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Abstract of the Paper

Since the mid-60s the high-vielding variety (HYV)
tachnolocgy or the 'new technology' has been introduced to the
Indizan agriculture. This technology invelves the use of an
incut package viz., VYV seeds, fertilizer, pesticide and watar.
Initially it was introduced to a few regions and then it
iiffuscd to other regions of the country. An attempt h:z been
m3ade 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
the diffusion of the HYV technoiogy. However, from the analyses
of both the individual and aggregate behaviour of the farmers
we get that the diffusion path followced 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 thne rate of diffusion and the
asyrnaptotic valus of the diffusion path i.e. the ceiling of HYV
technology. However, we have considered here the casec of wheat

only. For this purpose relevant data relating to the major



TECHNCLOGICAL DIFFUSYICN : A ZTUDY TLHSED
ON INDIAN AGRICULTURE

Indrani Ghosh

T. TNTRODUCTION

4Lppreciation of the impeortance of agriculturz in the
process of development has been greatly enhancec 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 as India, the recent advances in
agricultural production have raised new hopes. Bven with tradi-
tional methods, agricultural production is a complex phenomanon,
where scarce resources are distributed over time ana crobs. 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. high-yielding varieties
(BYV) of seeds, chemical fertilisers, tractors, pump--sets ctc.
in crop production. Since the middle of the decade of 1S60°'s,
the high-yiezlding 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 & major



N

role in the achievement of food production target and conse-
quently in the drive for making the country self-sufficient in
foed supplv. But this new technology has not atfected the
different regicns of our ccocuntry uniformly. A few regions led
in their introduction and then it was diffused to other regions
of the country at different rates., Since the increase in
proiuctivity depends not only on the potantial gains in yield
‘rom high-yvielding varieties under ideal conditions but also on
the 3ctual diffusion to farmers' fields, it is important to

study the pattern and rate of diffusion of this technology.

L2t 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,

Th

0]

<
ploneering econometric work on technological
diffusion has been made by Griliches (1957). This work refers

to the agriculture of the United States. His study revealed

th
(o

that thes general pattern o iffusion of hybrid seeds in various
areag of U.S.2. followed an s-shaped growth curve. Because of
this reason, he fitted the logistic growth function to:the
cbserved data., By using the estimated parametars 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 hyhrid seeds and the axtent to which

traditional varicties will be replaced by the hybrid seeds.



He assumad that the behaviour of. both farmers and hybrid secd
producers were based on expectation of profit., The time-lag
between the availability and the first introduction of the
hvbrid se2d into a particular region could be explained on the
basis of varving profitabilit: of entrv, according to him. He
armnu=s +that, the differences in the rate of acceptanc> of
hybrid seeds and the differences regarding the extent to which
hybrid secds would be adopted in the long run by the various
regions o0f U.S.A., are also due to differences in the profita-
bility of the shift from the traditional to the hybrid varieties.
In aresas where the profits to be rcalized from the shift wer:
large and unambigucus, the transition was exceedingly rapid.
Later on Robert Dixon (1980) made an attempt to revise
Griliches's work by using morce recent data and improved esti-
mating tecnnigues. As it was found from Griliches's work that
tne diffusion curves of hybrid seeds for :.different regions were
s-shaped but skew:d rather than svmmetrical for many regions,
Dixon has used the gommertz function instead of the logistic
function. DDixon'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 sceedes.



Shetty (1966) 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 detcrmine the rate of diffusion of

such an inaovation. He considered the diffusion of improved

]

S

.

2ds along with the diffusion of two other innovations viz. the
application of chemical fertilizers and the Japanese method of

paddy cultivation.

This study shows that the rate of diffusion tended to be
fastar 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 liguid assets help to
increzase the farmer's propensity to innovate. Further, this
study also shows that esducational 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 (1981). This study was based on Bangladesh agriculture.

The major findings of this studv were as follows :

(i) The criterion of higher profitability of the new
technology did not help much in explaining the differcnces in
the rate of adoption of this new technclogy. (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 bv the sm2l1l farmers act 2as a cons-

traint on thc adoption of the new technology at a higher rate.

There exist a nuaber of other studies which arz “ifferent
from ours with respect to methodologicel issues but dcalt with
different aspccts of the HYYV technology. In this connectlon we
mas refer to tho study by Raju (1¢75). *lc has studicd the

bchaviour of the small farmers in adopting the new technclogy.

