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Abstract of the Paper 

Since the mid-60s the high-yielding variety (HYV) 
technology or the 'new technology' has been introduced to the 
Indian agriculture. This technology involves the use of an 
input package vis. HYV seeds, fertiliser, pesticide and water. 
Initially it was introduced to a few regions and then it 
diffused to other regions of the country. An attempt h^s been 
made in this paper to study the pattern and rate of diffusion 
of this technology. 

At the outset, a model has been constructed to analyse 
the pattern of diffusion of the HYV technology in the context 
of Indian agriculture. To begin with, the analysis of the 
behaviour of an individual farmer is considered. Then we 
analyse the aggregate behaviour of the farmers with respect to 

r 

the diffusion of the HYV technology. However, from the analyses 
of both the individual and aggregate behaviour of the farmers 
we get that the diffusion path followed by the HYV technology 
can best be described by the logistic function. 

Then, to study the pattern of diffusion of HYV 
technology in the context of Indian agriculture, this model is 
used. We have estimated both the rate of diffusion and the 
asymptotic value of the diffusion path i.e. the ceiling of HYV 
technology. However, we have considered here the case of wheat 
only. For this purpose relevant data relating to the major 



TECHNOLOGICAL DIFFUSION : A CTUDY EASED 
ON INDIAN AGRICULTURE 

Indrani Ghosh 
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I. INTRODUCTION 

Appreciation of the importance of agriculture in the 
process of development has been greatly enhanced by the "Green 
Revolution", that has begun to transform the economies of 
various countries of the world. Even for countries with high 
population densities such ac India, the recent advances in 
agricultural production have raised new hopes. Even with tradi-
tional methods, agricultural production is a complex phenomenon, 

i 
where scarce resources are distributed over time and crops. The 
farmer's choices involve different activities that represent the 
performance of various tasks. These choices are expanded bv the 
technological change in the agricultural sector. 

From the beginning of the Third Flan, some improvement 
in the general level of agricultural technology was observed in 
India. In the context of agriculture, "technological change" 
refers to the use of modern inputs e.g. nigh-yielding varieties 
(HYV) of seeds, chemical fertilisers, tractors, pump-sets etc. 
in crop production. Since the middle of the decade of 1960's, 
the high-yielding variety (HYV) technology, which involves an 
input package viz. HYV seeds, fertilisers, pesticides and 
irrigation brought a remarkable change in the agricultural 
situation of India. This technology is expected to play a major 
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role in the achievement of food production target and conse-
quently in the drive for Making the country self-sufficient in 
food supply. But this new technology has not affected the 
different regions of our country uniformly. A few regions led 
in tneir introduction and then it was diffused to other regions 
of the country at different rates. Since the increase in 
productivity depends not only on the potential gains in yield 
from high-yielding varieties under ideal conditions but also on 
the ictual diffusion to farmers 1 fields, it is important to 
study the pattern and rate of diffusion of this technology. 

Let us now make a review of some- of the research work 
done related to the area cf" our interest. At first we discuss 
about those writings which have similar methodological issues 
like ours. 

< 

The pioneering econometric work on technological 
diffusion has been made by Griliches (1957). This work refers 
to the agriculture of the United States. His study revealed 
that the general pattern of diffusion of hybrid seeds in various 
areas of U.S.A. followed an s-shaped growth curve. Because of 
this reason, he fitted the logistic growth function to'the 
observed data. By using the estimated parameters of the 
logistic function, he derived for the different regions of 
U.S.A., the date of the first introduction of hybrid seeds, 
the rate of acceptance of hybrid seeds and the extent to which 
traditional varieties will be replaced by the hybrid seeds. 



- : 3 s -

He assumed that the behaviour of. both farmers and hybrid seed 
producers were based on expectation of profit. The time-lag 
between th^ availability and the first introduction of the 
hybrid seed into a particular region could be explained on the 
basis of varying profitability of entry, according to him. He 
araues that, the differences in the rate of acceptance of 
hybrid seeds and the differences regarding the extent to which 
hybrid seeds would be adopted in the long run by the various 
regions of U.S.A., are also due to differences in the profita-
bility of the shift from the traditional to the hybrid varieties„ 
In areas where the profits to be realized from the shift were 
large and unambiguous, the transition was exceedingly rapid. 
Later on Robert Dixon (1980) made an attempt to revise 
Griljches's work by using more recent data and improved esti-
mating techniques. As it was found from Griliches's work that 
the diffusion curves of hybrid seeds for .different regions were 
s-shaped but skewed rather than symmetrical for many regions, 
Dixon has used the gompertz function instead of the logistic 
function. Dixon's analysis, with the help of the gompertz 
function, also leads to the same conclusion as was reached by 
Griliches viz. that profitability is the major factor explaining 
the differences in the rate at which various states of U.S.A. 
adopted hybrid seeds. 
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Shetty 11966) carried out an early study on technological 
diffusion in the context of Indian agriculture. He tried to find 
out how rapidly the use of an innovation spreads from one farm 
to another and what factors determine the rate of diffusion of 
such an innovation. He considered the diffusion of improved 
seeds along with the diffusion of two other innovc?tions viz. the 
application of chemical fertilizers and the Japanese method of 
paddy cultivation. 

