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PREFACE 

We are pleased to publish this paper by Marc Nerlove, of the 
University of Pennsylvania, in our series of Occasional Papers. The 
series features broad reflections by senior scholars and policymakers 
on major "lessons" produced by recent advances of knowledge. 

For many countries, economic development and the development 
of agriculture are virtually synonymous subjects. This paper consid
ers tile process followed in the modernization of agriculture, a subject 
of great importance to the later stages of agricultural development. 
The author then analyzes tile factors amenable to policy guidance that 
can accelerate or hinder the process, concentrzting on the role of 
technology and education. 

Mr. Nerlove is a (listinguished economic theorist and econo
metrician who has made ground-breaking contributions to economic 
science, including work that has advanced our understanding of the 
dynamics of agricultural production and markets. For these contribu
tions, he has received some of the most important awards in the 
profession. 

Nicolis Ardito-Barletta 
General Director 
International Center 
for Economic Growth 

Panama City, Panama 
September 1988 
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MARC NERLOVE 

Modernizing
 
TraditionalAgriculture
 

Recent research on economic development and growth in Third 
World countries has revealed the key role of agriculture in the process 
and reversed an earlier emphasis on industrialization. Although agri
culture accounts for a smaller fraction of aggregate output as growth 
and development proceed, the agricultural sector represents more 
than a source of labor, capital, and foreign exchange for a growing
industrial and service sector. It is a iource of food, fibre, and oils to 
feed and clothe the growing urban population. It is also a market for 
the consumer goods and services produced in the nonagricultural 
sector and, incresingly, for inputs used in agricultural production. 
Advances in biotechnology and increased knowledge of plant and 
animal biology have led to major advances in agronomy and animal 
husbandry, which, in turn, have provided the foundation for increas
ing!y modem agriculture sectors in many, but not all, parts of the 
Third World. Such modem agriculture, when it can be achieved, 
This paper reports research supported by the International Food Policy Research Institute, 1776 
Massachusetts Ave. N.W.,Washington. D.C. 2(X)36 U.S.A. I am indebted to John W. Mellor, 
(continued oil next page) 



6 Marc Nerlove 

provides food, fibre, oils, and other products used in industrial 
processes at lower costs and permits scarce foreign exchange to be 
used for other development. In this paper I examine the process of 
agricultural modernization, focusing on the role of technology and 
the use of modern inputs. I begin with a typology. 

A Typology of Agricultures 

In TranAforming TraditionalAgricultu'e. T. W. Schultz (1964) 
argued that despite limitations in schooling, health, and experience in 
responding to new events that impinge on their f'arm enterprises, 
farmers in traditional agricultural settings (o, in fact, allocate their 
limited resources in ahighly efficient manner. But traditional agricul
ture is relatively stable; few adjustments tend to be required, and those 
that do occur tend to be small. 

One can imagine an agricultural sector in which no changes in 
technology, infrastructure, markets and so forth have occurred for a 
very long time. Under such "stationary" conditions, farmers may be 
poor, uneducated, and slow to perceive or respond to change. They 
may, nonetheless, be in virtually perfect adjustment to their environ
ment and attain a very efficient allocation of resources. In the case of 
a largely subsistence agriculture, there may be few price signals to 
which to respond. Efficient allocation of resources largely consists, 
then, of proper allocation of time, land, and whatever limited physical 
capital exists in various household activities. These include not only 
farming, but other types of household production and consumption, 
the rearing of children, and such limited gross investment in human 

T.W. Schultz. and Stephen Vosti for helpful cottments and to Theresa Hradley firresearch is
sistance. The empirical work wi ich gives sonie stbst ance to niy conjectures and spect, ationls 
would not have beet possible without data collected during (he period since 1970 by the Federal 
University of Vicosa, M.G.. Brazil, under the direction of Sonia C'oeIho Alveringa and Evonir 
Batista de Oliveira, aind With tile help of Carlos A. I.. ite. l i J.M. irias and Ru) Miller-
Paiva, who ledtie on an extended -agricultural tour" o1 Brazil in 1985, hasve been icontistat 
source of ideas and encouragement. Finally, Fliseu Abreu Alves. lornier li'resident of Fiipresas 
Brasileiras de Pesquisa Agropecuaria. inspired this work aid Stupported tHIt (11it earlier 
through IFPRI. I alone amnresponsible for errors and otiissitots. 

