­
tional institutes, 177-183,333-334, on 
production, 582-583; consumer gains, 
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584-585 i on personal Income distri­
bution, 585-586. See also 13enefits 
from research, Consumers~ surplusi 
Producers' surplus, Returns to re­
search, Research, international 

Research expenditures: deflators in U.S., 
75-76, 76t; U.S., 77f, 79t; wheat in 
Colombia, 102-104; IRRI and 
CIMMYT, 176; by region, 255t; by 
per capita income, 255t, 256t 

Research models, de Janvry model of 
inducement and diffusion of techni­
cal mnovations, 9. 22~23~ 551-563, 
search model, 228-231; applied re­
search model, 267-271; te-chnological 
gap model, 271-273, model of basic 
researCh, 273-275; small farm model, 
428, 430f, 431£, 435; models for re­
source optimization, 451-454j priority 
model,498-522 

Research policy alteratIOn of, 481-483; 
instruments of, 484-495. Sequence, 
495 

Research reSOUrce allocation university 
and government resources, 21-22, 34t; 
in U.S., 81-84; infonnation systems 
for, 419-425, single commodity anal­
ysis, 425-427; multi-commodity anal­
ysis, 427-428; systems engineering 
analYSIS, 428-435, structured informa­
tion systems, 438-445; project ranking 
methods, 445-450, 447t, optimizing 
approaches, 450-454; two-factor, two­
product model, 461-464, production 
possibility curve implications, 473-475; 
and public policy formulation, 479, 
nature of resources, 483-484; between 
crop and livestock systems, 484-493; 
among diSciplines, 493-4-94~ regional 
distribution of income effects, 494-
495; need for research on, 496-497; 
test of prionty model in Brazil, 498-
523 

Research training. See International Maiz.e 
and Wheat Improvement Center; Inter­
national Rice Research Institute 

Returns to research total factor produc­
tivity approach, 124-125; linear regres-

sion model, 13 5-138; ram fall and ltri­
gat ion influence, 139i modifications 
of estimates owing to other factors, 
157-162; overlarge estimates of, 162-
165,256-257; early international stud­
ies j 246; geochmate specificatIOns, 
246-247; marginal benefit streams, 
248-251, 250tj investment returns to, 
251-254; international center research, 
251-254; production effects, 582-583; 
consumer effects, 584-585, effects of 
price distortion on, 586-588. See also 
Benefits from resea.rchi Colombia; Con­
sumcrst surplus; India; Japan; Produc­
ers' surplus. Social benefits from re­
search; United States 

Rice: price changes in Japan, 45fi disease 
resistance, 88-89; area considerations) 
91t, 185, 406t; tropical producttvity 
before high-yielding varieties, 225-
226; IRRI traimng program, 344-348; 
Brazil, 403,505-508,520-523. See 
also India; 1 apan 

- high-YieldIng vaneties~ direct effects 
of, 90-93, 177-179; area planted to, 

182f, 183-184, 184f;yields, 184-191; 
mcrease lD value owing to, 193-193t, 
development and diffusion of, 404-
407 

- production: production function, 56t, 
92t; supply shift parameter, m Colom­
bIa, 93t; Increases, 186t, 193 , 193t; 
regression model of, 261r, regression 
analysis for Asia, 262t; training 
courses, 297-298, 346-348 

- research: social returns to. 43-51; ex­
penditures, 57t, 94-95, 175, 176t; re­
turns to, 88-95, 251-254 

- varietal Improvement· role of rona 
in (Japan), 40, 41-42, 224;;n Japan, 
223-225, in temperate regions. 223-
225; cycles in, 223-226; experiment 
station role. 224; Talwan~ 224-226; 
Philippines, 225; IRRI Influence in 
tropical Asia) 226 

