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FOREWORD:ON LAUNCHING THE STUDIES AND MOTIVATING HYPOTHESES

Launching the Studies

The study described i the following chapteis is one of
a series aimed at enlarging understanding of the factors
inpinging on the adoption of new maize and wheat
technology.  Better understanding ot the elements shaping
the cdiffusicn of new cereals technolagy can help govern-
ments and  development assistance agencies (o increase
farmer income, hence the interest in the topic.  Interest
increased as controversy about effects of introducing new
technologies attracted widespread attention to the theme.

CIMMYT, with its mandate defiming 1ts role in the
development ard diffusion of maize and wheat tectnology,
quickly assumed a participant’s rale in the discussions. The
concern and the interest emanating from the critical 1m-
portance of the theme stimulated CIMMYT to look for a
modus operandi through which patterns of adoption and
the forces shaping those patterns could be identfied.
Better understanding of these relaticenships would influence
CIMMYT efforts to develop new technoloay, the crientation
ot 1ts training program, and the approach taken in counsel-
iny yovernments about national programs.

In order to better comprehend what infiuences farmer
response 1o new technology, CIMMYT set out to facilitate
the 1esearch on which this and the other studies of the
seres are based.  We decided to examine eight cases in
whicn maize or wheat technology had been introduced to
farmers,  In identifying programs for study, we himited
constderation tce those in which the technology had been
available to faimers for no less than five years and in
which no less than 100,000 hectares of land might have
been affected. Eight programs were selected for study. Fou
maize the focus was on Colombia, El Salvador, Kenya west
of Rift Valley, and Mexico's Plan Puebla. For wheat,
programs in India, Iran, Tunisia and Turkey were consider
ed. CIMMYT's maize and wheat staff participated in the
selection of these programs. With thz2ir knowledge of
programs around the worid it was possible to choose a
varied set of experiences—e.g. programs with and without
irriation, with and without effective price guarantees,
with massive extension effort and with virtually none.

To the extent possible, each of the adoption studies was
under the supervision of an indigenous econonust. [ only
one case was il necessary to turn to an expatriste and
there we had the good fortuns to coliaborite with o e
scarcher with several years capenence m the area. Each
of the collaborators shared CIMMYT's concern tor tarmer
yesponse to new technology.

Beyond sharing this concern, each cullaborator had an
interest in farm fevel reseaich done 1 close cooperation
with agricultural scientists. The ymportanue of this inteiest
emerges from our conviction that agricuitural screntists who
are knowledgeable about a particular matze o wheat area
can contribute substantively to research on the ovreals
economy of that area. Their special hoowledge aboeut the
interaction between plants and their eovironments g ap
portant in identitying agro-climatic zonues, aritical peoods
for the crop, and activities which are essential to etfective
cultivation. Many agriculturil scientists piayed o promitient
role in these studies; cach warrantsgou: grattude for his
contribution.

As the studies were completed 1t became appdrent that
much could be said for publishing them o 3 stundard
format.  With severai serving as Ph.D. dissertations and
others as less formal tesearch pieces, a commen format
could only be achieved thicugh reworsing the aiginal
monographs.  In every case but one, then. CIMMYT's
publication is an abridgement of a fonger pece. The
Indian study, itsetf a review of the findings o severar other
research efforts, is being publiched in its entirely with ro
effort to recast it in the form of the others.

In making the abridgement we have followed certain
norms. Mathematical proofs have been eliminated, litera:
ture reviews have been included only where they relate 1o
points which are unique to a given study, and the discussion
of the hypotheses motivating the studies have been dropprd.
This last decision arises from recognition of the substantial
commonality of these hypotheses among the studies. This
suggested that, rather than presenting essentiaily the same
discussion in the text of each ubridgement, the hypotheses
could be treated once in an abbreviated form for all studivs.
That treatment follows below.



The Hypotheses

While each of the studies examines a somewhat different
set of circumstances all depart from the same general
assumption about farmer behavior. The assumption is
that farmers are income-seeking risk averters who are
sensitive to the nuances of the environment in which they
farm and that they aie generatly effective in their decision
making. For the six studies based on original survey data
and to a more limited extent for the study of Plan Puebla,
this common peint of departure leads to a great deal of
similanity in the motivating hypotheses.

Given a farmer oriented by the assumptions described
above, we might expect to see relationship between the
adoption of elements cf the new techaolocy and: 1) char-
acteristics of the farmer--his age, education, family size,
farming experience, off-farm work, percentage of land own-
ed; 2) characteristics of the farm -its agro-climatic region,
competition of industrial crops, relative importance of
cereals, nearness to markets, farm size; 3) characteristics of
government proarams -aiccess to credit, access to informa-
tion {through extension agent visits or visits to demonstra-
tion plots).

Some of the relationships between these variables and
the adoption of elements of the new technologh are more
arguable, some less. Least arguable are hypotheses relating
aaoption to edusation, farming experiences, percentage of
land owned, more favored climatic regions, relative import-
ance of cereals, nearness to mackets, farm size, access to
credit, and access to information. With other things equal
and accepting our assumptions that farmers are income-
seeking, risk-averting, sensitive, and offective maximizers,
*waally no one would aryue that any one of these relation-
~mips should be negative,

Somewhat more afuable is the relation of age and family
size to adoption.  Even here it is bikely that only a few
would argue that these relationships might be positive,

Most arguable are the 1elationships linking adoption to
off-farm work and competition of industriat crops. With
respect 1o the former, some hold that the relationship is
positive as more off-farm work implies inore income, there-
fore a greater canacity 1o bear tisk, hence a greate willing-
ness to adopt new technologies. Others hold the converse,
arguing that more off fanm work implies less interest in the
farm, hence less willingress ta put in the time and energy
associated with taking on new technologies. So too for
industrial commodities, where those who see the relation-
ship as positive allude to greater experience with improved
inputs and larger incomes while the contrary view rests on
capital restrictions and the high opportunity cost of lahor.

With knowledge of the relationships among these variables,
researchers an¢’ paiicy makers can better develop and
diffuse new technologies. Some of the variables considered,
e.g. age and family size, are beyond the control of these
decision makers. Nonetheless, by incorporating them in the
analysis the effects of variables subject to their control are
more clearly discerned. Knowledge of how these variables,
e.9. agro-climatic zones and extension programs, relate to
adoption can be of critical importance in affecting the
development and diffusion of new technology.

With this rough sketch of the general argument, rezders
wanting more detail about the derivation of the hypothe-
sized relationships can turn to the relevant original piece
from which this series of abridgements was drawn. In
all cases the studies feature the effects of agro-climatic
region and farm size on adoption of elements of new
technology. This emphasis is related to the earlier contro-
versy about the effects of new technology where these two
factors played prominent roles.

Before moving into the abridgement, some attention to
the phrase “elements of the new technology'' is warranted.
Much has been made of the concept of a package of practi-
ces in the introduction of new technology. We've chosen
to look at this a bit differently, taking the view that the
differences in risk, expected income, and cost of each
element of e technology are large enough to outweigh
the effects of the interaction among these elements. That
is to say, perceptive and prudent decision makers might
well choose to take up only a part of the package rather
than the entire package. For the programs studies, the
two dominant elements in the package are improved seed
and fertilizer. These two were analyzed as dependent var-
iables for each of the studies. Of lesser importance are
such elements as seed treatment, date of planting, method
of planting, use of herbicides, use of pescicides, planting
density, and seed bed preparation. Nevertheless, where
one of these was recommended and where data are adequate,
these are also treated as dependent variables.

What follows

The following is a review and summary of data and
literature related to the adoption of new wheat technology
in India. Initiated in 1973 the study was finished in
1974. Untike the remaining publications in this series,
it appears unabridged, as it was written.

Donald Winkelmann
El Batan



PREFACE

A vast literature, most of which 1s of high analytical
quality, has come into existence on the “‘second generation”
problems of the High Yielding Varieties (HY V) Programme.
The problems of employment and income distribution, in
particular, have received careful attention. In comparison
the problems connected with the introduction of the new
programme and prospect of its further spread have received
scant attention, particularlv bv the economists. These
are no less imporiant aspects. Therefore, when Dr.
Winkelmann of the CIMMYT wrote to me asking whether
| would undertake a survey of the discussion on these
aspects of the HYV programme in India, | readily agreed.
This document is the outcome. At this stage | have done
nothing more than piecing together the findings of various
researchers on the pace and prospects of expansion of the
HYV programme in wheat in the first quinquannium or so
ot its introduction.

This study was undertaken when | was working as
Member, Agricultural Prices Commission. | am thanktul
to Di. Dharm Narayan, Chairman, Agricultural Prices
Commission for giving me permission to undertake this
work, and more so for the discussions | had with him on
this and related topics. | have benefited from his insights
in India's agricultural problems. | have also received

valuable comments from several friends. ! wish to record
in pariicular my thanks to Dr. D.S. Tyay ot the Agricultura!
Prices Commission and Shri M.D. Desai and Shri S L
Bapna of the Agro-Economic Research Centre, Vallabh
Vidyanagar, Mr. R,R. Umesh acted as my research assistant
for this project. Shri S. Banahopadhaya and Shri G.A.
Pillai assisted me at the stage of revision of my draft Al
these were of considerable help. | have received very useful
comments from Dr. Winkelmann and through hwm from
Dr. Glenn Anderson of CIMMYT ‘

The first six years of the HYV programme ‘or wheat
(1966-67 to 1971-72) were unique in several 1espects. For
the first time, a concerted effort was made to rase the
production of an important cereal in a measurable way
The lessons drawn from this expenience has retevance tin
this ¢ountry as well as other developing countries which are
seeking to raise the level of agricultural production with the
large scale introduction of the High Yielding Varieties
programms:.

Vijay Shankar Vyas
Inaian Institvte of Management
Ahmedabad






I. GENESIS AND PROGRESS OF THE HIGH-YIELDING VARIETIES PROGRAMME IN WHEAT

Introduction

The remaorkable increase in wheat production in India
since niid-sixties merits a close look. An explanation of
the phenomenon o° major breakthrough in wheat produc-
tion, which sharplv contras:s with relative stagnation in
production of other cereals, is likely to grevide valuable
iessons for future agricultural development. In this report
an attempt has been made to underline the factors which
have made this breakthrough possible and highlight the
problems and issues which are yet to be tackled.

The report is divided in three parts. Part one briefly
traces the history of efforts to increase agricultural pro-
duction in India during the first three plan pcriods (1951-
65), suggests reasons for the acceptance (in mid-sixties) of
the strategy of agr cultural development revolving round
high-yielding varieties of seeds and describes the administra-
tive and other measures to facilitate geographical spread of
the new varieties. Part two, which is the core of the
report, discusses tie factors responsible for the iapid
spread of the new verieties as well as their actual performan-
ce with the help of a set of micro level studies. Part thr »
highlights some of the unresolved problems and the
prospects for the future growth. The implication of this
“wheat revolution’ in terms of income distribution ar 1
employ, ment generation have not been discussed in this
review. This is mainly because the latter issues, often
described as ‘‘second generation problems’, have been
widely commented upon.! On the cther hand, the first
generation problems, i.e., problems connecied with the
extension of new varieties and measures to exploit their
potentialities to the meximum, have not been subjected to
detailed scrutiny and examination.

Wheat Revolution in India

Judged by any standard, India’s performance in wheat
production during recent years, particularly since 1966-
67,7 when high-yielding varieties (HYV) were introduced
for the first time for commercial production, has been
remarkable. 3 In the course of six years (from 1966-67
to 1971-72) wheat production has increased from 11.4
million tonnes to 26.4 million tonnes, or has more than
doubled. No other major wheat producing country in the
world has surpassed this rate of increase in the production
of the cereals. 4 (See Table 1.1). This has enabled India to
increase its share in the world's wheat production from less
than 4 percent in 1965-66 to nearly 8 per cent in 1971-72,

Increase ir. wheat production provides a sharp contrast
to the performance of other major cereals during this
period. Thus, as against the annual growth rate ot 14.27

percent per annum in wheat production, from 1964-65 to
1971-72 3 the rate of growth in rice production, during
the same period, was 3.63 per cent and that in the total
cereals was 5.46 per cent (see table 1.2}  This has iesulted
in growing dependence of the nation on wheat for 15 food
supplies. Wheat consituted about 16 per cent of cercals
produced in 1964-65; its share increased to 28.3 per cent
in 1971-72. and in
terms of its share in the total procurement for public
distribution”  its significance is all he more greates. The
phenomenal increase 1n wheat production has also ineant
progressively less deprendence on the impce:ts of cereals for
managing the country’s food economy.
cereals which has reached an all time hagh tigure of 10.4
nmillion tonnes in 196G, came down to 2.1 mithon tonnes in
1971. Therefore, an understanding of the fuctors which
have influenced tre rate of growih in whest outout are of

In terms of maiketable surplus®

The impoits of

vital importance to this countiy’s food vconomy

The lessons that one would be able to d:aw from India’s
performance in the il phasing of the HY'V programme i
wheat will be more than of local importance. With stagna
tion in the supplics of rice and miliet 10 recent years, the
dependence of the woild economics, particularly, of the
food-deficit countrivs, on wheat is progiessively mcreasmy.
In the short run, at feast, there is no escape from creasing
the supplies of wheat, whenever it is possible. This makes
India‘s experience in tus regard all the more refevant

Development Strategies in the First Three Plans

Year 1966-67 marks a water-shed in the agnicultural
planning in India. This was the year when 3 laige scale
release of new varietics of wheat ushered in an era of New
Technology in Indian agriculture.® However, the plannersin
this country were not writing on a clean slate, From the
beginning of the planning era (in 1951, and in fact even
earlier than that, one can identify certain common vlements
in the strategy of agricultural development. Princiost among
those are {(a) extension of urigation, (b) populanisation of
plant nutrients, particularly inorganic fertilisers, (c) research
on different varieties and crops, (d} introduction ot land
reforms, and {e) provision of institutional support to
agriculture, especially in the tieids of credit and market
ing. Over the period of time and in different areas these
prograrnmes have worked with varying degree of success.

Experience has shown that even with the traditional
varieties, irrigation provides a sizeable increase in yelds.
indian planners attribute 20 to 30 per cent increase in
yield in different cereals in response .o irrigation |32]
The emphasis on irrigation in tndia’s pla:ining is evident from
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Table 1.1.Compound growth rate of wheat production in
selected countries of the world.

Compound growth rate (percentage)

For 19646510 ~

For 1961-62 to

Countnies 1971.72 1971-72

India 8.78 14.27
Pakistan 6.56 8.62
Argentina -1.69 -0.61
Canada 0.39 -6.18
Australia 0.31 -3.24
L.S.A, 4.44 2.14
France 3.53 3.19
USS.A. 4.10 3.28
Mexico 3.4¢ 2.26
China 4.0 3.33
World 3.74 3.05

Source: Data used from Production Yearbook 1964 ana 1969,
FAO, Rome, for the years between 1961 and 1968. For later
years Fertilizer Statistics 1972-73 and 1973-74, Fertilizer Asso-
ciation of India, New Delhi.