The initial version of this paper ssas prepared for "'lcont ,tics I)a" at tite 11ivisersitv of 
Pennsylvania, April 9,1988. Much of it reflects tite further development oflthought presented 
in theKellogg Foundation Fiftieth Attiversary Lecture at the 1979 tieeting of the American 
Agricultural Economic Associ;t ion. 
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physical capital as may be necessary to maintain existing stocks. If 
farmers have limited needs for goods they themselves cannot produce 
and limited opportunities lbr off-farm employment, markets and the 
infrastructure of commuications and transport may be poorly devel
oped, or virtually nonexistent, In this case, one can learn very little 
about potential incieases in output by observing past behavior. In 
particular, the influcOCe of relative prices on farmer:,' decisions may 
appear to be s!ight simply because such prices are largely irrelevant 
to the allocation problems which these farm households resolve. 

E',en when If:rmers sell a substantial fraction of their output of 
certain crops and buy other goods thcyv need, fluctuations in market 
prices may inIduce little response simply because such changes are 
due to weather or other temporary Iactors that have little long-term 
significance for the allocative decisions beingIlade. 

Following Schultz, I will call this type of agriculture traditional. 
Traditional agricul1tlre represents an equilibrium Situation described 
well by Schultz (I 964. pp. 83 1-32): 

Farn people who have lived for generations with essentially 
tile Salle reSolrces tend to approximate the economic Cqui
libri un of the stationary state. When tie productive arts 
remain virtually constant over many years, f:irm people know 
from long experience what their own effort can get out of the 
land and equ ilmpent. In allocating the resources at their 
disposal. in choosing a comhination of crops, in deciding on 
how andIwhen cuIo ltivate. p1lant, water and harvest, and with 
what combination of tools to use with draft animals and 
simple field eluipment - Ithese choices will embody a fine 
regard for marginal costs and returns. These farm people also 
know from experiencc the value of their household produc
tion possibilities: in allocating their own time along with 
material goods within tile domain of the household, they too 
are finely attuned to marginal costs and returns. Further
more, children acquire the skills that are worthwhile from 
their parents and children have for generations under circum
stances where formal schooling has little economic value. 

Physical capital, as a factor of production, may have a high 
marginal product, but, in the stationary equilibrium of' traditional 
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agriculture, there is little incentive to change the stock. Returns to new 
investment in physical capital must therefore be low relative to the 
rate of time preference. Human capital, to the extent that it has value 
primarily in disequilibrium situations, may have both a low marginal 
product and a low rate of return to investment in it. Compared to other 
types of agriculture, traditional agriculture is likely to be characterized 
by a low ratio of hunlan to non-hum1an capital. 

Modern arwictlture is not described in detail by Schultz. Pre
sumably, it represents a state much like U.S. agriculture today. 
Agriculture is a relatively small sector of the U.S. economy and, in 
economic terms, much like any other in(Lustry. In organizational 
terms, the industry is characterized by a high degree of' competitive
ness; firms are small relative to the size ol'the market and more similar 
to firms in the service industries than to Ianulfacturing firms. For 
historical reasons, much research and development is carried out in 
the public sector as well as by private sector firms supplying inputs 
to agriculture. Agriculture is highly commercialized, marketing vir
tually all output, purchasing mlost inputs, and valuing non-purchased 
inputs at opportunity cost. I would characterize this type of agricul
ture as one of equilibrium g'ou'th. that is, in dnamic equilibrium. 
The marginal product of hunmn capital is high; rates of return to new 
investment in all forms of capital throughout the economy are also 
high, and inore or less tile same throughout the economy. Farmers, as 
all other economic agents in this economy, are highly responsive to 
price incentives. 