Risk, relation to research aliocation1 490-
492 

Romania: maize, 407, 407t, wheat, 414n 



Rothschild Repon, 381-382, 385, 388 

Scale effect, research, 272 
SCIentific knowledge, discontinuities in 

growth of, 231-232 
Scoring models, for rankmg research 

activities, 438-445 
SEARCA, 571, 573 
Search model, research productIvity use 

of,228-231 
Senegal, groundnuts, 587 
SIDA,319 
Simulation model. research resource op-

tImization, 451-452 
Small farm model, 428-435, 430f, 43lf 
SmIth-Lever Act, 69 
Social benefits from research, general 

model, 43-45, 87,154-157,195, 561f; 
in Japan. 45-51 See also Returns to re­
search; Surplus. economic 

Socioeconomic research, Consultative 
Group (T AC) view, 288-289 

Sorghum, 404, 407-408, 408t, 489t, 
492t 

South AfriCa.: sugarcane development, 
212-222, sorghum, 407-408, 408t 

South America, cotton yields, 97! 
South East Asia Regional Center for 

Graduate Study and Research in Agri­
culturc. 15 

Southeast Asia Research Council in AgrI­
culture (SEARCA), 571, 573 

Soviet Union. wheat, 406t, 407 
Soybeans; research productivity, 113-117, 

area planted in, 114t, yield, 114t; pro­
duction function estimate, ll5t. bene· 
fit and cost of research, 116t, yield ad­
vantage, 116-117 

Spam, sorghum, 408t 
Successive comparisons ranking, 446 
Successive rating ranking, 446 
Sugarcane; production, 213t, 216t, acre-

age planted to experiment stadon va.­
rieties, 214t, yield, 216t, 220, 221t; va­
riety adoption analysis, 219t; variety 
turnover, 221-222; variety release pat­
tern, 228f, distributions of potential 
vaneties, 23Of, variety value, 231f; Bra-
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zil, 505-508, 520-522 
-varietal development· early, 211-212; 

productivity cycles in, 211-212, in­
terspecific hybridization, 212-214; ex­
periment stcLtlon role in, 214-222; 
diffusion and yield patterns in, 215-
222, history and typical stages, 266-
267 

Supply curve. industry, 153-154, effect 
of new technology on, 195f, dlstnbu­
tlon of gains from shifts in, 504-509 

Supply el.meitles, Brazil, 506t 
Surplus; economIC, 148-149,156-157, 

consumers', 149-150, 154-155, pro-
ducers', 151-155, combined produc­
ers~ and consumers" 154-156 

Swedish International Development Agen­
cy (SIDA), 319 

Tahiti, sugarcane development, 211 
TaiWan' sugarc.ane development. 213t. 

214, 216t, 218, rice, 224-226, 405 
Techmcal Advisory Comminee (TAC) 

of the Consultative Group, 284-294, 
origina.l members, 292-293 i tenns of 
reference, 293-294. See also Consul­
tative Group 

Technical assistance proJects t 3 70~3 74. 
Technological change: Japan, 8; U.S., 8; 

effect on output mil<, 464-470, 469f, 
effects on shift of supply curve, 501f, 
502f; and neoclassical theory of dis· 
tnbution" 503-504. potential for Bra· 
zil, 522-523 

TechnologIcal mnovation: Inducement and 
diffusion of, 8-9, 554f; model of, 552-
556; conflicts of interest among sodal 
groups re, 560-562 

Technological turning point, 510-512 
Technology generation of, 11-13-,dif­

fusion of, 11-13,232-234,242-244, 
estimating costs of delivery of, 162-
165; measurement of effect on pro­
ductIOn, 191-202; effects upon sup­
ply curve shifts, 195f;gap, 271-273, 
275, time pa.th of, m steady state! 
274-275, 274f, capacity transfer, 336-
337; potential direct contribution of, 
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417-419, 418f; social distribution of 
economic surplus from, 561£ 

Thailand, rice, 371-372, 406t, 407, 494, 
588 

Traimng programs See International Cen~ 
tel" for Maize and Wheat Improvement; 
International Rice Research In~titute 

