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VERNON W. RUTTAN AND YujIRo HAYAMI* 

STRATEGIES FOR AGRICULTURAL 
DEVELOPMENTt 

During the 1960s a new consensus emerged to the effect that 
agricultural growth is critical (if not a precondition) for industrialization and 
general economic growth. Nevertheless, the process of agricultural growth itself 
has remained outside the concern of most development economists. Both technical 
change and institutional evolution have been treated as exogenous to their systems. 

In this paper we review the evolution of thought with respect to the process 
of agricultural development that is implicit in much of the literature on agri­
cultural and economic development; we elaborate the concept of induced techni­
cal and institutional innovation which we have employed in our own research 
on the agricultural development process; and we discuss the implications of the 
induced innovation perspective for the design of national and regional strategies 
for agricultural development. 

THEORIES OF AGRICULTURAL DEVELOPMENT 

A first step in any attempt to evolve a meaningful perspective on the process 
of agricultural development is to abandon the view of agriculture in pre-modern 
or traditional societies as essentially static.' Viewed in a historical context, the 
problem of agricultural development is not that of transforming a static agri­
cultural sector into a modern dynamic sector, but of accelerating the rate of 
growth of agricultural output and productivity consistent with the growth of 
other sectors of a modernizing economy. Similarly, a theory of agricultural de­

0 Vernon W. Ruttan is Professor, Department of Agricultural and Applied Economics and De­
partment of Economics, and Director, Economic Development Center, University of Minnesota. Yujiro 
Hayami isProfessor, Department of Economics, Tokyo Metropolitan University. 

t Minnesota Agricultural Experiment Station Scientific Journal Paper Series 72-8078. This is a 
revision of a paper prepared for the Food Research Institute's Conference on Strategies for Agri­
cultural Development in the 1970s. The research on which the paper is based was financed through 
grants to the University of Minnesota Agricultural Experiment Station and Economic Development 
Center from the Rockefeller Foundation. The paper represents a revision and extension of material 
presented in Yujiro Hayami and Vernon W. Ruttan, Agricultural Dev'elopment: An Internationd 
Perspective (Baltimore, Md., 1971).

1Even in pre-modern times, agriculture was characterized by the continuous, though relatively 
slow, development of agricultural tools, machines, plants, animals, and husbandry practices. The 
rate of development was influenced by long-run patterns of population growth and price fluctuations. 
For Western Europe see Slicher van Bath (70). Comparable historical detail is not available for Asia. 
However, the view expressed here is consistent with the material presented by Ishikawa (32). See 
also Boserup (7); Geertz (15); and Smith (71). 

Reprinted with permission of Stanford University Press. 
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velopment should provide insight into the dynamics of agricultural growth-into 
the changing sources of growth-in economies ranging from those in which 
output is growing at a rate of 1.0 percent or less to those in which agricultural 

output is growing at an annual rate of 4.0 percent or more. 
It seems possible to characterize the literature on agricultural development 

into four general approaches: (a) the conservation; (b) the urban industrial im­

pact; (c) the diffusion; and (d) the high payoff input models.2 

The ConservationModel 

The conservation model of agricultural development evolved from the ad­

vances in crop and livestock husbandry associated with the English agricultural 
revolution' and the concepts of soil exhaustion suggested by the early German 

soil scientists.' It was reinforced by the concept in the English classical school of 

economics of diminishing returns to labor and capital applied to land and labor." 
The conservation model emphasized the evolution of a sequence of increasingly 
complex land- and labcr-intensive cropping systems, the production and use of 

organic manures, and labor-intensive capital formation in the form of physical 
facilities to more effectively utilize land and water resources. 

The Urban-IndustrialImpact Model 

The conservation model stands in sharp contrast to models in which geo­

graphic differen-es in the level and rate of economic development are primarily 

associated with urban-industrial development. Initially, the urban-industrial im­

pact model was formulated (by von Thilnen) to explain geographic variations 

in the intensity of farming systems and in the productivity of labor in an indus­
totrializing society.' Later it was extended by T. W. Schultz (64, pp. 283-320) 

explain the more effective performance of the factor and product markets linking 

the agricultural and nonagricultural sectors in regions characterized by rapid 
in theurban-industrial development. The model has been tested extensively 

United States (17; 18; 44; 56; 69; 74) but has received only limited attention in 

the less developed world (45, pp. 311-78; 63, pp. 379-85). 

The Diffusion Model 

The diffusion of better husbandry practices was a major source of productivity 
growth even in pre-modern societies (4; 7; 60, pp. 113-34; 78). The diffusion ap­

proach to agricultural development rests on the empirical observation of sub­

stantial differences in land and labor productivity among farmers and regions. 

2 These four models are characterized in much greater detail in Hayami and Ruttan (25, pp. 26­
43). 

s The "classical" description of the En~glish agricultural revolution is in Lord Ernie (11). In 

recent years agricultural historians have stressed the "evolutionary" in contrast to the "revolutionary" 

aspects of these changes. See, for example, Habakkuk (16); Mingay (38); and Timmer (76). 
4 See Usher (78). Liebig attributed the decline of classical civilization to soil exhaustion. This 

a per­view of the relationship between soil exhaustion and the decline of civilizaton has remained 

sist:nt threat in the "underworld" of conservation literature. For a discussion of some of the doctrines 

about soils, see Kellogg (35).
5For a review see Barnett and Morse (6, pp. 101-47). 
6See Dickinson (10) for a discussion of von Thilnen economics and Nou (48, pp. 184-230) 

for a history of the impact of von Thinen's work on economic thought. 
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The route to agricultural development, in this view, is through more effective 
dissemination of technical knowledge and a narrowing of the dispersion of pro­
ductivity among farmers and among regions.! 

The diffusion model of agricultural development has provided the major in­
tellectual foundation for much of the research and extension effort in farm man­
agement and production economics since the emergence, in the last half of the 
nineteenth century, of agricultural economics as a separate subdiscipline linking 
the agricultural sciences and economics. The developments that led to the estab­
lishment of active programs of farm management research and extension oc­
curred at a time when experiment-station research was making only a modest 
contribution to agricultural productivity growth.8 A further contribution to the 
effective diffusion of known technology was provided by the research of rural 
sociologists on the diffusion process. Models were developed emphasizing the re­
lationship between diffusion rates and the personality characteristics and educa­
tional accomplishments of farm operators.' The insights into the dynamics of the 
diffusion process, when coupled with the observation of wide agricultural pro­
ductivity gaps among developed and less developed countries and a presumption 
of inefficient resource allocation among "irrational tradition-bound" peasants, pro­
duced an extension bias in the choice of agricultural development strategy dur­
ing the 1950s. The limitations of the diffusion model as a foundation for the de­
sign of agricultural development policies became increasingly apparent as techni­
cal assistance and community development programs, based explicitly or im­
plicitly on the diffusion model, failed to generate either rapid modernization of 
traditional farms or rapid growth in agricultural output. 

The HighPayofl InputModel 

The inadequacy of policies based on the conservation, urban-industrial im­
pact, and diffusion models led, in the 1960s, to a new perspective that the key to 
transforming a traditional agricultural sector into a productive source of eco­
nomic growth is investment designed (65) to make modern high payoff inputs 
available to farmers in poor countries. Peasants, in traditional agricultural sys­
tems, were viewe' as rational, efficient resource allocators. They remained poor 
because, in m, st poor countries, there were only limited technical and economic 
opportunities to which they could respond. The new, high payoff inputs, as iden­
tified by Schultz (65), can be classified into three categories: (a) the capacity of 
public and private sector research institutions to produce new technical knowl­
edge; (b) the capacity of the industrial sector to develop, produce, and market 
new technical inputs; and (c) the capacity of farmers to acquire new knowledge 
and use new inputs effectively. 

