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Adoption of New Agricultural Technology: A Survey

By Seok-Jung Chang*

A great deal of research has been done on the diffusion and adoption of
innovations.” The Diffusion Documents Center in the Department of Com-
munication at Michigan State University maintains an inventory of current
adoption studies, which by 1971 numbered over 1,500 publications (Rogers
(14], p.41). These adoption studies have been done in the fields of rural
sociology, communication, anthropology, extension education, agricultural
economics, marketing, etc. The types of innovations studies are also quite
varied including teaching methods, medical drugs, agricultural technology,
new products, city manager system, etc. A summary of the adoption research
traditions and the main issues in the literature can be found in Rogers
((12], 114)), Katz et al. (6], Jones [5), and Lowdermilk [8), Also, many
of the empirical findings have been summarized in Lionberger (7], Rogers
(14), Jones [5], and Lowdermilk [8].

Since the innovations investigated in the literature cited above are quite
varied in nature, only studies of the adoption of agricultural technologies
will be reviewed here with special emphasis on explanation of the differences
in adoption among farmers.

Current interest in the adoption of agricultural innovation began in the
early 1940’s with a study of hybrid corn adoption by two rural sociologists,
Ryan and Gross [16), and thereafter rural sociological research has
dominated in the literature on the diffusion-adoption of new agricultural
technologies.

* The author is Councilor, Ministry of Science and Technology, Korea.

(1) Diffusion can be defined as the communication of information about the innovation, and
adoption can be viewed as the mental process through which an individual passes in deciding
to use it (see Coughenour [2], p.6). However, the act of using an innovation has been
generally taken by researchers as evidence of both diffusion and adoption. Thus, little
attention has been given in most of the literature to this distinction between diffusion and
adoption.

(2) See Rogers ([14], p.54; (121, p.32; (13), p.27) and Jones (5], pp.1-3).
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Ryan and Gross [16] investigated the diffusion of hybrid seed corn in
two small Iowa communities, where hybrid seed was not available until
about 1928 but was almost completely adopted by 1941, The major findings
from their investigation are:

(1) Farmers did not adopt hybrid seed immediately upon hearing about
it, and they did not turn their corn acreage completely to hybrid seed
immediately after their initial adoption. The time period from first hearing
to first use averaged roughly five years, and the period from first use to
complete adoption required about three years.

(2) Most farmers first heard of hybrid corn from commerical salesmen
but neighbors were most influential in leading them to adopt it. Different
information sources were found to be important in the awareness-adoption
process.

(3) All farmers did not adopt hybrid corn at the same time, but the
adoption sequence of hybrid seed in these communities followed a bell-shaped
pattern.

Although Ryan and Gross found that the initial adoption of hybrid corn
was quite different among farmers, no analysis was offered to explain why
some farmers are earlier adopters and others are later adopters. They
observed that the median share of corn acreage under hybrid seed for the
farmers first using hybrids in 1934 amounted to only 20 percent of their
total corn acreages for that year and, thereafter, 29, 42, 67, 95, 100
percent for the following years from 1935 to 1939, Thus five years after
initial use were required to reach a 100 percent use. They interpreted this
time span as a personal experimentation period before complete acceptance,
even though the partial use of hybrids in the farmer’s corn acreage was
often too large to represent a trial. In fact, the share under hybrid corn
must be determind by the same factors that determine the final adoption
decision. These levels of use involve more than a trial to obtain information.

The Ryan and Gross investigation of the adoption of hybrid seed corn
was so influential for later studies by rural sociologists that it led them to
lay primary stress on the role of communication channels and the inves-

tigation of farmer characteristics to explain variation among farmers in
adoption of agricultural innovation.

Rogers [12] subsequently published a book, Diffusion of Innovation, in
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which he generalized previous research findings and synthesized theories
on the adoption and diffusion of innovations. He classified all individuals
in a social system into five categories of innovativeness (innovators, early
adoptors, early majority, later majority, laggards) according to their time
position when they first begin using an innovation. Innovativeness is vie-
wed as a generalized behavioral trait, i.e., the propensity of an individual
to be relatively early in his adoption of innovations compared to other
members of his social system. Thus, the individual who is late in adopting
one innovation is assumed to be late in adopting other innovations. Following
the empirical finding of the bell-shaped distribution of individuals in the
adoption sequence, his classification is shown in Figure 1, ®

B o e o ——— -

, |
: Late
' tars .« . .
I frarty | Maiority ¥ Majority |
nnovators 245 il
Adopters : % % Laggards
]