Another study on similar lincs was made by Subrahmanyam
(1975). 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 viz.
Singh and Gocl (1976) have studicd the impact of increase in the
prices of fertilizers on thz production and profitaebility 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 becausz of the impact of flood.

There arc also studies on the impact of HYV technology.
For exampla, Ghesh (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
carriaod out on the different aspects of the HYV technology in

Indien agriculturc. We do not mean to present a review of all



this literaturc within the limited scope of this paper. Howover,
all these studizs indicate that there is nced for further
rescarch on the pattern of diffusion of the YV technology in

the field of Indian agriculture.

IT. THE 10DE

In this section wo describe a model constructed to
analyse the pattern of diffusion of th. high-yielding varicty
(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 :

(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 assumc’ that some HYV

technology is already in use).

To analysc the pattern of aiffusion of HYV technology, we
take the help of the model constructed by Stoneman (1981) with

respect to technological diffusion in the sphure of industry.

The level of use of the HYV technology will be determined
by thoe farmer with a choice between the HYV and traditional tech-

nologies. Moreover, the farmer will learn over time about the



characteristics of the HYV tcchnology and, therefore, tho farmer

will change the level of use of the HYV technology accordingly.

Finallyw, the change in tho level of use of th HYV technoloacy

will involve some adjustment cost. Therefore, the diffusion path
!

for thz MYV technology will be the result of the interaction of

the> choice between th: technologics, learning mechanism and the

cost of adjustiment.

At first let us consider the long-run situation. Suppose
that the farmer (i-th farmer) faces a choice betwecen the HYV and
the traditional technology and he cultivates his land with the
two tcchnologies in the proportion‘,(i s (1 - xX.). Also, suppose
that tha preoportion of area cultivated by HYV technology when the
diffusion is complete beX;> . To determinez this desired level
of use of the HYV technology (©¢.* ), thc objective of the farmer
is profit maximisation subject to minimum risk. Thercfore,
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 wc

are no. considcring the supply side factors in this exercise.

Let us assume that the yield of the two technologies -
HYV and traditional are approximetely normally distributed

independent of each other as follows :









The farmer will not reach the long-run ceiling nesition
instantlyv., This will be the result of the short-run experience
In tha short-run in each time-point the farmer's decision will
be guidad by the cxperience of the past periods. Let us now,

dzascrilte the snort-run situation.

Suppose in time period 't' the farmer cultivates his
land with the "WV and traditicnal technologies in the propor-

tionot ., (1 -e{..). Anticipated yields of the HYV technology

t
at time period 't' is approximately normaliy distributed as

follows

vield of HYV : X MU )

,
nit Tit'® nit

viz2ld of the traditional technology is assumed to be known,

b

since it is used for a long time and the distribution of the

h

yield of this traditional technology remains the same, indepen-

dent of time. Therefore, the vield of the traditional
technologyy “1is distributed normally as already stated in the

long-~run situation i.e.
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Surpose, cost of cultivation per unit area in period 't' is
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Now, let us define the cost function. Since 'C. . °
refers to the cost of cultivation per unit of the cropned area
where the HYV and traditional varieties of crops are cultivated

in the prcportiongs.. . (1 -a..) respectively, tnerefore we

r"‘

can write -

~ -

“ie T CrieXie t Cope U ooKin ceeeee (27
where ... — cost of cultivation o£f. the HYV crop per unit area.

and C -~ cost or cultivation of traditional variety crop per

2it
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 as a constant, say,

Coip = Ky . eecess (19)
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 wiz., irrigation, fertilizer and pesticides
along with HYV sceds. The success of this technology depends on

two things :



(i

(ii)

However, the farmers will lezarn about the optimum propor-
tion of the facter 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

the following reasons :

(1)

(ii)

16 :

The factor inputs should be applied in

optimum proportion and

Different opcrations of cultivation c.g.
plouching, sowing, interculture, irrigation
etc. should be performed on time and under

proper supervisicn,

As soon as the area under HYV crop increases
by a large-amount, the problem of proper
supervision will arise. Therszsfore, additional

hired labour should be employed and hence

wage cost per hectare will increase.

If the area under HYV crop increases at a very
nich rate then the different operations of
cultivation cannot be performed timely with

the existing eguipment and machinery. For example,
thz 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



(ii

i)

17 ¢-

therefore, the farmer will either hire the service
of another tractor or use bullocks. As a result

cost ner hectare will increase.