The enthusiasm with which the high payoff input model has been accepted 
and translated into an economic doctrine has been due in substantial part to the 
success of efforts to develop new high-productivity grain varieties suitable for 
the tropics (8; 39; 73). New high-yielding wheat and corn varieties were de­

7 See, for example, the review of Bailey (5, pp. 130-31) and the specific case of Mosher (40).
8 For a review of these developments in the United States see Taylor and Taylor (75, pp. 326­

446).
0For a review of diffusion research by rural sociologists see Rogers (53; 54, pp. 111-35). 
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veloped in Mexico, beginning in the 1950s, and new high-yielding rice varieties 
in the Philippines in the 1960s. These varieties were highly responsive to indus­
trial inputs, such as fertilizer and other chemicals, and to more effective soil and 
water management. The high returns associated with the adoption of the new 
varieties and the associated technical inputs and management practices have led 
to rapid diffusion or' the new varieties among farmers in several countries in 
Asia, Africa, and Latin America. The impact on farm production and income 
has been sufficiently dramatic to be heralded as a "green revolution." The sig­
nificance of the high payoff input model is that policies based on the model ap­
pear capable of generating a sufficiently high rate of agricultural growth to pro­
vide a basis for overall economic development consistent with modern popula­
tion a,,d income growth requirements. 

As interpreted generally, the model is sufficiently inclusive to embrace the 
central concepts of the conservation,, urban-,ndustrial impact, and diffusion 
models of agricultural development. The unique implications of the model for 
agricultural development policy are the emphasis placed on accelerating the pro­
cess of development and propagation of new inputs or techniques through public 
investment in scientific research and education. 

The high payoff input model, as developed by Schultz (65), remains incom­
plete as a theory of agricultural development, however. Typically, education and 
research are public goods not traded through th- market place. The mcchanism 
by which resources are allocated among education, research, and other alternative 
public and private sector economic activities is not fully incorporated into the 
Schultz model.1" The model does treat investment in research as the source of 
new high-payoff techniques. It does not explain how economic conditions induce 
the development and adaption of an efficient set of technologies for a particular 
society. Nor does it attempt to specify the processes by which factor and product 
price relationships induce investment in research in a particular direction. 

AN INDUCED DEVELOPMENT MODEL 

An attempt to develop a model of agricultural development in which techni­
cal change is treated as endogenous to the development process, rather than as 
an exogenous factor that operates independently of other development processes, 
must start with the recognition that there are multiple paths of technological de­
velopment. 

AlternativePath.of TechnologicalDevelopment 
There is clear evidence that technology can be developed to facilitate the sub­

stitution of relatively abundant (hence cheap) factors for relatively scarce (hence 
expensive) factors in the economy. The constraints imposed on agricultural de­
velopment by an inelastic supply of land have, in economies such as Japan and 
Taiwan, been offset by the development of high-yielding crop varieties designed 
to facilitate the substitution of fertilizer for land. The constraints imposed by an 
inelastic supply of labor, in countries such as the United States, Canada, and 
Australia, have been offset by technical advances leading to the substitution of 

10 In a more recent paper Schultz stressed the need to direct research toward the analysis of this 
process (67, pp. 90-120). 
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animal and mechanical power for labor. In both cases the new technology, em­
bodied in new crop varieties, new equipment, or new production practices, may 
not always be substitutes for land or labor by themselves; r,!ther they may serve 
as catalysts to facilitate the substitution of the relatively abun&nt factors (such as 
fertilizer or mineral fuels) for the relatively scarce factors. It seems reasonable, 
following Hicks, to call techniques designed to facilitate tile substitution of other 
inputs for labor, "labor-saving," and those designed to facilitate the substitution of 
other inputs for land, "land-saving." In agriculture, two kinds of technology gen­
erally correspond to this taxonomy: mechanical technology to "labor-saving" and 
biological and chemical technology to "land-saving."" The former is designed 
to facilitate the substitution of power and machinery for lab sr. Typically this 
involves he substitution of land for labor, because higher output per worker 
through mechanization usually requires a larger land area cultivated per worker. 
The latter, which we will hereafter identify as biological technology, is designed 
to facilitate the substitution of labor and/or industrial inputs for land. This may 
occur through increased recycling of soil fertility by more labor-intensive con­
servation systems; through use of chemical fertilizers; and through husbandry 
practices, management systems, and inputs (i.e., insecticides) which permit an 
optimum yield response. 

Historically there has been a close association between advances in output per
unit of land area and advances in biological technology; and between advances 
in output per worker and advances in mechanical technology. These historical 
differences have given rise to the cross-sectional differences in productivity and 
factor use illustrated in Charts 1 and 2.12 The construction of an induced de­
velopment model involves, inaddition to the elements considered in the models 
discussed earlier in this paper, an explanation of the mechanism by which a so­
ciety chooses an optimum path of technological change in agriculture. 

InducedInnovationin the PrivateSector1 3 

There is a substantial body of literature on the "theory of induced innovation." 
Much of this literature focuses on the choice of available technology by the in­
dividual firm. There is,also, a substantial body of literature on how changes in 
factor prices over time or differences in factor prices among countries influence 
the nature of invention. This discussion has been conducted entirely within the 

21The distinction made here between "mechanical" and "biological" technology has also been 
employed by Heady (27). It is similar to the distinction between "laboresque" and "landesque"
capital employed by Sen (68). In a more recent article Kaneda employs the terms nmechanical-engi. 
neering and biological-chemical (34).12 The productivity and factor use data presented in Charts I and 2 have been analyzed in several 
earlier publications (19; 20; 21; 24; 25).

13The term "innovation" employed here embraces the entire range of processes resulting in the 
emergence of novelt3 in science, technology, industrial management, and economic organization
rather than the narrow Schumpeterian definition. Schumpeter insisted that innovation was eco­
nomically and sociologically distinct from invention and scientific discovery, lie rejected the idea that 
innovation is dependent on invention or advances in science. This dis!.nction has become increasingly
artificial. See, for example, Solo (72); Ruttan (57); and Hohenberg (31). Our view is similar to 
that of Hohenberg. He defines technical effort as the product of purposive resource using activity
directed to the production of economically useful knowledge. "... ,chnical effort is a necessary part
of any firm activity, and is only in part separable from production itself. Traditionally it is part of 
the entrepreneur's job to provide knowledge to organize the factors of production in an optimum 
way, to adjust to market changes, and to seek improved methods. Technical effort is thus subsumed 
under entrepreneurship" (31, p. 61). 
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CHART 1.-INTERNATIONAL COMPARISON OF AGRICULTURAL OUTPUT PER MALE 
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CHART 2.-INTERNATIONAL COMPARISON OP TRACTOR HORSEPOWER PER MALE WORKER 

AND OF FERTILIZER INPUT PER HECTARE OP AGRICULTURAL LAND* 
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framework of the theory of the firm. A major controversy has centered around 
the issue of the existence of a mechanism by which changes or differences in fac­
tor prices affect the inventive activity or the innovative behavior of firms. 

It had generally been accepted, at least since the publication of The Theory of 
Wages by J.R. Hicks (29, pp. 124-25) that changes or differences in the relative 
prices of factors of production could influence the d;,rction of invention or in­
novation. 1 There have also been arguments raised by W. E. G. Salter (59, pp. 
43-44) and others (1; 13; 36; 60) against Hicks's theory of induced innovation. 
The arguments run somewhat as follows: Firms are motivated to save total cost 
for a given output; at competitive equilibrium, each factor is being paid its mar­
ginal value product; therefore, all factors are equally expensive to firms; hence, 
there is no incentive for competitive firms to search for techniques to save a par­
ticular factor. 

The difference between our persrective and Salter's is partly due to a differ­
ence in the definition of the production funution. Salter defined the production 
function to embrace all possible designs conceivable by existing scientific knowl­
edge and called the choice among these designs "factor substitution" instead of 
"technical change" (59, pp. 14-16). Salter admits, however, that "relative factor 
prices are in the nature of sign posts representing broad influences that determine 
the way technological knowledge is applied to proluction" (59, p. 16). If we ac­
cept Salter's definition, the allocation of resources to the development of high­
yielding and fertilizer-responsive rice varieties adaptable to the ecological con­
ditions of South and Southeast Asia, which are comparable to the improved va­
rieties developed earlier in Japan and Taiwan, cannot be considered as a technical 
change. Rather, it is viewed as an application of existing technological knowledge 
(breeding techniques, plant-type concepts, etc.) to production. 