2, 5%! 13.5% )y 16%

Fig. 1. Categorization of adopters

Rogers concluded that innovativeness is correlated with such variables as
(1) personal characteristics (age, social status, financial position, mental
ability, etc.), (2) communication behavior, and (3) social relationship. He
argued that, on the basis of these variables, one can predict the innova-
tiveness of an individual and forecast an individual’s adoption behavior.
Thus, the variation in adoption among farmers is attributed to differences
in the behavioral trait, the innovativeness of individul farmers, which can
be related to characteristics of farmers. However, this approach, which has
been the most popular analytical approach to adoption in rural sociology,
has been criticized by rural sociologists themselves. A number of studies
have been done to find the characteristic variables related to innovtiveness,
but the findings are not unanimous.’ Lionberger (7] (p. 110) objected
‘ (3) R;ge;é ii2] (p. 154) said, “It has generally been found that many human traits are normally

distributed, whether the trait is a physical characteristic such as height or a behavioral
trait such as the learning of information. Hence, a variable such as degree of innovativeness

might be expected to be normally distributed also.”
(4) See Lionberger (7] (pp.96-102) and Rogers 12] (pp. 171-183).
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that, without a more fundamental basis of explanation, “We shall probably
continue to talk of differences in findings, which tell us almost nothing
about the reason why the differences exist.”

Like most adoption researchers in rural sociology, Rogers ignored the
possibility that the profitability of a given innovation may differ among
farmers and therefore may cause differences in adoption among farmers.
He did, however, mention that the different rates of adoption among different
innovations are determined by the characteristics of each innovation
such as relative advantage, compatibility, complexity, divisibility, and
communicability (Rogers [12), p.146). Rogers assumed that all cha-
racteristics of an innovation are intrinsic, whereas in fact the relative
advantage (profitability) depends upon the particular situation of the
potential adopter.®

Rogers specified five stages in the adoption process through which an
individul passed from first hearing about an innovation to final adoption.
These stages are given as awareness, interest, evaluation, trial, and adoption
(Rogers [12], p.81). At the awareness stage the individual is exposed to
the innovation but lacks complete information about it. He then becomes
interested in the innovation and seeks information about it at the interest
stage. At the evaluation stage the individual mentally applies the innovation
to his present and anticipated future situation, and then decides whether
or not to try it. The individual uses the innovation on a small scale in
order to determine its utility in his own situation at the trial stage. At
the adoption stage the individual decides to continue the full use of the
innovation.

Like Ryan and Gross, Rogers viewed the partial use of the innovation
before full use as the trial in order to determine the usefulness for its full
use. When he argued that an individual uses an innovation on a small scale
to make a decision about full use, he passed by the fact that the scale of
partial use is often too large to be considered as just a small scale trial,
and therefore the differences in the scale of partial use, as well as the
differences in first use or in complete use, of an innovation among farmers
require explanation.

(5) Coughenour (21 (p.9) discussed the importance of distinction between the intrinsic and the
extrinsic characteristics of an innovation in relation to its adoption,
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An alternative approach has been followed by Griliches [4] in analyzing
the differences in adoption of hybrid corn among various areas in the
United States. To characterize the marked geographical differences in the
development of hybrid corn adoption, he reduced differences among areas
to differences in the date at which an area began to use, the rate of
acceptance, and the long-run equilibrium percentages of the corn acreage
under hybrid corn.®

The differences among areas in the date of initial adoption of hybrid
corn were explained by the differences in the availability of hybrid seed
(“supply conditions™). The differences among areas in the long-run equili-
brium use of hybrid corn acreage as a percentage of total corn acreage and
in the rate of approach to that equilibrium (rate of acceptance) were
explained on the basis of differences among areas in profitability of the shift
from old varieties to hybrid varieties (“demand conditions™). ™

The most important conclusion in his study is his finding that the
profitability of a given innovation, such as hybrid corn, varies with the
particular situation of the potential recipients (adopters), there by causing
differences in adoption among regions and also among farmers within a
region.

Griliches [4] (p. 522) concluded:

On the whole, taking account of uncertainty and the fact that the
spread of knowledge is not instantaneous, farmers have behaved in a
fashion consistent with the idea of profit maximization. Where the
evidence appears to indicate the contrary, I would predict that a closer
examination of the relevant economic variables will show that the
change was not as profitable as it appeared to be.

While he emphasized profitability, he paid little attention to the fact that
risk may also be an important factor affecting a farmer’s decision to adopt
an innovation. Farmers’ behavior under uncertainty may be consistent with
the predictions of a utility maximization model but may not necessarily be

(6) Logistic growth functions are fitied to data by areas and the three parameters of the logistic
are cstimated; origins, slopes, and ceilings. These correspond to the beginning data of usc,
the rate of acceptance, and the equilibrium percentage of use of an innovation, respectively.

(7) Manyficld [9] also found that diffcrences in rate of adoption among twelve different innova-
tions were positively related to differences in their profitabilities.
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consistent with the predictions of a profit maximization model. Under the
hypothesis of profit maximization, it is difficult to explain why a farmer
uses both varieties, traditional varieties and new hybrid varieties, at the
same time for several years and why his acreage under hybrid corn ranged
from 10 to 90 percent of his total corn acreage.