Table 1.2. Compound growth rates of area, production
and vield of the cereals,

Percer tages
Crop Period Arca Produiction Yield”
Rice 1949.59 to 197172 1.16 2.88 1.7
1964-G5 to 197172 1.00 363 291
Wheat 1949.50 to 1971-72 2.65 5.40 272
1964-65 to 197172 6.36 14.27 7.32
Jowar 194950 to 1971-72 0,64 148 0.93
1964-65 to 1971.72 .0.59 -1.32 -0.75
Bayra 1949.50 to 1971.72 1.04 3.14 2.03
1964-65 10 1971-72 0.42 6.34 5.88
Maize 1949-50 0 1971.72 2.81 3.74 091
1964-65 to 1971-72 3.50 3.85 0.35
Total 194950 10 197172 1.15 3.08 181
Ceieals  1964-65 t0 1971.72 143 5.46 4.62

Source 1. For th: period from 1949.50 1o 1971-72 growth rates
are taken from dratt fitth hve year plan Vol. 1, Government of
india, Planning Commission. 2. For the period from 1964-65 to
1971-72, growth rates are calculated by fitting the equation

th rates “r'* are calculated Ly r - e — 7. Data used from Estimates

o1 Area and production of principal crops in India 1972-73, Director-

ate of Economics and Statistics, Ministry of Agriculture, Govt. of In-
dia, 1974,

Table 1.3. Import as percentage of foodgrains production
in successive plan periods.

{'000 tonnes)
Pioduction of Imports
Foodgrains {Average Imports as
{Average for for Five Y% of Pro-
five years) years) duction
First Plan
{1951-56) 63,181 2,464 3.90
Second Plan
(1956-61) 73,959 3,464 4.68
Thud Plan
(196166 ) 81,040 5,084 6.27
Source Various issues ot Food Statistics, published by the

Directorate of Economics & Statistics, Ministry of Food and
Agriculture, Government of India.
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y 0@ +bt\when y denotes production and ty time. Thus the grow-

the amount allocated tor the development of water re-
sources in different plans; the expenditure on irrigation
{including flood control) was Rs 4340 million during the
first plan, Rs 4300 million during the seccnd plan and
Rs 6640 million during the third plan. 1t accounted for 22,0,
9.0 and 8.0 per cent of the total plan outlay in the first,
second and third Five-Year Plans respectively. Over and
above the extension of irrigation through gublic invest-
ment, private efforst in this direction have also been
considerable.  All those efforts are reflected in the ex-
pansion of arez under irrigation over the period 1951 to
1935. The net irrigated »rea increased from approximately
21 miltion hectares to nearly 27 million hectares during
this pzariod,

The expansion in the fertilizer use in india has been
even more remarkable. The per hectare use of N and P
which was respectively 0.42 kg. and 0.03 kg. in 1952-53
increased to 3.53 kg. of N and 0,85 kg of P. The use of K
which was virtually non-existent in the earlier years,
amounted to 0.50 kg. per hectare in 1965-66. In other
words, application of N rose by more than eight tires and
that of P by twenty-eight times. |t must be noted, though,
that even while the consumption of N and P increased
dramatically it was still well below the recommended
levels.

Apart from strengthening the input base of agriculture,
a series of land reform legislation have been enacted in the
country since Independence with the objective of ersuring
social justice and providing ircentives to the actual tillers
of the soil. While the focus of these reforms in the first few
years was on the abolition of funrtionless intermediaries,
e.g. Zamindars and Jugirdars, the later period legislations
were aimed at regularising, and subsequently eliminating
tenancy in land. During the 1960's, a number of laws
were enacted to impose and ceiling on land which a
cultivator could own or operate. These laws were imple-
mented with varying degrees of effectiveness. Their total
outcome probably falls short of the expectations, yet in
several parts of the country they helped in achieving the
convergence of ownership and operation of land and
probably eradicated some of the more exploitative arrange-
ments in the cultivation of land [48,.

The most important institutional support provided to
the agriculturists since 1952-53 was a net-work of the
National Extension Service {NES) and the Community
Development (DC) Biocks. These agencies covered practical-
ly the whole country by 1960-61. The rrajor objective of
the NES and CD scheines was to raise the level of rural life
through community efforts. QOn the production side the
movement strove to make farmers aware of new opportuni-
ties in the field of scientific agriculture and also to arrange
for supply of modern inputs and supporting services. The
NES established a creditable record in the extension of
fertilizer use and improved seeds in the country-side. [34]

Among the other notable institutional support, mention
may be made of the extension of institutionalised credit,
regulated marketing and the expansion of tne cooperative



sector in the processing of agriculture produce.

While these are the continuing aspects of production
policy, a marked change was introduced in the early
sixties {in 1961) by the initiation of Intensive Agricultural
District Programme (IADP). Under this programme inten-
sive efforts were made under the direction of the Union
Ministry of Food and Agricutture to introduce a package of
improved practices in areas of assured rainfall and irriga-
ton. |26} Some cf thece arcas were in the vanguard of the
high-yielding varieties programme, wt.en it was introduced
in 1966-67.

The Overall Impact

In spite of a generally favou-able impact of these measu-
res, the Cesired results could not be obtained mainly due to
their faulty implementation as wel! as certain gaps in the
policies. The major gaps in tte field of policy till mid-
sixties were an absence cf a coherent price solicy 4s well as
a research and development policy. The piice policy was
based mostly on -he immediate considerations and was
expiessed in terms of ad-hoc measures for regulation and
fixation of prices. The research policy lacked a focus and
tailed to create an integrated rescarch system which is to
necessary for a country of the size and diversities of India.
Other not-so-desirable features on the policy plane were
lack of clarity in defining actual goals, in waivering between
the extensive or the intensive approach to the develop:
mental tasks and, pre-occupation with some less important
issues, e 5., the controversy on the unit of the cooperative
nrganization for supply of inputs and credit. Thus, the
efforts though massive, and mostly in right directions,
lacked sharp focus and in the absence of a set of consistent
policy instruments devised to achieve the give1 objactives,
were not as effective as they could have been. |14}

Progress in the Pre-HYV Period

In spite of several handicaps, impact of these measures
on raising the level of agricultural production was not
inconsiderable. In fact, from 1952-53 to 1964-65, the
annual compound rate of growth in agricultural production
was 3.01 per cent, that in the cereals was 2.74 per cent
and among the major cereals the growth in rice production
was 3.18 per cent, in wheat 3.30 per cent and in jowar 1.96
per cent. |t was mainly because of the rapid increase in the
demand for foodgrains that the increased production was
found inadequate and imports of foodgrains started mount-
ing up, setting at naught one of the principal goals of
agricultural policy, i.e., meeting country’s requirement
of foodgrains from domestic production.

Attainment of self-sufficiency in foodgrains has been one
of the major goals of India’s agricultural policy since inde-
pendence.® This was because given a normal crop the
deficit to be covered by the country even in the earlier

period was margina'. {47 With the low foodgrains yields
then obtaining it was always thought possible to nover the
gap between availabil-ty and requirement by r1aising the
yield levels. The foreign exchange constraint on the
economy ruled out the possibility of making availab'e
adequate quantities of foodgrains by imports
sive plans—in fact, even befcre the planming started, n
1949, when "“Grow-More-Food’ campaign das launched e
goal of self-sufticiency in food was mentioned as one of the
important goals of India's developmental ettcrts. How:
ever, with a rapidly increasing population, growing at the
rate of 2.2 to 2.4 per cent per annum and a hugh income
elasticity of demand for food (0.5 1o 0.6), attempts to
bridge the gap between the requirement and avalability of
foodgrains were not successful. 1 the imports of foodgramns
is taken as an indicato- of the short-tall in the availability
from the domestic sources, the performance till the end of
the Third-Five-Year Plan {65-66) was in no way rea suring
{see Table 1.3).

Along with the need for raising the levels of garictitural
production the other essential requirement was to minimize
year to year fluctuations in agricultural production. Due
to the continental size and climate of the country, and
dependence of large parts on the nawial rainfall for supply
of water for cultivation purposes, production of crops
fluctuates year 1o year, mairly due to the vaganies of the
monsoon.  Provision of irrigation had dampened such
fluctuations to an extent.
variations in output of different crops, - reflected by the
coefficient of veriation, showed that the probiem was
quite serious (See Table 1.4).

The weakness of the ag icultural production base be
came glaring during the drought yeas of 196566 and
1966-67. Production of major cereals m one single year,
1965-66, dropped by 18.9 per cent, ie., from 76,939
thousand tonnes (in 1964-65) to 62,403 thousand tonnes.
In its coverage and intensity this drought was one of the
most serious ones in the recent history. But it aiso created
asense of urgency in improving the production pe:formance
of Indian agriculture,

In succes

However, the year ta year

Table 1.4. Co-efficient of variation (in percentage lin
the output of major crops, from 1951-52 to 1964-65.

Co-efficient of variation

Before eliminating Atter elimina-

Year the trend ting the trend
Rice 15.75 6.07
Jowar 12.99 9.67
Bajra 15.54 13.02
Wheat 17.70 3.93
Pulses 10.35 9.73
Cotton 1097 9.86
Sugarcane 2243 1017

Based on Indices of Production-Revisdd Series, published by the
Directorate of Economics and Statistics, Ministry of Food and
Agriculture, Governinent of india, New Delhi-
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High-Yielding Varieties Programme

The new strategy of agricultural development adopted
since 1966-6/ 1evolves round the high-yielding varieties of
seeds. The Indian plant breeders were working for more
than a decade to evolve suitable wheat varieties which would
be both high-yielding and rust resistent. In 1962 while
cooperating with International Spring Wheat Nursery, Dr.
M.S. Swaminathan and Dr. M.V. Rao observed the high
yi2lding potential of certain mexican wheat varicties entered
in the International Spring Wheat Rust Nursery at New
Delhi.  Further consultations with Dr. Norman Borlaug
confirmed that these lines can bhe the "possible tools for
breaking the yield barrier,"”

With the assistance of the Rockefeller Foundation, a
large number of semi-finished lines and four recently releas-
ed Mexican vaneues (Lerma Rojo G4, Sonora 64, Sonora
63, and Mayo 54) were introduced into India. These
dwarf Mexican varicties in addition to their high yield
potential were photoinsensitive, had synchronized :i!'er-
ing, early matutity (as compared with deshi varieties) and
made better use of solar radiation (greater gain per day)
than the existing des/ types. Fortunately the wide adapta-
tion of these varieties made their large scale introduction
possible without a substantial timelag for adapting them to
Indian conditions.

On the research side, coordination of rescarch involving
the “organized cooperation” of all centres dealing tn wheat
research had bequn ia 1961, in 1964 at the annual meeting
of the All India Coordinated Wheat Improvement Pro-
gramme, the testing programme was reorganized and pre-
himinary agronermic trials i addition to widespread yield
trials were placed throughout the five wheat regions of
India. The results of these trials, encouraged the govarn-
ment of India to import 250 tons of Sonora 64 and
Lerma Rojo 64 in 1965. |In the following season wide-
spread agronomic tials were conducted which led to the
development of a sound package of practices for growing
the new varieties. It was tound that among the four
Mexican varicties, Lerma Rojo 64 showed the widest
idaptability and a further import of approximately 18,000
tons of seed was made in the summer of 1966. This
together with the increase made rom the previously
impo-ted material provided seed for some 292,000 hecta-
res in the very first year of launching of the programme.

There are some distictive features of these varieties
which made their acceptance at a rapid rate possible. The
toremast aming these being high profitability due to high
yields which, in turn, were due to remarkable iesponse to
the modern inputs, like fertilizers. First in the experimental
trials and later in the faimers’ fields, it was shown that per
hectare yield from the new varicties was substantially nigher
than that in the case of old varieties. The improved tall
varieties such as C-306, produced maximum yields of
about 3500 kgs. per hectare, but beyond that point they
showed no further increase in yield with higher rates of
fertilization, mainly because of lodging. Sonora-64 and
4

Lerma Rojo-64, on the other hand, showed progressively
higher yields with increasing rates of fertilizer application
upto 180 kgs. of nitrogen per hectare with the compli-
ment of other production factors such as adequate irriga-
tion and improved cultural practices. |4 ]

Under favourable conditions the new varieties made it
po sible to increase yields by twe and a half times that
obtained with the best lozal varieties. The dwarfness
of the size made this possible as they could absorb more
nutrients without lodging. This characteristic also made
the:. more resistant to some of the natural calamities,
such as strong winds.

Secondly, the plants were also found to be mere rust
and other pest resistent compared to the traditional
varieties. The rew varicties had greater resistance to all the
three comman forms of rusts, i.e., stem rust, leaf rust and
stripe or yerlow rust.  Thirdly, the maturity period of
these varieties being shorter, they enabled a more flexible
cropping pattern than was the case with the original
varieties. Double or mulitiple cropping with early maturing
spring wheat was now within the realm of possibility.
Finally, as the new strateqy was a seed based strategy it was
assumed to be size-neutral and, therefore, in a country
where small farms dominate it was considered eminently
suitable for large scale application.

It was also to the advantage of the country that a
major breakthrough in agricultural production was heralded
by wheat. The wheat belt is more or less a continuous area
with a large degree o1 ecologica’ and agro-climatic uniform-
ity, unlike rice or millet zones which are interspersed all
over the country. This made the adaptive research in
wheat relatively simpler. The wheat growing areas are also
comparatively more developed in terms of infra-structure,
particularly irrigation, and are eczn2amically more advanced
than the rice or the millet growing tracts. In most of the
areas wheat, even though it is a principal crop, is preceded
by a Kharif (autumn) crop, which makes it possible for the
growers to depend on funds obtained from: sale of the
first crop. This enhances their capacity to innovate and to
take risk.

On .other considerations also, such as assured market,
favourable prices, absenze of serious pests and possibility of
decentralised water management, wheat can 9e considered a
“low-risk’’ crop. This is in contrast to rice and milled
which are all *high-risk’* crops since they are exposed to
many serious pest problems, marketing difficulties due to
marked consumer preferences, and ta either shortage or
excess of water, depending on the behaviour of monsoon? ©
[18]

The research efforts in adapting new varieties to Indian
conditions were well planned and proved every effective.
Following Borlaug's strategy in Mexico, the seed was
multiplied simultaneously in different locations, in large
number of plots and in conditions approximating to actual
farm conditions. In 1965-66, a National Demonstration
Programme was launched. Under this programme research
personnel at various stations were asked to go out to tha


http:absen.ze

farmers’ fieids and arrange demonstrations of the new
vanieties with the rzcommended practices.  Thus, scientists
came in clost contact with the farmers and gained better
understanding of their problems.  They (the scientists)
proved to the extension personnel, as much as to the
cultivator... the value of the new technology. The program-
me was continued n the following year. In the subsequent
year the extension services took over the progranme.

The substantial import of seeds, in the initial years,
once thair suitabii-ty to Indian Environrnent was proved,
saved the time wh ch would have been otherwise spent in
seed multipiication for commercial appfication. This stra-
tegy tnabled sowing of the new varieties on more than
292,000 hectares ir the very first year of their , zlease.

