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■ Technology Diffusion

Among the many technological innovations of the twentieth
century few have had the impact of the agricultural Green
Revolution. The Green Revolution is associated with the
introduction of high-yielding varieties (HYVs) of wheat
and rice in the late 1960s, which was followed by their
widespread adoption, dramatically increasing farm
productivity and rural incomes throughout the developing
world. Wheat and rice are staple cereals in the Indian diet
and these crops typically dominate the Indian farmer’s
investment (acreage) portfolio. HYVs suited to local growing
conditions were successfully developed for both these crops
and so the Indian economy benefited disproportionately
from this new technology. The tremendous accumulation
of rural wealth in the decades following the Green
Revolution set the stage for a balanced and sustained
pattern of growth that distinguishes India from other
developing countries.

Despite the promise of the new technology, the
diffusion of the HYVs was not entirely smooth. Two of the
original wheat varieties imported from Mexico, Sonora 64
and Lerma Rojo 64A, were found to be particularly suited
to Indian conditions. They were crossed with local varieties
to yield the first generation of HYVs released for mass
distribution in 1967. Four of the five varieties released in
1967 were very robust to growing conditions and were
adopted throughout the Northern Plains where wheat was
traditionally cultivated. Two of these varieties—Kalyan
Sona and Sonalika—completely dominated in terms of
overall coverage and even spread to areas that had
traditionally grown rice, such as eastern Uttar Pradesh
and other states in eastern India. Sonalika accounted for
65 per cent and Kalyan Sona another 25 per cent of the
total supply of government-certified HYV seed in 1977–8.
No other variety accounted for more than 2.5 per cent of
seed supply in that year (ICAR 1978).

In sharp contrast with the smooth diffusion of HYV
wheat, the story for HYV rice is one of setbacks and
disappointments. The original semi-dwarf varieties Taichung
Native 1 and IR8 were imported from the International
Rice Research Institute (IRRI) in the Philippines. The
first cross-bred HYVs released for mass distribution,
Padma and Jaya, were found to be unsuitable in a variety
of stress conditions such as water logging, salinity, and
drought. They were also found to be susceptible to pests
and diseases. Indian agricultural scientists realized very
early that the wheat experience would not be replicated
with rice. Over the subsequent decades, the thrust of the
research effort was to develop HYVs that were suited to
specific local conditions. Despite these efforts, the

diffusion of HYV rice was a slow process, extending well
into the 1980s (ICAR 1985).

Why did adoption patterns for wheat and rice differ
so widely? HYV wheat provided a much higher return
than the traditional technology that it replaced. It was also
a relatively stable technology, associated with fairly certain
yields. It is well known that an innovation with these
characteristics will diffuse more rapidly. My research on the
Indian Green Revolution has explored an alternative—
learning—dimension along which the diffusion patterns
for wheat and rice might have differed. When a farmer is
faced with the choice between a traditional variety and a
new variety, he will only adopt the new technology if he is
sufficiently certain that it provides higher profits than the
technology it is replacing. The farmer can learn about the
performance of the new technology from the local
agricultural extension agent. Perhaps more importantly,
the farmer can learn from his neighbours’ experiences—
their acreage allocation decisions and subsequent yield
realizations—about the new technology. A neighbour’s
(unexpected) decision to adopt the new technology
indicates that he must have received a positive signal
about its performance. His subsequent yield outcomes
serve as an additional source of information. Such
information received from neighbours’ experiences is
more credible than information provided by the local
extension agent, since the neighbours have more to lose
when they make a mistake, and social learning has been
seen to have played an important role in the diffusion of
agricultural technology, both during the Green Revolution
and historically in US agriculture. Social learning
generates natural lags in adoption because the set of
neighbours the grower can learn from is restricted and
because new information from them only appears each
period. The point that I have tried to make in my
previous research is that these learning lags may have
been substantially greater for rice than for wheat,
explaining in part the distinct adoption trajectories that
were observed for the two crops.