Although we do not deny the case for Salter's definition, it is clearly not very 
useful in attempting to understand the process by which new technical alterna­
tives become available. We regard technical change as any change in production 
coefficients resulting from purposeful resource-using activity directed to the de­
velopment of new knowledge embodied in designs, materials, or organizations. 
In terms of this definition, it is entirely rational for competitive firms to allocate 
funds to develop a technology which facilitates the substitution of increasingly 
less expensive factors for more expensive factors. Using the above definition, 
Syed Ahmad (1) has shown that the Hicksian theory of market induced innova­
tion can be defended with a rather reasonable assumption on the possibility of 
alternative annovations." 

We illustrate the Ahmad argument with the aid of Chart 3. Suppose at a point 
of time afirm is operating at a competitive equilibrium, A or B, depending on the 
prevailing factor price ratio, p or m, for an isoquant, u., producing a given out­
put; and this firm perceives multiple alternative innovations represented by iso­
quants, ui, ui,... , producing the same output in such a way as to be enveloped 
by U, a concave innovation possibility curve or meta-production function which 
can be developed by the same amount of research expenditure. In order to mini­
mize total cost for given output and given research expenditure, innovative efforts 
of this firm will be directed toward developing Y-saving technology (u1) or X­

in Ahmad (1). 
15 See also discussions by Fliner and Ahmad (12, 2), and by Kennedy and Abmad (37, 3). 
14 See also the review of thought on this issue 



136 V. W. RUTTAN AND Y. HAYAMI 

CHART 3.-FACTOR PRICES AND INDUCED TECHNICAL CHANGE 
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to PP) or m (parallel to MM and MM'). If a firm facing a price ratio, m, de­

veloped an X-saving technology (ui') it can obtain an additional gain represented 
by the distance between M and M' compared with the case that developed a Y­
saving technology (us). In this framework it is clear that, if X becomes more ex­
pensive relative to Y over time in any economy the innovative efforts of entre­

preneurs will be directed toward developing a more X-saving and Y-using tech­
nology compared to the contrary case. Also in a country in which X is more 

expensive relative to Y than in another country innovative efforts in the country 
will be more directed toward X-saving and Y-using than in the other country. 
In this formulation the expectation of relative price change, which is central to 
William Fellner's theory of induced innovation, is not necessary, although ex­

pectations may work as a powerful reinforcing agent in directing technical ef­
fort." 

The role of changing relative factor prices in inducing a continuous sequence 
of non-neutral biological and mechanical innovations along the iso-product sur­

16 The above theory is based on the restrictive assumption that there exists a concave innovation 

possibility curve (U) which can be perceived by entrepreneurs. This is not as strong a restrictive 
assumption as it may first appear. The innovation possibility curve need not be of a smooth well­
behaved shape as drawn in Chart 3. The whole argument holds equally well for the case of two 
distinct alternatives. It seems reasonable to hypothesize that entrepreneurs can perceive alternative 
innovation possibilities for a given research and development expenditure through consultation with 
staff scientists and engineers or through the suggestions of inventors. 
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face of a meta-production function is further illustrated in Chart 4. U represents 
the land-labor isoquant of the meta-production function which is the envelope
of less elastic isoquants such as u, and uL corresponding to different types of ma­
chinery or technology. A certain technology represented by u. (e.g., reaper) is 
created when a price ratio, p., prevails a certain length of time. When the price
ratio changes from po to p,, another technology represented by us (e.g., combine)
is induced in the long-run, which gives the minimum cost of production for pt. 

The new technology represented by u,, which enables enlargement of the area 
operated per worker, generally corresponds to higher intensity of power per 
worker. This implies the complementary relationship between land and power,
which may be drawn as a line representing a certain combination of land and 
power [A, M]. In this simplified presentation, mechanical innovation is con­
ceived as the substitution of a combination of land and power [A, M] for labor 
(L) in response to a change in wage relative to an index of labor and machinery
prices, though, of course, in actual practice land and power are substitutable to 
some extent. 

In the same context, the relation between the fertilizer-land price ratio and 
biological innovations represented by the development of crop ,-ieties which are 
more responsive to application of fertilizers is illustrated in Chart 4. V represents 
the land-fertilizer isoquant of the meta-production function, which is the enve­
lope of less elastic isoquants such as v. and v, corresponding to varieties of dif­
ferent fertilizer responsiveness. A decline in the price of fertilizer relative to the 
price of land from ro to r, creates an incentive for farmers to adopt crop varieties 
which are described by isoquants to the right of v. and for private seed companies 
and public research institutions to develop and market such new fertilizer respon­
sive varieties. 

InducedInnovationin thePublicSector 
Innovative behavior in the public sector has largely been ignored in the litera­

ture on induced innovation. There is no theory of induced innovation in the 
public sector."' This is a particularly critical limitation in attempting to under­
stand the process of scientific and technical innovation in agricultural develop­
ment. In most countries which have been successful in achieving rapid rates of 
technical progress in agriculture, "socialization" of agricultural research has been 
deliberately employed as an instrument of modernization in agriculture. 

Our view of the mechanism of "induced innovation" in the public sector agri­
cultural research is similar to the Hicksian theory of induced innovation in the 
private sector. A major extension of the traditional argument is that we base the 
innovation inducement mechanism not only on the response to changes in the 
market prices of profit maximizing firms but also on the response by research 
scientists and administrators in public institutions to resource endowments and 
economic change. 

We hypothesize that technical change is guided along an efficient path by 
I7 There is a growing literature on public research policy. See Nelson, Peck, and Kalachek (43).

The authors view public sector research activities as having risen from three considerations: (a) fields
where the public interest is believed to transcend private incentives (as in health and aviation); (b)
industries where the individual firm is too small to capture benefits from research (agriculture and
housing); and (c) broadscale support for basic research and science education (pp. 151-211). For a 
review of thought with respect to resource allocation in agriculture see Fishel (14). 
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price signals in the market, provided that the prices efficiently reflect changes in 
the demand and supply of products and factors and that there exists effective in­
teraction among farmers, public research institutions, and private agricultural 
supply firms. If the demand for agricultural products increases, due to the growth 
in population and income, prices of the inputs for which the supply is inelastic 
will be raised relative to the prices of inputs for which the supply iselastic. Like­
wise, if the supply of particular inputs shifts to the right faster than others, the 
prices of these inputs will decline relative to the prices of other factors of produc­
tion. 

In consequence, technical innovations that save the factors characterized by 
an inelastic supply, or by slower shifts in supply, become relatively more profitable 
for agricultural producers. Farmers are induced, by shifts in relative prices, to 
search for technical alternatives which save the in reasingly scarce factors of 
production. Th( y press the public research institutions to develop the new tech­
nology and demand that agricultural supply firms supply modern technical inputs 
which substitute for the more scarce factors. Perceptive scientists and science ad­
ministrators respond by making available new techniical possibilities and new in­
puts th-,t enable farmers to profitably substitute the increasingly abundant factors 
for increasingly scarce factors, thereby guiding the demand of farmers for unit 
cost reduction in a socially optimum direction. 

The dialectic interaction among farmers and research scientists and adminis­
trators is likely to be most effective when farmers are organized into politically 
effective local and regional farm "bureaus" or farmers' associations. The response 
of the public sector research and extension programs to farmers' demand is likely 
to be greatest when the agricultural research system is highly decentralized, as 
in the United States. In the United States, for example, each of the state agri­
cultural experiment stations has tended to view its function, at least in part, as 
to maintain the competitive position of agriculture in its state relative to agricul­
ture in other states. Similarly, national policymakers may regard investment in 
agricultural research as an investment designed to maintain the country's com­
petitive position in world markets or to improve the economic viability of the 
agricultural sector producing import substitutes. Given effective farmer organi­
zations and a mission- or client-oricnted experiment station system, the competi­
tive model of firm behavior, illustrated in Charts 3 and 4,can be 'isefully extended 
to explain the response of experiment station administrator- and research scien­
tists to economic opportunities. 