Research scientists in India constantly worked to adapt
the new varicties by exploiting their high yield character-
istics, their rust resistant qualities and their suitability for
Ziverse ecological environments.  These varieties were
subjected to exhaustive physiological, pathological, chemical
and agronomic tests. The new anronomic practices to
achieve maximum results were standardized. The scientists
were also alive to the problem of evolving varieties suitable
t0 Indian conditicns. In addition to Lerma Rojo and
Sonora-64 two pu-ely Mexican varieties, four selections
from these varieties, viz., Kalyansona, Sonalika, Safed
Lerma and Chhoti Lerma were approved by the Central
Variety Release Comittee in 1965-66.

The specific problems which these varieties were likely
to face in India were promptly looked into. The most
important among these being the consumer resistance to
small grain and red colour of the ““Mexican’’ wheat as shown

by the price differential between Mexican and deshi varieties.

To meet consumer preference Indian breeders at the
Incdhan Agricultural Research Institute {1.A.R.I.} developed
“Sharbati Sonora” by irradiating the original Mexican
"“Sonora-64" with Gamma rays. The resultant mutant was
bold and amber in colour, and was acceptable to the
consumers. |18] Currently, experiments are being carried
out to evolve protein-rich varieties to meet the severe
protein deficiency in the country. A high tiadition of
research in wheat breeding and a far-sighted scientific
teadership provided the necessary technical base for exploit-
ing inherent qualities of new varieties to the nation’s
advantage.

1t was not only the inherent superiority of the dwarf
Mexican varieties and far-sighted research and develop-
ment policy pursued by the scientists in charge of wheat
programmes, but also the ancillary measures taken by
the Government which made it possible to extend these
varieties over large areas in a relatively short-time. For the
first time, there was a complete rapport between the
policy makers, the scientists and the extension staff as for
as the propagation of these varieties is concerned. The
Government also created a complex of institutions to
popularise the high-yielding varieties of wheat. Such
.nstitutional support included (a) provision of seeds through
tk2 National Seeds Corporation, (b) strengthening of credit

base by activising country's extensive cooperative structure,
(c) developrient of orderly marketing through the Food
Corporation in India, (d) improvement of technical base by
organising nearly thirty-five Coordinated Research Program-
me in different commodities, and {e} establishment and
strengthening of agricuitural universities in different States.

A favourable climate for adoption of the new technology
was provided by declaring minimum support as well as
procurement prices on the recommendations of the newly
established Agricultur~l Prices Commission. In crder to
make the price policy effective the Feood Corporation of
India was set up in the public sector with the objective ot
attraining “‘commanding heights’* in foodgrains tade. Con-
current evaluation and feed-beck was attempted by involv-
ing the Programme Evaluation Organization of the Planming
Commiscion and the Agro-Economic Research Centres of
the Ministry of Food and Agriculture in the task of
economic appraisa' of the programme. The HYV program-
me, thus, received unparalleled institutiona! support from
its very start.

Spread of High-Yielding Varieties

Because of all the favourable features narrated above,
by 1971-72, i.e., within six years of the launching of the
high-vielding varieties programme, nearly 7.5 million
hectares were brought under these varieties. This account-
ed for 39 per cent of the total area under wheat in that
year.'! The contribution of the HYV programme during
this period can be gauged by the fact that if the carlier
{pre-HYV period) trend in wheat production would have
continued, the total production of wheat in 1971-72 would
nave amounted to nearly 16,1 million tonnes. The actual
production in that year was 26.4 million tonnes.  Tnis
difference of nearly 10.3 million tonnes suggests a rough
measure of the success of the progranime during the first
six sears of its operation.

Among the major wheat growing States in the country,
Bihar, the Punjab and Haryana had already brought more
than 60 per cent of the wheat area undz2r new varieties by
1971-72, while Rajasthan, with 34.1 per cent of the wheat
area under HYV, and Uttar Pradesh with 36.4 per cunt,
were near the national average during that year. The only
major wheat growing State trailing behind was Madhya
Pradesh, which kad hardly 8 percent of the wheat area
under HYV. In another, rather mincr, wheat jrowing
State, Gujarat, the HYV area was around 12 per cent of the
total wheat area. In both these areas a large proportion of
wheat was grown on drylands. On the other hand, in the
principally rice and millet growing States which among
themselves accounted for nearly 13.7 per cent of the total
area under wheat), the performance of HYV wheat was
quite satisfactory—with over 10 per cent of their wheat
area under high-yielding varieties. (See Tables 1.5, 1.6, and
1.7). Any year 10 year analysis of these figures cannot be
very exact because in the earlier period, i.e., till 1968-69,
improved local varieties were also included in the high-

L}



Table 1.5. Area under high yielding varieties of wheat.

1966-67 1967-68 1968-69

o Area T Rrea T T T TTAtéa

Total under Percent- Total under Percent- Total under Percent-

Area HYV  age Area HYV  age Area HYV  age
State {"000 hectares) {*000 hectares! ('000 hectares)
Bihar 808 2 31 1,054 182 173 1095 30t 2 5
Gujarat 461 1 02 353 161 291 503 167 332
Haryana 738 13 0.9 846 101 119 885 259 239
Himachat Pradesh 265 1 9.4 31 H 35 3i3 22 73
Jammu & Kashmir 161 1 0.6 187 28 15.0 200 36 13,0
Madhya Pradesh 2,130 16 08 2,661 15 1.7 3,056 31 2.7
Maharashtra 876 43 4.9 891 14 1.6 873 63 7.2
Mysore 298 1 0.3 305 1 0.4 310 26 08
Punjab 1615 59 3.7 1.804 639 354 2066 1,012 485
Rajasthan 961 g 09 1,265 126 100 1,162 190 164
Uttar Pradesh 4,394 333 8.3 4,970 1,587 319 5239 2515 480

{200) (4.6} (888) (17.9) {1,357) (25.9)

West Bengal 55 g€ 145 79 28 354 150 62 547
All tndia 12,838 541 4.2 14,993 2,942 19.6 15,958 4,793 300

1¢70-71

1969-70 1971.72
~ Area Area Area T
Total under Percent- Total under Percent- Total under Percent-
Area HYV  age Area HY\V  age Area HYV  age
{'00C hectares) {'000 hectares) {(*000 hectares!
1.145 437 382 1,316 886 67.3 1.397 1,000 716
433 17 39 577 101* 175 575 68 118
1.017 4340 433 1,129 630 558 1,172 740 63.°
330 61 185 302 109 361 410 125 30.5
210 40 190 184 57 31.0 225 81 36.C6
3,176 150 4.7 3,403 201 59 3,509 280 8.0
865 152 176 882 211 2389 1,009 2€3 26.1
327 36 11 305 47 1.5 347 52 15.0
2,162 1418 656 2,299 1,499 65.2 2,320 1620 69.8
1.254 288 230 1478 368 249 1524 520 34.1
5378 1.64G6° 305 5,907 1,938* 202 6,046 2200 36.4
240 174 725 360 - - 500 400 80.0
16,626 4910 295 18,240 6,123 33.6 19,163 7.439 39.1

“Excluding local improved varieties. (¢
Source: Directorate of Economics &

! Anticipated coverage. Figures in the { ) are based on estimat
Statistics, Ministry of Agriculture, Directorate of Extension, Mi

es of area under HYV only i.e. excluding th
nistry of Agriculture.

Table 1.6. Parcentage share of total area, area under HYV, and producticn of wheat by different status.

< i

ea under local improved varieties.

1965-66 1966-67 _ 1967-68 1968-69 1969-70 1970-71 1971.72

Area of Prod- Area of Prod- Areaot Prod- Area of Prod- Area of Prod- Area of Prod- Area of Prod-
State Area HYV uction Area HYV uction Area HYV uction Area HYV uction Area HYV uction Area HYV uction Area HYV uction
Bihar 5.4 - 4.6 6.3 46 3.2 70 62 55 69 63 68 69 89 6.0 7.2 14.5 53 73 13.4 94
Gujarat 4.1 - 5.6 36 0.2 40 3.7 56 4.2 3.2 3.5 3.3 26 03 2.9 2.2 1.6 39 3.0 0.9 3.4
Haryana 5.4 - 8.7 57 24 9.3 56 34 8.9 56 54 82 6.1 9.0 106 6.2 103 98 6.1 9.9 9.0
Madhya Pradesh  19.1 - 12.8 166 2¢ 9.0 17.7 15 1.4 19.2 1.7 108 19.1 3.0 110 186 3.3 109 18.3 3.7 11.6
Punjab 12.3 - 18.4 126 109 219 121 21.7 20.3 1317 211 242 13.0 283 240 126 245 216 211 2186 211
Rajasthan 1.7 - 7.6 7.5 1.7 7.7 84 43 8.0 7.3 39 6.3 75 59 6.3 6.1 6.0 3.2 8.0 6.9 7.2
Uttar Pradesh 327 - 360 342 67.1 37.1 33.2 53¢ 35.3 327 525 3286 324 334 314 324 316 323 315 294 285
Others 13.3 - 6.3 i35 10.2 78 123 34 6.4 120 56 7.8 124 106 78 11.7 82 80 13.7 14.2 98
Total (All-lndia) 100.0 — 100.0 100.0 100.0 1000 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Source: Directorate of Economics & Statistics, Ministry of Agriculture.



Table 1.7. Compound growth rates of wheat, 1964-65 to 1971-72.

Area

I Er_@_dgs_tj.on'__~

Ywd

196465 1971.72 1964.65 197172 1964-65 197172 Compound growth rate

State ('000 hectaros) ('000 tonnes) {kg/hectare) Area Production Yied
Bihar 6363 11,3974 4178 24927 636 1785 1263 2838 *14 45
Gujarat 4441 5745 4159 8974 937 1.562 227 1050 §13
Haryana 7224 11720 920.0 2,3940 1,274 2,043 857 1757 8.29
Madhya Pradesh 3,157.9 3,509.0 1,9809 3,0454 627 863 466 1094 6.8C
Punjab 1563.0 2,320.0 2,360.0 5598.0 151C 2413 711 17.09 432
Rajashan 1,733.4 15245 5,703.1 1,004.4 932 1.249 Lid 1184 H.19
Littar Pradesih 3,965 4 6,0458 41179 75400 1,006 1,249 vbo 12.4b G.495
All l~dia 13,4221 19,1625 12,257.0 26,377 .4 413 1,382 6.38  14.27 162

Source: Directorate of Economics & Statistics, Ministry o1 Agriculture,

yielding varieties Jroup. From 1969-70 onwards the
definition is more swict. This has particularly affected
the reported figures of two wheat growing States, Uttar
Pradesh and Gujzrat. Similarly, there is some doubt on
the accuracy of the figures of Bihar.'?

Mainly berause of inclusion of the indigenous improved
varieties. Jttar Predesh and Gujarat were in forefront of
the 1YV movement till 1969-70 in the sense that the
proportion of wheat area under the HYV in these States
was higher than the national average. The Punjab took the
lead in the second year of the programme, in 1967-68,
and had retained its leading pasition till 1971-72, although
in the last two years Bihar nad reported slighily higher
proportion of area under the HYV than the Punjab.
Haryana, the other majcr wheat producing State, came in
the forefront in 1969-70, as it ranked third, after Bihar
and the Punjab, in terms of proportion of the area under
the HYV to total wheat area. It has retained the position
since then. An interesting feature observed in 1971-72
was the highly satisfactory performance of principalty
non-wheat producing states, e.g. West B~ngal.

The limited experience of six years has shown that the
principal wheat growing States of the Punjab, Haryana
and Uttar Pradesh zontributed the most to the expansion
of the HYV areas in <he first three years. The early pioneers
had two common characteristics, viz., there were major
wheat producing Stites, in terms of area under wheat; the
yield ievels in these States were also already high, (See
Table 1.7). In the later part of the period under review the
eastern States like Bihar and West Bengal also joined the
tank of the HYV leaders. So far the Central and Western
parts—the latter after a short-lived spurt in HYV areas in
Gujarat, which could as weil be due to a generous
definition of the HYV-—have not shown much dynamism
in this regard. This fact underlines the contribution of
limited areas in raising total wheat production at a
significantly higher level.

A district-wise analysis of area under high-yielding
varieties of wheat further confirms the conclusions arrived
at on the basis of State-wise information. Thus, ranked on
the basis of area under high-yielding varieties of whest in
1970-71, the latest year for which district-wise information
«s available, the first 20 districts accounted for 44 per

cent of total area under the HYV in the country. These
districts accounted for 22,1 per cent of area under wheat in
the countiy in 1964-65; in 1970-71 their share was 24.8
per cent. Yield-wise, pur hectare output i these districts
in 1964-65 was nearly one and a halt times (1045 pel
cent) of the national average. In 197077 they shghtly
improved their position in this regard.  The tact that a
small but a dynamic core has supported the wheat
revolution in this countrv is burne out by these mdica
tors.  However, a substantial number ot these districts
(nine} had already reached, by 1970-7 1, the saturation level
of, say 60 per cent or more of wheat arca under the
HYV; six of them had 50 to 60 per cent of wheat area
under the HYV. Only one of these 20 districts had tess
than 35 per cent of 'vheat area under the new va 1 ties,

Of these 20 districts, as many as mine were trom the
Punjab. Of the remaining, seven were from Uttar Pradesh,
three from Haryana and one was from Bihar. Concentra
tion of large number of districts in progressive and better
endowed areas was a result of deliberate policy. The
rapid expansion of area under HYV wheat in these
districts was equally an outcome of detailed and coordinat-
ed planning in which all agencies, the Central, the Starp
and the District were assigned clear roles. It was also
a part of thc new strategy to take adequate steps for
improvement of input supplies, extension and marketing.
This can be well il'ustrated by the way in which the
HYVs were propagated in the Punjab.

Planning and Coordination of HYV Programme in Punjab'*

In late 1965, a conference on Intensive Agricultural
programme, called by the Union Government, recommended
the following norms for the selection of HYV areas: (1) The
selected areas should, as far as puossibie, be under the
\ADP or IDA district blocks where necessary srganisation
and facilities have already been built up. {zj The selected
blocks must have about 80 per cwe -+ cultivable area
under irrigation, of which subster. . ortion should be
under minor irrigation,—as the lati.r permits better control
over water supply. (3} Other than i ADP/IAA, districts may
be selected provided they have substantial area under
irrigation and are important wheat growiny tracts.



Soon thereafter chict ministers of the States met, in
April 1966, and took the follewing majur oecisions, {1)
Selection of districts, blocks and village where the HYV
programme will be launched during 1956-67 should be
immediately finalised. Within the villages the selection of
participants in the programme should also be completed
carly. {2) A calendar of operations indicating a break-up
of important programmes into specific tasks and assign-
ments of specific responsibiiites and a time table for the
programme of these tasks should be prepated for a state as
a whole and for ‘ndividual districts under HYV programme.
{3) Every state government should work out credit require-
ments for implementing the HYV programme, village-wise
and cultivator-wise.  {4) Proper arrangements shoutd be
made for the distribution of major inputs like fertilizers,
pesticides ete. upto the village level. (5) The field extension
agency at distncet as well as block levels should be strengthe-
ned on a high prionty basis. (6) Respective state govern-
ments should take immediate steps for producing the
bulk of toundation and curtified seeds of HYVs of wheat
and paddy requited by them. {7) The States should ensure
tull coordination among the agricultuie, community develop-
ment and cooperative departments for implementing the
HYV programme. (8) The participants in the HYV progjram-
me: be invited to join demonstration-cumtraining camps.