This study shows that the rate of diffusion tended to be 
faster for innovations that are more profitable and the two 
factors viz. larger size of the land holding ownership of the 
operational land and possession of more liquid assets help to 
increase the farmer's propensity, to innovate. Further, this 
study also shows that educational level or age of the farmer has 
no effect on the diffusion process. 

Another interesting study on the adoption of the HYV 
technology by the various classes of farmers was carried out by 
Rahman ;19S1). This study was based on Bangladesh agriculture. 
The major findings of this study were as follows z 

(i) The criterion of higher profitability of the new 
technology did not help much in explaining the differences in 
the rate of adoption of this new technology, (ii) The new tech-
nology is capital-intensive, (iii) This technology requires more 
of both labour and capital than the traditional technology and 
(iv) Lack of own resources and inadequate access to cheap 



sources of credit and inputs by the small farmers act as a cons-
traint on the adoption of the new technology at a higher rate. 

There exist a number of other studies which are different 
from oiirs with respect to methodological issues but dealt with 
different aspects of the HYV technology. In this connectLon we 
may refer to the study by Raju (1975). He has studied the 
behaviour of the small farmers in adopting the new technology. 

Another study on similar lines was made by Subrahmanyam 
(197 5). In this study the author tried to determine how far 
credit would help the small farmer in the adoption of new high 
yielding varieties of paddy. Some authors have studied the 
effect of different factors on the production of HYV crops vis. 
Singh and Goel (1976) have studied the impact of increase in the 
prices of fertilizers on the production and profitability of HYV 
rice and wheat; Bhagat (1983) analysed the effects of economic, 
socio-cultural and demographic factors on the adoption of improved 
agricultural practices in tribal Bihar and Ballabh and Sharma 
(1987) observed the difference in the rate of adoption of HYV 
wheat and paddy because of the impact of flood. 

There arc also studies on the impact .of HYV technology. 
For example, Ghosh (1981) has studied the impact of the HYV 
technology on land holdings through changes in the lease market. 

Apart from these studies, a number of studies have been 
carried out on the different aspects of the HYV technology in 
Indian agriculture. We do not mean to present a review of all 



this literature within the limited scope of this paper. However, 
all these studies indicate that there is need for further 
research on the pattern of diffusion of the HYV technology in 
the field of Indian agriculture. 

II. THE -40DSL 

In this section we describe a model constructed to 
analyse the pattern of diffusion of th*_. high-yielding variety 
(HYV) technology in the context of Indian agriculture. We begin 
with an analysis of the behaviour of an individual farmer. For 
this purpose, let us make the following assumptions s 

(i) The farmer possesses a fixed amount of land 
which is entirely cultivated in every year 
and he does not lease in or lease out land; 

(ii) the farmer cultivates only one type of crop 
on his land and 

(iii) the farmer is already familiar with the HYV 
technology. (Hence we assume'that some HYV 
technology is already in use). 

To analyse the pattern of diffusion of HYV technology, we 
take the help of the model constructed by Stoneman (1981) with 
respect to technological diffusion in the-sphere of industry. 

The level of use of the HYV technology will be determined 
by the farmer with a choice between the HYV and traditional tech-
nologies. Moreover, the farmer will learn over time about the 



characteristics of the HYV technology and, therefore, the farmer 
will change the level of use of the HYV technology accordingly. 
Finally, the change in the level of use of the* HYV technology 
will involve some adjustment cost. Therefore, the diffusion path ? 
for the I-IYV technology will be the result of the interaction of 
the choice between th.2 technologies, learning mechanism and the 
cost of adjustment. 

At first let us consider the long-run situation. Suppose 
that the farmer (i-th farmer) faces a choice between the HYV and 
the traditional technology and he cultivates his land with the 
two technologies in the proportion^ s (1 - ) . Also, suppose 
that the proportion of area cultivated by HYV technology when the 
diffusion is complete beoC^ . To determine this desired level 
of use of the HYV technology (ex',. ), the objective of the farmer 
is profit maximisation subject to minimum risk. Therefore, 
utility derived from the use of the HYV technology is positively 
related with the expected profit and negatively with the variance 
of the profit. Hence the behaviour of the farmer can be 
described by the mean-variance approach to technique choice. 
However, to determine the level of use of the HYV technology we 
are noL. considering the supply side factors in this exercise. 

.• Let us assume that the yield of the two technologies -
HYV and traditional are approximately normally distributed 
independent of each other as follows s 







Thv- farmer will not reach the long-run ceiling position 
instantly. This will be the result of th<° short-run experience 
In the short-run in each time-point the farmer's decision will 
be guided by the experience of the past periods. Let us now, 
describe the snort-run situation. 

• -

Suppose in time period ' t' the farmer cultivates his 
land with the r-IYV and traditional technologies in the propor-
tion.-*^ „ (1 • Anticipated yields of the HYV technology 

\ 
f 

at time period 't' is approximately normally distributed, as 
follows i 

Yield of HYV nit) 

Yield of the traditional technology is assumed to be known, 
since it is used for a long time and the distribution of the 
yield of this traditional technology remains the same, indepen-
dent of time. Therefore, the yield of the traditional 
technology "is distributed normally as already stated in the 
long-run situation i.e. \ i 

Yield of tradi tional • X. . , wv N ( . , 2 . ) 
technology 

Suppose, cost of cultivation per unit area in period 1t' is 
c i t. 