In this public-sector-induced innovation model, the response of research sci­
entists and administrators represents the critical link in the inducement mecha­
nism. The model does not imply that it is necessary for individual scientists or 
research administrators in public institutions to consciously respond to market 
prices, or directly to farmers' demands for research results, in the selection of re­
search objectives. They may, in fact, be motivated primarily by a drive for pro­
fessional achievement and recognition (46). Or they may, in the Rosenberg termi­
nology, view themselves as responding to an "obvious and compelling need" to 
remove the constraints on growth of production or on factor supplies.'" It is only 

18 Rosenberg has suggested a theory of induced technical change based on "obvious and com­
pelling need" to overcome the constraints on growth instead of relative factor scarcity and factor 
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necessary that there exists an effective incentive mechanism to reward the sci­
entists or administrators, materially or by prestige, for their contributions to the 
solution of significant problems in the society.' Under these conditions, it seems 
reasonable to hypothesize that the scientists and administrators of public sector 
research programs do respond to the needs of society in an attempt to direct the 
results of their activity to public purpose. Furthermore, we hypothesize that sec­
ular changes in relative factor and product prices convey mt-h of the information 
regarding the relative priorities which society places on the goals of research. 

The response in the public research sector is not limited to the field of applied 
science. Srientists trying to solve practical problems often consult with or ask co­
operation of those working in more basic fields. If the basic scientists respond to 
the requests of the applied researchers, they are in effect responding to the needs 
of society. It is not uncommon that major breakthroughs in basic science are 
created through the process of solving the problems raised by research workers 
in the more applied fields.2 0 It appears reasonable, therefore, to hypothesize, as a 
result of the interactions among the basic and applied sciences and the process by 
which public funds are allocated to research, that basic research tends to be di­
rected also toward easing the limitations on agricultural production imposed by 
relatively scarce factors. 

We do not argue, however, that technical change in agriculture is wholly of 
an induced character. There is a supply (exogenous) dimension to the process 
as well as a demand (endogenous) dimension. Technical change in agriculture 
reflects, in addition to the effects of resource endowments and growth in demand, 
the progress of general science and technology. Progress in general science (or 
scientific innovation) which lowers the "cost" of technical and entrepreneurial 
innovations may have influences on technical change in agriculture unrelated to 
changes in factor proportions and product demand (42; 62). Similarly, advances 
in science and technology in the developed countries, in response to their own 
resource endowments, may result in a bias in the innovation possibility curves 
facing the developing countries. Even in these cases, the rate of adoption and the 
impact on productivity of autonomous or exogenous changes in technology will 

relative prices (55). The Rosenberg model is consistent with the moAel suggested here, since his 
"obvious and compelling need" is reflected in the market through relative factor prices. C. Peter 
Timmer has pointed out that in a linear programming sense the constraints which give rise to the 
"obvious and compelling need" for technical innovation in the Rosenberg model represent the "dual" 
of the factor prices used in our model (77). For further discussion of the relationships between Rosen­
berg's approach and that outlined in this section see Hayami and Ruttan (26).

19 The issue of incentive is a major issue in many developing economies. In spite of limited sci­
entific and technical manpower many countries have not succeeded in developing a system of eco­
nomic and professional rewards that permits them to have access to, or make effective use of, the 
resources of scientific and technical manpower that are potentially available. 

2o The symbiotic relationship between basic and applied research can be illustrated by the re­
lation between work at the International Rice Research Institute in (a) genetics and plant physiology
and (b) plant breeding. The geneticist and the physiologist are involved in research designed to 
advance understanding of the physiological processes by which plant nutrients are transformed into
grain yield and of the genetic mechanisms or processes involved in the tranmission from parents to 
progenies of the physiological characteristics of the rice plant which affect grain yield. The rice 
breeders utilize this knowledge from genetics and plant physiology in the design of crosses and the 
selection of plants with the desired growth characteristics, agronomic traits, and nutritional value. 
The work in plant physiology and genetics is responsive to the need of the plant breeder for ad­
vances in knowledge related to the mission of breeding more productive varieties of rice. 
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be strotgly influenced by the conditions of resource supply and product demand, 
as these forces are reflected through factor and product markets. 

Thus, the classical problem of resource allocation, which was rejected as an 
adequate basis for agricu:ltural productivity and output growth in the high-payoff
input model, is, in this context, treated as central to the agricultural development 
process. Under conditions of static technology, improvements in resource alloca­
tion represent a weak source of economic growth. The efficient allocation of re­
sources to open up new sources of growth is,however, essential to the agricultural 
development process. 

InstitutionalInnovation 

Extension of the theory of "induced innovation" to explain the behavior of 
public research institutions represents an essential link in the construction of a 
theory of induced development. In the induced development model, advances 
in mechanical and biological technology respond to changing relative prices of 
factors, and to changes in the prices of factors relative to products, to ease the 
constraints on growth imposed by inelastic supplies of land or labor. Neither this 
process, nor its impact, isconfined to the agricultural sector. Changes in relative 
prices in any sector of the economy act to induce innovative activity, not only by
private producers but also by scientists in public institutions, in order to reduce 
the constraints imposed by those factors of production which are relatively scarce. 

We further hypothesize that the institutions that govern the use of technology 
or the "mode" of production can also be induced to change in order to enable 
both individuals and society to take fuller advantage of new technical opportuni­
ties under favorable market conditions.2 ' The Second Enclosure Movement in 
England represents a classical illustration. The issuance of the Enclosure Bill 
facilitated the conversion of communal pasture and farmland into single, private 
farm units, thus encouraging the introduction of an integrated crop-livestock
"new husbandry" system. The Enclosure Acts can be viewed as an institutional 
innovation designed to exploit the new technical opportunities opened up by
innovations in crop rotation, utilizing the new fodder crops (turnip and clover),
in response to the rising food p ces. 

A major source of institutional change has been an effort by society to in­
ternalize the benefits of innovative artivity to provide economic inc'entives .. r 
productivity increase. In some cases, institutional innovations have involved the 
reorganization of property rights, in order to internalize the higher income 
streams resulting from the innovations. The modernization of land tenure re­
lationships, involving a shift from share tenure to lease tenure and owner-opera­
tor systems of cultivation in much of western agriculture, can be explained, in 
part, as a shift in property rights designed to internalize the gains of entrepre­
neurial innovation by individual farmers. 2 

21 At this point we share the Marxian perspective on the relationship between tcchnological
change and institutional development, though we do not accept the Marxian perspective regarding
the monolithic sequences of evolution based on clear-cut class conflicts. For two recent attempts to
develop broad historical generalizations regarding the relation between institutions and economic 
forces, see Hicks (30) and North and Thomas (47).

22 For additional examples see Davis and North (9). 
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Where internalization of the gains of innovative activity are more difficult to 
achieve, institutional innovations involving public sector activity become essen­
tial. The socialization of much of agricultural research, particularly the research 
leading to advances in biological technology, represents an example of a public 
sector institutional innovation designed to realize for society the potential gains 
from advances in agricultural technology. This institutional innovation origi­
nated in Germany and was transplanted and applied on a larger scale in the 
United States and Japan. 

Both Schultz (66) and Kazushi Ohkawa (49) have argued that institutional 
reform is appropriately viewed as a response to the new opportunities for the 
productive use of resources opened up by advances in technology.23 Our view, 
and the view of Ohkawa and Schultz, reduces to the hypothesis that institutional 
innovations occur because it appears profitable for individuals or groups in so­
ciety to undertake the costs. It is unlikely that institutional change will prove 
viable unless the benefits to society exceed the cost. Changes in market prices and 
technological opportunities introduce disequilibrium in existing institutional ar­
rangements by creating profitable new opportunities for the institutional inno­
vations. 

Profitable opportunities, however, do not necessarily lead to immediate in­
stitutional innovations. Usually the gains and losses from technical and institu­
tional change are not distributed neutrally. There are, typically, vested interests 
which stand to lose and which oppose change. There are limits on the exttnt to 
which group behavior can be mobilized to achieve common or group interests 
(50). The process of transforming institutions in response to technical and eco­
nomic opportunities generally involves time lags, social and political stress, and, 
in some cases, disrupti3n of social and political order. Economic growth ulti­
mately depends on the flexibility and efficiency of society in transforming itself 
in response to technical and economic opportunities. 

AGRICULTURAL DEVELOPMENT STRATEGY 

The induced innovation model outlined above does not possess formal ele­
gance. It is partial, in that it is primarily concerned with production and pro­
ductivity. Yet it has added significantly to our power to interpret the process of 
agricultural development. 