If the rate of dif usion ¢f HYY technology is

such that 3ar=as uander HYV zannot be irrigated

oy canals, the fac--:r will dep-nd on eithnr

Now,

tubcwells 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.

we have to define the cost of cultivation per unit

area for the HYV technologv by the following function :

c

This form has the following two properties

lit

, 2
Volit = alit-1’ N €Yo &
MNit-1-X it

= K

2
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(i) For a given increase in the proportion of

area under HYV, the higher is the existing

proportion of area under HYV ( ), the

lowaer is the cost of cultivation per unit

area, This property is logical on the ground

that, higher level ofe(it_1 implies that the

farmer gained more experience and hence, he will
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In the long-run situation eqn. (23) will take the

following forn s

de”’;
i 1 1 2 o e N -
- .:z-_ = .....____. -/_ p(,(,{ L"“‘Oi} 4+ Db¥ Soi"/t.._[.:‘_.;__.).i.

Jt 2K

2

ceeceee. (24)

Nnv, eun., (~.) rerrecents nothing but a logistic function.
mhnrefooe, w2 £ind that, the diffusion path fcllowed by the HYV
sechnoloygy f2r an irdividual farmer can be described by the

logistic function.

50 long we considered the kehaviour of an individual far-
mar with respect to the adoption of the new technology. But
different farmers will have different anticipations about the
-eturn “rom the new technology. They will 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. Thcse who are risk-lovers will be early

adopters and those who are risk-averters will be late adopters.

2t us now analyse che aggregate behaviour of the farmers
with respect o the diffusion of the HYV technology. Let us
suppose that there are 'n’ number of farmers and 'Ai‘ represents

the cultivable area owned by the i-th farmer.












ceoeo. (29)
Eqn. (29) is no*thing but the acgregate form of egn. (23) and
Aence it also represents a lcgistic furction. Therefore, the
diffusion path followed w.r.t. the ¥V technolegy by tak.ng
the individual :larmers ia aggregate (i.e. at the state-loevel)
can be descriped by the logistic function subject to the
condition that, the value of c%éi;:q is same for all individuals
in each time period. The implicati;n 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 groupsof 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,



IIT. EMIIRICAL STUT

III. A,

To studs- the pattern of ciffusion of HYV :technelogy, we
looked both at the rate of diffusion of ‘HYV technolegy:-and thec
asymptotic value ot *the dirl<usicn path i, . ceiling, " Since, it
was not posgible to stud; the pattern of diifusion of W'V
techneclogy for all crops, therefouoe, s lave carried out a cror
specific anmalysis. HYV technolegy has been applied to the
production of a number of crops viz., rice, wheat, jowar,
bajra, maize and some oilseeds. Howcver, we have considercd
here the case of wheat only. To study the pattern of diftfusion
of HYV wheat we have considered nine states cof 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-
series 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 th: parametcrs of the logistic growth
function by "the m:>thwod of the rate of increase" as suggested by
H. Hotelling we obtained the rate of diffusion of HYV wheat and
the ceidling i.=2. the leng-run limit of diffusicn of HYV wheat.”
The 2stimeted parameters of the logistic growth function with
respect to MYV wheat arc presented in Table 1. The values of
L' and 'L! séand for the rate of diffusion of LYV whcat and the
ceiling respectively. The tablc shows that the rate of diffusion
of HYV wheat is highest in Gujarat (2.43) and lowest in U.P.
(0.48) whereas thec 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.

ITI.B.

Now we are going to develop the economic interpretation
of the diffcrences in the estimated parameter 'b' i.e. the rateo
of diffusion of HYV wheat as bce¢tween the states. Inter-state
variation in the rate of diffusion of the HYV whecat 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 HYV will be higher in those states where



tho increase in relative profit from the cultivation of HYV over
the traditional variety is greater in comparison to othars.
Profitability depends on yield, cost of cultivation, risk
involved in cultivatcion etc. Now if irrigation is assurced and
the rcquirzed amount of fortilizer is available, differont
nperations of cultivation c.g¢. ploughing, sowing etc. arc
pcrformed timely then the risk anticipated by the farmer will
diminish. As a first apnroximaticn, we have considered only th
effect of yield on the profitability, assuming the effect of ri
to be neutral as between varieties and farmer. The yicld of HY
is generally greater than that of the traditional varicty.
Thercefore, income per unit of the cropped area will be higher i
the case of HYV and HYV will be considered as superior to thc
traditional variety. Moreover, this will affect the profit als
Therefore, we have to consider thc average increase in yield cof
HYV over the traditional as onc of the oxplanatory varianles fo