Now, let us define the cost function. Since 'C. ' 
refers to the cost of cultivation per unit of the cropped area 
where the HYV and traditional varieties of crops are cultivated 
in the proportion c/. . « (1 r e sP e c t i v e ly' therefore we 

r —* can write -
Cit = Clit/X'it + C2it (1 "C<it? (9) 

where ~ cost of cultivation of. the HYV crop per unit area, 
and C2it ~ cultivation of traditional variety crop per-

unit area. 

We have to make two simplifying assumptions viz., that, 
the farmer bears no fixed cost and that he enjoys no economics 
of scale with respect to the traditional technology. Now, since 
the farmer is cultivating the traditional variety for a long time, 
we can assume that, he knows the optimum proportion of the 
factors of production from his experience and hence, the variable 
cost per unit area remains constant. Therefore, we can write 

C2it a s a c o n s t a n t/ saY/ 
C2it = K1 ( 1 9 ) 

Now, we have to consider the characteristics of the HYV techno-
logy, For the cultivation of HYV crop, it is required to apply 
a package of .inputs viz., irrigation, fertilizer and pesticides 
along with HYV seeds. The success of this technology depends on 
two things s 
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(i) The factor inputs should bo applied in 
optimum proportion and 

(ii) Different operations of cultivation e.g. 
ploughing, sowing, interculture, irrigation 
etc. should be performed on time and under 
proper supervision. 

However, the farmers will learn about the optimum propor-
tion of the factor inputs required for the HYV cultivation 
through experience over time. Moreover, the cost per hectare 

of this new technology will be higher, greater the rate of 
diffusion of this new technology. This will happen because of 

(i) As soon as the area under HYV crop increases 
by a large amount, the problem of proper 
supervision will arise. Therefore, additional 
hired labour should be employed and hence 
wage cost per hectare will increase. 

(ii) If the area under HYV crop increases at a very 
high rate then the different operations of 
cultivation cannot be performed timely with 
the existing equipment and machinery. For example, 
the farmer may own a tractor, but this may not be 
sufficient for the timely performance of all the 
operations of cultivation of a large area and 

the following reasons ? 
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therefore, the farmer will either hire the service 
of another tractor or use bullocks. As a result 
cost per hectare will increase. 

(iii) If the rate of- diffusion of HYV technology is 
such that ax eas under HXV cannot be irrigated 
by canals, the far- -r will depend on either 
tubewe1Is or wells along with canal water. As a 
result wage cost per hectare will increase 
because tubewell and well irrigation are 
associated with higher labour-hours per hectare 
than canal irrigation. The study by Bina Agarwal 
(1983) supports the empirical generalization. 

Now, we have to define, the cost of cultivation per unit 
area for the KYV technology by the following function s 

L j J \2 
n v v <Lt ~ QCit-r ........... (20; 
Clit - 2 — — — ~ ~ 

°\it-l-CX.it 

This form has the following two properties % 

(i) For a given increase in the proportion of 
area under HYV, the higher is the existing 
proportion of area under KYV ( ) / the 
lower is the cost of cultivation per unit 
area. This property is logical on the ground 
that, higher level ofc^it_1 implies that the 
farmer gained more experience and hence, he will 





1 9 

In the long-run situation eqn. (23) will take the 

following fora s 

^ li-t^Ki-f-ii' + 2K2 

(24) 

No <i, eqn. (1- 1) represents nothing but a logistic function. 
Tiie:• efore, we find that, the diffusion path followed by the HYV 
technology for an individual faimer can be described by the 
logistic functiono 

So long we considered the behaviour of an individual far-
mer with respect to the adoption of the new technology. But 
different farmers will have different anticipations about the 
return crora the new technology,, They villi also have different 
attitudes to risk. . Therefore, different farmers will adopt the 
new technology at different points of time. However, finally 
we will get a diffusion curve of the HYV technology for the 
state as a whole. Those who are risk-lovers will be early 
adopters and those who are risk-averters will be late adopters. 

Let us now analyse che aggregate behaviour of the farmers 
with respect to the diffusion of the HYV technology. Let us 
suppose that there are 'n' number of farmers and 1 A^' represents 
the cultivable area owned by the i-th farmer. 
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Eqn. (29) is nothing but the aggregate form of eqn. (23) and 
i 

hence it also represents a logistic function. Therefore, the 
diffusion path followed, w.r.t, the PIYV technology by taking 
the individual farmers in aggregate (i.e. at the state-level) 
can be described by the logistic function subject to the Ov • condition that, the value of is same for all individuals 

^it-l 
in each time period. The implication of this condition is that, 
at any time-period who are cultivating relatively larger 
percentage of total area by HYV technology, in the next time 
period their increment in the percentage of area under HYV will 
be relatively low. This also means that for the farmers who 
initially start with relatively larger percentage area under 
HYV, the rate of growth of percentage area under HYV technology 
measured from time to time will be relatively low. However, 
this does not mean that, the overall rate of diffusion of HYV 
technology for these groups of farmers will be relatively low. 

To study the pattern of diffusion of HYV technology in 
the context of Indian agriculture we have used this model, 
which is described in the next section. 



