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ABSTRACT

This article purposes an interpretation of the process of technological innovation in
agriculture. We begin with a criticism to the idea of agriculture as a particular envi-
ronment in economic analysis. We argue that some dynamic concepts from Eco-
nomics of Innovation, especially as seen by the evolutionary literature, can be used
as an adequate theoretical reference to study innovation in agriculture. We then sug-
gest an interpretation in terms of technological trajectories in order to explain the
complexity of the technological regime in agriculture. Finally we discuss the present
stage of transformation in this technological regime and the perspectives of the aris-
ing new trajectories.

UM ENFOQUE EVOLUCIONARIO A INOVACAO TECNOLOGICA
NA AGRICULTURA:
CONSIDERACOES PRELIMINARES

RESUMO

Este artigo propde uma interpretagdo do processo de inovagdo tecnoldgica na agri-
cultura. Comega-se com uma critica & idéia da agricultura como ambiente particular
na andlise econdbmica. Argli-se que alguns conceitos dindmicos da Economia da
Inovagéo, especialmente quando vistos pela literatura evolucionéria, podem ser usa
dos como adequada referéncia tedrica para estudar a inovagdo na agricultura. Entdo,
sugere-se uma interpretagdo no que se refere as trajetérias tecnol dgicas para explicar
a complexidade do regime tecnolégico na agricultura. Finalmente, discutem-se o
presente estédio de transformacgdo neste regime tecnoldgico e as perspectivas de
formacdo de novas trgjetdrias.
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INTRODUCTION

The process of innovation in agriculture has received much attention by
economists since the 60’s. Borrowing Hicksian concepts, the induced inno-
vation literature has been the most important item in the Economics of tech-
nical change in agriculture. In the 70's, some criticisms on such theories
were carried out by left wing economists, more based on socia and political
evidence of unfairness and uneven income distribution than on economic
arguments. Many Marxist authors kept a critical attitude, concerning the
obstacles to capitalist development due to land rent and the supposedly rigid
natural conditions in the agricultural activities. For them, technological in-
novation is determined by “the logic of capital”, in order to overcome these
“barriers.” From the Economics side, many empirical studies were made
dealing with the dynamics of agriculture innovation focusing the strategies
of upstream industries — like fertilizers, seeds, pesticides and agricultura
machines. To some extent the sociological approach prevailed over the eco-
nomic one, stressing the perverse effects of the innovation diffusion process.

However, it is very doubtful that one could build up useful analytical
tools to analyse the dynamics of technological innovation in agriculture
without suitable concepts related to a general economic approach to the
innovation process in capitalist economies. Some useful references to this
purpose can be found in Neo-Schumpeterian and evolutionary approaches,
especialy papers focusing intersectoral technological transfer, such as
Pavitt’s contribuitions that classify agriculture as a supplier dominated sec-
tor. Other references can be found in papers by Rosenberg and Nelson &
Winter.

We argue that the concept of technological trgjectories can be extended
to the economics of agriculture, since to consider agriculture as a supplier
dominated sector is not enough. Even the user-producer approach, well ap-
plied by Lundvall (1988) and others to particular environments, may be
taken as part of amore general approach.

In this paper we intend to address the following questions: are particu-
larities in the innovation process in agriculture strong enough to justify a
specific theory? If not, could the Neo-Schumpeterian approach be fruitful to
explain such process?

To answer these questions we adopt the following structure in this pa-
per: 1) acritical discussion focused on theoretical foundations of innovation
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and sectoral analysis; 2) an item discussing the technological trajectory con-
cept in agriculture; 3) finaly, from this theoretical standpoint, we intend to
suggest how to study the present empirical evidence of transformation in the
technological regime in agriculture.

PATTERNS OF INNOVATION IN AGRICULTURE
ELEMENTS OF A SECTORAL ANALYSIS

Innovation and technical change have scarcely been a major issuein the
tradition of economical analysis applied to agriculture. At the same time, the
main economic approaches to agriculture usually leave aside its microeco-
nomics basis, not to speak of its microfoundations, probably taking for
granted that its market structures and characteristics basically meet the con-
ditions of perfect competition — at least to a greater extent than any other
economic activity. For both reasons, agriculture could then be expected to
remain outside the scope of the Neo-Schumpeterian approach in its effort to
provide a new theoretical framework to explain the economic dynamics of
different industries, with al its emphasis on the microeconomics of innova-
tion, market imperfections, supernormal profits and even oligopolistic busi-
ness competitive strategies.

However, we are convinced that this conclusion is superficial and es-
sentialy false, as we shall try to demonstrate in this section, taking account
of basic sectoral elements, and suggesting how to extend and adapt themin a
more detailed level, to the specific conditions of agriculture.

Following the Neo-Schumpeterian theory of competition and its micro-
economics analytical framework, static equilibrium analysisis considered as
inadequate to deal with the essentialy dynamic features of the capitalist
economy and is replaced by the analysis of endogenous industrial dynamics,
where equilibrium is neither a necessary outcome, nor a methodological
requirement.