The Chiet Ministers also decided upon a target of
nearly 250,000 hectares to be brought under HYV wheat
programme in 1966-67. However, a review of the arrange-
ments made 1o popularise high yielding varieties in different
States by otficials of the Government of India made them
bold to increase the target to nearty 500,000 hectares. In
order to fulfil thic t2rgut, the estimated requirements of
inputs, particeiatly improved seeds, fertilisers and credit
were worked out and arrangements for their procurement
and distribution were finghised,

As regards HYV seeds, the National Seeds Corporation
of India made arrangements to procure seeds from two
principal sotices  About 17.750 tonnes were to be import-
ed from Mexico, the rest were to be puichased from the
Registered Sced Growers among whorn foundation seeds
were distributed in the previous vear, Similarly, credit
requirements were calculated on the basis of a credit
limit of Rs. 150 por acre, as an indicative norm, and
anangements were made through the cooperative structure
to previde credit to the HYV growers. The state govern-
ments were left tice 1o revise these norms in the light of
their own needs.

A significant role was assigned to the cooperatives in
supply of inpute as well as credit. In order to streamline
the cooperative structure in the HYV areas, a meeting of
the Registribirs of Cooperatives was called in April 1966
and all the necessary details were worked out.

Finally, when these decisions, taken at the Central level,
were transmitted to the Punjab Government, the Punjab
ofticials started translating these various requirements for
their own State. They, however, made a departure in the
sense that the target for the Punjab was fixed at nearly
8

104,000 hectares instead of 83,000 hectares suggested by
the Central Government. Input requirements were worked
out on the basis of the revised target. The input require-
ments were finalised after breaking up the targets among
ditferent districts and then among different blocks in the
districts.  Accordingly, agricultural department and the
cooperative department of the state government worked
out their requirement of seeds, fertilisers and credit. In the
case of credit. however, the requirements were calculated
ar *he rate of Rs. 500 per acre.

As the availability of inputs in the country was restricted,
two principal bottlenecks being the availability of seeds and
fertilisers, the state government was asked to lower their
sights. 1t was found that with the supplies allocated for the
Punjab by the Government of India, only 58 thousand
hectares could be covered under HYV wheat.

Once the position regarding input availability became
clear and the targets were suitably revised, the Director of
Agriculture of the State issued detaied instructions to ali
District Agricultural Officers emphasisiiig the following
points: {1} it was necessary to identify areas and cultiva-
tors who would take up the programme; (b) lists of such
farmers be prepared and submitted to Assistant Registrars
of Cooperative by September 1966; (c) the following criteria
be used for the selection of farmers; (i) availability of assured
wrigation, (i) mernbership of cooperative cradit societies,
(iti) capacity to invest in modern inputs and undertake
modern cultivation.

The Director also decided the districtwise acreage to be
brought under HYV wheat and these were indicated to the
respective District Otticers by August 1966. By about the
same time, the Registrar of Cooperatives asked his district
level officers to take appropriate steps to ensuie adequate
availability of inputs in the areas which were already
selected for introduction of the HYV programme.

At the field level, detailed arrangements were made to
supply seed, vertilisers and credit to the participant growers.
Quantities of required sceds were procured through the
National Seeds Corporation of India during September-
October 1966. It was distributed through the Department
of Agriculture. The Department appointed Agricultural
Inspectore ~t the'Block level to transact the whale business.
The farmers were required to purchase the seeds from
Blosk level depots. For the fertilizers, the cooperatives
were the main supplying agencies. It was expected that the
village level cooperative societies will indent the require-
ments of their members by the middie of October. These
indents were to be consolidated by the District Cooperative
Warehousing Socicties which were the agents of the State
Cooperative Marketing Federation. The State Cooperative
Marketing Federation then intimated the Secretary, Agri-
cultural Department requirements received from its various
constituents. The Secretary asked the concerned fertilizer
factory to send the supplies to the respective indentors, or to
the District Warehousing Sacieties, which then distributed
the fertilisers among the village cooperative societies on
the basis of the quantities originally indented.



The credit supplies wete arranged through the District
Cooperative Banks. These were asked to ascertain from the
village cooperatives the number of participating tarmers in
the HYV programm~ and to assess ther credit requirements.
Atter consolidating therr requirements, the District Cooper-
ative Banks applied to the Reserve Bank of India, through
the State Cooperative Bank, tar an appropriate credit
limit, The Reserve Bank of India sanctioned o sum of Rs.
12.5 mithen for advances for wheat in Punjab in October
1966. The credit was distributed part in cash and part in
kind, e.g., in form of fertitisers, according to an agreed
formula.

The foreqgoing eéccount indicates the type of planning
and coordination which preceded Taunching of the HYV
programme i one 3f the more successful States. Although
there were several sngs in the actual.implementation of this
proyramme, by and large, the work was conducted as
planned. A sound researen base and the neticutously
planned qround work in the arcas which  were well
endowed, and among the farmers who had the necessary
wherewithals, gave spectacular resufts i the very beginning
of the piogramme ind enstired 1ts subseqguent momentum.

Notes

T For an excellent cummary of the discussions, see Tom Byres,
Diaiectics of Green Revolution, South Asia Review, Vol 5, No 2
January 1972,

2 The yvear reterred *o hereaftor o the agnicultural year, July-June.

3 A smali quantity Hf seeds, wame 260 ronnes. were brought into
tncuy and distributed to selected growers in 1965, However, the
commercigi productior of new vaneties started in 1966 67

4. This alwo compa #s tavoarably  win the cate of qrowth n
wheat procduction in Me-ico, during the hey-days of wheat revolu-
ton in that country, see Portaug, Wheat Breediong and tts Imipact on
World Food Supply. Procecdings of 3rd [nternational Wheat
Genetics Symposium, Camberra, 1968,

5. The rate of growth in production 1s calculated with 1964-65 as
the: hase, rather than 1366-67 when the HYV programune in wheat
was launched, because 1965-66 and 1866 G7 ~ere two drought
years and any comparison with 1965-66 or 1966-67 as the base
would exagyerate the cate ot growtn in production in the subsequent
yalh,

6. Principally due 10 the concentration of this crease i already
surplus areas, e.g. the Puniab, Haryana and Western parts of Uttar
Prardesh, the marketable surplus as a proparmon of owcreased
production is high, and progresawvely rsing begore

7. The government of 1ndid 1o pursumg poacy o srovading cheap
foodgrains 1o the weaker sect:ons of socety thicugh o et Work ot
TEneprice shops ' The sssus prices cbataet ot these ~bops
lower than the prevathng market prces. T snops - cupphiee
toodgramns from the Central Stocks which e hadt partty Ly
IMPOTts, bul i oecent years progressiyely more hy procatement ol
tooagrans an domestic markets  The share of wheat o the tota
anmestic procutement was 5/ per cent i 1971, 0t share an the
tsuss from the fau-price chops was o's0 57 pereent i the ame
year.  (See, Dwectorate of Economics & Statinties, Ministry ot
Food and Agricuiture, Food Statistics, New Dithy, 1972)

8. The main elements of the newe strategy of agnicalturs develop
ment were to (1) bridge the gap between the available sairntific
knowledge and the extent of agnculturael practices at the held
level, (1) seluct areas of assured ramtall and ar.gation tor concentig
ted appheation ot o package of practices sartabie for the hgh
yielding vaneties; L) achieve hugher production b submidiory
toods: and (v} prepare detaded “schedutes o operationy” specily
g the responsibinlities and roles of ditfercat agenoes, see Mimistry
of Agniculture, Agriculture Production o Faourth Foth year Plan,
New Dethi, 1966

9. tmphcitinthe idea of self sufficeney i o nomsative pos e evel gt
which the market will clea
generally a physical norm of availabuhity of foadgean, v e the
avallabihity of 2000 to 2,200 calonies et day pe o capetal
suggested as the tareet. This view of the st aaftmney ool ono:
unambiguous, as the same number of calones can be obtaned
from varying preport:ons of cereals and non foudgrdain eatables
e.g., eggs, mik, etc. In prachce, a per capnta per day avaiabitity o
16 to 15 ozs. of coreals s the standatdd by vhich the tooagrane
regquirement for setfsutficiency s estimiated

Thes price levei o tover detingt Bt

10. Aceotding 10 some other scientists, from the Landpoal o
diseases wheat s more valnerable than iy b coope

11 The wheat area duning thes penod nereased trom 1.0 idiaon
hectaras v 1966:67) o 192 onthon hectares (i 1371700 1t
related to the hase peood (1966G-67) area, the qrepart-on ot areg
under hgh yielding varseties svould amount to aearty SO e ot

12. For example. mformaton on the marke?l wny gl oo thg, state
15 NOt cansistent with the reported increase i produe on

13, Discussior in this secbon heavily dravs upon the wore of Y K
Gupta and K.B. Kothari, “Planming and Impiementation in Agr
culture-- Studies i HYV Programme, Vol 11, Mesican Wheat 1o
Punjab, tndhan Insutute of Management |, Ahmedabad, 1967 raumeo)
For a similar account, Hut pertaining to HYV Proaramme in
hybrid bagra {pearl millet) i Gujarat, see, BM Desa and MD
Dusar, The New Strategy of Agricultural Development in Operation,
Thacker, Bombay, 19G9.



Il ECONOMIC PERFORMANCE OF HIGH-YIELDING VARIETIES IN WHEAT

Economic Superiority of High-Yielding Varieties

Various forms of institutional support and detailed
ptanning and coordination at all levels had created a suit-
able climate for rapid expansion of arca under HYV wheats.
However, the most important factor in their ready accept-
ance was the expectation of higher incomes by the adopters.
This awareness of comparative advantages of the HYV of
wheatsin the Punjab in the very first year of the programme
ensured its large scale adoption |11|. Even in relatively
backward areas, such as Kosi region of Sihar, a keen
observer of the Indian rural scene, Ladejinsky found that
given assured water supply, effective varicties and remune-
rative prices, villagers in that area reacted as favourably to
new varieties as cultivators in the progressive areas |20].

A number of studies in India have examined the factors
affecting adoption ot HYV wheats and have also given
useful information on the expenditure on and net returns
from these varietes compared 10 the local varieties. The
objectives, scope .and methodology of these studies consider-
ably vary; so do th. concepts of tarm size, incomes, expendi-
ture ete. which they have followed. It will be neither
possible nor useful to enumerate results of all the studies of
the HYV progiamme. A fairly exhaus* v, bibliography at
the end of this review hsts most of the s.udies which were
conducted till 1972,

In drawing tessons from the experience of the past six
years o1 so, major rehance has been placed on five groups
of studies. The Programme Eveluation Grganisation of the
Planning Commussion made country-wide studies of the
HYV programme and evaluated its 1esults (these are re
ferred to as PEOQ studies). The results pertaining to the
1abi season (i.e. wheat scason, October-Amil) of 1967-68
and 1968-69 have been looked into. Similarly, Intensive
Aqricultural Distiict Programme (1ADP) 15 petiodically
evaluated by a committee of experts v the Ministry of
Food and Agricultiie.  The TADP cvaluation reports
pertaining to four principal wheat growing districts, viz.,
Aligarh (in Uttar Pradesh), Shahebad {in Bihar), Ludhiana
{in the Punjab) ond Pali (in Rajasthan) were examined for
the present study. These teports cover three wheat grow-
ing seasons of 1966-67, 1967 68 and 1968 G9, excepting
the report of Pali which peitains to only 1967-68.

The Ministry of Agriculture had also organised a series
ot Farm Managernent Surveys (FMS) in various parts of the
country.  Two of these schemes were located in major
wheat growing distiicts of Muzatfarnagar (in Uttar Pradesh)
and Erozepur {in the Punjab) and were conducted in the
post-HYV period,  The reports tor years 1966-67 to
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1968-69 in the case of Muzaffarnagar and 1967-68 to
1969-70 in the case of Ferozepur were found relevant for
“e presant study. Since 1970, the Government of India
have organised a comprehensive scheme for studying the
cost of cultivation of principal crops (hereafter referred to
as Cost of Cultivation Scheme) for finding out the cost of
production of important crops grown in the country. The
results from these studies conducted in two wheat grow-
ing States of the Punjab and Haryana for the year 1970-71
and in Uttar Pradesh for the year 1971-72 were available
for scrutiny and examination.

The fifth important source utilised for the main discus-
sion is a set of studies on the High-Yielding Varieties
Programme (referred to as AERC studies) conducted by
the Agro-Economic Research Centre sponsored by the
Government of India and Functioning at various universities
and institutes of national eminunce. The studies conducted
by the Centres are more in the nature of case studics, though
they cover practically all the principal wheat growing
regions, i.e., Karnal (in Haryana), Amritsar {in the Punjab),
Saharanpur (in Uttar Pradesh), Kota (in Rajasthan), Tikam-
garh {in Madhya Pradesh) and Faisabad (in Uttar Pradesh).
These studies variously cover the years 1967-68 to 1971-22.
Besides these references is also made to two studies, both
sponsored by U.N.D.P. and both having 1971.72 as the
One of these was located in the Kota
district of Rajasthan and the other in the Karna! district of
Haryana.

The note in the appendix gives relevant details about
the scope, coverage and the sampling technique adopted in
these various studics. Apart from the studies listed above, a
number of useful researchers have been conducted by
individual research workers. Although such studies do not
have extensive coverage of uniform set of definitions and
concepts, they do provide significant insights into the
performance of the HYV programme at the farm level. At
appropriate places, references will be made to some of
these studies.

The results pertaining to returns from HYV wheat as
revealed in various studies are summarized in Table 2.1. A
perusal of the table will show thar using comparable de-
finitions of incomes. HYV wheats yield easily one and half
to two times the income which the local varieties yield.
There is, however, no marked ditference in these proportions
between the areas where spread of HYV was more rapid
compared to the areas where the spread was rather slow.
Although the results from various studies are not strict-
ly comparable, they do suggest that in the areas where
HYV spread more rapidly cultivation standards of local

reference year.



varieties were also fairly advanced.

The conclusions arrived at on the basis of these major
studies have heen supported by a number of other studies.
The Pantnagar stedy of HYV wheats for 1966-67 has
shown that even while allowing for higher costs and lower
prices, the farmer. adopting HYV wheats increased thei
income by 70 per cent |45, AERC study of four Karnal
villages in Haryana State for 1967-68 rabi shows that the
net returns over 2xpenditure from Mexican wheat was
around Rs. 600 while that for the local wheat was Rs.
400 2. Chaurasia and Singh, in their study of a Madhya
Pradesh village {Panagar village of Jabalpur District), found
that for 1968-68, ret returns fiom the HYV turned out to
be about 75 per cent hugher tnan that from the local
varieties |8]. Lavania and Dixit, in their study of Aligarn
district (in Uttar Pradesh), found that adoption of HYV
resulted in a netinzome of about Rs, 900 per hectare while
income from local varicues wis Rs. 460 [24]. Acharya's
study of Udaipui villages (in Rajasthan) showed that
HYV gave almost 7¢ per cent more returns compared (o that

Table 2.1. Income per hectare from HYV and Deshi wheat
{Rupees per hectare).