In his work, Schultz focuses on how the economy moves from a 
state of iraditional agriculture to a state of modern agriculture, what 
may be called the agricultural transjf'rmation. I call agriculture in the 
process of transformation transitionalagriculture'. "'Agriculture" is 
in a state of disequilibrium.To set the stage lor a closer look at tran
sitional agriculture, let me describe briefly the two major changes we 
have experienced in U.S. agriculture since the 1930s. These changes 
reveal a great deal about the relationship between technological 
change and decisions about resource allocation. The first of these was 
the development and spread of hybrid corn, so well documented by 
Griliches (1957). While it may be true that the differential spread of 
hybrid corn in the U.S. can be explained in terms of differing costs and 
returns and farmers' perception of these differences, such a formula
tion is not particularly useful in understanding the complex forces 
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related to the supply of research and discovery which brought about 
the change and which governed its late of spread. 

On the other hand, the second major change-the remarkable fall 
in the cost of' nitrogen fertilizer which took place in the 1950s and 
early 1960s and which resulted in a significant increase in the optimal 
amount of such fertilizer, applied to a variety o! ciops-was essen
tially a price phenomenon. Yet, as I think is shown by the studies of 
Wallace Huffman (1972, 1974, 1977), the changes that took place 
cannot be explained dynamically solely in terms of relative prices.
There is virtually nothing in tile production process for corn, tor 
example, that would have pr vented an almost instantaneous, Coln
plete adjustment: vet the ad i'fstimnt did take time, and tile speed with 
which it occurred varied substantially in different parts of the Corn 
Belt. Using country data for the period 1959-64, during which prices
of nitrogen relative to corn fell aboLIt 25 percent, Ih1fffman computes 
a partial adjus' ment coefficient showing actual changes during the 
five-year period as a fraction of the changes by country necessary to 
achieve an opt iinltim, as dCermlined flrom1 a produclionl function for 
corn estimates from agronomic data. His maJor finding is that the 
speed of adjustlent varies systematically across counties with re
spect to averaoc levels of extension services provided, farmers' 
education, and farm size. 

Two additional points are worth making in this connection. First, 
the research process, especially in the U.S., has become institution
alized to such a degree that research itself and farICrs' continuilng 
responses to the wide range of new opportunities constantly opening 
up to them have become a cent ral characteristic otmodern agricul
tural growth. Second, deve lopmients inl the industries supplyiring 
inputs to agricu lture are not unrelated to other types of research, such 
as the continued development of new varieties of plants that use 
fertilizer and water more effectively or lend themselves more readily 
to mechanized cultivation and/or harvesting. The impact of the fall 
in fertilizer prices would have been f'ar less without tile hybrid
varieties, and, conversely. the profitability ofthe new varieties would 
have been less with higher fertilizer prices. Let us take a closer look 
at transitional agriculture with the perspective of these changes in 
American agriculture over the last 50 years or so, which reveals the 
interaction between technology and resource allocation decisions. 
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Transitional Agriculture: Transformation and Disequilibrium 

The following is a rather idealized description of the changes that 
occur in the process of agricultural transformation: 

(a) As investments are made in better communications, transpor
tation, and other types of' infrastructure, opportunities increase for 
markets of all kinds to develop. Consequently, price signals are likely 
to become more important, not iess, as farm people become less 
isolated. Moreover, the markets and prices that are important in 
understanding agricultural growth and resources allocation are not 
limited to product markets and prices. Clearly, inputs such as fertil
izer, farm implements, herbicides and insecticides, better seeds, and 
so forth are increasingly purchased and used. But labor markets also 
develop more fully and farm people begin to respond to opportunities 
for off-farn emplo'ment, part-time, seasonal, and permanent. The 
impact of changes in the labor market on agricultural output and 
composition may be at least as great as the impact ofchanging product 
prices and the development of new technology. 