III. SMIIRICAL STUF 
III.A. 

To stuch- the pattern of ciffusion of HYV technology, we 
looked both at the rate of diffusion of lHYV techno,1c gy and the 
asymptotic value of the: diffusion path i. . ceiling,. Since,. i\ 
was not. possible to study the pattern of diffusion of 1T'V 
technology for all crops, therefore, \rc- have carried out a cror 
specific analysis. HYV technology has been applied to the 
production of a number of crops viz., rice, wheat, jowar, 
bajra, maize and some oilseeds. However, we have considered 
here the case of wheat only. To study the pattern of diffusion 
of HYV wheat we have considered nine states of India viz., Biha; 
Gujarat, Haryana, Karnataka, Madhya Pradesh, Maharashtra, Punja] 
Rajasthan and Uttar Pradesh. It was not possible to consider 
other states because of data limitations. This study is 
limited to the period from 1966-67 to 1980-81, since all the 
relevant data were not available for the period before 1966 and 
after 1981. 

After collecting the time-series data on the area under 
HYV wheat and the total area under wheat, by applying our model 
we have fitted a logistic growth function for each of the 
states separately. (As a cross-check, by plotting the time-
scries data of the area under HYV wheat as the percentage of the 
total area under wheat, we find that almost every where the 
resulting curves are s-shaped as represented in the following 



graphs). Estimating the parameters of the logistic growth 
function by "the method of the rate of increase" as suggested by 
H. Hotelling we obtained the rate of diffusion of HYV wheat and 
the ceiling i.e. the lcng-run limit of diffusion of HYV wheat." 
The estimated parameters of the logistic growth function with 
respect to HYV wheat are presented in Table 1. The values of 

r 

• t> • and ' L1 stand for the rate of diffusion of HYV wheat and the 
ceiling respectively. The table shows that the rate of diffusion 
of HYV wheat is highest in Gujarat (2.43) and lowest in U.P. 
(0.48) whereas the ceiling value is highest in Haryana (88.88) 
and lowest in Karnataka (36.39). However, the values of rZ, 
representing the degree of goodness of fit of the logistic 
function, vary from 0.15 to 0.63. 

III.B. 
Now we are going to develop the economic interpretation 

of the differences in the estimated parameter 'b' i.e. the rate 
of diffusion of HYV wheat as between the states. Inter-state 
variation in the rate of diffusion of the HYV wheat results frum 
the inter-state variations in the rate of adoption of the HYV 
wheat by the farmers, which again depends on different socio-
economic factors. 

The primary factor governing the adoption of HYV in 
preference to traditional variety is expected to be the 
comparative profitability of HYV. Hence, ceteris paribus, the 
rate of diffusion of HYV7 will be higher in those states where 
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the incroasG in relative profit from the cultivation of HYV OVGI 

the traditional variety is greater in comparison to others. 
Profitability depends on yield, cost of cultivation, risk 
involved in cultivation etc. Now if irrigation is assured and 
the required amount of fertilizer is available, different 
operations of cultivation e.g. ploughing, sowing etc. arc 
performed timely then the risk anticipated by the farmer will 
diminish. As a first approximation, we have considered only thi 
effect of yield on the profitability, assuming the effect of ri; 
to be neutral as between varieties and farmer. The yield of HY 
is generally greater than that of the traditional variety. 
Therefore, income per unit of the cropped area will be higher i 
the case of HYV and HYV will be considered as superior to the 
traditional variety. Moreover, this will affect the profit als 
Therefore, we have to consider the average increase in yield of 
HYV over the traditional as one of the explanatory variables fo 
the differences in the rate of diffusion of HYV, 

Secondly, the factor that may be advanced to explain th 
differential rate of adoption .of HYV is the statewise variation 
in the importance of a particular crop. It is expected that, 
any particular crop is grown in a relatively larger percentages 
of area of a state depending on the; agro-climatic condition of 
that state which is favourable for that specific crop and as a 
result, that crop becomes important in the state considered, 
we can expect that, the rate of diffusion of HYV will be higher 
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those states whore the importance of the crop considered is 
greater than others. Therefore, as an explanatory variable we 
have used the percentage of area under a crop to the total 
cropped area of a state which gives the measure of the impor-
tance of a c m p to, that statu. 

Thirdly, the adoption of the KYV technology is influenced 
by the specific factor-intensity of this technology. It is well 
known that, this new technology tends to be relatively capital -
intensive. It demands an input package, the major components of 
which have to be purchased from the market. Therefore, the 
adoption of this technology requires liquidity. Now, the large 
farmers have better access to capital than the smaller ones. 
Therefore, it is expected that, the rate of diffusion of HYV 
technology will be higher in those states where average size of 
farm is comparatively large. 

Therefore, the average size of farm is used as one 
variable to explain the differences in the rate of diffusion of 
HYV. Apart from the average size of farm, the different level 
of the development of the credit markets in different states will 
also affect the rate of diffusion of the HYV technology. In our 
country most of the farmers are poor and they do not have good 
access to capital. Therefore, they can adopt this technology 
only if they get the credit facilities. The poor farmers cannot 
adopt a new technology, bearing a high risk, by depending on the 
private moneylenders. Institutional credit can help the farmers 
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te adopt the now technology. It is expected that the state with 
higher institutional credit facilities will have a high rate of 
adoption of HYV, comparatively speaking, So, we have considered 
agricultural credit given by different institutions as an 
explcnatory variable. 