Competition is in the center of the theory. It is taken as an active proc-
ess of creating new competitive advantages, reinforcing existing ones and
taking monopoly profits from them; monopoly is thus seen as a natural re-
sult of competition instead of its opposite. In particular, following Schum-
peter, alarge number of competitors is not considered as a necessary condi-
tion for competition; it can be found - usually to a greater extent — in oli-
gopoly and even in monopoly (in a potential form). Finally, innovation (in a
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wide sense) isits driving force. The precise role it plays depend on specific
characteristics of industries and markets and related competitive factors, but
in no case it should be taken as a secondary issue. In this framework, a slow
pace of innovative activity and/or of technical progressin a given sector or a
given moment should be viewed as a particular case or a particular moment
aong an otherwise dynamic industry or product cycle, instead of a com-
pletely autonomous situation requiring static analytical tools. In other words,
a situation where competitive forces are dampened or relatively well bal-
anced can only be explained in a dynamic framework; but the reverse is not
true.

Technological paradigms and trajectories are the basic evolutionary
analytical tools in this respect (Dosi 1984), since they are designed to ex-
plain the main sources of long run regularities as well as long run changes.
As is well known, the first concept is borrowed from T. Kuhn's scientific
paradigms, sharing its cyclical, non-linear direction of knowledge evolution
in specific areas (scientific or technological), as well as its emphasis on the
importance of the diffusion and reproduction, within the relevant commu-
nity, of common references, procedures and approaches that direct research
efforts.

Technological trajectories, on the other hand, are seen as a time se-
guence of progressive shifts of trade-offs between techno-economic vari-
ables, specific to a given technology, which indicate technological progress
and which stem from innovative efforts of firms and institutions (including
public ones). A paradigm may involve many trajectories (corresponding to
different products and processes) through which it evolves and reproduces
itself, and to whose progressive exhaustion it owes its being transformed
and eventually surpassed by another. During transitions between technol ogi-
cal paradigms they may coexist with one another, specially when the old
one's sunk costs, and/or the new one’'s uncertainties and investment re-
quirements, are high enough.

From this theoretical standpoint, sector specific, firm specific and even
institution specific features should receive great emphasis, even more than
generic ones, since innovative efforts, by definition, lay heavily on the
search of technological diversity as well as market opportunities with a view
to differential profits. In this sense, the analysis of competitive forces at
work within a given industry and corresponding market (s) should focus
mainly on factors that generate structural competitive advantages and
asymmetries such as technological opportunities, cumulativeness (learning
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process) and appropriability (profitability) that characterize its technological
trajectory and market opportunities (Dosi, 1984).

Sectoral taxonomies based on specific factors that explain differences
in the generation and diffusion of innovations, such as Pavitt's (1984), are
then a good starting point to an account of sector specific features of the
dynamics of competition within any industry. Under Pavitt’s classification,
agriculture should clearly be considered as a“ supplier dominated” sector.

Like many industrial sectors under this heading, most of its markets
exhibit a very low degree of market concentration and absence of oligopo-
listic structure; product homogeneity and a high level of price competition;
low rates of technical change; and a very limited capacity of innovating by
its own means, with insignificant R&D expenditures. Innovations and tech-
nical change in agriculture are amost entirely due to supplier industries,
both equipment manufacturers and input suppliers (fertilizers, seeds, pesti-
cides). In addition, the remarkable presence of public policies and of public
institutions providing research funds and carrying out research activities
cannot be overlooked.

All of this could be taken to suggest that an approach focusing on inno-
vation and competition would be misplaced here. However, as mentioned
before, sector specific characteristics are not only acknowledged in this
approach; they constitute its very basis. Agriculture (and its specialists,
economists or whoever else) should not claim to be so different from other
(industrial) economic activity sectors as to justify a whole economic analy-
sis, or even atheory, for its own use. At least nothing more special than, say,
textile, clothing, footwear or even food industries — different from one an-
other in so many respects.

But this is not to say that to analyse this sector as a “supplier domi-
nated” one is enough. Even to treat agriculture as a “sector” is not enough.
Last but not least, technological trajectories and sources of innovation are
also not unique in agriculture, its diversity being a very important issue to
understand its competitive dynamics from our theoretical standpoint.

Before getting into more detail about these sources of specificities, let
us state briefly which are, in our view and under the present approach, the
basic common elements needed to an economic analysis of activities related
to agriculture:
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a) the nature of technological paradigms (and corresponding trajectories)
that are effective, their trends and evolution, and eventual processes of
technological convergence they entail;

b) strategic and behavioural responses of agricultural units — firms or pro-
ducers — to market signals and opportunities as well as technical change
perspectives defined by the technological trgjectoriesin course;

¢) selection processes, through markets or other institutions, involving either
new competitive patterns and competitive strategies coming from down-
stream industries (agro-industries) or new technological opportunities.

All these aspects provide not only a common frame of reference shared
with other sectors under the same approach, as well as to agriculture mar-
kets, sub-sectors and related industries; they also help to frame the analysis
of specificities in agriculture in a less arbitrary way than is normally found
in the literature. For instance, the existence of technological trajectories and
even a convergence between some of them may be a decisive factor to un-
derstand the chief long run trends of this sector (item a); the scarcity of big
business units in agriculture should not imply that they are nothing but price
takers with no strategy whatever and that no time should be spent in the
study of their market and technological behaviour (item b); and the impres-
sive presence of the State and research institutions in this sector’s selection
environment should not lead to the false presumption that deterministic non-
market trends — either technological and/or institutional — definitely prevail
over market concerns (item c).