Trimdad, maize, 410 
Turkey. wheat, 181, 182f; economic as­

sistance to, 371 
Two-factor, two-product model for re­

search resource allocation, 461464 

United Kingdom Ministry of Overseas 
Development (ODM), 319, 329; Agri­
cultural Research Council (ARC), 381-
384,388,390,39O£,391,Mmistry 
of Agriculture, Fisheries and Food 
(MAFF), 381-382, 384-385, 388-389, 
389t, 391j Ministry of Agriculture in 
Northern Ireland, 384; Department of 
Agriculture and Fisheries for Scotland 
(DAFS), 384, 385, 388, Joint Consul­
tative Organi~arion, 385-389j crop pro­
duction classification, 386f. See also 
Great Britain 

United States (U.S.h factor endowments, 
8i technical change in agriculture, 8; 
agricultural productivity, 62f, 63, 74-
76; mput trends, 63; land, labor, and 
capital indice'5, 64f; output per unit of 
input, 75f~ eXtenSIOn expenditures, 
79t, 83~84i cotton yields, 97ti sugar~ 
cane: dc:veloprnent t 216 t \"heat, 227, 
406t, 407, diffuse model of research, 
397; rice, 406t, 407; maize, 407, 407t, 
414n; sorghum, 407-408, 408t; live­
stock research evaluation in U.S., 438-
441, 440t, 441t; North Carolina exper­
iment, 441-445; input/output ratios, 
530f, induced innovatIon tests, 531~ 
533; land/labor ratio, 535-536, 535t; 
land price, 540f; factor shares, 544-
545t; technical change biases, 542-543, 
542f, 546f;mentioned, 595 

- federal--state research system: organi­
zation of, 61-73; origins, 71~731 pro­
ductivity, 74-79; rate of return, 80 

-research: 10:1 367~369; organization and 
management of, 16; maintenance re­
search, 74-75 t research deflators, 75-
76, expenditures for, 77f, 79t; resource 
allocation, 81-84,436437; products 
of, 82t, training, 339; support for, 579 

United States, Agency for International 
Development. See Agency for Inter­
national Development 

United States, Agricultural Research Ser­
vice (ARS), USDA, livestock research 
evaluation, 438-441, 440t, 441t 

United States Department of Agriculture 
(USDA), 70-72, 73, 76, 77, 326, 368, 
436,438 

USDA. See United States Department of 
Agriculture 

Variance increasing effects, importance in 
research, 273, 273f 

Varietal development: comparison among 
crops, 117-121; productivity cycles j 

211-222; sugarcane, 211-222, 266-
267; 267f; experiment station role in, 
217-222, rice, 223-226; wheat, 227; 
stages in, 267f 

Varietal output, value of, 222 
Vietnam, rice, 182f 

WARDA, 15, 283t 
WAUMT,413 ' 
West Africa, 587 
\Vest African Rice Development Associa­

tion (WARDA), 15, 283t 
West African Uniform MaIze Trials 

(WAUMT),413 
West Indies, maize, 409410 
Wheat: area in, 185, 186t, 406t, varietal 

improvement, 227,306-322; impor­
tance in developing countries, 307f; 
CIMMYT training program, 340-344. 
See also Brazil; Colombia; India 

- high-yielding varieties: yields, 111-112, 
184-191, dIrect effects of, 177-179; 
area planted to, 182f, 183-184, 184f; 
increase in value owing-to, 193, 193t; 
development and diffUSIOn of, 404-406 

-production~ production function, 110t, 



194; production, 186., 190-191, 193, 
193r, 262',406(: regression model and 
analysis for production t 261t, 262t 

- research: expenditures, 102-104, l03t. 
175, 176t:returns, 112-11>,251-254 

World Bank, 281, 290, 291, 327, 332, 
597,598 
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Yields, cotton, 97t, 99t: wheat, 106t, 
107t, 108-112, 178, 184-191, 406t, 
soybeans, 114t; riee, 90., 91t, 178, 
184-191, 406t; sugarcane, 216., 220, 
221t, maize, 407t. See also Hlgh-yield­
ing varieties 

Yugoslavia, maize. 407, 407t 
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