The institutional credit for the agricultural sector is 
mainly provided by the co-operatives and the commercial banks. 
Of the two, co-operatives provide the major part. It may be 
noted that the role of co-operatives in providing agricultural 
credit before the mid-60's was insignificant. Before the mid-
60' s, cultivators were mainly dependent on the private money-
lender for credit. At present, the picture is just the opposite. 
Now-a-days, the major part of the agricultural "credit is provided 
by the different financial institutions. The share of institu-
tional credit in total agricultural credit has inc r e ased to 
62.6% in 1981 as against 31.7% in 1971 and 18.6% in 1981.4 Of 
the total institutional credit, co-operatives accounted for a 
very large percentage. During the year 1978-79, co-operatives 
for^.66% of the total agricultural credit provided directly by 

5 the institutions. 

Because of difficulties experienced in obtaining data 
for agricultural credit provided by the commercial banks, we 
have considered only the credit provided by the co-operatives, 
in our analysis.^ 
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Another factor that can be taken into account to explain 
tlv. differential rate of diffusion of HYV technology is the 
differentjcI rate of application of the complementary inputs 
required for the success of this technology. The new technology 
involves tne application of HYV seeds together with the associa-
te, d package of inputs e.g. irrigation, fertilizers, pesticides 
and improved implements. However, some of these inputs were 
already known before the onset of the new technology. But their 
application was not essential for the traditional technology and 
hencc their use was also limited. On the other hand, to get the 
maximum level of output, that can be obtained from the HYV seeds, 
it is esse ntial to use certain packages of inputs as mentioned 
above. Therefore, it is expected that, in the states where the 
rate of application of these complementary inputs is higher, the 
rate of diffusion of HYV technology will also be higher. Hence, 
we have used the percentage of irrigated area to the total area 
under the crop as an explanatory variable. It has not been 
possible to consider the other complementary inputs, because of 
non-availability of the data. 

Success of the HYV technology depends on the assured 
suppply of water. If irrigation facility is well developed then 
there would be no problem. But if it is not so then the 
alternative source would be the sufficient amount of rainfall. 
Hence, it is expected that, the statewise variation in rainfall 
will have some effect on the rate of diffusion of HYV crops and 
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it is also expected that, these two are positively related. So, 
we have used actual annual rainfall as an explanatory variable 
for the differential rate of adoption of HYV crops. 

Literacy of the agricultural population is another factor, 
which may have some indirect influence on the rate of adoption 
of the HYV technology. The people who are directly concerned 
with the agricultural activity, are those who live in the rural 
areas. Literacy among the people of the rural sector increases 
their consciousness about the things that are happening in the 
world outside their own surroundings. A new technology inevi-
tably involves some risk and farmers ignorant about the outcome 
may heavily discount returns from the new technology. Those 
people who have a traditional way of thinking may prefer lower 
output with certainty than larger output with uncertainty. The 
degree of risk-aversion will be higher for these people. As a 
result, they will hesitate to adopt tnis new technclogy. Our 
hypothesis is that the degree of risk-aversion is inversely 
related to the degree of literacy. Hence, we have used the 
percentage of literacy in the rural sector as another explanatory 
variable. 

Lastly, the differential rate of diffusion of HYV 
technology may also be affected by the differential rate of 
development of the states, at least to some extent. Because 
with the development of the states number of credit insitutions 
will increase, consciousness of the people will rise, state of 



demand will improve and therefore, the farmers will be interested 
to adop a new thing. The economic development of a state is 
generally represented by the per capita state domestic product 
(SDP). Therefore, we have to use per capita SDP as an expla-
natory variable. 

III.C- METHODOLOGIES. 

For the estimation of the rate of diffusion of HYV (b), 
we have considered the period from 1967-68 to 1980-81. Since 
our objective is to make a cross-section analysis of the 
variation in the rate of diffusion of HYV, values of the expla-
natory variables for the different states are used after 
averaging over the period from 1967-68 to 1980-81. 

However, it is-to be noted that, the value of 'b1 depends 
strongly on the ceiling (L). Definitionally, 'b1 represents the 
percentage of the ceiling value by which HYV will diffuse over 
time. For example, the values of 'b' and 'L' in Gujarat are 
2.43 and 65.67 respectively and these imply that the area under 
HYV wheat in Gujarat will increase by 2.43% of the ceiling 
value (i.e. 65.67) per year. But the ceiling value differ from 
state to state. Therefore it is required to adjust 'b1 so as 
to make them comparable between the states. For this purpose, 
we have expressed the value of 'b' as the percentages of the 
area under the crop considered instead of the percentages of the 
ceiling value. Hence, instead of 'b' as the dependent variatole, 
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we have used 'v' whore y = bx y^Q--, 

The first explanatory variable we have used is the 
average difference in the yield of HYV over the traditional (x.) 
But the data on the yield of-the traditional varieties of the 
crop (wheat in this case) were not available. Therefore, we 
have calculated these values by using the formula as follows s 

Total production Production of 
Yield or the traditional of wheat " HYV wheat 
varieties of wheat = - T o t a l a r ea Area under 

under wheat "" HYV wheat 

Production of HYV wheat were, again, calculated by multiplying 
the area under HYV wheat with the yield of HYV wheat. Then we 
calculated the difference between the yield of HYV and traditio-
nal varieties of wheat for the time period considered and finally 
averaged these figures. 