What are, then, the basic characteristics of agriculture that under the
framework above, exhibit major specific features for an economic dynamic
analysis? In brief, technical basis of production depends strongly on natural
conditions, which affects its technological trends. Both space and time di-
mensions are involved here. The former concerns natural advantages that
benefit firms or producers well located as to specific cultivation under a
given technology, transportation routes and distance from consumption
centers (as also found elsewhere in industry). Innovations can compensate
for such natura differences, but cannot eliminate them since these advan-
tages can also be enhanced by technical improvements. The time dimension
is related to biological cycles that prevail in agriculture and, within some
limits, are responsible for an “unusually” long production period, common
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to al producers in the same market. Technological trgjectories and market
behavior are also affected by such features.®

Sources of cost reduction associated with business size and range — the
economics of search and scope so often found in industrial activities — are
very limited in agriculture. With few exceptions, they usually are relevant
only at small cultivation and market sizes. As aresult, it lacks the most im-
portant conditions that generate and consolidate large productive units, big
business and high market concentration that are so widespread — athough
obviously not absolute — in industrial sectors.

Size and organizational characteristics of producing units and firms
vary widely, but there are strong conditions — in part due to the above rea-
sons (b) — limiting their growth and diversification range. Larger units are
often associated with upwards vertical integration from agro-industries, due
to high transaction costs with crowded supplier markets. The usual identifi-
cation between contemporary capitalist development and large-scale enter-
prise contributes to a good extent to support the wrong view of a productive
sector based mostly on small-scale family business units, as being backward
or even “pre-capitalist”.

Its degree of technological appropriability is very low — as is the case,
by the way, with other “supplier dominated” sectors —, implying a consider-
able lack of attractiveness of R&D and other innovation efforts specifically
by agricultural firms, as already noticed, suggesting also an image of tech-
nological backwardness and low productivity gains. Together with the vir-
tual absence of oligopoly, or the low concentration of its markets, it easily
attracts the misleading label or perfect competition. However, as again can
be found in other sectors, competitive as they may be, agricultural markets
are also permanently subject to technology improvements, upstream innova
tions and even learning processes through interaction with suppliers (such as
equipment manufacturers) which create competitive (cost, price, productiv-
ity, quality) advantages over competitors and competitive “disequilibria’,
just as in other markets. Although under similar technological trajectories
and competitive conditions and sharing the same “supplier dominated” sub-
ordinate position, producers many differ not only in risk aversion, but in
many other relevant ways — income, size, financial conditions, productivity,

3 Even the land tenure regime can be considered as part of the competitive process in agri-
culture production.
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learning capacity, technical competence, information, etc. According to
these dynamic characteristics of ruling technological paradigms and corre-
sponding trajectories, as to the timing, scope and importance of technologi-
cal opportunities, cumulativeness and appropriability they entail, different
expectations, decisions and virtuous performance effects may emerge at the
firm level. Competitive asymmetries will thus arise in the market as a per-
manent, not a transient feature; even in this case, perfect competition will be
ablurred picture and a misleading model.

SOURCES OF INNOVATION AND TECHNOLOGICAL
TRAJECTORIES IN AGRICULTURE

A dynamic approach to the process of innovation in agriculture requires
the variety of agents contributing to conform the “technological regime” in
force almost everywhere in the last 30 years to be taken into account.
Sources of innovation in agriculture have diverse disciplinary as well as
competitive strategic origins. What we call the technological regime of
modern agriculture involves not only industries as chemical, pesticides,
pharmaceutical, seeds, machinery, tractors and mechanical tools, food, etc.,
but also public research and education institutions, producer organizations
aswell as private and public research foundations.

To be classified as “innovation taker” does not turn agriculture into a
homogeneous entity, with unique innovative dynamics. It comprises a set of
technological trajectories of different origins, conformed by different eco-
nomic and disciplinary environments. However, the shaping of a technologi-
cal regime and its corresponding trajectories influence each other, thus cre-
ating a degree of coherence that some authors interpreted as a deliberate
movement organized by capitalist agents towards the diffusion worldwide of
a “technological package’”. Surely, the very notion of technological trajec-
tory precludes such determinism and even points to a multidetermined inter-
pretation of the process of innovation, in agriculture or elsewhere.

To study technological trajectories in agriculture involves therefore to
admit, basically, that:

* This interpretation cam be found in the extensive literature produced in the 70's and 80's
about the Green Revolution. See, e.g., Griffin (1982).
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a) there is no such a thing as a general technological tragjectory in agricul-
ture, where one homogeneous technological and competitive situation
could be found;

b) the concept of technological tragjectory cannot be taken as a wide sectoral
concept, but as linked to specific competitive dynamic trends of markets
— agricultural or else — which express the most likely paths to be followed
by the asymmetry creative pressures from the competitive process through
innovation search and selection mechanisms (Nelson & Winter 1977,
1982);

c) the trgjectories of industries related to agriculture should be considered,
in their interrelations with agricultural markets.