Research which we have reported elsewhere indicates that the enormous 
changes in factor proportions which have occurred in the process of agricultural 
growth in the United States and Japan are explainable very largely in terms of 
changes in factor price ratios (23; 25). When we relate the results of the statistical 
analysis to historical knowledge of advances in agricultural technology, we con­
clude that the observed changes in input mixes have occurred as the result of a 
process of dynamic factor substitution along a meta-production function, asso­
ciated with changes in the production mrface, induced primarily by changes in 
relative factor prices. Preliminary results of the analysis of historical patterns of 
technical change in German agriculture (by Adolph Weber); in Denmark, 
Great Britain, and France (by William Wade); and in Argentina (by Alain de 

23 Also see North and Thomas (47). 

http:technology.23
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Janvry) add additional support to the utility of the induced innovation model in 
interpreting historical patterns of technological change and agricultural develop­
ment. 

The question remains, however, as to whether the induced development model 
represents a useful guide to modern agricultural development strategy. In re­
sponding to this concern two issues seem particularly relevant. 

First, we would like to make it perfectly clear that in our view the induced 
development model, in which technical and institutional change is treated as 
endogenous to the development process, does not imply that agricultural de­
velopment can be left to an "invisible hand" that directs either technology, or the 
total development process, along an "efficient" path determined by "original" 
resource endowments. 

We do argue that the policies which a country adopts with respect to the al­
location of resources to technical and institutional innovation, to the capacity to
produce technical inputs for agriculture, to the linkages between the agricultural
and industrial sectors in factor and product markets, and to the organization of 
the crop and livestock production sectors must be consistent with national (or
regional) resource endowments if they are to lead to an "efficient" growth path.
Conversely, failure to achieve such consistency can sharply increase the real costs, 
or abort the possibility, of achieving sustained economic growth in the agricul­
tural sector. 

If the induced development model is valid-if alternative paths of technical 
change and productivity growth are available to developing countries-the issue
of how to organize and manage the development and allocation of scientific and 
technical resources becomes the single most critical factor in the agricultural de­
velopment process. It is not sufficient to simply build new agricultural research
 
stations. In many developing countries existing research facilities are not em­
ployed at full capacity because they are staffed with research workers with limited
 
scientific and technical training; because of inadequate financial, logistical, and 
administrative support; because of isolation from the main currents of scientific 
and technical innovation; and because of failure to develop a research strategy
which relates research activity to the potential economic value of the new knowl­
edge it is designed to generate.

The appropriate allocation of effort between the public and the private sector 
also becomes of major significance in view of the extension of the induced de­
velopment model to incorporate innovative activity in the public sector. It is 
clear that during the early stages of development the socialization of much of
biological research in agriculture is essential if the potential gains from biological
technology are to be realized. The potential gains from public sector investment 
in other areas of the institutional infrastructure which are characterized by sub­
stantial spillover effects are also large. This includes the modernization of the
marketing system through the establishment of the information and communi­
cation linkages necessary for the efficient functioning of factor and product 
markets."' 

24 Hayami and Peterson (22) show that the returns to investment in improvements in market 
information is comparable to the returns that have been estimated for high payoff research areas such 
as hybrid corn and poultry. 
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In most developing countries the market systems are relatively un&rde­
veloped, both technically and institutionally. A major challenge facing these 

countries in their planning is the development of a well-articulated marketing 
system capable of accurately reflecting the effects of changes in supply, demand, 
and production relationships. An important element in the development of a 

more efficient marketing system is the removal of the rigidities and distortions 
resulting from government policy itself-including the maintenance of over­

valued currencies, artificially low rates of interest, and unfavorable factor and 
product price policies for agriculture (41). 

The criteria specified above for public sector investment or intervention also 

implies a continuous re-allocation of functions among public and private sector 
institutions. As institutions capable of internalizing a large share of the gains 
of inncvative activity are developed, it may become possible to transfer activities, 

the production of new crop varieties for example, to the private sector and to re­

allocate public resources to other high payoff areas. Many governments are pres­

ently devoting substantial resources to areas of relatively low productivity-in 

efforts to reform the organization of credit and product markets for example­

while failing to invest the resources necessary to produce accurate and timely 
market grades and standards, andmarket information, establish meaningful 

establish the physical infrastructure necessary to induce technical and logistical 

efficiency in the performance of marketing functions (58). 
A second issue is whether, under modern conditions, the forces associated with 

the international transfer of agricultural technology are so dominant as to vitiate 

the induced development model as a guide to agricultural development strategy. 

It might be argued, for example, that the dominance of the developed countries 

in science and technology raises the cost, oi even precludes the possibility of the 

invention of location-specific biological and mechanical technologies adapted to 

the resource endowments of a particular country or region. 
This argument has been made primarily with reference to diffusion of me­

chanical technology from the developed to the leveloping countries. It is argued 

that the pattern of organization of agricultural production adopted by the more 

developed countries-dominated by large scale mechanized systems of produc­

tion, in both the socialist and nonsocialist economics-precludes an effective role 
on small scale commercial or semicommercialfor an agricultural system based 

farm production units (51; 52)."5 

We find this argument unconvincing. Rapid diffusion of imported mechanical 

technology, in areas characterized by small farms and low wages in agriculture, 

tends to be induced by inefficient price, exchange rate, and credit policies which 

substantially distort the relative costs of mechanical power relative to labor and 

other material inputs. Nural Islam reports, for example, that as a result of such 

policies the r,.al cost of tractors in West Pakistan was substantially below the 

25 Owen argues that differentiation of a rural commercial sector from the rural subsistence sector 

is the first step toward development of relevant agricultural development policies. The "optimum 
be farmed at a profitsized commercial farms will comprise the maximum amount of land that can 

by an appropriate set of labor where the latter uses a relatively advanced level of technology for the 

particular farming area.... the optimum sized subsistence farm plot isone that comprises the mini­
mum amount of land that isnecessary to assure to the househoij concerned the minimum acceptable 
standard of subsistence living . . ."(51, p. 107). 
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cost in the United States (33). The preliminary findings of work by Joh'i Sanders 
in Latin America also stresses the role of market distortions in inducing mechani­
zation. 

We are also impressed by the history of agricultural mechanization in Japan 
and more recently in Taiwan. Both countries have been relatively successful in 
following a strategy of mechanical innovation designed to adapt the size of the 
tractor and other farm machinery rather than modifying the size of the agri­
cultural production unit to make it compatible with the size of imported ma­
chinery."6 

We do insist that failure to effectively institutionalize public sector agricul­
tural research can result in serious distortion of the pattern of technological 
change and resource use. The homogeneity of agricultural products and the 
relatively small size of the farm firm, even in the western and socialist economies 
of the West, make it difficult for the individual agricultural producer to either 
bear the research costs or capture a significant share of the gains from scientific 
or technological innovation. Mechanical technology, however, has been much 
more responsive than biological technology to the inducement mechanism as it 
operates in the private sector. In biological technology, typified by the breeding 
of new plant varieties or the improvement of cultural practices, it is difficult for 
the innovating firm to capture more than a small share of the increased income 
stream resulting from the innovation. 

Failure to balance the effectiveness of the private sector in responding to 
inducements for advances in mechanical technology, and in those areas of bio­
logical technology in which advances in knowledge can be embodied in pro­
prietary products, with institutional innovation capable of providing an equally 
effective response to inducements for advances in biological technology, leads to 
a bias in the productivity growth path that is inconsistent with relative factor 
endowments. It seems reasonable to hypothesize that failure to invest in public 
sector experiment stations capacity is one of the factors responsible in some de­
veloping countries for the unbalanced adoption of mechanical, relative to bio­
logical, technology. Failure to develop adequate public sector research institu­
tions has also been partially responsible, in some countries, for the almost ex­
clu:,ive concentration of research expenditures on the plantation crops and for 
concentration on the production of certain export crops-such as sugar and ba­
nanas-in the plantation sector. 

The perspective outlined in this paper can be summarized as follows: an essen­
tial condition for success in achieving sustained growth in agricultural produc­
tivity is the capacity to :!nerate an ecologically adapted and economically vi­
able agricultural technology in each country or development region. Successful 
achievement of continued productivity growth over time involves a dynamic pro­
cess of adjustment to original resource endowments and to resource accumula­
tion during the process of historical development. It also involves an adaptive re­
sponse on the part of cultural, political, and economic institutions, in order to 
realize the growth potential opened up by new technical alternatives. The "in­
duced development model" attempts to make more explicit the process by which 

26 This development is reviewed in Hayami and Ruttan (25). 
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technical and institutional changes are induced through the responses of farmers, 

agribusiness entrepreneurs, scientists, and public administrators to resource en­

dowments and to changes in the supply and demand of factors and products. 