Another hypothesis to explain the differences in adoption of an innovation
among individuals suggested by Nelson and Phelps [10] (p.69) is that
“education enhances one’s ability to receive, decode, and wunderstand
information” so that “the more educated a manager is, the quicker will he
be to introduce new techniques of production.”® They presented evidence
for this hypothesis in the empirical findings of rural sociologists’ works®,
where the education level often has been found positively related to earlier
adoption of an innovation. Under this hypothesis, differences in adoption
of an innovation among farmers are attributed in part to the different
amounts of information about an innovation farmers have acquired because
of their different abilities. Although Nelson and Phelps did not rigorously
explain the role of information in the adoption decision, their point is
important in understanding differences in adoption among farmers.

Although risk (or uncertainty) has been often mentioned in the adoption
studies, there has been a notable absence of theory to conceptualize the
role of risk in explaining the adoption of an innovation.

Schultz {18) (p.167) mentioned that:

The true yield variability of the new factor...will not be known.
while that of the old factor is well known from experience over many
decades. Thus there would be inherent in the prospective yield of the
new factors these new elements of risk and uncertainty. They must be

taken into account in determining profitability. N

But he did not go further to explain how risk can be included in deter-
mining profitability and how it affects through this the acceptance of a
new factor.

(8) Welch [20) further generalized the effect of education on a production activity as consisting
of a “worker’s cffect” and an “allocation effect.” The worker's effect refers to technical
efficiency, more output from a given bundle of inputs. The allocative effect means the
improvement of allocation of inputs and outputs on the assumption that education increases
the ability to acquire, decode, and sort market and technical information.

(9) Nelson and Phelps refer to E.M. Rogers, Diffusion of Innovation (1962), Chapter 6.
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In the study of Mayan corn farmers in Mexico, Cancian [1) (p.6) argued
that “because of the uncertainty about outcomes of new activities, the
economic man model cannot provide a complete framework for description,”
and tried to show that “the differences between Zinacantecos who took up
the new practices relatively quickly and those who did not can be ex-
plained—in part--by a general theory of differential response to uncert-
ainty.” He presented a theory relating the individual’s rank in a social
stratification system to the inclination to take risk."® In his analysis, he
defines similar attitudes toward risk by assuming that equal risk, for persons
of different ranks, is represented by the investment of an equal proportion
of the total resources of each person under conditions of equal uncertainty
(Cancian (1], p.137). But this definition makes it difficult to explain
differences in adoption of a specific size of innovation using his theory
because the risk will be proportionately less for a rich than a poor farmer.
Thus, in his analysis it is not possible to conclude whether differences in
adoption are due to different attitudes toward risk or due to the different

level of risk.

Gerhart [3) also hypothesized that the adoption of hybrid maize seed in
western Kenya is related not only to the profitability of the innovation but
to the uncertainty of its success. He argued, “The continued presence of
drought-resistant crops in the crop mix of certain areas but not in others
is most probably due to risk-aversion action rather than taste preference,”
(Gerhart [3], p.130). Thereby, he tested whether the adoption of hybrid
maize was related to the presence of drought-resistant crops in the maize
field, as a variable representing a risk-averting action. Based on his finding
of a negative and significant relationship between them, he concluded that
the farmer’s perception of risk is an important negative influence on
adoption. In his analysis, he was not able to distinguish between the effect
of risk-aversion and the effect of risk perception on adoption. Therefore,
his conclusions were vague as to whether differences in adoption are due
to differences in risk aversion or due to differences in the perceived risk.

In a study of Philippine rice-farmers, Roumasset [15] was interested in
testing the hypothesis that risk inhibits the adoption of new technologies

(10) His theory proposed the negative relationship between the individual's rank and the inclina-
tion to take risk, which is contrary to one in Rogers [12].
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by small farmers. The main focus was on the level of fertilizer use in
relation to risk. He developed two “safety-first” lexicographic models in
which farmers are assumed to have security as the first goal and expected
profits as the second. However, he found that farmers’ behavior was not
consistent with that predicted by the “safety-first” rules. Although his
conclusion that risk does not affect the decision to use fertilizer does not
necessarily follow from this finding. he distinguished conceptually between
risk per se and farmers’ attitudes toward risk in building his models.

In other studies such as Tinnermeier [19], Yudelman et al. [21], Schluter
[17], and Peacock [11], the importance of risk in adoption also was
mentioned but rigorously specified models were not developed and used in
the analysis.

As indicated in this brief review, each theoretical approach has emphasized
rather different factors that may lead to differences from farmer to farmer
in adoption of an innovation. However, no efforts have been made to inte-
grate these factors into a general theory which explains why and how these
factors affect adoption, as they have been observed to do. Since the adoption
of an innovation requires a decision by an individual, it is suggested that
the explanation of differences in adoption of an innovation among farmers
should begin with a clear conceptualization of the objectives of farmers,
the variables influencing these objectives, and how they are functionally

related to the adoption decision. Few such attempts have been made.
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