The variable actual annual rainfall (X^) has been cons-
tructed by summing up the figures for actual rainfall for the 
months from July to June for each of the agricultural years. 

We have already stated that, we used co-operative credit 
as the proxy of total agricultural credit since it covers 66% 
of the total agricultural credit (institutional). For our 
analysis agricultural credit has been constructed by summing up 
the credit provided to the individuals by different institutions 
under co-operatives. Therefore, it represents the sum total of 
the credit given by Primary Agricultural Credit Societies (?ACS;, 
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Grain Banks (for those states where they exist) and Primary Land 
Development Banks (PLDB). In Gujarat and U.P. there are no 
PLDB, and, .therefore they have been substituted by the Central 
Land Development Ban!: (CLDB), which directly gives loans to the 
individuals in these two states. Again, in Bihar and Mahara-
shtra PLDB1s were functioning till 1971-72 and since 1972-73 
loans were provided to the individuals directly by the CLDS's. 
In Maharashtra, till 1971-72 CLDS's were also giving loans to 
the individuals but it was only around 0.07% of the total co-
operative credit to agriculture and so we ignored these figures. 
Similarly, in Tamilnadu and Kerala also, CLDS's provided loans 
to the individuals and it accounted for 0.001% and 0.05% in 
Tamilnadu and Kerala, respectively. Therefore, these figures 
are also ignored for these two states. 

To make comparable between the states, we have normali-
zed agricultural credit by the total cropped area of the state. 
Therefore the variable Xg represents agricultural credit per 
hectare of the total cropped area of the state. 

In our analysis, we have used another variable, viz., per 
capita state domestic product (SDP), (XQ) as an index of the 
level of economic development. We have used the average of the 
per capita net state domestic product at 1970-71 prices for the 
period from 1970-71 to 1980-81. For the period upto 1969-70 
figures were given at the 1960-61 prices, and they could not be 
converted into 1970-71 prices. Therefore, we did not use them. 



IV. FINDINGS /-.ND ANALYSIS 

In order to explain the inter-state variation in the 
rate of diffusion of HIV wheat with the help of our nine 
explanatory variables, we have carried out multiple regression 
analysis. The data used for this purpose are presented in 
Table 2. 

The notation used is as follows s 

Y = — j = R a t e o f diffusion of HYV x ^ q q ^ — 

X^ = Average of the incremental yield of HYV over the 
traditional. 

X2 = Area under wheat (i.e. the specific crop considered) 
as the percentage of total cropped area of the state. 

X^ = Percentage of area irrigated under the crop (wheat, 
in this case). 

X 4 = Average size of farms. 
X^ = Actual annual rainfall. 
Xg = Agricultural credit per hectare of the total 

cropped area. 
Xj = Percentage of literacy in rural sector. 
Xg = Per capita net state domestic product. 

In our analysis, we used eight (8) explanatory variables 
as noted above. On the other hand, in case of wheat, the number 
of observations is nine, so problem of degrees of freedom arises 
To avoid this problem, we constructed different sets by taking 
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different combinations of variables and carried on separate 
regressions for the different sets of explanatory variables. 
Hence, we obtained a large number of regression equations. 
However, among them, we have taken for analysis only those 
equations which have relatively high explanatory power. Results 
of regression analysis are given in Table 3. From Table 3, we 
find that for equation (1) only the variable X3 is significant 
at the 10% level of significance. No other variables in 
equation (1) are significant and F-statistic is, also, not 
significant. i 

Therefore, on the basis of equation (1) we can say that 
only irrigation have significant effect on the rate of diffusion 
of HYV wheat and the other two variables viz. incremental yield 
of HYV over non-HYV wheat (X^) and importance of the crop in the 
state C^) have no significant effect on the rate of diffusion 
of HYV wheat. Moreover, on the basis of the F-value, eqn.(l) 
reveals that those three variables considered in eqn.(l) jointly 
also have no significant effect on the rate of diffusion of HYV 
wheat. 

Let us now compare the eight regression equations we 
have estimated. From Table 3 we find that most of the equations 
reflect good explanatory power judging on the basis of the value 
of R2 (varying from 0.56 to 0.84). But if we look at the values 
of K** then we find that those values vary largely from equation 
to equation, from 0.01 to 0.74. The only variables which have 
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siqnificant co-efficient (on the basis of t-test) are as follows; 
(i) in ecrn.(l) X_ is significant at the 10% level, 
(ii) in aqn.U) X,, is significant at the 5% level, 
(iii) in eqn.(6) XR is significant at the 10% level, 
(iv) in eqn.(3) X7 is significant at the 10% level. 

It is to be noted here that, although the co-efficient of 
XQ is positive and significant in eqn.(6) it is negative in 
eqn.(3). The reason is multicollinearity of with X^. Because 
from Table 4 we find that X„ have very high correlation with o 
X^ (0.76) and therefore, as in eqn.(6) X^ is dropped coefficient 
of Xg became positive. 

Moreover, we find that the F-value is significant only inj 
eqn. (4) . This means that the variables X^, X̂ . and X^ jointly 
have significant effect on the rate of diffusion of HYV wheat. 
In none of the other seven combinations, the explanatory varia-
bles jointly have any major effect on the rate of diffusion of 
HYV wheat. 