CITATIONS 

I Syed Ahmad, "On the Theory of Induced Invention," Econ. I.,June 1966. 
2 ,"Reply to Professor Fellner," ibid., Sept. 1967. 
3 , "A Rejoinder to Professor Kennedy," ibid., Dec. 1967. 
4 Edgar Anderson, Plants,Man and Life (Berkeley, Calif., 1967). 

L. H. Bailey, "Extension Work in Horticulture" (Agr. Exp. Sta., Bull. 110, 
Ithaca, N.Y., 1896). 

6 H. J.Barnett, and Chandler Morse, Scarcity and Growth, the Economics of Nat­
uralResource Availability (Baltimore, Md., 1963). 

7 Ester Boserup, The Conditions of Agricultural Growth: The Economics of 
Agrarian Change Under Population Pressure(Chicago, 1965). 

8 L. R. Brown, Seeds of Change (New York, 1970). 
9 Lance Davis and Douglass North, "Institutional Change and American Eco­

nomic Growth: A First Step Towards a Theory of Institutional Innovation," 1. Econ. 
History,Mar. 1970. 

Dec. 1969.
 
11 Lord Ernie, English Farming,Past ar;.! 


H. D. Dickinson, "Von Thilnen's Economics," Econ. I., 
Present (6th ed., London, 1961). 

12 William Fellner, "Comment on the Induced Bias," Econ. I., Sept. 1967. 
13 ,"Two Propositions in the Theory of Induced Innovations," ibid., June 

1961. 
14 W. L. Fishel (ed.), Resource Allocation in AgriculturalDevelopment (Minne­

apolis, Minn., 1971). 
Clifford Geertz, AgriculturalInvolution: The Process of Ecological Change in 

Indonesia (Berkeley, Calif., 1966). 
16 H. J. Habakkuk, "Economic Functions of English Landowners in the Seven­

teenth and Eighteenth Centuries," in Essays in Agrarian History, I, ed. by W. E. 
Minchinton (New York, 1968). 

17 D. E. Hathaway, "Urban-Industrial Development and Income Differentials 
between Occupations," /. Farm Econ., Feb. 1964. 

18 D. E. Hathaway, A. J. Beegle, W. K. Bryant, People of Rural America (1960 
census monograph, Washington, D.C., 1968). 

19 Yujiro Hayami, "Industrialization and Agricultural Productivity: An Interna­
tional Comparative Study," Developing Economies, Mar. 1969. 

-, "Resource Endowments and Technological Change in Agriculture: 
U.S. and Japanese Experiences in International Perspective," Amer. J. Agr. Econ., 
Dec. 1969. 

21 Yujiro Hayami and Kinuyo Inagi, "An International Comparison of Agricul­
tural Productivities," Farm Econ., XI, 10, 1969. 

22 Yujiro Hayami and Willis Peterson, "Social Returns to Public Information 
Services: Statistical Reporting of U.S. Farm Commodities," Amer. Econ. Rev., Mar. 
1972. 

23 Yujiro Hayami and V. W. Ruttan, "Factor Prices and Technical Change in 
Agricultural Development: The United States and Japan, 1880-1960," J. Pol. Econ., 
Sept./Oct. 1970. 

24 , "Agricult ral Productivity Differences Among Countries," Amer. 
Econ. Rev., Dec. 1970. 

-, AgriculturalDevelopment: An InternationalPerspective (Baltimore, 
Md., 1971). 

26 -, "Professor Rosenberg and the Direction of Technical Change," Econ. 
Dev.and Cult. Change,forthcoming, 1972. 



STRATEGIES FOR AGRICULTURAL DEVELOPMENT 147 

27 E. 0. Heady, "Basic Economic and Welfare Aspects of Farm Technological 
Advance," 1.Farm Econ., May 1949. 

28 -, Economics of Agricultural Production and Resource Use (Englewood 
Cliffs, N.J., 1952). 

29 J. R. Hicks, The Theory of H'ages (London, 1932). 
30 -,A Theory of Economic History (London, 1969). 
31 P. M. Hohenberg, Chemicals in Western Europe: 1850-1914 (Chicago, 1967). 
32 Shigeru Ishikawa, Economic Devclopment in Asian Perspective (Tokyo, 1967). 
33 Nural Islam, "Agricultural Growth in Pakistan: Problems and Policies." Paper 

presented at Conference on Agriculture and Economic Development, The Japan Eco­
nomic Research Center, Tokyo, Sept. 6-10, 1971. 

34 Hiromitsu Kaneda, "Economic Implications of the 'Green Revolution' and the 
Str,'tegy of Agricultural Development in West Pakistan," Pakistan Dev. Rev., (Ka­
rachi), Summer 1969. 

35 C. E. Kellogg, "Conflicting Doctrines about Soils," Sci. Mo., June 1948. 
36 Charles Kennedy, "Induced Bias in Innovation and the Theory of Distribu­

tion," Econ. /., Sept. 1964. 
37 -, "On the Theory of Induced Invention-A Reply," ibid., Dec. 1967. 
38 G.E. Mingay, "The Agricultural Revolution in English History: A Recon­

sideration," in Essays in Agrarian Hi3,ory, II, cd. by W. E. Minchinton (Nt:w York, 
1968). 

39 A. H. Moseman, Building Agricultural Research Systems in the Developing 
Nations (New York, 1970). 

40 NI. L. Mosher, Early Iowa Corn Yield Tests and Related Later Programs 
(Ames, Ia., 1962). 

41 lila Myint, U., "Market Mechanisms and Planning-The Functional Aspect," 
in The Structure and Development of Asian Economies (Tokyo, 1968). 

42 R. R. Nelson, "The Economics of Invention: A Survey of the Literature," 
1.Bus., April 1959. 

43 R. R. Nelson, M. J. Peck, and E. D. Kalachek, Technology, Economic Growth 
and Public Policy (Washington, 1967). 

44 W. H. Nichollh, "Industrialization, Factor Markets, and Agricultural Develop­
ment," /. Pol. Econ., Aug. 1961. 

45 , "The Transformation of Agriculture in a Semi-Industrialized Country: 
The Case of Brazil," in The Role ofAgriculturein Economic Development, ed. by Erik 
Thorbecke (New York, 1969).

46 W. A. Niskanen, "The Peculiar Economics of Bureaucracy," Amer. Econ. Rev., 
May 1968. 

47 D. C. North, and R. P. Thomas, "An Economic Theory of the Growth of the 
Western World," Econ. Hist. Rev., 23, 1 (second series) 1970. 

48 Joosep Nfu, Studies in the Development of AgriculturalEconomics in Europe 
(Uppsala, Sweden, 1967). 

49 Kazushi Ohkawa, "Policy Implications of the Asian Agricultural Survey-Per­
sonal Notes," in Regional Seminar on Agriculture: Paper and Proceedings (Makati, 
Philippines, 1969). 

50 Mancur Olson, Jr., The Logic of Collective Action: Public Goods and the 
Theory of Groups (New York, 1968). 

51 W. F. Owen, "Structural Planning in Densely Populated Countries: An In­
troduction with Applications to Indonesia," Malayan Econ. Rev. (Singapore), Apr. 
1969. 

52 , Two Rural Sectors: TheirCharacteristicsandRoles in the Development 
Process (Indiana Univ. Intl. Dcv. Res. Center Occas. Paper 1, Bloomington, Ind., 
1971). 

53 E. M. Rogers, Diflusion of Innovations (New York, 1962). 
54 ,"Motivations, Values, and Attitudes of Subsistence Farmers: Toward a 



148 V. W. RUTTAN AND Y. HAYAMI 

Subculture of Peasantry," in Subsistence Agriculture and Economic Development, ed. 

by C. R. Wharton, Jr. (Chicago, 1969). 
55 Nathan Rosenberg, "The Direction of Technological Change: Inducement 

Econ. Dev. and Cult. Change, Oct. 1969.Mechanisms and Focusing Devices," 
56 V. W. Ruttan, "The Impact of Urban-Industrial Development on Agriculture 

in the Tennessee Valley and the Southeast," 1. Farm Econ., Feb. 1955. 