In the following we propose, as a first step to identify technological tra-
jectories prevailing in agricultural production since the World War I, a
taxonomy of its sources of innovation. We consider that the institutions
which provide or support innovations to agriculture can be classified in six
main groups, defined in terms of their behaviour in generating and diffusing
innovations.

i) Private sources of business industrial organisation, whose main business
is to produce and sell intermediate products and machines to agricultural
markets. They comprise, as concerns plant agriculture: a) pesticides in-
dustry, partly related to pharmaceutical and chemical industries; b) fertil-
izers industry; ¢) machinery and equipment used in agriculture, divided
into tractors and farming tools on one hand and other equipment on the
other (e.g. irrigation); d) seeds industry comprising hybrids (specially corn
and sorghum), vegetables and varieties of large cultivation. As to animal
husbandry, besides some coincidences with the above list, one can also
add the following industries. veterinary products (part of which linked to
pharmaceutical); animal foodstuff; genetic matrices; and equipment to
farm constructions.

ii) Public institutional sources, comprising universities, research institutions
and public research enterprises. They run basic research activities on
plants and animals; technology development and transfer; and product
development and tests to supplier industries of the first group. The basic
concerns of this group are: a) to extend scientific knowledge in plant and
animal sciences and other related scientific fields; b) plant and animal
improvements and development of new cultures and races; c) to establish
and prescribe more efficient agricultural practices.
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iii) Private sources related to agro-industries, involving agricultural product

processing industries that interfere directly or indirectly in raw material
production. The diffusion of the technology it produces benefits indus-
trial processing stages. For example, forestry firms making their own
plant genetic improvement; pork and food meat processing firms de-
velop methods of organisation of agricultural production that they pass
on to integrated producers (to whom they are also in part responsible for
the prescription of technical production standards). The action of these
sources may be either individual, coming from industrial processing
firms which establish standards for the producers, or collective, through
the formation of consortia to develop generic technologies that could be
“homogeneously” appropriated in a pre-competitive phase. For example,
large pulp and paper firms act in both ways, making in-house research
and R&D partnership.

iv) Private sources, collectively organised and non-profit oriented, include

producer cooperatives and associations whose main purpose is to de-
velop and transfer new seed varieties and agricultural practices such as
new planting methods, fertilizer and pesticide dosage, methods for pest
control, animal breeding, irrigation, crop storage, etc. Besides direct
transfer, technology in these cases can also be sold, although such sales
do not usually follow the same pricing criteria as in the first group, since
such organisations are not exclusively dependent on product sales. Even
if they are not strictly profit seeking business organisations, they can
strongly influence competitive patternsin some markets, from traditional
ones, like seeds, to new products, like biological nitrogen fixing micro-
organisms, thus adding their strategic choices to competitive environ-
ments they act on.

v) Private sources related to services supply, such as firms selling technical

18

support services, planning and production management, and services re-
lated to grain production, crop and storage and animal breeding. Two ba-
sic types are found: a) firms selling assistance to agriculture planning;
and b) firms selling specialized technical services, such as soil systemati-
zation (Fanfani & Lanini 1992), embryo transfer, insemination, etc.. Al-
though in some cases firms may generate innovations, this group is
mostly made up of technology disseminators. Their competitive advan-
tages are usually based on the development of specific skills and on the
amount and quality of information the firm is able to process.
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vi) Farm production units, through which new knowledge is established in
the learning process which sometimes can be translated into innovations,
although not embodied in new products. Despite their historical loss of
importance in genetic improvements, farmers are in many cases directly
responsible for the raise of new varieties. Of course there are skills and
tacit/specific knowledge developed by farmers, as a result of their
farming practice, in a typical “learning by doing” process. The larger
this amount of knowledge, the greater may be expected to be the degree
of cummulativeness and the degree of technological capability, allowing
him to get competitive advantages.

The way in which these sources evolve and relate with each other is the
main institutional driving force that develops the technological tragjectories
in agriculture and gives a comprehensive and coherent pattern to modern
technological regime in agriculture.

In sum, technological regime in agriculture involves great complexity.
It is difficult to quantify precisely the importance to be ascribed to each one
of the above groups. However, there is an appreciable predominance of the
first and second groups. The so-called “upstream industries” and public
research centers have certainly been the two poles from which the current
technological regime in agriculture was developed.

Regarding to the innovative dynamics, it is worth noticing that whitin
agriculture-related industries one can find all types described in Pavitt's
taxonomy. There are typical “science based” industries, such as pesticides
(Achilladelis et al. 1986) and seeds (Joly & Ducos 1993); there is a “scale
intensive” branch, as chemical fertilizers; one “ specialized supplier” such as
farm machinery (Sahal 1981, Fonseca 1990); and finally a “supplier domi-
nated” (Fanfani et al. 1992), asfood industry. If we include the “information
intensive” type asin the latest taxonomy version (Bell & Pavitt 1993), serv-
ices group could also be classified.

It should also be added that the technological trajectories shaped inside
each of these groups involve not only distinct dynamics of innovation but
were originated in different historical situations and with different purposes,
not always related to agriculture. While the tractors and tools industry date
from the beginning of last century, pesticides would only set up in early 20th
century; and while the former was initially developed to farming operations,
pesticides derived from products developed to other aims (as dyestuffs, rub-
ber additives, among other applications).
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The technological coherence that can now be found between different
usual technical proceduresin agriculture has been built for the last one and a
half century and represents the intersection of technological trajectories that
evolved under particular technical and economic conditions which were
convergent in some respects. Today’ s coherence is an evolutionary result of
different trajectories that embodied through time elements from one another
into their “guidelines’. The technological trajectories prevailing in agricul-
ture led to the consolidation, in the second half of this century, of a general
technological regime (following the definition by Nelson & Winter 1982),
characterized by the intensification of output per area and per worker.

This notion involves the assumption that regularities do exist, as a con-
sequence of technological opportunities, learning processes and selection
mechanisms. Strong uncertainty elements are also considered as an aggre-
gate result of decision processes. The existence of important complemen-
tarities between technologies entails more or less organised forms of coordi-
nation.