the differences in the rate of diffusion of HYV,

Secondly, the factor that may be advanced to explain th
aifferential rate of adoption .of HYV is the statewise wvariation
in the importance of a particular crop. . It is expected that,
any particular crop is grown in a relatively larger pcrcentages
of area of a state depending on the agro-climatic condition of
that statc which is favourablc 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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thosa stategwhere the importance of the crop considered is
grzater than others. Thercforec, 3as an explanatory variable we
have us.cd the perrcecentage of area under a2 crop to the total
cropped 2rea of a state which gives thc mcasure of the impor-

tancce of a crop to.that state.

Thirdly, tho adopticn of thce HYV technology is influerced
by the specific factor-intonsity 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 tcchnology requires liquidity. Now, the large
farmers have better access to capital than the smaller ones.
Thercfore, 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 usced as one
variable to explain the differcnces in the rate of diffusion of
HYV. Apart from the average size of farm, the different lcvel
of the development of th: credit markets in different states will
also affect the rate of diffusion of the HYV technology. 1In 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 cn the

private moneylenders. Institutional credit can help the farmers
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to adopt the new technology. It is expected that the state with
higher institutional crodit facilities will have 2 high rate of
adoption of HYV, comparatively speaking, So, we have considerced
acgricultural credit givon by different institutions as an

explcnatorv variabloe,

The institutional credit for the agricultural scctor is
mainly provided by the co-opcratives and the commercial banks,
0f the two, co-opcratives provide tha major part. It may bo
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 moncy-
lender for credit. At present, the picture is just the opposite,
Now-a-days, the major part of thc agricultural credit is providc
by the different financial institutions., The share of institu-
tional credit in total agricultural credit has incrcased 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
form66% of the total agricultural crodit provided directly by

the 1nst1tutlons.5

Because of difficulties expericnced in oktaining data
for agricultural credit provided by the commercial banks, we
have consicered only the credit nrovided by the co-operatives,

in our analysis.6
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Another factor that can be taken into account to explain
the. differcntial rate of c¢iffusion of HYV technology is the
differenticl rate of application of the complcmentary inputs
requir.d for the success of this tocchnology. The new technology
irwvolves tae application of HYV seeds together with the associa-
t.d package of inputs 2.g. irrigation, fertilizers, pesticides
and improved implements., However, some of these inputs were
alrcady known boforz the onscet of the new technology. But their
application was not cssential for the traditional technology and
hence their use was also limited. On the other hand, to gct the
maximum level of ocutput, that can be obtained from the HYV seeds,
it is ecssential 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 varigble, It has not been
possibl. to consider the other complomentary inputs, because of

non-availabilitv of the data.

Success of the HYV technology depends on the assured
suppply of watcr, If irrigation facility is wecll developed then
there would be no problcm. But if it is not so then the
alternative source would be the sufficient amount of rainfall.
Hence, it is expocted that, the statewise variation in rainfall

will have somc cffect on the rate of diffusion of HYV crops and



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 nf HYV crops.

Literacy of the agricultu.al population is another factor
which may have some indirect influence on the rate of adoption
of the HYV technology. The people whe 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 this 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 sconomic development of a state is
generally represented by the per capita state domestic product
(sDP) . Therefore, we have to usc per capita SDP as an expla-

natory variable,

IIT.C- METHODOLOGIES .

For the estimation of the rate of diffusion of HYY (b),
we have considered the period from 1967-68 to 1980-8l. 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 1267-58 to 1980-81.

However, it is-to be noted that, the value of 'b' depercs
strongly on the ceiling (L). Definitionally, 'b' 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 'b' 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 variable,



L
we have used 'v' whore y = bx 100

The first explaratory variable we have used is the
average differenc2 in the yield of EYV over the traditional (X))
But the data on the yield of -the traditional varicties of the
crop (wheat in this case) werz not availaple. Therefore, we

have calculated these valuces by using the formula as follows :

Total production Production of
Yield o: the traditional of wheat HYV wheat
varieties of wheat = ""Total area — Area under

under wheat HYV wheat

Production of HYV wheat were, again, calculated by multiplying
the area under HYV wheat with the yiecld 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 (XS) has been cons-
tructed by summing up the figures for actual rainfall for the

months from July to June for cach 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 (DACS.