(b) The process of technical change in agriculture accelerates and 
becomes increasingly institutionalized and indignous. Improve
ments in varieties of plants and animals and in the other inputs that are 
necessary to make these varieties more productive become an in
creasing source of agricultural growth. The dynamics of"the process 
can be understood only by understanding the determinants and 
manner of adoption of new agricultural technology and how it comes 
to be produced on a continuing basis. The so-called "green revolu
tion" in India, i.e., the rapid adoption of'new, highly productive wheat 
varieties by the small, financially poor, uneducated farmers of the 
Punjab is perhaps somewhat misleading in this connection. To be 
sure, this event and others like it the world over, and the development 
of'international agricultural research centers, have had a major impact 
on supply. Continued change, however, i:; likely to rest more on the 
series of sm'aller, less dramatic developments. Perceiving these 
developments and how to put them to use is a key element in the 
process of modernization; it requires farmn people to adapt to main
tained disequilibria. For this reason, improvements in rural educa
tional facilities, especially literacy and extension services, must play 
an important role. Development of other infrastructures, such as 
facilities for irrigation, drainage, and other forms of water control are 
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also essential. Many of these require major public investments, but 
the ability and willingness of fami peop! to take advantage of the 
increased availability of educational and extt;sion services, or the 
public provision of certain types of infrastructure, can come only 
through changes in the nature of private investment, especially in 
human capital but also in on-farm physical capital. 

(c) Demographic change accompanying agricultural transforma
tion and economic development is a crucial element in agricultural
 
modernization. To an important extent these changes are initiated by
 
improvements in public health that result in sharply decreased 
 nor
tality, particularly infant and child mortality, and in control and/or
 
eradication of debilitating diseases, which make human labor less
 
productive than it would otherwise be. However, many demographic 
changes have their roots in the individual decisions of farm people, as 
labor markets improve, and with growing awareness of opportunities 
outside of agriculture, to make greater investments in human capital. 
They do this by increased education and better nutrition for their 
children. As other forms of saving and provision for old age become 
available, they also have fewer children. Such demographic changes 
alter the nature of agricultural production, leading to increased use of 
nontraditional inputs and to a greater reliance on market. Thus they 
alter agricultural output and its composition, as well as the allocation 
of resources within agriculture. 

(d) The role ofgovernment in this process is obvinusly important, 
and although there are many areas in which government intervention 
is both necessary and desirable, governments are nevertheless con
tinually tempted to intervene when they should not. Such interven
tions may seriously impede agricultural development and distort the 
incentives and signals that prices provide in modern agriculture. 
Marketing boards, which supposedly regularize the flow of product 
from producer to market or stabilize extreme price fluctuatiLas, 
frequently hold down the prices producers receive; and protection of 
domestic industry, such as fertilizer, serves to make the things that 
farm people buy more costly. Taken together, serious consequences 
may follow, as the infamous case of rice production in Thailand in the 
1950s and 1960s serves to indicate. 

Thus, the important areas of change are: (I) the demand for and 
supply of new technology and new inputs; (2) the development of 
marketing and transportation infrastructure, permitting increased 
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commercialization- (3) an increase in the rate of return to human 
capital and an increased stock of such capital relative to other forms 
of capital; (4) better functioning labor markets: (5) demographic 
change, falling rates of mortality, morbidity, and fertility; arnd (6) 
increased government intervention to regulate markets, to promote 
domestic indusiry, to produce and disseminate new technology and 
inputs, to supply various forms of infrastructure, such as irrigation, 
electrification and transport, and to provide increased education and 
skills to both rural and urball population. 

Technology clearly plays a major role in agricultural nmoderniza
tion, but the process Cannot be understood solely in terns of technol
ogy. It must be considered in terms of the interaction of technology 
with a number olfsocial and econon ic fiactors. With this in mind, I 
noW turn to a closer look at the demand for new technology and new 
inputs in transitional algriCulturc. Put another way, Iconsider the rate 
at which, and the extent to which, technological innovations and 
concoI itant use of mlcrn inputs, obtained from the nonagricultural 
sector, will spread 1inresponse to their availability. 