Technology in agriculture is, by definition, multidisciplinary, since it
involves at the same time the management of physical conditions, as some
soil properties and changes in temperature, insolation and moisture; chemi-
cal ones, as the availahility of essential elements in specific molecular
forms; and biological ones, which are more complex insofar as they concern
not only the functioning of individual organisms (plants, animals and micro-
organisms) but also the effects of their interactions with one another and
with the environment.

The complexity of soil-climate-living organism relations is such that
the use (and sometimes the development) of a particular technique or an
input involves the use (or development) of at least another directly related.
This can be found, for example, a) between harvesters and dwarf varieties
whose architecture is more fitted to the machine work, as well as with va-
rieties more resistant to physical damage; b) between high yield varieties
and the intensive use of specific fertilizer formulae and of large volumes of
water (as wheat and rice varieties in Green Revolution); ¢) between fertiliz-
ers and pesticides and machines designed to their application; d) between
the use of pesticides and the related increase in use of high yield varieties
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which usually exhibit an inverse relationship between productivity and re-
sistance to pests and diseases.”

As pointed by Dosi & Orsenigo (1988: p.32), there is order in change,
created by a varied combination of learning patterns, selection mechanisms
and institutional structures. “The dynamic coherence (homeorhesis) of eco-
nomic systems in conditions of technical change, we conjecture, is the out-
come of particular ‘architectures’ or forms of ‘regulation’ which define the
functioning and the scope of markets in relation to the specific properties of
technological paradigms, the prevailing forms of behavior and expectation
formation of agents, the structure of the interdependencies of the system,
and, finally, to the nature and interests of the institutions which play an ac-
tive role in the economy.”

Therefore, technological convergence can neither be taken as a fully
coordinated, ex-ante defined process, nor as a chance event. Two basic co-
ordinating instances can be identified: @) firms which generate technology
by embodying technological elements in their search strategies, as in the
examples above; and b) education and research agronomic public or private
institutions, through their coordinating and gathering action.

Besides these formal instances, a third, not necessarily formal, can be
added: “qualitative flows developed between technology users and produc-
ers represent one more institutional locus leading to organised efforts, which
promote the interaction of different technological dimensions necessary to
agricultural production. The presence in the field of a technology producer
close to R&D formal organizations and to the farmer, facing such techno-
logical complexity, creates a cognitive structure which can lead to a conver-
gence of general guidelines as far aside as those between a larger pesticide
firm and a machine manufacturer, or between these and a big seed producer,
and so on. These are parameters and basic guidelines — of an integrating
nature — that have developed and are now incorporated in the innovative
routines of such firms” (Salles Filho 1993).

We then conclude that no a priori matching exists between technolo-
gies arising from different sources, as if agents worked purposefully to pro-
duce a homogeneous whole. What does happen is an iterative process,
through which general technical and scientific concepts spread among inno-

® One can also find several complementarities in agricultural products processing.
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vation agents are assimilated in search routines. This amounts to an essential
feature of the concept of technological regime.

We thus suggest that the interpretation of technological trajectories and
of the formation of a technological regime in agriculture should be made on
the basis of the notion of “problem-areas’®. It is possible to figure such “ar-
eas’ as more or less evident general problems in agricultural production (as,
by the way, in other activities). The emergence of such “general problems’
in production would possibly have guided the course of technological tra-
jectories, given the “attractor” of production intensification and corre-
sponding productivity gains.

In search of production intensification, several techniques to control
living organisms and environmental conditions were developed. Pest and
disease control methods, increasing of the grain/straw ratio, the control of
soil conditions, water and nutrients supply, etc., were “problem-areas’ for
which several solutions have been proposed. Some examples of prevailing
solutions are: chemical pesticides, the Mendelian method applied to genetic
breeding to improve plant and animal productivity, the employment of high
powered agriculture machines, and the large use of chemical fertilizers.

The technical superiority of chemical fertilizers as compared to, say,
organic ones, and of chemical pesticides vis-a-vis other control techniques,
were clear. Plant response to large doses of superphosphate and ammonium
sulphate (or ammonium nitrate and ammonia) was clearly superior to the
results obtained by the use of Chilean nitrate, bone meal and Guano. In the
same way, the effects of chemical pesticides against insects and fungi were
immediate and incontestable. The environmental problems due to these in-
puts could not be considered, at that time, “problem-areas’, as they are
nowadays. The discovery in the 50's and 60’s of insect resistance and envi-
ronmental persistence of certain pesticides and the water pollution effects of
nitrates, were not sufficient to change the course of the existing technologi-
cal trgjectories.

Other technological trajectories could certainly be developed, but it is
useless to discuss what could have happened instead. However, from a his-
torical perspective, it is helpful to consider the scientific, technical, eco-
nomic and social elements that produced the trade-offs among several possi-
ble trgjectories.

® Thisnotion is inspired by Rosenberg’ s “focusing devices’ (1969, 1982).
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Since the main objective of this article is to interpret the innovation
process in agriculture on a dynamic basis, we suggest that in periods of fast
change the analysis of technical change should consider: a) indications of
weaknesses in the present technological paradigms; b) the arising new tech-
nological opportunities; ) the influence of the existing barriers; d) the rela-
tive importance of each “problem-area’ in agriculture production ( whether
they are more or less critical)’; €) the arising new “problem-areas’ (e.g. the
ecological pressure); f) the relative importance of the strategies of the eco-
nomic agents directly and indirectly involved in the innovation process.