Average

Income  Average Income
Name of Study/ trom from Deshi
Centre Year HYV Manety

Farm Management Studies:

Muzaffarnagar 196667 1945 157
1967-68 1760 819
1968-69 1988 1217
Foargzepur® 1967-68 1577 475
1968-69 256 130
1969-70 324 160
A E.R.C Studses:
Kota** 12468-69 403 346
1971-72 344 100
Tikamgarn*” 1968-69 961 643
Karnal** 1967-68 1499 988
197172 1195 699
Saharappur*®* 1967-68 1317 837
1968-69 1084 7717
Fazatrad*® 196869 559 340
Amnit.ar®* 1968-69 1540 538
Buiyapur™* 191;7-68 1148 911

‘Net Income - Gross Income m.aus Cost C. Coverage of different
costs i Endian Farm Management Studies are as follows.

Cost Ay Hired human tabour, butlock labour, machine labour, seed
manures, fertilisers, pesticices, ‘arm buwildings, interest on crop
loans and other working capital, 'and revenue and other taxes, and
misceltaneous itemas such as pavment 1o artisans etc.

Cost Ay Cost Aq plus rent gand on leased o land.

Cost B. Cost A plus rental value ot owned land plus interest on ow-

ned fixed capitat {exch ding tand)
Cost C: Cosi B plus inputed value of family labour.

**Net seturns e, difference between output and Current farm
expenditure (C.F.Z. includes, cash and kind expenditure).

Reference: See appendix.

from the local varieties |l |- Shyamal Roy, efter jooking
into the data from various studies, came to the conclusion
that in four important wheat growing areas, vis., Uttar
Pradesh, the Punjab, Haryana and Rajasthan, the additional
net profit {per acre) from HYV wheats was around Rs. 317
|4'|‘. All this evidence clearly shows that net increase in
income from the adoption of HYV was sufficientiv lar e
to enrtthuse wheat growers to change-ovei 1o new varietios

However, most of the studies reveewed above retor 1o
the first three years of the HYV programm » There are onyy
two studies refating to the more recent years viz , Kota and
Karnal studies for 1971-72, Thus timited information clearly
shows the economic supernority of the HYV wheat during
recent years glso. Onothe other hand, these two studies atso
suggest that the level chretuimns from the HYV wheats as well
as deshi wheat, has gone down conseerabiy |32?1 j. Three
factors may expliin the lower teturns nrecent yeas (1hn
crease i the prces of mputs particubarty fertibiser and
labour, {2) decline m the relative prce of wheat over the
The decime

mn the yield was caused by the tow teved of fertdser use

years and (3) the decline movield poy hecta

and the use ot poor quality of seed obtaraed trom the
natural selection o the tarmerns” frelos, Anather reason
sometimes advanced for the Tower yiclds i the subseaquenrt
years is tha! the ealy adopters were fanmers with greater
managerial skolls and better resources the subsequent adopt
ers Jacked in both. However, nothing conelusive ¢an be
inferred  from the aesult of the avaloble studies A
regards the acerterated expansion ob o g teasonable
hypothesss couldd e that on the Bams ot early adopters
initial difference o neticome remamed the same or might
have declimes dor to mctease 1 put cost which nght
have neutraliscd some gans from increase in productivity
but the demonstiable gams reaped by the: suceessive waves of
adopters kept on the accelerated pace ot expansion of area
under the HYV wheats.

Economic Use o! Inputs

The higher incomes from the HYV wheats could be due
to larger yields or lower per unit cost or both. The available
evidence suggests that the targer incomes are due to better
response to modern inputs- particularty fertilisers at higher
fevels of input utilisation, which acceounts for larger per
hectare production and profitability.

Wherever comparable data are availeble, 1t can be seen
that yields from high-yielding varieties at the freld tevel
easily one and half to two times the yields from the tocal
varieties. This is apparent both in the developed ss well as
relatively underdeveloped egions. However, in «oveloped
regions, like Ludhiana (in the Punjab), the difterence in
the yields from the focal and Mexican vatieties is larger in
absolute terms than, say, in the underdevceloped areas hike
Shahabad (in Bihar) ot Pali {irn Raiasthan) (Sce Table 2.2).

There are few reliable studies to 1ook Nto puer umit cost
of the HYV and the traditional varieties. The cost
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Table 2.2. Yield Levels of HYV & Deshi (local) Variety of Wheat.

Narrw: of Stucly/ Yield (kg/ha)
Centre Year Variety HYV Desi
A E.RC. Studies
1. Kota 1988-69 S-64 806 839
S 227 821
{Kalyansona)
Kalyan Sona 2572
1971-72 Al HYV
varieties 1541 862
2. Tikamgarh 1968-69 S-64 1883
LR 1562
$-308 2023
{Sonalika)
Other HYV 1189
Total of HYV 1906
3. Karnal 196768 LR 2704 1676
S-64 2291
S-307 3659
(Safed Lerma)
$.308 3388
(Sonalika)
Kalyan 3663
PV-18 3675
1971-72 AIIHYV
varieties 2430 1341
A. Amritsar 1967-68 PV-18 3679 1684
LR 2956
S-64 2944
Kalyansona 3845
Other HYV 3453
1968-G9 AILHYV
varieties 2996 1284
5 Shaharanpur 1967-68 Maexican 2382
1968-69 Mexican 2116 1383
6. Fazabad 1968 69 LR 1483
S 64 1510
S.227 463
{Kalyansona)
$-308 2318
{Sonalika)

mprehensive and detailed enquiry among these, viz,,
imprehensive Scheme tc study Cost of Cultivation
onsored by the Ministty of Agriculture, has shown that
1970-71, per quintal cost ot production of wheat
ym the HYV was lower, to the tune of Rs, 3, both in
* Punjab and Haryana. Lavania and Dixit's study in
igarh distiict {in Uttar Pradesh) also suggest somewhat
ver per unit cost for HYV compared to the local
ieats [22].
The main source of higher incomes is larger yields due
better response of the HYV to the use of improved
wts. A number of studies have been made to assess the
momic returns from the use of inputs in the production
HYV wheat. Most of these studies have concentrated on
' response of fertiliser which is the crucial factor in
ermining yields from the HYV. There are, however, a
v studies which have looked into this problem in a more
nprehensive way. As an illustration, one can cite the
dy by P.V.G.K. Rao |38, for the year 1968-69 which
rered Amristsar district of the Punjab State.
{n this study, an attempt was made to examine the
hnical conditions o! production of four different varie-

ties of wheat, three Mexican varieties and one local variety,
by estimating production functions of the Cobb-Doughlas
type. For each variety, the following functions were fitted:

(i) Y =axb where Y = output
X = production expenses in
rupees
b = elasticity of output with
respect to production
expenses.
b1 b2

(il Y =ax, X3

where Y = output
Xy = production expenses in rupees
Xy = farm size in acres
by and bp = elasticity of output with
respect to the factors of
production.

In this exercise all the multiple correlation coefficients
were found to be statistically significant at 1 per cent level
and vaiue of R2 indicated that with a solitary exception i.e.
in three out of the four varieties examined, more than 90
per cent of the variations in output were explained by the



Table 2.2 (continued)

Name of Study/

Centre Y ear
1967-68

7. Bijapur 1967-68

Farm Management Studies

1. Muzaftarnagar 1966-67
1967-68
1968 69

2. Ferozepur 196768
1968-69
1969-70

1.A D.P. Studies

1. Aligarh 196667
1967-68
1968-69

2. Snahabad 1966-67
1967-68
1968-69

3. Ludhiana 1966-67
1967-68
1968-69

4. Pali 1967-68

Cost of Cultivation Study

1. Haryana 1970-71

2. Punjab 1970-71

Ad-hoc Studies

U.P. Smail Farmers’ Study

1. Badaun 1969-70

2. Nainital 1969 70

Yield (kg/ha)
Variety HYV ~ Desi
HYV 2246
AllHYV 1862 1393
varieties
2414 1336
3254 1962
3482 2324
2708 1873
2950 1363
2829 1562
HYV 2960 1940
HYV 2120 1560
HYV 1960 1510
Mexican 1570 680
Mexican 1710 990
Mexican 1810 1110
Mexscan 4750 2360
LR 3660 2320
5-64 3050
PV-18 4800 -
PV 18 3250 1880
K-227 3750
$-308 3510
S-64 1730 1170
2390 1981
2452 2004
1940 960
2260 780

Reterence. See Appendix.

factors included in the analysis. From the test carried out
for finding the deviation of the sum of elasticities from
unity, it was concluded that constant returns to scale
existed ir the case of PV-18, Sonalika (S-308) and local
wheat ant increasing returns prevailed in the production
of Kalyan. Marginal value productivities were estimated at
geometric mean level of inputs for all the four varieties. It
was found that Kalyan tops the list followed by PV-18 and
Sonalika in that order. Further, it was estimated that an
average increase in production expenses—which approxima-
te to the variable costs—by one rupee, other inputs being
held constant, would generate additional output worth
Rs. 2.39 in the case of Kalyan, Rs. 2.70 for PV-18, Rs.
2.48 for Sonalika and Rs. 2.42 for local varieties.

The second type of function revealed that an additional
rupee spent on total expenses added output worth Rs. 2.18
in case of Sonalika. The returns per rupee of expenditure
in the case of other varieties i.e., Kalyan, PV-18 and local
were calculated at Rs. 1.27, Rs. 1.36 and Rs. 0.90 respect-
ively. 1t was further estimated that keeping the same input-
output ratios, an addition of one ucre under Kalyan
brings returns of Rs. 524.80, while return from an acre under

PV-18 will be Rs. 393.80, Rs. 395.42 from Sonalika and
Rs. 304.60 from the local vanety.

In another study of HYV wneat in Udaipur district of
Rajasthan, Acharya came to the conclusion that taking all
the inputs into account, HYV wheats yield aimost 75 per
cent higker returns compared to that from the local
varieties |1|. The productivity of almost all inputs was
found to be higher in the case of the former. Judged by
the production elasticities and marginal value products,
the resources employed in the HYV were tound to be used
more efficiently.

Further, the PEO study for rabi 1968-69 concluded that
yield levels within a State suggest that among the HYV
growers, the higher the use of improved inputs, particularly
fertilisers and the larger the adoption of improved practi-
ces, the better are the resuits [34|. Similar conclusions
were arrived at by some of the AERC studies [10].

Analysing the farm level data from three wheat growing
IADP districts, Malone concluded that in two of these
districts, correlation between the lower use of fertiliser
and lower yields could be discerned, aithough the relation
ship was not close. He founc that in all the situations
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examined a rupes mvested o fertihsers yietded more than
its value in terms ol extra yields |25].

The differing responses from the use of fernlisers with
the HYV and the tocei wheats were brought out more
sharply by the data from the controlled expe.iments. One
such study of the vconaniics ot nput use in HY'V and local
wheats in the Punjab State was made by Kahlon and Kaul
]1:'), This study whnich was hased on experimental results
used g nondineas regression function with output as the
dupendent vanabies and cost of fertiliser (including cost of
application) as the only nput cost.  The vconomics of
fertiliser use on semi-dwar f high-yielding wheat, Kalyan-227
and  two tall indigenous improved wheat varieties, i.e.,
C-273 and C 306, cuttivated in the Punjab was examined.
It was found that with a fertiliser dose of 90 kgs. the
semi-dwarf  whest, Kalyan 227 produces 32.7 per cent
higher yieid thar C-3C8 und 42 per cont mo.e yield than
C 273 h was turther observed that at the recommended
level of fertihiser apphcation for C-306, 1e. 60 kg. of N
and 30 kg. of FoOr, per hectire vield trom this variety
was 36 83 quintals while with the same amount of fertiliser
it came 1o 40 90 quintals for Kalyan-227. Thus, because of
the supenior plant type, the HY'V gave good performance
even at the fow level ot ferulisation,

Herdt eamined the resporse 1o fertiliser applied at
optimai and half-nptimal evel with various price discounts,
te contrast the yeelds from the HYV and the local varieties.
The study was hased on experimental rosults.  Cost of
fertiliser used was tahen as the only input cost and net
returng were annived ar by deducting from total returns the
cost of fertuhizer This study also corroborated the results
avalable from siutar other studivs l13l.

Using the duta obtaned fiom the fertiliser expenments
conducted at the U.P. Agricuttaral Umversity on the Mexican
red and Indin mber wheats tor thiee years, 1965-66,
1966-67 and 1967 68 Singh and Sharma studied the
response of the thiee Mexican 1ed varieties, Sonora-63,
Sonara-64 and Lerma Rojo, and three Indian dmber wheats,
NP-876, NP-887 and C 306, to nitrogen, by fitting a
quadratic production function |38|. I't was conctluded
that the Mexican red wheats gave 1elatively much higher
response 1o mtrogen at al levels of application than the
Indian amber wheat.
maximum yield per hectare, the Mexican red wheat yiclds
about 1.6 times moe than the Indian amber varieties. The
fevel of nittogen application giving the maximum possible
profit was 1.5 times more for the Mexican than for the
Indian wheats. The tota! revenue and total cost per sctare
incidental to the application of nitrogen were respr cively
2.5 and 1.5 timces higher tor the Mexican wheat than for
the Indian varieties.  On an average the Mexican dwarf
gave 17.7 kgs. for cach ka. of nitrogen applied compared
to 14.1 kgs. for the best of the local varieties at their
respective most profitable levels of nitroyen application.
Finally, it was observed that the dwart varieties use fertili-
ser more efficiently than the best of the tall varieties even at
40 kgs. per hectare application of nitrogen.
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At the fevel of nitrogen giving

Most of the above studies examine the yields of the
Mexican wheat under irrigated conditions. No field data
are available for the rainted conditions. However, the
restilts of the Al India Coordinated Aqro-Economic Exper-
iments showed that with the application ol same dosage of
fertilisers increase in the yield from Mexican varieties even
under 1ainfed conditions was higher. 1n Meerut with the
application of 650 kg. of nitrogen the additional yields
were 867 kgs. from Sonalika. In Ambala, additional yields
were 480 kgs. as against 460 kgs. for the deshi varieties,

An important implication of these findings is that the
returns from the HYV, other things remaining the same,
would depend upon the extent of use of tertilisers. Although
even at the low level of fertilisation and even in rainfed
conditions the HYV aie likely to yield higher returns, the
gains are larger when higher dosage of fertilisers are used
under irrigated conditions.