The )emand for New 'echnology and Modern Inputs in 
Transitional Agriculture 

There is now a large and growing international research establish
ment devoted to hasic agricult ural science and to the development and 
adaptation of new technology for agriculture and anilal husbandry
throughout tile world and in many existing diverse agrocl imatic 
situations. Hlow this establishlent caime to be andll how it has ,.town 
is a fascinlting stor One Iwish to0 tell here.but not tile Rather I focus 
on the use of new technolocv and inputs obtained largely from tile 
nonacricult ural sector as a nijor 'actor affecting the growth and 
modernization ol transitional a(IgCicullt-c. "rhead diTusion;opion andl 
process is one particularly adapted to stidy i ionc is Iucky enough or 
has sufficient fl'oresight to conduct the tihe right place and time.ait 

Here I Ofler sotieiC ioughts and cotnjccIurCs about this aspect of the 
problemt of'sUpply tlyniniCs in tran.silitioIal agriculttre with particular 
reFerence to data collected by the Fetderal UJniversity of Vicosa in the 
Zona da Mlata. a small region in the Southeast corner in the state of' 
Minas cerais in 13razil (see Note oilpage 5). 
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In a world of uncertainty and competitive markets, in whicl-, firms 
are price takers and all of them have access tn the same information 
about technolgI ,s available to produce goods or services, differ
ences among finrs in their fixed resources; and dhe prices they face 
explain differences in the choice of technology and inputs used. If 
fixed resources and prices ai-e the same, then all firms will use the 
same most efficient technique. The presence of uncertainty and risk 
aversion is one of the factors that al'i'ccts this standard result because 
the ability of firms to take risks will vary according to their wealth or 
their size and their preferences. 

In agriculture, the presence Ot1uncertainty deserves special atten
tion because i! affects both production alnd demand. The variability
 
of the prices of different crops depends on whethler a particular crop
 
or livestock product is sold in local, domestic, or inicruational
 
markets, and on whether prices are regulated by a i)ublic agency. The 
distributions of yields are characterized by di ff'ren parameters 
because some crops arc more sensitive khan others to adverse weather 
and to pests. In addition, h11edistribution of a particular crop's yield 
depends on tile type and aloulnts 1'other inputs used. The usual 
assumption: it' the argricuItural economics literature ik that modern 
inputs involVy .,ot only higher mean retur-rs but also higher risk 111,ta 
traditional inpus. Althongh it is not necessarily true that modern 
inputs increase risk (.sonie are risk reducing, such ts pesticides), 
farmers may perceive them as being riskier, either because of alack 
of' informaation, or because they nlay involve other changes that 
increase risk. 

There are ,everal actions farmers can take to deal with risks 
involved in agricultural production. Newbery and Stiglitz (1981) 
distinguish between actions to share risk or to transfer it to othlers and 
actions to reduce the total amount of risk. Land tenure ctlracts an(] 
crop insurance belong to the first category. Product diversifliCation, 
choice of techniqIe, acquisition of better information, and crop 
storage are means of reducing total risk. Other risk-reducing actions 
are diversil'ying the household's income sources and producing for 
family consumption rather than for tie market when crop yield and 
price are highly and positively correlated. 

Just and Zilberman (1983) discuss the el'fects of production and 
price uncertainty on choice of teclnology. Their analysis assumes a 
single crop that cam be produced either il a traditional manner using 
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traditional inputs or in a modern manner using modern inputs. Both 
the new and the old technology are assumed to be risky, but tile new 
is assumed to be riskier and the amount of risk to vary with the 
quantity of the modern input per unit area and tile proportion of the 
area of the I'arn devoted to traditional and modern crops. 

Farmers areassumed to maximize the expected utility of'icome, 
which is tile stint of the revxenunes obtained from the production of a 
sing le modern crop (or a crop produced with modern inputs) and of 
a single tradilional crop (a crop produced with traditional inputs). 
Land i. fixed, and flarm1ers have to decide on how Much of it to 
cIIltivate with each technolo'V, as well as wvhtat level of inputs to Pise. 

Essentially, the problem of, adoption is treated as a problem in 
por'tlfoiio choice. 

In reality, o- course. more than oie crop or- livestock product is 
produced, and more than one type of modern input is used. Just and 
Zilberman assume thatlmodern inputs ate riskier than traditional 
inputs. As noted, however, while it is true thai modern varieties and 
their yields are more sensitive to moisture when the crop is fertilized, 
,,lier types of modem inputs, such as herbicides, reduce risk. Use of' 
vaccines aMd fecd supplements in livestock production also reduces 
risk. Thus. as the use of sonic mItodermi inputs increases, risk may 
increase, while for others it mt1ay decrease. The existing theory of the 
effects of risk (imadoption of iodern technology is incortectly based 
otl tihe assumption that moderin tecltitolo, is riskier than traditional. 