This approach has the following advantages: firstly, it identifies the
different innovative strategies, as opposed to the usua interpretations in
rural economics literature. Whatever the theoretical framework, most inter-
pretations take the disciplinary origin of technologies as an explanation. In
other words, the traditiona classification of chemical, biological and me-
chanical innovations are ordinarily employed to explain the dynamics of
technical innovation in agriculture®. Secondly, it avoids simplistic historical
interpretations like those considering technologies an “natural” solution.
Finaly, it allows a dynamic interpretation of the innovation process through
an evolutionary approach, in which problems and solutions become vari-
ablesinstead of parameters.

TOWARDS A NEW TECHNOLOGICAL REGIME IN AGRICULTURE

In this section we present the main changes that are currently trans-
forming the agricultural technological basis. We briefly discuss the process
of exhaustion of the present technological regime and the main trends that
may be envisaged.

Present changes in agriculture production are increasingly visible and
they have arisen from several causes. From deep changesin policies towards
agriculture (such as cutting down subsidies and reducing food security poli-

" See Bonny & Daucé (1989), OTA (1992), OCDE (1992) and Petit & Barghouti (1991)

8 Even in the neoclassical approach of induced innovation (Hayami & Ruttan 1988) and in
some Marxist analysis (Mann & Dickinson 1978), this classification is used in order to ex-
plain the “logical” movement of innovations in agriculture. In the first case, chemica inno-
vation (asfertilizers) came to save the factor ‘land’ and mechanics, obviously, came to same
‘labour’. In the second case, biological innovations are developed to reduce “dead time” in
the production process (the production phases in which there is no direct labour being ap-
plied).
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cies) till pressures from ecologists (who claim for a sustainable agriculture),
there are many factors that undoubtedly point out to major changes. Addi-
tionally, thisis a global and integral process. It is global because it is nhot a
regional or alocal phenomenon, and it isintegral because it encompasses all
components of the technological regime.

What all this amounts to, is a strong internally coherent pattern, with a
particularly difficult ranking of the different sources of change. At a merely
didactic perspective, with no aim at a full classification, we suggest that the
transformation in progress can be analysed in two complementary ways. The
first one, which we called internal, is related to the dynamics of innovation
sources; the second one, called external, concerns the economic, scientific
and social environment®. In the first case it is worth enforcing: a) the study
of the conditions of technological opportunity, appropriability and cumula-
tiveness (Dosi 1984) associated to the existing technological trajectories;
and b) the analysis of search strategies and institutional organisation in each
innovation source. In the second case — the external pressures — one has to
analyse global movements in social, institutional, economic and scientific
levels, which have or may have significant influence on the new technologi-
cal trgjectories. In this sense, we propose the following fields of analysis:

a) The organizational and strategic changes related to the sources of inno-
vation, as listed below:

al - industries of pesticides, fertilizers, seeds and machinery and equipment;

a2 - industries of agriculture;

a3 - specialized services firms;

a4 - public research ingtitutions;

a5 - R& D arrangements of farmer organizations.

b) The external changes with direct and indirect impact on the technological
trajectories, comprising the following instances:
bl - changes in agricultura policies, especially regarding the support of
farmers rent (with decreasing in the subsidies level), the international
trade (reducing trade barriers) and the food-security programs (de-
crease of importance in US and in EC caused by the achievement of
high production levels);

° In broad analogy, these can be understood as the factors influencing the process of search
(internal) and selection (external).
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b2 - pressures from environmental/ecological sources;

b3 - advances in the field of molecular biology and the related biotechnol-
ogy techniques;

b4 - new food consumption patterns, especially regarding nutritional and
health concerns.

Of course these instances cannot be detailed in this article. They make
up a research agenda. However, we intend to give a brief account of the
general trends likely to occur in the short and mid term. Table 1 (based on
Bonny & Daucé 1989) presents a summary of the main changes in progress
and the expected results in the near future.

The basic analytical content of this Table is the exhaustion of the tech-
nological regime based on productivity gains. The search for increasing
yields per area (or per labour unit) still is an objective, but it loses signifi-
cance as compared to other goals, especially those related to quality. This
new direction implies the beginning of a new phase of product innovation in
agriculture.

Presently, agriculture exhibits new “problem areas’ as a result of the
simultaneous occurrence of the above factors. The precise direction of tech-
nological trgjectories is obviously unknown. But it is important to precise
how the new “problem-areas’ are being incorporated in the innovative
strategies and how the role of each source of innovation — including the
possible emergence of new actors — is being changed.

Taking the example of the environmental problem-area, its solution
involves amost all the whole technological pattern. Besides the pollution
effects of fertilizer production itself, its use in large scale has caused water
contamination and increasing soil salinity. Such a situation has entailed
some alternatives. a) better agronomic practices in order to rationalize the
use of fertilizers strictly matching the recommendation with soil and plant
needs; b) development of varieties with low fertilizer requirements; c) de-
velopment of new formulae to diminish fertilizer losses when applied to
some kinds of soils (as acid soils, for instance, which retain more than 80%
of the phosphate).

In the pesticides case, the pressures for environmental and health risk
reduction have led to such changes as. @) development of products with
faster degradation in the environment; b) development of pest and disease
resistant varieties, with particular emphasis on transgenic plants; c) in-
creasing importance of biological control and integrated pest management.
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As can be seen, there are several possible paths and each one result in
completely different technological trajectories. The fertilizers industry, a
typical scale intensive industry, has been facing a narrowing of technologi-
cal opportunities. The exploitation of scales and labour division, the im-
provement in organizational methods, and the search for incremental inno-
vations, have been insufficient to ensure competitiveness at the international
level.