Range of Variations in Income from HYV

An important tinding of various studies in the economics
of the HYV wheat is that average returns from an acre
under the HYV wheat varied widely among the adopters.
Sianificant variations between different regions growing
the HYV wheats was hrought out ir- 4 number of studies.
For example, the IADP data suggested that the highest
yields obtained in one district, viz., Shahabad weie barely
equal to the lowest cobtained n ancther district, viz.,
Ludhiana'. Although these comparisons are based on aroup
averages, and within the groups wide variations prevail, yet
the difference between the two areas s oo wide to be over-
lookea.  The AERC studies exhibited a wide vanations
between the returns and yield in different regions. The per
hectare returns ranged between as fow as Rs. 344.12 in
Keta to about Rs 1500 in Karnal. The yields per hectare
ranged between 8.06 gntl:. in Kota to 38.45 gntls. in
Amritsar, SIfﬂ“HLIy, the PEO study has shown that six out
of the 14 wheat blocks in 1967-68 and seven in 1968-69
recorded higher than average returns per acre.

Equally remarkable variations were observed among the
adopters within the same arca. Some idea of these varia-
tions car be obtained from the group averages given in the
Table 2.2. A more accurate picture emerges from the data
from the Cost of Cultivation Scheme More than 90 per
cent of the area under wheat covered under this study were
already brought under the High Yielding Varieties. Follow-
ing data from the Cost of Cultivation Survey gives an indica-
tion of range in cost of cultivation, yield and cost of pro-
duction {See Table 2.3).

These variations can be explained by three distinct groups
of factors. First of these pertains to the spatial aspects,
particularly agro-climatic factors and development of pub-
lic infrastructure in different areas. Second relevant factor
is the use of different high yieiding varieties. And third,
probably the most important, factor is the extent of the
use of modern inputs.



From the availab'e accounts, yields obtained from HYV
wheats in Punjab were significantly higher than those from
the similar varicties in other regions, say, Uttar Pradesh or
Madhya Pradesh. Such differences were observed even
before the advent o new varieties (because of agro-climatic
factors and the devalopment of infrastucture in some of
the areas). The TADP studies have brought out the differ-
ence in yields in these arcas betore and after the advent of
the HYV. The average wheat yield in JADP district of
Ludhiana in 1964-65 was 24.6 quintals per hectare. In
the same year, tie average yield in Shahabad was only
10.9 quintals. In 1968-69, the high-yielding varieties
yielded 35.5 quintals per hectare in Ludhiana and 18.1
quintals pur hectere in Shahabad. The net increment in
income realised by the adoption of HYV, after deducting
cost of only fertilisers and ancilliary costs, was 3s. 680 in
Ludhiana, that in Shahabad was Rs. 550.6. Similar differ-
ences can be brought out from the comparison of yields in
different districts before and after the adoption of the
HYV. As a rile, the regions where crop yields were higher
in the pre-HYV period have also reqistered larger increases
N yields after the adoption of the HY V.

Within the same region, diiferences in yields can be
partially explained by the use of different high yielding
varieties.  In some areas, for example, in Amritsar district,
Sonalika obtained the highest per acre net returns |38}
while in another area, Udaipur district (in Rajasthan),
Kalyansona proved to he the superior variety l46i. In
yet another area, of the three varieties studied, viz,,
Kalyansona, PV-18 and Sonalika, Kalyansona not only gave
higher return but alsc relatively more stable net returns
peracre. In A P. Rao's study also, Sonalika and Kalyansona
varieties were found to be more productive compared to
either Lerma Rojc or C-591 varieties [37]. Sisodia's
study in Indore district |43i showed that the yioss output
for Kalyansona, Lerma Rojo and Sonora-64 worked out to
about Rs. 4,100, R;. 2,740, Rs. 2,480 per hectare respect-
ively. It is ditficL!t to say whether these differences in
returns are due to instrinsic superiority of different varie-
Lies o they can be ascribed to the varying guantities of
inputs used by different adoptera. Although, it mignt be
mentioned that in all research trials Kalyansona establish-
od its superiority over other varieties in terms of yield,
however, it was als? found to be more susceptible to leat-
rust once the disease appeared on the scene. In any case,
the very fact that about 10 important high vyielding
varieties of wheat are in vogue suggests that no one variety
is unitormly superior in all the wheat growing regions.

The more fundcmentat difference, and on that there is
substantial evidence to support, is the differing use of
nputs by the adoonters, Starting with seeds, though the
recommended dose is 35 to 40 kgs. per acre, the actual use
among most of the idc pters was found to be lower; in some
casss, as low as eight to 15 kgs. While such extreme cases
might retlect limited avaitability and high prices of the
improved secds, the general pattern as revealed in a number
of AERC studies was the use of 25 to 30 kaos. of seeds per

acre. The quality of seed also was not found to be as goot
as one would have expacted. It was noted that the seeds
from the registered or certified seed growers could be
obtained only by a limited number of cultivators and the
rest had to depend on “‘natural spread’’, 1.e., either on their
own selections or from the selections of other feltow
cultivators.  Very few instances of treatment of seeds to
protect them from the likely attacks of pests were observ:
ed. Even in a few cases where the seeds were treated,
subsequent spray of pesticides was practically non-existent.
Both Farm Management Surveys and Cost of Cultivation
Surveys have recorded less than one per cent of total cost
on insecticides and pesticides. Low expenditure on pestici-
de may be due to the general belief that the new vaiieties
are inmune from pests and diseases. {This belief was shaken
after the reports of the appearance of rusts in the new
varieties in some of northern wheat growing regions in the
winter of 1973).

In general, however, Indian wheat farmers suffer little
field damage from insects and there are no chemical treat-
ments for rust which are economically viabie in the Indian
context. To date, rust can only be confronted through
efforts in plant breeding.

Although HYV have been adopted mainly on irtigated
areas, the extent and the nature of ungation have varied,
Large profits from the dwart wheats depends heavily on
assured supplies of water. In fact, irrigation at fixed tmes
in the growth cycle of the plant is essential to the realisa-
tion of its high-yiela potential. Only cultivators with assured

Table 2.3. Maximum, minimum and average values of cost
of cultivation, yield and cost of production of wheat,* 1970-
71.

Haryana Puinyaty

Cost of Cultivation Maximum 217700 2,692.16
{Cost C}°* per Minimuin 401 .45 758.84
hectare (Rs) Aveiace 1,093.59 1,489.46
Yield per hectare  Maximum 58.57 53.94
fuuintals) Minimum 923 827

Average 2074 24.40
Cost per guintal Maximum 12134 150.97
{Cost C) (Rs.) Minirnum 1729 2535

Average 48 10 6104

*Reprinting tarmers had 90 per cent of ther area n HY V's
**Net ot the vaiue of the by -product

In Inchan Farm Management Studies coverige ot ditferent costs is
as toilows:

Cost Ay Hired human labour, vullock tabour, machine labour, seed,
manures, fertubisers, pesticides, rngauon, depreciation moimple.
ments and farm buildings, interest on crop 1oans and other working
capital, land revenue and other taxes and nusceilanvous tems
such payment to artisans elc.

Cost Ag. Cost Aq plus rent pand on leased 1 tand

Cost 8: Cost Ag plus rental vatue of owned land plus interest on ow-
ned fixed capital {excluding land)

Cost C: Cost B plus imputed value of family labour,

N.B. More than 90 per cent area in the sample was under the HYV
wheats,
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water, i.e., those having private tubewells, could reap
full advantages from the cultivation of the Mexican varieties.
Ladejinsky observed that in Purnea district {(in Bihar}
cultivators who not only derived irrigation water trom
canals but also had access to privately owned tubewells did
significantly better and felt more assured than those who
were exclusivelv dependent on public canals [22]. This
was mainly du2 to the lack of coordination between the
agricultural dtpartment and the irrigation department,
Ofien canals a.e closed when there is a critical need for
water. In Rajasthan also, the districts with larger concentra-
tion of private tubewells, e.g. Alwar and Jaipur, showed
greater proportion of wheat area undei new varieties
compared to the districts relying mostly on government
canals for irrigation |3|. Wherever the HYV programme
has gained momentum and other conditions, such as
adequate size of farm, the availability of power etc., have
been fulfilled, the farmers have invested heavily on creat-
ing their own supplementary sources of water supplies. The
superiority of tubewells irrigation to canal irrigation in
terms of higher profitability was also established by the
Farm Management Studies of the Ferozepur district |44i,
and in the cost of cultivation study tor the Punjab, although
in Haryana canal itrigation proved to be cheaper |28|.

Partly because of the non-availability of adequate water
supplies trom public irrigation system, the HYV adopters
i many areas could not qive adequate irnigation. Adminis-
ration of the canal system often brings water to the
tarmer when he does not need 1 and makes water zomplete-
ly unavailable in periods when needs are critical.  In the
AERC study of Siharanpii district (in Uttan Pradesh) during
1968 69 season, it was observed that most of the farmers
irrigated their wheat only four times, while the recom-
mended number of watering was six |37]. Similarly the
Kota study reported that farmers who were mostly served
by canals, irrigated their wheat crop three times, whereas
four to five waterings weie recommended. 1t was also noted
that many farmers could not give irrigation at proper
time |3].

Practically al! the studies of HYV have concluded that
the use of fertiliser is much below the recommended levels.,
Probably, on moest of the soils K 1s not needed but the use
of P s also found to be grossly inadequate. Even the use
ot N varies widely among the adopters. The PEO study
concluded that *he application of fertilisers ranged widely
hom 15 1o 137 per cent (of the recommended doses) in
1967 68 and 12 1o 102 per cent in the tollowing year |?3|.
Oune ol e reasone Tor not asang adequate quantities of P
oreported 1o e the Lact that the ceady made muxture
constituting the wequned praporhon ol N, P and K {or the
Mexican varictien were not available, and, thereloe, the
tarmers had to purchase difterent types of tertihisers and
mix them n proportions they thought proper |37, The
LADP study has shown that between 1967-68 and 1968-69
lernihiser  utilisaton increased  from 230,000 tonnes  to
880,000 tonnes However, only 30 per cent of the farmers
apphied the yecommended quantity of nittogenous featiliser
16

and hardly any farmer used the recommended quantity of
P {19}. Similarly, in Purnea district of Bihar the utilisation
of fertiliser between 1964-65 and 1968-69 jumped from
62 to 900 tonnes. This nearly 15-fold increase, however,
does not mean that the farmers have applied fertilisers at
the recommended level. If they hau done so, the con-
sumption wotld have been nearly 2,700 tonnes |20].

It has been shown that the farmers who had adopted all
the ingredients of new technoloyy along with HYV seeds,
viz., seed treatment, proper irrigation, adequate fertilsers,
preventive plant protection, etc. had reaped excellent
harvests, but the farmers adopted all these ingredients were,
according to PEO study, only 20 per cent among the
adopters of HYV paddy and wheat.|23].

Beneficiaries of High-Yielding Varieties Programme

The wide variations in incomes from HYV wheat natural-
ly raises the gquestion as to who has benefited the most
from this programme. The available information is not clear
enough to permit any categorical answer or to define, in a
precise manner, the factors which could be associated with
successful adoption of the HYVY programme at the field
level. A major difficulty in analysing the data arises
because in most of ihe Indian studies, farmers are categorised
only by the size groups of land holdings. Operational area
of tand is one of the several resources owned or hired by
an agricultural producing unit and access to cultivable
area is one of the several attributes ot a decision maker.
But the available data is so nrganised that one has little
option but to look intc the performance in relation to the
size of land holdings. There is, however, some justification
in proceeding with the size of land holding as the first
approximation of the resource base of an agricultural
firm in rural India. This is because most other assets as well
as access to the scarce or the subsidised resources hold
close and positive relationship with the size of holdings. The
subsequent discussion, therefore, categorise the farmers on
the basis of the extent of land they own operate and the
limitations of such an uni-dimensional classification should
be borne in mind while interpreting results. Another quali-
fication nceds to be added. From the studies it seems that
the areas where land consolidation has taken place, the pace
of adoption has been made rapid, The consolidate hold-
ings increased the prospect of digging shallow tube wells, at
least on the medium sized holdings |40j.

Judyed by the first year of adopuon of new vaneties
ar the propottion of adopters in each group in any particu-
Liv year, the larqe tanmers show a clean lead in their involve-
ment with the programme. Thus, i the PEQ study of the
HYV programme, it was tound thal & much larger propor-
tion ot the adopters among the larger holding groups had
adopted the HYV in the very tirst or in the subsequent
year of its introduction. Reverse was irue in case of the
small farmers (see Table 2.4). That the large tarmers are
early adopters is borne out by a numbur of other studies.
The 1ADP study fot Ludhiana (in the Punjab) observed that
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lable 2.4. Percentage of adopters by size of holding groups.

Percent of
HYV adop

Name of Stusdy/Centre Y ear Size Group  ters

A.E.R.C. Studies: Below 5 acres 43
i. Kota (Rajasthan) 1968-69 5 10 60
10-15 50
15--20 69
20- 30 64
30--40 63
40-60 80
Above 60 100
All farms 60
2. Faizabad (U.P.) 1968-69 0--1 acres 23
1--3 68
3-5 88
5-10 91
10--15 100
15 and above 100
Qverall 70
3. Karnal {Haryana) 1967-68 0-5 acres 100
5-10 100
10--156 100
15-25 100
25--50 100
50--75 100
75~ 100 100
100- 200 100
Total 100
4. Amritsar {Punjab) 1967-C8 5-10acres 100
10- 15 100
15--20 100
20--25 100
25-30 100
3045 100
45 and above 100
Toral 100

5. Saharanpur (UP.} 1967-68 Below 5 acres -
5~-10 36
10-15 61
15-20 83
2025 83
25 50 71
50 and above 100
Total 67

Farm Management Studies

1. Feirozepur {Punjab) 1969-70 Eelow 6 acres 94

6-9 9
9-14 97
14- 24 95
24 and above 100
Total 95
2. Muzaffarnagar 1968-69 0O 2,87 ha. 38
2.:88-4.71 36
4,72 - 6.96 52
6.97-10.65 58
10.66 and above 57
Total 48
PEO Studies
1. Bihar 1967-68 Below 2.5 acres 42
{Rabi) 255 67
5-10 62
10--20 89
20-50 100
50 and above 100
Totat 59
2. Haryana 1967-68 Below 2.5 acres 0
(Rabi) 25--5 4
5-10 6
10--20 13
20-50 28
50 and above 31
- Total 16

Table 2.4 (contuned)

P*ercent ol
HY Vo adop

Name of Sidy/Centre Yuat Seer tpoup e
3. Punjab 1967 38 Belon U H aores by
{Rab») 2H 00 3
H W0 6
10 20 85
20 -50 92
50 and above 100
Total 80
4. Rajasthan 1967-68 Below 2.5u¢cres 0
{Rabn) 205 5 12
g 10 4
10 20 2
20 50 43
50 and abuove 51
Total 30
5. Uttar Pradesh 1967-68 Below 2.54cr2s 26
(Rabn} 255 36
5 10 41
10- 20 uh
20 50 7%
Q0 and above (o
Tortal a2
6. All States 1967-68 Below 2 Havies 77
{Rab) 25 % 36
H 10 38
10 20 53
20 50 51
50 and above a7
Totat 43

generally the farms with larger hoidirgs were the fust to
adopt HYV |26j. In fact, one of the reusons for rapid
expansion of HYV in Ludhiana is ascitbed to a refatvely
larger number of holdings in the mediuni, e, four to
eight hectares, and targe size groups. Very small holdings,
say, of less than one hectare, are very few and even hold-
ings of the size of one to four hectares are relatively fewer.
On the other hand, in Pali (in Rajasthan) where the program
me did not made much of a headway, most of the holdings,
i.e., 62 per cent, were betow four hectares.