Social learning is evidently weak, and diffusion rates
will be slow, if the individual is unable to observe his
neighbours’ experiences perfectly. But this does not
explain why some innovations diffuse faster than others,
even when social information is readily available. It also
does not explain why individuals or communities
sometimes appear to persistently ignore their neighbours’
(positive) experiences. For example, Ryan and Gross
(1943), in an influential study that spawned an enormous
diffusion literature in rural sociology, estimated that it
took fourteen years before hybrid seed corn was
completely adopted in two Iowa communities. I argue
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that such delays might arise because it is not enough to
observe your neighbours’ decisions and their subsequent
outcomes when learning from them. The fact that a new
technology worked well for a neighbour does not imply
that it will work well for the farmer if characteristics that
determine its performance vary in the population. The
individual could control for differences between his own
and his neighbours’ characteristics when learning from their
experiences, but only to the extent that these characteristics
are observed. Social learning breaks down if unobserved,
or imperfectly observed; individual characteristics are
important determinants of neighbours’ outcomes.

The rice-growing areas of Peninsular India are
characterized by wide variation in soil characteristics,
whereas conditions are fairly uniform in the Northern Plains
where wheat is traditionally grown. The technological
differences between the wheat and rice HYVs described
earlier would have accentuated the differences between
crops. The early rice HYVs were quite sensitive to soil
characteristics such as salinity, as well as to managerial
inputs, that are difficult to observe. The rice grower
would thus have found it difficult to control for
differences between his own and his neighbours’
characteristics when learning from their experiences.
The relatively stable HYV wheat technology, together
with the uniform conditions in the wheat-growing areas
of the country, would have resulted in conditions that
were ideal for social learning. As we would expect, while
slow diffusion rates were initially observed in the rice-
growing areas of the country, the wheat HYVs spread
rapidly and were ultimately adopted in areas that did not
even traditionally grow wheat.

I have (Munshi 2004) statistically tested the link
between unobserved heterogeneity and social learning by
estimating the grower’s response to his neighbours’
decisions and outcomes, separately by crop. Wheat growers
would have placed relatively more weight on their
neighbours’ past acreage allocations and yield realizations,
and relatively less weight on their own past decisions, if
social learning was stronger for that crop. Although this
would seem to be a simple test to implement, identifying
social learning statistically is an extremely challenging
problem. To understand the difficulties that could arise,
suppose that each grower bases his acreage decision in part
on an (unobserved) information signal that he receives in
each period. If these information signals are correlated
across growers in the village and over time, then neighbours’
past decisions could simply proxy for the unobserved
information signals. Manski (1993) points out more generally
that a spurious correlation between the grower’s current

acreage decision and neighbours’ past acreage decisions
could be obtained if any unobserved determinant of
acreage is correlated across neighbours and over time.

The prospects for identification of social learning
improve considerably when we focus on the grower’s
response to lagged yield realizations in the village. Using
data from a nationally representative sample of farm
households over a three-year period at the onset of the
Green Revolution, from 1968 to 1970, Munshi (2004)
finds that HYV wheat acreage responds strongly to
lagged yield shocks in the village, whereas HYV rice
acreage allocations do not. Consistent with the view that
social learning was smoother for wheat, wheat growers
also place relatively more weight on their neighbours’
past acreage allocations and relatively less weight on
their own past decisions, although as discussed earlier,
the acreage effects are less easy to interpret.

I do not claim that the distinct diffusion patterns for
HYV wheat and rice were driven entirely by differences
along a single learning dimension. Nevertheless, the
importance of social learning in generating variation
in diffusion rates across these crops should not be
minimized. If the view that rice growers are
informationally disadvantaged is correct, then we would
expect such growers to compensate for their lack of
social information by experimenting on their own land.
Agricultural production is divisible and so the grower
can choose the precise level of HYV acreage that is
optimal for him. Munshi’s analysis concludes with the
observation that rice growers who did adopt HYV
allocated more land to the new technology than
comparable wheat growers, despite the fact that average
landholdings were smaller for rice growers than wheat
growers and despite the fact that the likelihood of HYV
adoption was significantly higher for wheat growers.
Munshi shows formally that these empirical patterns are
consistent with increased experimentation among rice
growers to compensate for their lack of social
information. In contrast, if diffusion rates were faster for
wheat only because the new technology provided a
higher relative return for that crop, or was more certain,
then wheat adopters would have allocated more land to
HYV as well. The fact that they did not, suggests that
access to information significantly affected investment
patterns across crops in this environment.