The future of the fertilizer industry depends on external and internal
(regarding the competitive process) determinants. However, since a new
paradigm is not yet defined, the technological trajectory which will prevail
in the plant nutrition “problem-ared’” is unknown, both an “optimisation”
and a “radical” alternatives being possible. The “optimisation” solution
which involves to rationalise the use of chemical fertilizers, so as to reduce
its consumption, seems to be, in the short term, the most feasible option.
Nevertheless, it will certainly be contested in the long term, because it is a
demand-depressing alternative and will reinforce competition. A “radical”
option could be a strong development of transgenic fertilizer-independent
varieties, which would lead to a completely new trajectory, with new eco-
nomic actors in the innovation process.

Also in the pesticides industry, although in a different way, an exhaus-
tion of technological opportunities has been taking place. The cost of devel-
oping a new molecule has soared impressively in the late 15 years, reaching
in average more than US$ 130 million per molecule. This situation became
even worse due to the regulatory process regarding pesticides production,
transportation and use. Among alternatives likely to be undertaken, three
deserve attention: biological control; new resistant varieties;, and new meth-
ods for chemical synthesis. These options are of course not exclusive, but
they imply impressive changes in present trajectories. The alternative of a
large diffusion of biological control means the enlargement, in a global
scale, of an industry producing microorganisms, insects, biologicd toxins, etc.

To the same extent, the development of transgenic varieties incorpo-
rating genes that increase resistance to pest and disease will mean a deep
reorganization in pesticides and seeds industries™. In the third alternative, it

191 fact this reorganization is aready in course. Since the 80’s the established pesticide
firms (which in many cases are chemical and pharmaceutical companies) took over several
seed firms.
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is possible that new technologies will replace the traditional screening
method by using deterministic techniques based on molecular engineering
and on molecular biology. It will entail a new chemical technological tra-
jectory, because it assumes that chemical synthesis will be able to produce
the designed molecules.

At the present stage of development it is very difficult to state which
technological aternative(s) will prevail. In both examples — fertilizers and
pesticides — it is possible that the same actors become leaders in the new
trajectories, as much as new actors can arise. The opportunities opened by
modern biotechnology may strengthen existing trajectories (at least in the
short term) as much as they may entail new ones. The development of herbi-
cide-tolerant varieties using transgenic methods is a well-known example. It
employs the new knowledge to reinforce old markets. To sum up, we believe
that in the short term atransition stage is likely to occur in agriculture, as we
suggested in Table 1.

In any case, to define a new technological regime in agriculture is diffi-
cult, not only because it involves speculating about the future of technolo-
gies — which is uncertain by definition — but because we are witnessing a
shift between paradigms, where the old one is not completely exhausted and
the new one is far from being well defined. The basis on which the devel-
opment of technological trends in agriculture were used forecast does not
seem to be appropriate anymore. On the other hand, the swiftness with
which new technologies (e.g. biotechnology) are evolving settles a high
degree of uncertainty and turns prospective into a hard and dangerous task.
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Table 1. A per spective of technological changein agriculturein short and medium term.

GENERAL CHARACTERISTICS

CHANGES IN PROGRESS AND EXPECTED

NEXT 10 YEARS MORE THAN 10 YEARS
Scientific basis cellular biology and “routinization” of mo- molecular biology;
lecular biology; molecular engineering;

Technological basis

Objectives of technology devel op-
ment

Sources of innovation

“routinisation” of microelectronics.

still conventional breeding techniques, chem-
istry, mechanics, but:

the introduction of information technologies
and microelectronics,

employment of new techniques based on
cellular biology (as tissue culture);
development and “routinization” of DNAr
techniques;

introducing mechatronics.

productivity considering qualitative aspects;
indirect gainsin productivity;

beginning of product diversification;
ecological concerned techniques (LISA - Low
Input Sustainable Agriculture).

the same, with increasing participation of
agriculture industries and redefined relations
between public and private research.

microelectronics.
broad diffusion of the new techniques.

innovation in products as important asin
process,

qualitative tasks as new guideposts;

new environmental harmless inputs.

essentially the same with possible participa
tion of new hiotechnological firms, and firms
providing mechanisation, informatisation and
animal reproduction services;

public institutions more market-oriented and
with biodiversity concerns.

Sour ce: Bonny & Daucé (1989), modified.
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SOME CONCLUSIONS

The main purpose of this paper was to suggest a new approach to the
analysis of the dynamics of agriculture based on the evolutionary theoretical
framework. This implies to emphasise the nature, sources and consequences
of innovation and technical change not only to production and productivity,
but aso to patterns of competition, interindustry dynamics and market
changes. It also implies a sectoral focus, from which many heterogeneous
features of agricultural technology production and markets often left at a
minor position, can be highlighted and take an outstanding place in the
analysis.

Under this approach it was possible to suggest that, in spite of some
particular characteristics of technology, production and market that are
common to different activities in agriculture — such as a low degree of ap-
propriability from innovations, a strong dependence on natural (biological,
physical, chemical) conditions and a low degree of market concentration —
they cannot be taken as sufficient to prevent analysis from focusing main
sectoral features under an evolutionary approach, as technological trajecto-
ries, sources of innovation and of competitive asymmetries, like any indus-
trial sector; let alone to treat agriculture as an autonomous and relatively
homogeneous whole, as in most part of the literature.