A much sharper picture emerges when the size of
holdings of the adopters and nor-adopters \n the same year
and in the same area ote compared. Invariably the large
size holders are represented more than proportionately
among the adopters. For example, Lockwood, Mukherjee
and Shand utilizing data for three successive PEQ studies
from 1967-68 to 1969-70 concluded that the data revealed
a strong positive linear association between the proportion
of farmers adopting the HYV seed and the size of farm for
all these three years. Correlation analysis carrnied out on
the relationship showed highly significant R2 value. While
this farm size relationship holds generally valid, particular
instances of variations were cited especially in those
districts where the adoption was virtually universal, for
example, for the four Punjab wheat district—Amritsar,
Ferozepur, Patiala and Ludhiana. However, even in these
districts the general relationship could be observed in the
early years, but by 1969-70, the smali tarmers had also
caught up with their large neighbours |23].
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Using the same data base, i.e., PEO reports, Schluter
studied the relationship between adoption of HYV and
tarm size. He found that the hypothesis that adoption is
unielated to farm size stood rejected at 0,5 per cent level,
ind.cating that a significant positive relationship exists. Even
when 98 per cent of the farmers in an area had adopted
HYV. as it happened in the rabi season of 1968-69 in vhe
Punja), tne slope of the co-efficient is still positive, thus,
suggesting that at every level of adoptior those few who
remained outside the fold have small farms [39]. Farm
Management Studies for Ferozepur and Muzaffarnagar also
substantiate this view, particutarly when data for 1968-69
and 1969-70 are taken into account |16].

However, it may be pointed out that the positive
association between farm size and the extent of adoption
obtained rnainly because of the diffusion policy of the
government. |t was mentioned 0 section | that for the
imtial spread of HYVs farmers with adequate irrigation
facility axd other resources were selected. Therefore,
there is no wonder if the association was positive. The
low participation by the small farmers in the later stages may
be explained by unavailability of irrigation faciiities; most
of the small farmers who did not grow HYV wheat did not
have irrigation facility |3].

Not anly the large farmers are carly adopters and at
every stage they have more than proportionate rapresent-
ation among the adopters but also as a general rule the
large farmers scem to adopt HY'V on proportionately larger
wheat areas cultwvated by them. This, however, is not
universally true although the weight of evidence is unmistak-
able.  Studying the relationship between proportion of
acreage under HYV and farm size and using PEOQ data
Schluter observed that in wheat growing areas, there is a
significant positive reiationship between the proportion of
acreage under new varieties ¢ .d farm size indicating that
the proportion of acreage urder new varieties increases as
farm size increases? {39|. The PEO studies, IADP Aligarh
study and AERC studies in Karnal and Amritsar support
this trend. On the other hand, AERC studies in Kota,
Bijapur, Faizabad and Saharanpur exhibited the reverse
trend. The Farm Management Study of Ferozepur sug-
gested a positive relationship between farm size and the
proportion of wheat area under HYV, although no such
evidence was forthcorning in another Farm Management
Study, i.e., of Muzaffarnagar. Findings from some of these
studies are summarized in Table 2.5,

The thira conclusion of a similar nature is that, by and
farye, the larger size groups obtain targer per hectare net
meome hom HYV wheats than the smalfler size groups.
Thus, Ferozepur Farms Management Survey revealed that
while the per hectare net income tor size group below six
hectares was Rs. 676, it was around Rs. 1,100 n case of
holdings above 24 hectares |16, Similar conclusions could
e reached frone the Farm Management Study of Muzaf-
tarnagar, although the ditference among various size groups
in that case was not very sharp. Most of the AERC's studies
have also anived at the simitar findings.
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In the Haryana study of K'YV wheats during 1963-70, it
was found that the farm business incomes increase with
the size of holdings, from Rs. 1,428*for less than five acres
farm to Rs. 13,028 for farm above 30 acres [5]. Shah
and Ali's study of 60 farmers selected according to the
probability proportional to a number of farmers in each
size group from three clusters of willages in Nainital
district (in Uttar Pradesh) showed that the value of per
acre production in the HYV increasos with the size group
of holding |40]. Lavania and Dixit's study o Alicarh
district (in Uttar Pradesh) showed that the cost nf produc-
tion of wheat suggested a declining trend with increase in
the size of farm. The net income (gross ou‘put-total cost
per acre} for the local wheat showed a declining trend with
an increase in the size of farm. The net income {gross
output-total cost per acre) for the local wheat showed a
declining trend with an increase in the size of farm, while
for the HYV wheat it was maximum for the Jarge farms
and minimum for the medium size farms [22]. In another
study, it was concluded that taking into account all the
inputs increasing returns to scale were indicated for HYV
wheat whereas the focal variety revealed decreasing returns
to scale [1]. The AERC Study of Saharanpur {in Uttar
Pradesh) also concluded that the cultivators in the largesi
size group of holdings achieved relatively higher yield
with lesser expenditure as compared to those in the small-
est size group. The AERC Studies of Kota {1971-72),
Saharanpur, Karnal and the PEQ study also showed that
large farmers realised significantly higher per hectare yield
as compared to the yield obtained by the small farmers;
Bijapur and Aligarh studies exhibited opposite trend.
However, the weight of evidence suggests a positive
associaticn of per hectare income and the size of holding
(See tables 2.3 and 2.7). '

These findings are, however, not universally observed,
Some of the studies, for exampie, the PEO study, have
shown that there was a clear and positive association between
farm size and the HYV participation in terms of adoptirg
farmers, but no such consistent pattern emerged between
farm size and levels of fertiliser use. This was particularly
true in the Punjab, although the same study observed that in
Uttar Pradesh, Rajasthan and Bihar, per hectare use of
fertilisers tended to increase with farm size. The AERC
study of Saharanpur district revealed that all the cultivators
irrespective of their land holding size obtained the same per
hectare output. From this study, it was concluded that the
returns tc scale were constant and, also, that cultivators
in different size groups were using the same level of inputs
and as a aesult the per acie cutput from a particular
vatiety did not ditfer signiticantly among different size
groups of cultivators.

in the absence of universaily observed results, one wili
have to resort to the qualitative assessment of the factors
which contribute to the increase ot income from the HYV
and to relate the availability of these factors on different
size groups of holdings. This task is attempted in following
paragraphs.



Table 2.5. Area under HYV wheat as percentage to total wheat area in different size of holding groups.

Size Groups® _ _
Below 5.01- 10.01- 15.01. 20.01- 30.01- 40,01- 60.01- Total
Name of Study/Cenue Year 5 10.0 13.0 20.0 30.0 40.0 60.0 & above

. A.E.R.C. Studies:

Kota (Rajasthan)

{Suitenpur Panchayat) 1968-69 2549 14.21 33.78 2600 36.31 3411 2145 2162 25.77
{Ladpur Panchayat Samiti) 1968-69 8125 59.04 3467 23,73 5145 62,36 6.25 30.00 41.72

0-5 5-10 10-15 1525 25-50 50-75 75-100 100-200 Total

Karnal (Haryana, 1967-68 20.00 5949 65139 6507 5782 7571 8556 94.47 7480

0-1 1-5 3-5 510 10-15 15& ahove Total
Faizabad (U.P.) 1968-69 94.44 50.02 4694 4603 7.77 33.12 47.33

Buelow

5 5-10 10-15 15-20 20-25 2550 50 & sbove Total
Saharanpur (U.P.) 1957-¢2 - 604 6566 583 582 582 456 59.3

1968 6< 51.20 49.76 5687 6844 - 7085 - 63.05

Below

10 10:20 20-30 30-50 50-75 75 & above Total
Bijapur {(Mysore) 12G7-G3 65.21 77.78 55.00 71.03 57.64 66.20 65.95

frelow

5 5-10 10-15 1520 20-25 2535 3545 4560 60-75 758& above Total
Anmritsar {(Punjab) 1968-69 85.87 87.14 84.49 93.80 100.00 9537 99.37 100.00 100.0 100.0 95.60

ha. 2.88- 4.72- 6.97- 10.66 &
287 4.71 6.96 10.65 above Overall

il: Farm Management Studies:

1. Muzaffarnagar (U.P) 1966-67 4054 3656 3260 47.70 32.7% 37.77
1967-68 2066 5044 2197 26.23 1853 23.49
1968-69 43.02 56.74 36.08 3094 3886 37.92

Average 34.74 4758 3020 3496 20.05 33.06

Below 24 &
6 6-9 9-14 14-24 above Total
2. Ferozepur (Punjab) 1967-68 10.16& 1026 1226 11C1 1192 11.14

1968-69 27.73 2758 2977 30.38 3688 30.70
1969-70 3185 3405 31.65 3588 32.66 33.74

Average 2325 2396 2456 2575 27.15 26 27

Below 2.5- 50- 100- 200 5008&
2.5 5.6 100 20.0 50.0 above Total

1i: P.E.O. Studies
Evaluation study of the HYV 1967-68 10.64 28.29 25.74 27.02 30.17 3696 29.05
Programme, 1968-69 1968-69 65.07 5B.38 6253 6197 6680 79.74 65.88

Below 48&
2 ha. 2-4 above Total

1v: I.A.D.P. Studies:
Aligarh (U.P.} 1967-68 31.66 45.81 38.69 39.46

*Acr.s, unless otherwise noted.
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Table 2.6. Net Income by Size of Operational Holding
Groups: Farm Management Studies

Table 2.6 (cont’d).
1968-69 (Rs./ha)

A.E.R.C. Studies, Faizabad (U.P.),

Name of Study’ Net | ncome
Centre Yoo Size Group averae
Ferozepur (Punjab 1967 70 Below 6 actes 676°
6 9 585
9--14 431
14 -- 24 758
24 & above 758
Average 719
Muzaffarnagar (U.FF) 196669 Below 2.85 ha. 1651°°
286 4.71 200%
472 596 1864

6.97 10.65 1892
10.66 & above 1861

All farms 1898

* Rs. per acre.
** Rs. per hectare.

Table 2.6 (cont’d). A.E.R.C. Studies, Bijapur, 1967-68

(Rs./Acre)

Size Group Participants_ Non-participants
(acres} Mexican Irrigated Unirrigated
Below 10 699 368 100

10 20 350 181 61

20-30 652 234 99

30-30 408 211 60

50-75 426 279 84

76 & above 53¢ 547 65

Average 464 287 74

Table 2.6 (cont’d). A.E.R.C. Studies, Saharnapur (U.P.)

1968-69 (Rs./Acre).

Size Groups $ 308 §-227
(acres) L.R (Sonalika) (Kalyana) 5N
Betow 5 324 233 - 280
5--10 203 500 430 283
10--15 360 550 698 396
15- 25 357 390 470 280
25 & above 245 637 555 400
Average 314 480 572 314

Table 2.6 {cont'd). A.E.R.C. Studies, Saharanpur (U.P.),

1967-68 (Rs./Acre)

Net Rgtuing .

Size Group Mexican Locat HYV Desi

5-10 527 356 304
10-15 461 334 372
15.-20 622 33t 462
20-25 566 355 479
25 -50 418 308 273
G0 & above 605 468 280
Average 533 357 339

20

Size Group TotalHVV _~_ _ Dess
{acres) Participants 1968-69 1967 68 1968 G3 1967-68
0-1 P 181 208 -205 47

NP - - -10 -2
1-3 P 64 200 98 43
NP - -25 13
3-5 P 68 163 74 34
NP - 255 ¢]
5--10 P 232 112 241 -36
NP - - 92 117
10-15 P 238 148 47 14
NP - - -
15 & above P 78 293 AC 108
NP -
Overall P 79 192 1° 57
NP - 3] 29

P = Participants in HYV programme.
NP = Non-participants in HYV programme.

Table 2.6 (cont’d). A.E.R.C. Studies, Amritsar (Punjab),

1968-69 (Rs./Acre).
Size Groups S-308
{Acres) Kalyan PV-18 {Smohika) Desi
Below 5 624 482 956 -
5-10 446 343 275 -
10--15 724 511 480 229
15-20 621 496 427 152
20--25 500 363 303 123
265--35 646 427 333 286
35-45 640 820 939 276
45--60 607 557 366 183
60--75 721 706 502
75 & ahove 564 470 411 423
Average 608 488 532 218

Table 2.6 (cont’d). A.E.R.C. Studies, Kota, 1971.72

(Rs./Acre)
Mexican

Size Group (Sona Dey Variety
(Acres) Kalyan) trrigated Unirrigated
Below 5 50 106 27

5-10 146 -108 99
10--185 153 56 56
15-20 98 30 29
20-30 59 -5 -13
30-40 117 47
40-60 279 282 35
60 & above 245 98 -17
Average 144 85 17




Factors Determining High incomes from High-Yielding
Varieties

The resource base: Evidence of proportionately larger
incomes from HYV wheats on the larger farms is provider
by certain indirect ndications. As will be shown presently,
the most important distinguishing feature of adopters from
the non-adopters 1s an access to essured water supply,
typically from one’'s ow. tubewell, in the case of former.
in a State like Punjab, the command area of a private
tubewell is reckened at 20 to 25 acres. This places holdings
above or around this size in a clear!ly advantageous position,
excepling in areas where purchase of water from neighbour-
ing tubewells is a common practice. Extension workers at
Punjab Agricultural University suggest that the optimum size
of holding for efficent cultivation of HYV wheats, assum-
ing a tubewell, but not necessarily mechanical power, ie.
tractor, is about 20 to 25 acres. This Hloor can be reduced
with efficient management, to 15 acres [9] But the
pruspects of availing rullest economies of modern technolo-
gy on holdings belcw this level are not very encouraging in
the piesent state of factor markets ard availability of
public infra-stiucture (See (able 2.8).

Apart from an optmum size of holding indicated by
sconomic operation of a tubewell, new wheats also requine
improved farm equipments to produce highest yields, e.g.,
improved ploughs, discs, and harrows for proper fand
velling and seed and fertiliser dnlis for shallow planting
and exact spacing of seedhngs; and only the large farmers,
most of whom have already made capital investments in
tubewells and improved equipments are initially in a
position to adopt new highyielding varietics and also to
uxploit their potentialities to the maximum,

Irrigation:  Practically every study of the economies f
HYV wheat has emphasised the importance of irrigation
and its timing. In the areas where HYV progremme has
succeeded, itrigation has received considerable impetus,
particularly in terms of encouragement of private invest.
ment in tubewells and pump-sets. Concommitant with this,
there has been a complet: reornientation of the rurai
electrification programme which is now directed, mainly
towards energising pumps and water lifting devices.