However, as we noted earlier, some variables do have an 
influence on the diffusion of HYV wheat of a kind that we find 
plausible on the basis of theoretical arguments. Discussions in 
this respect follow in the appendix - II. 
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V. SUMMARY AND CONCLUSIONS 
Based on our model on the pattern of diffusion of HYV 

technology we have estimated the rate of diffusion of HYV wheat 
in nine states of India by fitting the logistic growth curve. We 
find that, the rate of diffusion of HYV wheat differ from state 
to state. Regarding this inter-state variation in the rate of 
diffusion of HYV wheat, we have tested a number of propositions. 

The results show that, the rate of diffusion of HYV wheat 
is higher in those states where the irrigation facility, the rate 
of literacy in rural sector and per capita state domestic product 
are relatively high. Our finding also shows that, controlled 
water i.e. irrigation is much more necessary than rainfall for 
the success of HYV technology because we find that rainfall has 
no significant effect on the rate of diffusion of HYV wheat. 

However, some of the variables initially considered have 
an insignificant effect on the diffusion of HYV wheat viz. incre-
mental yield of HYV, importance of the crop in the state, farm-
size and agricultural credit. This result seems quite incon-
sistent, Perhaps the reason behind is the problem of aggrega-
tion. It has not been possible to carry out disaggregative 
analysis due to data constraint. ijj. it was possible we might 
get some new light in this respect. However, subject to this 
limitation, the result should be taken for granted. Therefore 
on the basis of our results as a policy implication we can say 
that, for the diffusion of HYV technology stress should be 
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given on infrastructural development and economic development, 
specifically on three factors viz., irrigation, rate of literacy 
in rural sector and per capita state domestic product. 











credit an-: percentage cf literacy in rural sector (X^) hav 
/ 

positive contribution co the rat- of diffusion of HYV wheat. 
Therefore, it needs no more explanation. 
Category (2) 

Three viriaoler, X5 and Xp belong to this 
category (see Table 3). However, area under whe*t as the 
percentage of the total cropped area of the State (X„) and per 
capita SDP (XQ) are inversely related to the rate of diffusion 
of HYV wheat in some cases. But average size of farms (X^) and 
annual rainfall (Xr) are inversely related to the rate of 
diffusion in all cases. These are opposite to the expected 
results. So, we shall try to find out the reasons behind. 

The inverse rel tionship between X2 and Y implies that 
in the states where the percentage area under wheat is high, 
the rate of diffusion of H j T V wheat is less. X 9 is used as a 
measure of the importance of the crop in different states. Let 
us try to find out the reason behind the inverse relationship. 

The negative co-efficient of X2 is due to the presence 
of multicollinearity. From the correlation matrix (Table 4), 
we find that X2 have high correlation with X3 (0.62). Moreover, 
in eqn.(6) /"Table 3J? the coefficient of X2 is positive where 
X„ is not present. 
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Thus we find that if X3 is dropped then the estimated 
co-efficient of X2 becomes positive. The implies that, reason 
for the negative co-efficient of X2 is multicollinearity of X^ 
with X^. 

From eqn.(3) we find that XQ is inversely related with 
Y. However, the reason is that Xg have high multicollaarity 
with Xrj as discussed earlier. Therefore, in the absence of 
it became positive in eqn.(6). 

We consider now, the case of X& i.e., average size 
of farms..,From Table 4, we find-that x" have no high correlation 
with the other variables. Therefore, the question of multi-
collinearity does not arise. So the negative co-efficient of X^ 
is due to some other reasons. 

The inverse relationship between X 4 and Y implies that, 
the states where the average size of farm is larger, the rate 
of diffus 

ion of HYV wheat is low relatively and vice versa. 
Small farmers operate their land individually and so, they devcte 
their full effort on cultivation. The most important factor 
that drive the small farmers to more intensive effort is the 
need for survival. It is well-known that, in Indian agriculture 
the small farmers operate subsistence farming. Having no 
alternative source of employment and income, these poor 
peasants try to produce the maximum output on his small piece 
of land. To achieve this goal, ignoring the marginal producti-
vity calculations, they employ family labour and also hired 
labour, whenever necessary to supplement the family labour. 



As a consequence, labour intensity (i.e. labour input per 
hectare) becomes relatively higher for these small farms, as 
empirically observed by Krishna Bharadwaj (1974), M. Chatto-
padhyay and Ashok Rudra (1976) etc. The small farmers also 
try to apply other inputs with maximum intensity. The studies 
of C.H. Hanumantha Rao (1966) and K. Bharadwaj (1976) reveal 
that the percentage of area irrigated declines with the increase 
in the size of holding, because the small farmers try to improve 
the quality of land by small-scale irrigation and other means 
as can be done with the help of labour, which l ^ t t h e large 
farmers^ These small farmers also try to cultivate as many 
crops as possible, i.e. cropping intensity is higher for the 
small farmers. This is supported by the work of K. Bharadwaj 
(1974) and Chattopadhyay and Rudra (1976). Finally, if we 
consider all inputs in aggregate, we find that, the intensity of 
application of total inputs is higher in the case of small 

7 
farmers. Therefore, the yield per hectare of the small farms 
might be higher than that of the large farms. Some may express 
doubt about the inverse relationship between farm size and 
productivity, as it was found by several authors that, this 
relationship does not hold for all ranges of the size-clas^ or 
for all regions of India. 