Not only different links from agriculture to industries were considered
— both “downstream” (agro-industries corresponding to different products or
product lines, mainly food industries) and “upstream” (fertilizers, pesticides,
seeds, farm machinery), as their characteristics and trends. The existence of
significantly different sources of new technology and innovation were
pointed out (private industrial R&D, public institution’s R& D, private coop-
erative R&D, specialised service suppliers R&D and even farm unit learn-
ing). As aresult of such complexity, different technological trajectories can
be envisaged, based on different historical purposes and industry initiatives.
However, some significant elements of technological coherence can also be
found, as an evolutionary result of common elements embodied in different
intertwining guidelines and “ problem-areas” in such trajectories, to the point
that it seems possible to identify something like a technological regime in
agriculture.

Present changes in course in agricultural technologies were also con-
sidered and an eventual trend to a new technological regime was discussed,
together with the assumption of the coming exhaustion of the present re-
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gime. Sharp changes in research costs, public policies (subsidies, funds); the
arising of new “problem-areas’ such as ecological pressures, and the per-
spectives for new developments in the technological basis (DNAr tech-
niques, new cellular biology techniques, mechatronics) are taken into ac-
count for that possible trend. However, more important than getting to a
(possibly premature) conclusion is to open up a new research agenda, trying
to provide answers to such questions as: which technological trajectory is
likely to prevail in each industry segment; in which cases will old trajecto-
ries probably coexist for some time with the new one; for how long a transi-
tion phase from the present technological regime to the new one will run,
and what will be the main characteristics of the latter, including its conse-
guences on products, markets and competition, for the mid-term future. We
hope we have been able here to suggest some items in such agenda and,
what is probably more important, to have stressed its relevance.

REFERENCES

BELL, M.; PAVITT, K. Technologica accumulation and industrial growth: con-
trasts between developed and developing countries. Industrial and Cor porate
Change, v.2, n.2, 1993

BONNY, S.; DAUCE, P. Les nouvelles technologies en agriculture. Une approache
technique et économique. Cahiers d’ Economie et Sociologie Rurales, v.3, 4€
trimestre, 1989.

DOSI, G.; ORSENIGO, L. Coordination and transformation: an overview of struc-
tures, behaviours and change in evolutionary environments. In: DOSI, G. et al.
Technical change and economic theory. London: Frances Pinter, 1988.

DOSI, G. Technical change and industrial transformation: the theory and an
application to the semi-conductor industry. London: Macmillan, 1984.

FANFANI, R.; LANINI, L. La mécanisation agricole en Italie et le développement
du “contoterzisme” (1950-1990). INRA, Cahiers D’Economie et Sociologie
Rurales, n.24-25, 1992.

FANFANI, R.; GREEN, RH.; RODRIGUES ZUNIGA, M. Biotechnologies et
technologies de [I'information, le probléme de [I'innovation dans
I'agroalimentaire. Paris: INRA, 1992.

FONSECA, M.G.D. Concorréncia e progresso técnico na industria de maquinas
para a agricultura: um estudo sobre trgjetdrias tecnoldgicas. Campinas:
UNICAMP-Instituto de Economia, 1990. Doctoral Thesis.

GRIFFIN, K. La economia politica del cambio agrario. México: Fondo de Cultura

30 Cadernos de Ciéncia & Tecnologia, Brasilia, v.11, n.1/3, p.9-31, 1994



An evolutionary approach to technologica innovation...

Economica, 1982. 321p.

HAYAMI, Y.; RUTTAN, V.W. Desenvolvimento agricola: teoria e experiéncias
internacionais. Brasiliaa EMBRAPA-DPU, 1988. 583p. (First edition 1971; first
revised edition 1985).

JOLY, P.-B.; DUCOS, C. Les artifices du vivant: stratégies d'innovation dans
I"industrie des semences. Paris. Economica, 1993.

MANN, S.A.; DICKINSON, J.M. Obstacles to capitalist development in agriculture.
The Journal of Peasant Studies, v.5, n.4, July, 1978.

NELSON, R.; WINTER, S. In search of useful theory of innovation. Resear ch Pol-
icy, v.6, p.36-76, 1977.

NELSON, R.; WINTER, S. A evolutionary theory of economic change. Cam-

bridge, Mass.: Harvard University Press, 1982.

OTA. A new technological era for american Agriculture. Washington, D.C.: US
Congress, Office of Technology Assessment, 1992.

PAVITT, K. Sectora patterns of technical change: towards a taxonomy and a theory.
Resear ch Policy, v.13, n.6, 1984.

PETIT, M.; BARGHOUTI, S. Diversification: challenges and opportunities. In:
BARGHOUTI, S.; GARBUS, L.; UMALI, D. Trendsin agricultural diversi-
fication: regional perspectives. World Bank Technical Paper 180, 1992.

ROSENBERG, N. The direction of technical change: inducement mechanisms and
focusing devices. Economic Development and Cultural Change, v.18, 1969.

SAHAL, D. The farm tractor and the nature of technological innovation. Resear ch
Palicy, v.10, 1981b.

SALLES FILHO, SL.M. A dindmica tecnolégica da agricultura: perspectivas da
biotecnologia. Campinas: UNICAMP-Instituto de Economia, 1993. Doctora
Thesis.

Cadernos de Ciéncia & Tecnologia, Brasilia, v.11, n.1/3, p.9-31, 1994 31