Grain 3anks (for those states where they exist) and Primary Land
Development Banks (FLDB). In Gujarat and U.P. there are no
PLDE, and, tnercfore they have been substituted by the Central
Land Davelopment Bank (CLDB), which directly gives loans to the
individuals in those two states. Again, in Bihar and Mahara-
shtra PLDB's were functioning till 1971-72 and since 1972-73
loans werce provided to the individuals directly by the CLZS'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 %, represents agricultural credit per

X
hectare of the total cropped area of the state,

In our analysis, we have used another variable, viz., pcr
capita state domestic product (SDP), (X8) as an index of the
level of economic development. We have usced the average of the
per capita net state domestic product at 1970-71 prices for the
period from 1970-71 to 1980-8l1. 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 7ND ANALYSIS

In ord=ar to explain the inter-stats variation in the
rate of diffusion of HYV wheat with thie help of our nine
explanatory veriables, we have carried out multiple regression
analysis. The data used for this purpose are presented in

Table 2,

The notation used i3 as follows :

Y = == Rate of diffusion of HYV x Ceicong

Xy = Average of the incremental yield of HYV over the
traditional.

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

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

X4 = Average size of farms.

X5 = Actual annual rainfall.

X6 = Agricultural credit per hectare of the total
cropped area,

Xq = Percentage of literacy in rural sector.

X8 = 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



different combinations of variables and carried on separate
regressions for the different sets of explanztory variakbles.
Hence, we obtained a large number of regression egquations.
However, among them, we have takan for analysis only those
equations wnich have relatively” high explanatory power. Results
of regression analysis are given in Table 3, From Takle 3, we
find that for equation (1) only the variable X3 is significant
at the 10% level of significance. o other variables in
equation (1) are significant and F-statistic is, also, not
significant.

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 (Xl) and importance of the crop in the
state (X2) have no significant effect on the rate of diffusion
of HYV wheat. Moreover, on the basis of the F-value, egn. (1)
reveals that those three variables considered in egn.(1l) 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 2 we find that most of the egquations
reflect good cxplanatory power judging on the basis of the value
of R (varving from 0.56 to 0.84). But if we look at the values
of R* then we f£ind that those values vary largely from eguation

t0 equation, from 0.01 to 0.74. The only variables which have
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significant co-efficient (on the basis of t-test) are as follows;
(i) in ean. (1) X. is significant at the 10% level,

(ii) in =2qn.(4) X., is significant at the 5% level,

(iii) in ogn.(6) X, is significant at the 10% leveal,

(iv) in egn.(8) X, is significant at the 10% level.

It is ©o be noted hore that, although the co-cfficicont of]

X. is positive and significant in egn.(6) it is negative in

8
eqn. (3). The reason is multicollinearity of X.. with X7. Becausea
from Table 4 we find that X6 have very high correlation with

X (0.76) and thercfore, as in eqn. (6) X is dropped coefficient

of X8 became positive.

Moreover, we find that the F-value is significant only in}
¢qn. (4). This means that the variables X3, X and Xo jointly
have significant effect on the rate of diffusion of HYV whcat.

In none of the other seven combinations, the oxplanatory 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
influcnce on the diffusion of HYV wheat ¢f a kind that we find
plausiblz on the basic of theoretical arguments., Discussions in

this respect follow in the appendix - II.



v. SUMMARY AND CONCLUSIONDS

Basaed on our model on the pattern of diffusion of HYWV
tuechnology we have estimated the ratc of Aiffusion of HYV wh2at
in nine states of India by fitting the logistic growth curve. We
£ind that, thce rate of diffusion of HYV wheat differ from state
to state, Regarding this inter-state variation in the rate of

diffusion of YV 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.c. 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. I# it was possible we might
get some new light in this respcct. However, subject to this
limitation, the result should be taken for granted. Therefcre
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 devaelopment,
specifically on three factors viz., irrication, rate of litcracy

in rural sector and per capita state domestic product.















credit {«.) anc percen:age of literacy in rural sector (X.) hav
/
prsitive contribution <o the rate of diffusion ~f HYV wheat.