However, Jay'analysing the f^'ulngs of different authors 
on this >esue. Sen (197Jy) finally came to the conclusion that, 
exoept.ing for data within a village, t-hi.s inverse relationship 
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holds both for the size-class average data and disaggregate' 
inter-farm data from different villages in the same region, 

Now, since the productivity is higher for the small 
farmers than large farmers, therefore, they will realise greater 
profit from HYV cultivation than large farmers. Therefore, once 
the HYV technology is adopted by the small farmers, they will 
spread this hYV technology to a larger percentage area of their 
holdings. Hence, it might be possible that, the rate of 
diffusion of HYV wheat is higher in those states where the 
average size of farm is smaller and vice versa. 

Finally, let us consider the inverse relationship 
between X^ and Y. This implies that, the states where annual 
rainfall in relatively high, the rate of diffusion of HYV wheat 
is relatively low and vice versa. The reason for such an 
inverse relationship is that, the states where annual rainfall 
is relatively low are the states of north-western region (e.g. 
Punjabt Haryana, Gujarat, Hajasthan) which have" extensive 
irrigation facility. Therefore, excepting Rajasthan, with 
an assured water supply, they have higIY~rat:e of diffusion of HYV 
wheat. In case of Rajasthan, although 69.9% area under wheat 
Ts^-i-ctigated, the rate of diffusion of HYV wheat is very low 
in this state CO".35) . On the other hand, states with high 
rainfall have rather poorwirrigation facilities viz., Karnataka ! 

and M.P. where irrigated area under wheat are 13.2% arict~20-.2% 
respectively and the rate of diffusion of HYV wheat 
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also very low in these states (viz. 0.34 in Karnataka and C.22 
in M.P.). Moreover, from Table 4, we find that, the correlation 
co-efficient between X^ and X^ is-0.71. Therefore, the inverse 
relationship between rainfall and irrigation in the wheat 
growing states, is also supported by the correlation co-
efficient between them. 

We can conclude that the diffusion of HYV wheat 
much more dependent on irrigation than on rainfall, although 
we expected some positive influence of rainfall. However, the 
case of Maharashtra is very interesting. For this state, 
figures for both the annual rainfall and irrigation are very 
low. But the rate of diffusion of HYV wheat is very high 
(1.20) comparative to other states. We also note that agri-
cultural credit (X^) and literacy rate in the rural sector 
(X^) are highest in this state among all other states considered 
and per capita state domestic product (Xp) is also very high 
in this state. Therefore, from the experience of Maharashtra, 
we can say that agricultural credit and literacy in the rural 
sector play much more important role than irrigation in the 
diffusion of HYV wheat. 







Table 2 contd. 
Note ; Y = Adjusted rate of acceptance of HYV wheat = 

bk 
TOO ; 

X^ = Average increase in yield of HYV over 
traditional wheat; (in kg./hectare); 

X2 = Area under wheat as the percentage of 
total cropped area; 

X^ = Percentage of area irrigated under wheat; 
X^ = Average size of farms; (in hectare); 
Xf. = Actual annual rainfall; (in centimeter) ; 
Xg = Agricultural credit per hectare of the 

total cropped area of the state (Rs./hectare) 
X^ = Percentage of literacy in rural sector; 
Xp = Per capita net state domestic product at 

1970-71 prices; (in Rs.). 

Source s (i) Figures of Col.(3) are constructed on the 
basis of data from "Fertiliser statistics", 
"Estimates of Area and Production of 
Principal crops in India" and "Consoli-
dated Results of crop Estimation Surveys 
on Principal Crops". 

(ii) Figures of Col.(4) are from "Estimates of 
Area and Production of Principal crops in 
India". 

(iii) Sources of Col.(5) are "Indian Agricultural 
Statistics","Indian Agriculture in Brief" 
and "Estimates of Area and Production of 
Principal'crops in India." 

i. 
(iv) Source of Col.(6) is "Indian Agriculture in 

Brief". 
(v) Col.(7) is constructed on the basis of data 

from "Estimates of Area and Production of 
principal Crops in India". 

(vi) Col.(8) is constructed on the basis of„data 
from "Review of the co-operative movement 
in India", "Statistical Abstract, India", 
and "Indian Agricultural Statistics". 

(vii) Source of Col.(9) is "Census of India,1981". 
(viii) Source of Col.(10) is "Estimates of State 

Domestic Product : 1960-61 to 1982-83". 







FOOTNOTES 

1 • See Johnson and Kotz (1970) 
2. See Lindley (1965) 
3. For this method of estimation of the 

see Davis (1941) . 
logistic function 

4. See Desai (1987). 
5. See R.B.I. (1980). 
6. There is another important aspect of considering the 

agricultural credit provided by the co-operatives only 
Relative consciousness of the farmers to demand credit 
for the technological improvement of cultivation and 
credit provided by the co-operatives are correlated. 
Therefore the co-operative credit represents the force 
of demand for credit by the farmers that leads to the 
formation of co-operative society. On the other hand 
credit given by the commercial banks represents the 
supply side picture only whatever be the demand. Now, 
since it is much more important to reflect the demand 
side picture, credit provided by the co-operatives is 
considered only in our study. 

7. See Chattopadhyay and Rudra (1976. 
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