The Indian Green Revolution is now complete, but the
lessons from that important historical episode could be
applied in other settings in the future. Rice HYVs took at
least a decade more than wheat HYVs to diffuse
completely. This lag could perhaps have been shortened if
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information programmes that were responsive to the
nature of the underlying social learning process had been
adopted. Information was provided to growers in India
through what is known as the Training and Visit (T&V)
system of agricultural extension. Under the T&V system,
extension workers focus their attention on a small group of
contact farmers in each village. The implicit assumption
here is that information will propagate from these farmers
through the rest of the village. This system evidently worked
very well with wheat. For rice, we would expect that the
few contact farmers in each village had little impact on
HYV adoption. In general, it may be necessary to invest in
more concentrated external information programmes when
the flow of social information is restricted.

KAIVAN MUNSHI
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■ Technology Transfer

Economic growth is aided, stimulated, and catalyzed by
technology. Developing economies can exploit technological
changes generated by spillovers from inventions and
innovations at international level along with options like
buying technology. Technology transfer is the process of
acquiring technology from a country that has substantially
superior technological knowledge. Two principal ways
of utilizing technology transfer are gradual learning
and leapfrogging. In comparison to leapfrogging,
gradual learning is incremental, painstaking, long term,
and cumulative.

The role and contributions of multinational companies
(MNCs) in technology transfer through original equipment
manufacturing (OEM) have generated considerable
interest in the recent economic literature. The symbiotic
relationship between local suppliers and their MNC OEMs
has enhanced local suppliers’ ability to adopt and assimilate

foreign technology (Ernst et al. 1998, Lall 2000). This is
particularly important for large economies like India, where
it is possible for firms to survive and grow catering just to
the domestic market. But the exposure to the international
market, particularly selling to MNCs, helps them speedily
upgrade their technology.

Technology Transfer
International technology transfer has become a major
source of technology for developing economies. Even so,
there are two areas of concern: one, the capacity of firms
and countries to absorb and then to innovate; and two,
to disperse the technological competence so acquired
within the firm or country (Narula and Dunning 2000).
Two alternate sets of observations have been made in
this context. The predominant neoclassical ‘accumulation
theories’ emphasize the role of physical and capital
investments in moving these economies along their
production functions. According to these, higher
investments will increase the capital per worker and drive
the upgradation of technology. The ‘assimilation theories’,
on the other hand, focus on learning in identifying,
adapting, and operating imported technologies. Put in
a different way, these stress that learning is a key
prerequisite to making such investment (Ivarsson and
Alvstam 2005, Javorcik 2004).

Acquiring new technology may not be considered a
one-time task. The process is continuous in the context of
the dynamic status of knowledge development, human
labour condition, market, institutions, and the role of
government. A competitive firm may lose in the long run
due to a competitor’s upgradation of technology. It is thus
argued that countries or firms must move into more
advanced technologies in order to remain competitive.
Herein lies the importance of the government’s role that it
can indirectly support the firms by providing
infrastructure, institutions, and incentives.

In the Indian context, Lall (1983) found that Indian
research and development (R&D) was basically adaptive
and consequently import of technology would encourage
in-house R&D. A number of empirical exercises
including Katrak (1989) and Siddharthan (1992) have
confirmed the complementary relationship between
imported technology and local R&D. In view of these
findings, it may be concluded that India’s closed technology
policies with respect to foreign direct investment and
technology licensing had the desired effect of promoting
indigenous R&D. We present a few case studies in an
attempt to capture the Indian experience with
technology transfer.
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