Therefore, it nee2ds nco move explanation.
Categorv (2)

Three variaples, K., X,, XS and Xo belong to this
category (see Table 3). Horsver, area under wheat as the
percentage cf the total creopped area of the State (X.) and per
capita SDP (X8) are inversely related to the rate of diffusion
of HYV wheat in some cases. But average size of farms (X4) and
annual rainfall (X.) are inversely related to the rate of
diffusion in all cases. These are opposite to the expected

results. Sn, we shall try to find out the reasons behind.

The inverse reli tionship between X, and Y implies that

2
in the states where the percentage area under wheat is high,
the rate of diffusion of HYV wheat is less. X, is used as a

measure of the importance of the crop in different states. Let

us try to find out the reason behind thie inverse relationship.

The negative co-efficient of X2 is cue to the presence
of multicollinearity. From the correlation matrix (Table 4),

we find that X, have high correlation with X3 (0.52). Moreover,

2
in egn.(6) /"Table 3_7/ the coefficient of X, is positive where

X. 1s not present.



Thus we find that if X, is dropped then the estimated

3

co-efficient of X, becomes positive. The implies that, reason

2
for the negative co-efficient of X2 is multicollinearity of X2
with X3.

From eqn.(3) we find that Xg is inversely related with

Y. However, the reason is that X, have high multicollearity

9

with X, as discussed earlier. Therefore, in the absence of

7

it became positive in egn.(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 X4

is due to some other reasons.

The inverse relationship between X4 and Y implies that,
the states where the average size of farm is larger, the rate
of diffusion of HYV wheat is low relatively and vice versa,
Small farmers operate their land individually and so, they devae
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 agricultursg
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 inprove
the quality of land by small-scale irrigation and other means

as can be done with the help of labour, which 1la the large
farmersA 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
farmers.7 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
prcductivity, as it was found by several authors that, this

relationship does not hold for all ranges of the size-clas=s c&

for all regions of India.
However, by analysing the f£i-uings of different authors

on this assue. Sen (197%) finally came to the conclusion that,

exoepting foi data within a village, this inverse relationship



holds both for the size-class average data and disaggregate

inter-farm data from different villages in the same recior..

Now, since the productivity is higher for the small
farmers than large farmers, therefore, they will realise grecater
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 thair
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 Xg and Y. This implies that, the states where annual
rainfall in relatively high, the rate of diffusion cf 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.q.

Punjab, Haryana, Gujarat, Rajasthan) which have extensive

irrigation facility. Therefore, excepting Rajasthan, with

an assured water suppi&}ufhey have high rate of diffusion nf HY
wheat., 1In case of Rajasthan, although 69.9% area under wheat
Is—ixrigated, the rate of diffusion »f HYV wheat is very low

in this state (U.35). On the other hand, states with high
rainfall have rather pocnwirrigation facilities viz., Karnataka !

and M.P. where irrigated area under wheat are 13,2% and—20.2%

respectively and the rate of dAiffusion of HYV wheat
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also very low in these states (viz. 0,34 in Karnataka ané C.Z22
in M.?.). Moreover, from Table 4, we find that, the corrc¢la+ion

co~efficient between X6 and X, is-0.71. Therefore, the irvcrse

3
relationship between rainfall and irrigation in the whecat
growing states, is also supported by the correlation co-

efficient between them.

We can canclude 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

6)
(X7) are highest in this state among all other states considexred
and per capita state domestic product (X,) 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
jO [ 4
X, = Average increase in yield of HYV over

traditional wheat; (in kg./hectare):

<
]

Area under wheat as the percentage of
total cropped area;

= Percentage of area irrigated under wheat;

»

= Average size of farms; (in hectare):

"9

Actual annual rainfall; (in centimeter):

n
|

KoK XX
|

= Agricultural credit per hectare of the
total cropped area of the state (Rs./heetare)

(o))

Percentage of literacy in rural sector;

< =
<
o

Per capita net state domestic product at
1970-71 prices; (in Rs.).

Source : (1) 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) Souraes of Col.(5) are "Indian Agricultural
Statistics","Indian Agriculture in Brief"
and "Estimates of Area and Production of
Principal crops in India."

1

(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",
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FOOTNOTES

Johnson and Kotz (1970)
Lindley (1965)

this method of estimation of the logistic function
Davis (1941).

Desai (1987).
R.B.I. (1980).

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.

See

Chattopadhyay and Rudra (1976.
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