The iniportlce of the Just-/ilberumn contributlion, which is 
affected by tlhe above limniatLoi. lies in the suggestion that one may 
indlre'tl' determine how atiitudes towards risk affect adoption deci
siolls by the implications of such attitudes for tile observed behavior 
of fatirmers. lit crop production, for example. as tile size of the farlii 
increases., bholh the optimil allocation of land and tile use (if modeirn 
input per lXlcaic will chance. These changes are inuitnenced by 
attitudes to risk (that is, the extent of absolute risk aversion and 
whether relati e risk aversion is increasing, decreasitgi, Or constant) 
and bv thre cox ariateCe of yields OmrelturnLs between tihe Iwo techitoho
gies. Th11 impact of' chaces in firnI size on the optitital allocation of' 
land an level of isc of' moder inputs is obtained by standard 
methods of eccoliolliic allsis. 

Unfort L1-ely. tlhe analysis of' adoption of modern technology 
aind inputs ISa portfolio problem does not appear to generalize easily 
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to more than two technologies and more than two modern inputs. If 
we could unambiguously measure tile marginal increase (or decrease) 
in the risk premium1 associated w1,h the level of production of each 
crop and livestock pOdh.c', Ilhen we could obviously cqualte tlhe 
marginal return to the marginal increase in the risk premium for all 
unpriced inputs, such as land, and to the marginal return to purchased 
inputs. The risk premlium can be dec lining for only one activity for an 
interior solution. The problem is that the risk premium associated 
with each activity is a conplicated function of the correlations of 
returas as well as their variances and cx pected values. The Mix of crop 
and livestock production will change with wealth or the size of the 
enterprise. Moreover, this mix lepends on mnalny factors other thaIn 
wealth, such as the specific agroclimatic conditions that each farmer 
or tenant Iencounters. In addition, the preseCI.e of fixed costs of 
adoption will affect both the mix of products; and the extent to which 
mlodern inputs and teCinitties areiused iineach activity. Nonetheless, 
key variables in any empirical analysis arc (a) farmi size in relation to 
both the particular mix f cIop and livestock pl-OdUctS produIce(, and 
(b) tile extent to which m&odern1 inpts, such as chemical fertilizers. 
pesticides, vaccines, and feed supplerleiles, are used. 

Risk and farmers' attitudes towaids it are not the whole story. 
Rouiasset t ( 979 ), for example. arn.gueS lhat other dirnensions of 
uncertainty, such as infIInrmnal ion acquisition, may be inore important 
than risk allitudes. Anid other factor's, such as the quality of land and 
market inmperfections, may bc more important in explaining the 
behavior of farners. If risk prclfenerces arC a decisive flictor, then 
risk-specific measutres to iirfluerrce a00ptioll are approppriatc. Some 
coutrtries are funding research aimedIoreduce yield variability, or are 
providing crop iIIsuraNcC. IfluncetaintL is related to price variability. 
then the provision of storage facilities or guaraltced prices is appro
priate. If the cause of lol-adoptio)n is related to fixed costs, then the 
answer is policies aired at reducing them. 

Ifolh,:r faclors aire illore ilrIpOlat. such as market imperfecl ions, 
lack of marketing infrastructuIre, or tIrllle arrangetents, appropriate 
policies may be quite differerli. Wilh respect to such alternalive 
explanations of adopt ion behavior, I offer tile following corjectures 
again based on tie data collected during I978-X4 on transitional 
agriculture in tile Zona da Mata: 

Colfltu'e /.h1/i)matiol zad 'dutio. /ifililalemiuderniza
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lion. The use of modem inputs requires that fanners be aware of their 
existence and know their properfies in order to compare the distribu
tion of returns under each technology. The accuracy or quality of a
fanner's knowledge depends on his source of information (other 

farmers, extension agents, radio, or newspaper) and on his level ofed
ucation. Education improves farmers' ability to collect and use infor
mation and to adjust to changes (reducing learning time). We find a 
positive relationship between quality of*iiformation and adoption of 
new technology, and an inverse relation vs. the age of the operator. 