57 -, "Usher and Schumpeter on Invention, Innovation and Technological 

Change," Quar.1. Econ., Nov. 1959. 
58 -, "Agricultural Product and Factor Markets in Southeast Asia," Econ. 

Dev.and Cult. Change, July 1969. 
59 W. E. G. Salter, Productivity and Technical Change (Cambridge, Eng., 1960). 

60 P. A. Samuelson, "A Theory of Induced Innovation Along Kennedy, Weisacker 

[Weizsacker] Lines," Rev. Econ. and Stat., Nov. 1965. 
61 C. 0. Sauer, Agricultural Origins and Dispersals: The Domestication of Ani­

mals and Foodstuffs (2nd ed., Cambridge, Mass., 1969). 
62 Jacob Schmookler, Invention and Economic Growth (Cambridge, Mass., 1966). 

63 G. E. Schuh, "Comment," in The Role of Agriculture in Economic Develop­

ment, ed. by Erik Thorbecke (New York, 1969).
 
64 T. W. Schultz, The Economic Organization of Agriculture (New York, 1953).
 

65 , Transforming Traditional Agriculture (New Haven, Conn., 1964).
 
Amer.1.Agr.66 , "Institutions and the Rising Economic Value of Man," 

Econ., Dec. 1968. 
"The Allocation of Resources to Research," in Resource Allocation in67 -, 

Agricultural Research, ed. by W. L. Fishel (Minneapolis, Minn., 1971). 

68 A. K. Sen, "The Choice of Agricultural Techniques in Underdeveloped Coun­

tries," Econ. Dev. and Cult. Change, Apr. 1959. 
69 D. G. Sisler, "Regional Differences in the Impact of Urban-Industrial Develop­

ment on Farm and Nonfarm Income," 1. Farm Econ., Dec. 1959. 
70 S. H. Slicher van Bath, The Agrarian History of Western Europe, A.D. 500­

1850 (London, 1963). 
71 T. C. Smith, The Agrarian Origins of Modern Japan (Stanford, Calif., 1959). 

72 Carolyn Shaw Solo, "Innovation in the Capitalist Process: A Critique of the 

Schumpeterian Theory," Quar. /. Econ., Aug. 1951. 
73 E. C. Stakman, Richard Bradfield, and P. C. Mangelsdorf, CampaignsAgainst 

Hunger (Cambridge, Mass., 1967). 
74 A. M. Tang, Economic Development in the Southern Piedmont, 1860-1950: 

Its Impact on Agriculture (Chapel Hill, N.C., 1958). 
75 H. C. Taylor, and Anne Dewees Taylor, The Story of AgriculturalEconomics 

in the United States, 1840-1932 (Ames, Ia., 1952). 
76 C. P. Timmer, "The Turnip, the New Husbandry, and the English Agricul­

tural Revolution," Quar. 1. Econ., Aug. 1969. 
77 -, personal communication, Oct. 9, 1970. 

78 A. P. Usher, "Soil Fertility, Soil Exhaustion, and their Historical Significance," 

Quar.J. Econ., May 1923. 
79 N. I. Vavilov, The Origin, Variation, Immunity and Breeding of Cultivated 

Plants,trans. by K. Starr Chester, XIII, 1-6 of ChronicaBotanica, 1949-50. (Waltham, 

Mass., 1951). 



GEORGE L. BECKFORD* 

STRATEGIES FOR AGRICULTURAL 
DEVELOPMENT: COMMENT 

In commenting on this paper by Ruttan and Hayami, I wish, 
first, to make some rather general remarks. Secondly, I will consider certain as­
pects of their paper which I find unsatisfactory; and, thirdly, I wish to focus at­
tention on certain critical questions which they largely ignore. 

GENERAL REMARKS 

Every contribution to the theory of agricultural development is to be welcomed, 
if only because this field of enquiry has not been ploughed sufficiently. As Ruttan 
and Hayami themselves indicate, the concern of economists has been more in the 
direction of examining the interaction of agriculture and overall economic growth 
(structural transformation)' than with the process of agricultural development 
per se. Yet we know that agricultural development is perhaps the most critical 
problem facing underdeveloped countries today. The bulk of the population in 
these countries depends on agriculture for its livelihood; so the welfare of millions 
of people isat stake And, of course, we now know that overall economic advance 
by these countries cannot proceed without substantial expansion of agricultural 
output and improvements in productivity. From this general point of view, then, 
the Ruttan-Hayami paper can be regarded as a noteworthy contribution. 

In order adequately to assess the value of this contribution, however, we need 
to say something about the general usefulness of models in economic analysis. 
All models are by definition an abstraction of what obtains in the real world. 
Simplifying assumptions have to be made to avoid the complexities of the real 
world. Ultimately, the critical factor that determines the usefulness of the model 
is whether or not what is left out is fundamental in understanding what goes on. 
We can take one of a number of approaches in assessing a particular model. One 
such approach is simply to check its internal consistency. Another is to see how 
well it explains and/or predicts what happens in the real world. This depends 
ultimately on whether the assumptions of the model correctly represent given 
situations. It is this second approach that I wish to takL in the present exercise. 

* The author isLecturer, Department of Economics, University of the West Indies. 
1 See 2,for asummary. 
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AN ASSESSMENT OF THE RU'ITAN-HAYAMI CONTRIBUTION 

The first point for us to note is that, contrary to the title of their paper, Ruttan 
and Hayami are not concerned with agricultural development at all. They are 
essentially concerned with the growth of agricultural output and associated im­
provements in agricultural productivity. Their model is, therefore, more ap­
propriately a model of agricultural growth rather than of agricultural develop­
ment. This point is, to my mind, one of very great substance. Agricultural de­
velopment is essentially a study of the process by which the material welfare of 
the rural population of a country is improved consistently over time. In this con­
text, the growth of agricultural output and productivity may be a necessary, 
though certainly not a sufficient, condition. Indeed, there are numerous instances 
(in the past, as well as at present) in which substantial growth of agricultural 
output is accompanied by no change in the material welfare of the majority of 
people involved in the process of that gtowth. In short, we must recognize that 
there is always a strong possibility of the phenomenon of "growth without de­
velopment." 

Later, I wish to return to some questions relating to development, but for now 
let me proceed to look at Ruttan-Hayami on their own ground. Basically, their 
induced development model is the conventional resource allocation model within 
the general framework of the traditional theory of the firm. Critical to the model 
is the existence of competitive conditions along with profit-maximizing behaviour 
of decision makers. In such situations, the following endogenous sequence may 
be expected: resource availability determines relative factor prices and the choice 
of techniques by producers is guided by the structure of factor prices. Over time, 
as changes in relative prices occur, technology is adjusted to maximize the use of 
relatively cheap factors. A further consideration, then, is the degree of technical 
substitutability between factors of production. 

For empirical verification of the model, the authors checked the development 
experiences of a number of couniries where the development process was played 
out largely in the L,hteenth and nineteenth centuries. I want to suggest that the 
economic and social situation of underdeveloped countries today is significantly 
different from those that obtained for present-day advanced countries in the nine­
teenth century. The social order that existed in the latter countries was of a kind 
that permitted the emergence of economic institutions and behavioural patterns 
that fit the neo-classical marginalist framework of economic analysis. 

My contention is that such is not the case in underdeveloped countries today. 
These economies are for the most part characterized by imperfect market con­
ditions and social institutional arrangements that create artificial rigidities in the 
flow of factor supplies and inflexibilities in the patterns of resource use.' Further­
more, the openness of most underdeveloped economies .xposes them to exogenous 
influences of a kind that serves to shatter the neat links between factor endow­

2 The case of the slaves in the slave plantation economies is an outstanding historical example. 
And, currently, several scholars have noted that the benefits of the "Green Revolution" are concen­
trated among the larger, better-off farmers in underdeveloped countries. 

3 1have demonstrated this in my analysis of the problem of resource allocation in plantation 
economies (see 1, especially Chap. 6). A similar situation exists for the feudal-type economies of 
Latin America and parts of Asia, and the tribal economies of Africa. 
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ments and factor prices and between factor prices and technological change which 
are central to the induced development model. 