Co/ 'eture 2: AMcrkct impcifi''tions impede moderlniZtion. The 
presence of' market imperfections reduces incentives to adopt new 
technology. There are several potential sources of market imperfec
tions. In input markets, prices charged to larmners may vary according 
to farm size Or location, or there may be non-price supply constraints. 
Use of modern inputs may' require complementary inputs, such as 
labor or use of machiuery in hid JIrcparation, which constitute an 
indivisible input. I Irental im;rkets fOr agricultural machinery exist, 
both large and small larmiers will he able to adopt, but these markets 
ol'ten do not exist. IIi outpt markets, prices paid for food by farmers 
may be higher than prices received. leading farmers to grow food 
crops that may he inucI less responsive to modern inputs than+cash 
crops. Farniers ma' obtain different prices from their crops depend
ing on whiere they sell them. Farmers who sell only in local markets 
mnay get lower prices, rcLucini tllhe pro)fitability oflodCrn inputs. We 
l'onmd evidence that market imperfections impede the adoption of 
new technology and the pro'ess of' agricultural modernization. 

Con j c cre 3: Ilt,', (e'ttl'u' dive'scl a/c '(tsthe mode'ni_-ation 
pmrces.. It has bccn arLgucd that sharecropping can be an impediment 
to the adoption of umoderi technology i"fmodernization increases the 
sharecropper's independence of" the landowner (13haduri, 1973; 
Scandizzo, 1979) or it increases moral hazard (Newbery, 1975). The 
interlinkage of' markets (landowners may provide credit to share
croppers and market the product )may affect the choice of'technology, 
and the direction depends on tihe impact of borrowing on the effort 
supplied by the sharecropper (13raverman and Stiglitz, 1986). The 
theoretical discussion of the role (If tenure arrangelents is far from 
complete, but it is clear that the specific terms of the contract are 
important. It is plausible that if the sharecropper has to bear all the 
costs of' inputs and give the landowner a share of' the output, the 
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expected return required to trigger adoption by sharecroppers will be 
higher than for owners, everything else equal. Whether the land
owner has other sources of income should also matte: in determining 
his optimal decision in relation to the choice of inputs and to tile 
choice of contract. In the Zona da Mata, we found tenants are less 
prone to modernize than owners are, but this is not clearly the case in 
other parts of Brazil or of the world. 

Conjecture 4: The natural environment shupes the cxtent and 
direction oJ'modernization. Yields obtained with each technology 
may differ -,crossfarms because the quality of land varies from one 
farm to the next. One may be next to a river or stream; another may 
have a small proportion of flat land. Past decisions (which crops were 
grown, and which inputs and tillage practices were used) may affect 
the properties of the soil. These factors will lead to variations in the 
distribution of yields across farms and thus affect adoption decisions 
in various ways. The quality of the capital invested in li\Vestock may 
affect decisions in the short terni. 13o:h shotl- aid long-term decisions 
will be affected by tile nature of pasture land and tile suitability of land 
and climate for growing feed crops. To Ihe extent we could measure 
these effects, we found they were important in the Zona dar Mata. 

Conjecture 5: Cash co'straints limit i mw'rs' ahlitv to use 
modern inpunts. Using inodern inputs often involves switching from 
on-farni produced inputs to market-supplied alctory-produccd) inputs. 
Farmers need greater cash rcsolrCes 10 use 1odel-ll rather than 
traditional inputs. Where oulpult and capital markets are not well 
developed, farniers face a cash constraint that prevents them from 
having access to new technologies. 'he availability of cash depends 
on how much of his production' d farmer sells, what he produces, how 
much credit can be obtai n,_,., anid whether other sources of income are 
available (farmers -. ,ty rent laud out, have a joi off the farm. etc.). 
These variables turned out to be tile mosti inportant ones in explaining 
fanners' decsions in the Zona da Mata. 

Conjecture 6. " he product mi. 'hantesin thl ors. o/m'rm'i
zation and l h).s a role imn it. Although the mixture of crop and 
livestock products is an enldogenouis variable affected differentially 
by a niniber of factors mentioned above, it is exceptionally iniporlant 
in determining the diffusion of new technology and new inputs. Par
ticularly in developing countries, few agrictIltUral sectors and few in
dividual agricultural establishments are monocultural. Most farmers 
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the world over produce a variety of crop and livestock products. 
Because new technohL gy affects different lroducts in profoundly 
different ways, the iix of crop and livestock products is a malor 
factor in he detrminatim of how new teclrriogy and inputs will 
spread and is, in turn. itsCll change.d greatly by the use of modern 
techniquCs and inIputs,. ('onsidCablc hCtCrolgeniity of product mix 
and llFrOduclion practicCs charaCtcri/Cs auricultuc in the Zona da 
Mata. 

( ",,jl 'lurte 7: I/q/ril.sl ilure am/t li'/le aiaila/i'/iv 'ft i' t'ttIvtli(..

.ested earlier. the availahilily of marketCli 11 and trailsporlIatiOh infra
strtCltlC iicdiltliral iit(IMiCii/atiOn hecausCturnay play a key r()IC ill a 
such inlfrastructure I)CeIiit, the C011l111rciali/atiol Of agriclttlure. 
Another way of syinL thi ,, is that the 1raniitioll fro)m a SuhsistCeCC
orientCl to a aericutltir whichau:ket-orirtt,gcnratcs cash 1'l\ 

to the tlof 01nodeii a'ricultlitr',ais. ill tIrn. eseCSiiha se tcCIohtIh)y, to 
pUlchase HIodiil intsllt, Ii()i 1theC nolla riculltal ector, and to enl
ahl farlilrl, 1t)11W thC ekte si, e cre'dit hIrth.,riasl thltl areC character
islic of public lltal develpmet., Be'old this, 
h)oveer, the a\ailabilit\ )f ctlill kind' of COiiilllCeiiietary inlItts 
sillilarl toitrtrIucltic, , as ill-Mtt oitand Walter CotrIloland ru.al 
elect rificathiin. iita\ L'2ilatl, inlluicic [he pirflitahility of usimL new, 
IcChnohk,\ aiif Iitt \lhthittii1lll tf irriua-McIII inuts. i major proi"ianil 
tioi ai laind CCloiirititti ha, ben.l uiihrtaiken in the Zoia da Matla 
reeihll. ,,w (It) itt lfind "iilil ic;ill l f cts aiio, larus., of the avail
abilitv odthese cttllplcii,.it;inx illnit-. host farm+,, arC not electrified, 
aiml. altlhoUh iillfAtr,lliictl'l. " fann, \ C ha\ive iot beenVali acrws' 
ahle to it aitill the efct tt't'acss, to elctitI til flarmrs be
havior. ()thieri sarcli; unde.r\ ;a i ,xpc to suititCiit this conjecture. 

Oursainplu is birsed tm aids the iiiclsittIll ofIiall hltrrli-. GivCl1 
this timetable. si/ of Vani as a iicasire of tmerall wealth does not 
alp earl' t) aflct iItdIiLc iiix ttr relati\c inlt IC\'Cl, il the /.olla d 
Malta. I couclude that lariier, lil, a\el"in i a rmillol.factor in the 
adoption )f new tclhniol-y, at leat in thi, rcion. 

In thi, essay. I hv, tfoIused ti)i lie rlC of' elcw tcliuofly and 
mioderni inllt in theK' llidiilii/atin (oltraditionalaeiictilturc. Under

,stanfint lhi role Cntails hwtth air airalsis ( f the ",a in which new 
techntology and Iruodnnl inputs, are protduced aid air analysis of how 
and when f'air'rs put these developlts ilito practicc. Both are 

http:I/q/ril.sl
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important. My own research focuses on the process of adoption. 
Drawing on this research, I argue that risk and risk avoidance 
currently emphasized in the agricultural economics literature is less 
significant than other factors such as inlonnation and education, 
market impecifections, tenure status, cash constraints, product mix, 
natural environment, and infrastructure and the avai lahi lily of com
plementary inputs. 
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