Let me quickly list some of the problems that concern me most in the Ruttan-
Hayami analysis and then briefly discuss each of them. 

(1) 	 The profit maximization assumption, 
(2) 	 The association between resource endowments and the structure of rela­

tive factor prices,
(3) 	 The aggregation problem in moving the analysis from the firm to the in­

dustry, 
(4) 	 Resource availability in the open economy, 
(5) 	 The assumption about public sector responses, and 
(6) 	 The superficiality of the model of induced institutional innovation. 

Farmers in underdeveloped countries do not consistently seek to maximize 
profits. Profits from farm production are only one element (though a major one)
in the matrix of their objectives. Considerations such as family security, social 
status, and risk minimization, all enter into the picture, depending on the par­
ticular institutional environment. 

The one-to-one association between the society's factor endowments and rela­
tive factor prices ignores two fundamental characteristics of underdevcloped agri­
culture. One is the marked divergencics between private and social costs and
benefits that are typical of most situations; and the other is duality in the structure 
of some underdeveloped agricultural economies that distorts the relative factor 
prices faced by different producers within the same economy. The divergencies
between private and social costs and benefits are very briefly organized by Ruttan 
and I-iayami but the question of duality entirely escapes notice. We find, for ex­
ample, that in plantation economics, labor may be relatively cheap to peasants but
considerably more expensive to plantations while land may be relatively cheap
to plantations but relatively expensive to peasants. In such a situation, it seems 
to me that there is no uniquely efficient path of technological change for the so­
ciety as a whole unless of course some exogenous institutional reform to eliminate 
duality occurs. 

On 	the aggregation problem of moving from the firm to the industry, what 
bothers me is that the Ruttan-Hayami model seems to imply that what is good
for the firm is good for the industry. Let me be more specific. Given the inelastic 
demand for farm products, expansion of output for the individual farm-firm pro­
duces different results from the expansion of output for all farm firms. What this 
implies is that there are obviously leads and lags which the induced development
model does not account for in its one-to-one firm industry adjustment process.

In the modern world economy, trade is only one aspect of the characteristic of 
openness. Much more important is the dependence of underdeveloped countries 
on the capital, technology, and management resources of the economically ad­
vanced countries. In this connection, I cannot accept the cavalier manner in which 
Ruttan and Hayami dismiss the influence of "forces associated with the interna­
tional transfer of agricultural technology." Let me take a futuristic example. De­
salination of sea water is technically feasible. I suggest that its economic feasibility 
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is likely to emerge from the research efforts of the more advanced countries. The 
effect of this will be to drastically alter the resource endowments of arid areas of 
underdeveloped countries. In order to be fair to Ruttan-Hayami, they admit this 
kind of event by saying that they do not rule out exogenous technical change. 
The question is whether exogenous technical change will be more important for 
underdeveloped agriculture in the 1970s than endogenous change. I think that, 
given the present institutional arrangement of the world economy, exogenous fac­
tors will be more important than the endogenous for agriculture in underde­
veloped countries. 

A highly decentralized system of agricultural administration and the existence 
of strong farmers' organizations are critical for generating effective public re­
sponse. But in most underdeveloped countries, local government is poorly de­
veloped and farmers' organizations are either absent or weak. In the circum­
stances, the kind of public sector response predicted by the induced development 
model will hardly be in evidence. 

I am most concerned with the superficiality of the model of induced institu­
tional innovation. It is totally impossible to explain institutional reform in purely 
economic terms, as Ruttan-Hayami have tried to do. They admit themselves that 
institutional change is not neutral. If that is so, as indeed it is, then we need to 
examine the social and political (not to mention the psychological and cultural) 
dimensions of the process of institutional change. And, of course, the exogenous 
factors are of critical importance here. We need only call to witness the "American 
Revolution" vs. the problem of the United States South and of black people in 
the United States today. Any model of induced institutional reform must explain 
how the existing institutional arrangements affect different groups in the society, 
how change will affect these groups, and the balance of power between the groups. 
This calls for a political, social, and psychological analysis. The simplistic Ruttan-
Hayami model cannot possibly cope with these problems. A further consideration 
is the obvious relationship between institutional structure and technological 
change. Certain patterns of social organization simply do not contribute to the 
kind of social inputs (education and research, for example) thrt are critical to the 
process of change envisaged in the induced development model (e.g., see 5). 

This brings me, now, to the question of what the model has ignored in rela­
tion to agricultural development strategies for underdeveloped countries in the 
1970s. 

TOWARD APPROPRIATE STRATEGIES FOR AGRICULTURAL DEVELOPMENT 

Starting with the recognition that Ruttan and Hayami are not concerned with 
agricultural development as I have defined it earlier, I wish in conclusion to pose 
two basic questions. 

The first is whether it is sufficient for us to concentrate simply on output 
growth and productivity changes in the agricultural sector. The second is whether 
or not our attention should be directed to institutionally-specific analyses and 
models of agricultural development instead of seeking for a general theory. Let 
me say a little about each of these basic questions. 

To my mind, the process of productivity change and grewth of output may 
well be important in explaining agricultural development in countries like the 
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United States. It is grossly insufficient in explaining economic adjustments in 
places like the United States South, the Caribbean, and elsewhere (i.e., the per­
sistence of underdevelopment). At least two factors need to be considered in 
this connection. One is the existence of duality in the agricultural sectors of un­
derdeveloped economies and the associated question of the kind of output change. 
The other is the backwash effects of terms of trade adjustments in the expansion 
of output in export agriculture. 

Duality assumes major proportions in the case of plantation-peasant agricul­
tural economies. In such situations, plantations produce export output and peas­
ants domestic output. It is the latter that is critical for the development process,
for several reasons, notably its effects on structural transformation and rural wel­
fare. Duality is an index of institutional distortions in the economic framework. 
So it is the institutional environment that is critical for the process of agricultural 
development (and underdevelopment). 

The importance of the terms of trade backwash has been recently elaborated 
by W. A. Lewis in his 1969 Wicksell Lectures. According to Lewis, the extent to 
which underdeveloped countries benefit from improvements in productivity in 
export production depends on the relationship between export productioa and 
food production in the underdeveloped countries or the one hand; and between 
production of manufactures and food in the advanced countries on the other 
(3, pp. 17-27). In an earlier presentation, Lewis verifies the point in a manner 
directly relevant to my reservations about the Ruttan-Hayami model of "develop­
ment." It isworthwhile quoting Lewis at ength on this score (4, p. 281): 

Cane sugar production is an industry in which productivity is extremely
high by any biological standard. It is also an industry in which output per 
acre has about trebled over the past seventy years, a rate of growth un­
parallelled by any other major agricultural industry in the world--cer­
tainly not by the wheat industry. Nevertheless, workers in the cane sugar
industry continue to walk barefooted, and to live in shacks, while workers 
in wheat enjoy among the highest living standards in the world. However 
vastly productive the sugar industry may become, the benefit accrues chiefly 
to consumers. 

I come, finally, to my own contribution to the evolution of thought on agri­
cultural development. To my mind, the induced development model of Ruttan 
and Hayami exposes the fundamental limitations of contemporary theorizing on 
the nature of the process of agricultural development. If we are concerned, as I 
am, with the material welfare of rural people, then the problem must be ap­
proached differently from the way tie authors have attempted. Basically, Ruttan 
and Hayami have started from the body of econormitc theory that we have at our 
disposal. That body of theory is based on the observation of economists of real 
situations that existed in the past. I suggest that we need to analyze the process
of agricultural development from the perspective of the present. In terms of agri­
cultural development this means developing models appropriate to the con­
temporary situation in Third World countries. 

If we are to do this, it seems to me that we need, first, to develop a typology 
of underdeveloped agriculture reflecting different institutional arrangements in 
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particular situations; and, secondly, to develop models appropriate to each type 

identified. For the most obvious lesson to be gained from the evolution on thought 

on this subject isthat useful theories of agricultural development have been based 

on analyses of specific situations. It is the specific social order that determines the 

institutional arrangements that influence the interplay of the proximate economic 

variables which are central to the Ruttan-Hayami model. So if we are to under­

stand the development process we need to probe far beyond the proximate eco­

nomic variables. And I am afraid that, as economists, we are not well equipped 

for that I 
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