The effect of irrigation facitilies on the adoption of
the HYVs is well brought out in a survey of the farm
economy of Haryana |5]. For this study, the State was
divided into three regions—Northern, which comprises
districts of Ambcla, Jind and Karnal; Centre, which
comprises districts of Hissar excluding Bhiwani a:.d Loharu
tehsils, and district of Rohtak excluding Jhajjar tehsil;
and Southern, wh-ch comprises district of Gurgaon and
Mohindergarh and Bhiwani, Loharu and Jhajjar tehsils.
The Northern regior has neariy 67 per cent of the cultivated
creas irrigated, this compared with 21 per cent of the South-
arn region and 55 per cent of the Central region. Wherever
better irrigation facilities exist, 8 much larger percentage
of cultivators have taken to improved methods of agricultu-
re and have thus increased their incomes and output. For

Table 2.7. VYield of Mexican Wheat by Size of Holding.
A.E.R.C. Studies.

Size Group Yield {q/hal
Kota (Rajasthan) 1€71-72 (Sone Kalyun)

Below 5 acres 978
5 10 14.28
10--15 1L.41
1520 14.30

20-30 1487
30 -40 14 05
40-60 2270
60 & above 19.88
Average 15.71
Bijapur (Mysore) 1967-68
Upto 10 acres 23.00
10.1-20 17 €4
20.1--30 24.82
30.1 -50 18.563
50.1-75 16.55
756.1 & above 17.07
Average 18.62
Saharanpur (U.P.) 1968-69
0 5 acres 12.94
5 10 19.34
10- 15 25.61
15- 25 19.94
25 & ahove 2149
Averaqge AN
Karnal (Haryana) 1968-69
Below b acres 25 64
5 10 PEWAL
10 20 28 4%
2030 25,39
30 40 34 54
40- 50 3122
50 & above 29.64
Average 28.3H
Table 2.7 (cont'd). P.E.O, Studies.
Yiedlg/ha) .
Size Groups 1967-68 1968-69
Below 2.5 acres 23.64 22.90
25-5 22.70 19.27
5--10 2391 20.08
10- 20 24.72 2519
20-50 28.21 25.74
50 & above 31.10 26.16
Average 26.55 2463
Table 2.7 (cont'd). 1.A.D.P.Study, 1967-68.
1967-68
Size Groups Yield (o/ha)
Below 2 hectares 30.05
2--4 25.98
5 & above 26.06
Average 26.52
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Table 2.8. Percentage of area under irrigation by size ¢f operational holding groups.

Name of Study Year Participant
A E.R.C.Studies
i. Faizavaa (U.P) 1968-69 P
NP
2. Karnal {Haryana) 1967-68 P
3. Amritsar (Punjab)
4. Saharanpur (U.P.) P
NP
5. Tikamgarh {M.P.} p
NP
6. Kota (Rajasthan) 1971-72
7. Bijapur (Mysore) 1967-68 P
NP
Farm Management Studies
1. Ferozepur (Punjab) 1967-68 Mexican
Desi
2. Muzaffarnagar (U.P.) 1966-67
1967-68
1968-69
Average

Size Group *

15 &
0-1 1-3 3--5 5-10 10-15  above Total
38 8 29.6 31.2 259 239 324 28.6
32.3 26.3 335 238 - - 283
05 510 1015 15-25 2650 50-75 75700 100-200 Total
100 100 94 94 9, 100 93 100 97
—_ e - . _,;’g_g_H —. —
5-10 10--15 15-20 20-25 25-30 30-45 above Total
524 g1 52.5 57.0 8.0 47 1 474 493
Below T 508 T
5 5-10 10-15 15-20 2J--25 25-50 above Total
- 96 92 85 90 97 90 -
81 97 97 91 100 100 - —-
Total N i
8G.2
70.3
Below T T T T s -
5 5-10 10—-15 15-20 20-30 30-40 40-60 above Total
95.0 60.6 64.0 76.5 56.6 73.0 36.0 445 588
Below 75 &
10 10-20 20-30 30-50 50-75 above Average
83.3 37.4 28.2 25.1 225 10.6 234
-- 49 9.2 2.0 4.0 52 5.1
:Si;égroup i o
Below 24 &
6 6-9 9-14 14-24 above Overall
40.3 52.3 52.3 32.0 57.0 62.6
234 200 2i.3 220 20.0 21.3
Below 2.88 - 472 6.9}- ) 10.66 é_ T
2.87h3, 4.71 6.96 10.65 above Overall
798 81.6 86.1 814 88.3 84.7
90.7 96.0 830 87.1 993 938
941 100 991 977 100 97.1
88.2 92,5 928 864 9557 919

P = Participants in HYV programme.
*Acres, unless otharwise noted.

NP = Non-participants in HYV programme.



Table 2.9. Total cash Expenditure and Expenditure on Fertiliser.
P.E.O. Study 1967-68 (rupees per acre).
Size Group  Total Expenses Fertiisers
{acres) H.Y Holding  Other Holding  H.Y.Holding  Other Holding
Less thain 2§ 202 28 82 1"
255 215 24 66 7
5- 10 221 33 83 9
10 20 215 28 82 7
20 -50 270 36 102 9
50 & above 281 45 11 10
All Farmers 244 34 92 8
example, households of the Northern region achieved concluded that one of the reasons for th2 reluctance of

average output level of Rs. 1,004 per acre. The correspond-
ing figures for Central region are Rs. 506 and for Southe«n
region Rs. 148,

In two brief trips through two of the principal districts
of the Punjab in early 1969, Ladejinsky observed that the
tubewells were the core of the agricultural transformation
of the State. Their number increased from 7,500 in 1960-
61 to 110,000 ir 1968-69. A tubewell and "miracle”
seed and fertil.ser stand for 20 to 24 quintals of wheat to
an acre. In another field trip through Purnea and Saharsa
districts (in Bihar} the same author observed that there
were areas in these districts where next to the uncertain
raintall there was hardly any other source of irrigation.
Even there wherever limited irrigation facilities existed
modernised agriculture was centred, "‘of necessity at a
reduced tempo; better but not upto standard quality
seed; only slightly more than a third of the prescribed
fertiliser dosage, a token ot pesticides, and so on” |20j.

In practically all the studies conducted by the AERCs,
adopters are found to have a higher proportion of their
land under irrigation than non-adopters, indicating that the
access to irrigation has an important influence on adoption
behaviour, For example, the Kota study of 1971.72
brought uut that the proportion ot adopters among large
farmers was more, and the cause of low adoption on smadll
farms was lack of irrigation facility on many smatl farms.

Barbara Hariss also observed direct correlation between
extension of irrigation facilities and increase in the rate of
adoption of the HYV programme. According to her,
although effects of irrigation on production benefits have
been over-estimated the participating farmers ‘ralue its role
in minimising weather risks [12}. In a sernes of interviews,
she found that doubt about the availability of adequate
irrigation was one of the important reasons preventing non-
participants from using the improved inputs.

Similarly, Blackenburg, in his study of progressive farmers
in the Punjab and Mysore observed that the adoption of new
technology was strongly influenced by the availability of
irrigation facilities. There was no progressive farmer in the
sample areas who cultivated only dry land [6].

Lack of irrigation facilities have deterred small farmers
in Southern Rajasthan to adopt new technology. A study
conducted by Vidya Bhavan Rural Institute, surveying the
spread of high-yielding varieties ot seeds in Udaipur region,

farmers to take-up the HYV wheat cultivation was their
belief that the failure ot rains inflicted more damage to
fields sown with the HYV, and this scared many small
farmers who did not have their own irrigation facilitivs
(46, Acharys s study in the same ared revealed that most
of the adopters were large farmers and had their own
pumping-sats for irrigation |1}.

Larger costs: The increase in
wheat can be directly attributed to larger usage ot modern
inputs.  From the available studies, it 1s clear that the per
hectare cost of cultivation is significantly targer in the case ot
the HYV wheat compared to that of local varicties. This s
evidenced from the AERC's studies (Sce Table 2.,9).
Significant difference in the cost® per hectare have also
been revealed by the Farm Management Studies. V/hile
the total cost {on per hectare basis) 0 the case of the
HYV wheat in Muzaffarnagar was Rs 1,413 .00 that in the
case of local wheat was Rs. 1268,00. The corresponding
tigures for Ferozepur district were Rs. 1,596.85 for HYV
wheat, and Rs. 1192.40 tor local wheat [18& 44| Thus
while HYV wheats produce more income than deshi wheat
undei most of the circumstances, large increases in incomes
from the HYV can be directly attributed to larger usages ot
modern inputs.

It was estimated by Bhalla in his Haryana study that with
one acre increase in operational area, the progressive cultiva-

incomes from HYV

Table 29 (cont’d). Farm Management Studies (rupees

per hectare).
Size Group Total Cash
E xpenditure Fertiliser
Forozepur (Punjab) 196869 to 1989-70
0 6 acres 531 92
6-9 467 105
9-14 504 115
14--24 519 120
24 & ahove 442 130
All sizes 482 114
Muzatfarnagar (U.P.) 196667 to 1968-69
0 2.87 hectares 334 62
288 4.71 299 44
4.72- 6.96 311 42
6.97- 10.65 279 41
10.66 & above 258 54
All sizes 282 40
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Table 2.9 {cont’d). A E.R.C.Studies (Rupees per acre)

Size Groups
{acres) Expenditure
Cash e
Other
Mexican
PV-18 LR 564 Kalyan varieties Des:
Amritsar (Punjab) 1967-68
0-5 218 176 390 271 463 131
5--10 228 157 124 186 155 116
10- 15 127 142 103 264 123
15-20 203 144 - 364 744 104
20-25 139 152 120 727 761 192
25-35 207 171 130 539 861 122
35-45 156 66 212 269 - a3
45 & ahove 178 136 182 390 437 124
S-308
Kalyan PV-18 {Sonalika) Desi
Amritsar (Punjab) 1968-69
Below 5 297 303 333 154
5--10 279 267 357 163
10-15 285 233 21 136
15-20 294 256 321 194
20-25 358 387 420 -
25--35 301 281 295 91
35-45 352 296 395 117
45-60 309 296 335 -
60-75 273 285 272 -
Above 75 277 267 294 -
Averaye 304 278 327 146
Fertiliser expenditure on
Other
Mexican
R-18 LR S-64 Kalyan varieties Desi
Amritsar 19€7-68
0-5 55 73 45 54 - -
5-10 55 73 45 54 108 a7
10-15 158 92 48 63 50 41
15--20 64 8¢ 38 129 - 58
20-25 110 90 157 - 40
25-30 83 70 67 141 144 62
30-45 109 102 66 297 114 40
45 & above 104 25 84 127 - 4Q

Average 103 72 72 106 77 48

Expenditure on Ferriliser

S-227 S-64 Sana P NP
Kota (Rajasthan) 1968-69
0-15 74 49 - 16 13
1" -40 72 68 116 22 22
40 & ahove 128 82 167 42 7
Average 91 G1 163 28 17
Kalyansona
Kota (Rajasthan) 197172
0-5 52
5--10 61
10--15 95
15--20 129
20-30 130
30--40 97
40-60 126
60 & above 85
Average 93
S$-308 S§-227
LR {Sonalika) (K.S. Sib) 591
Saharanpur (U.P. }11968-69
Below 5§ 143 216 - 136
5-10 210 244 278 157
10-15 205 295 286 181
15-25 1e8 259 286 157
25 & above 174 249 224 188
Average 180 258 253 167

Participants Cash Expenditure

Mexican Desi Wheat
Wheat {irrigated)
Bijapur (Mysore) 1967-68
Upto 10 399 277
10-20 462 281
20- 20 556 120
30 -50 460 185
50 -75 347 121
75 & above 261 148
Avir inn 412 166



Expenditure on fertiliser

Fertihiser Expenditure on

Kalyan LAVET 5-308 Desi Local
Amritsar 1968-69 R ST Mexican _ HYV ~_Deshi ne R
Below 5 112 108 91 36 Saharanpur (W.P.) 1967-68
5-10 g2 17 91 44 9-5 - - - -
10-15 93 a3 104 25 5-10 121 70 36 19
15--20 a3 104 124 102 10-15 50 33 20 -
20--25 114 108 122 - 15-20 99 50 37 —
25-35 120 117 114 43 20-25 123 94 37 -
35-45 138 130 165 57 25--50 161 48 43 —
45-60 130 148 132 - 50 & above 87 84 39 -
60--75 124 145 130 - Average 107 62 42 14
75 & abuve 107 105 110 - J— e
Average 117 113 131 46 S-308 §-227
R . LR (Sonalika, (K.S. Sib} 591
HYV wheat ——— Desi N Saharanpur (U.P.) 1368-69
Kalyan- Below 5 35 69 - 27
S-64 S-277 sona P NP 5 10 73 90 114 46
Kota (Rajasthan) 196869 10-15 63 8 84 i
0-15 110 138 - 5 34 1525 50 & 82 ’
25 & above 49 95 5 64
15~40 127 140 333 60 51 Average 55 86 82 50
40 & above 165 294 427 116 112
All farmers 121 218 432 83 51
Sona Kalyan*®
{Kalyansona)
Kota {Rajasthan) 1971-72
Below 5 254
5-10 293
10-15 303
;g: :238 3:7;; Expenditure on Fertiliser
30-40 307 Mexican Desi firrigated)
40-60 390 Bijapor (Mysore) 1967-68
60 & above 350 : Upto 10 129 82
Average 327 10-2v 162 67
20-30 161 25
30--50 152 48
50-75 137 47
75 & above 108 8
[ Average 146 45

Casﬁ Expenditurg L
Local Afffcan
Mexicqn H_)iV Desi Faizabad (U.P.) 1967-68

Ssharanpur (U.P.) 1967-68 01 205
0-5 - . ] 13 128
5-10 210 141 a7 35 11

10-15 154 117 101 5.10 126

15-20 222 136 93 10- 15 83

20-25 204 171 103 15 & ahove 63

25-50 252 13 119 Average 03

50 & above 168 159 106

1 Total 197 147 107 “Cost Ap- Cash expenditure it approximately three/fourth of cost Aj.



tors, ey, those cuttivetingg the YV mconned an addimional
expenditure ot By 197 80 compaed wotly an exprendiiuse
ol onty Bs. B0 by the non proacesaive cuntivators. The e
crease i the matarsat cout by the adopters 18 mamnly
attnibutable to more mtensive apphication of mputs - like
new seeds, cheamcal fertilicons, e cticides, poesticides and
more ngatons |5y

Larger cash component:  Apait from the tevel of
nputs used, another signid cant ditference 1s o much farger
cash component 1 the cost of production ot HYY . While in
the case of local whicat, the cuitivators spend maote than
50 per ceot of the totar cost on taditional, mostly owned
inputs, such as human tabour and bultock labour, tor
HYV wheat <hie of modern, and basically purchased,
mputs is significantly taeg e i the case of Haiyana, tor
example, the tevei of noteng! costs, e, expenditure on
matenal inputs and hoed Tabocs s wan lerger to the tune of
nearly Rs. 200 per acre o the case of progressive farms
adopting high-yweiding vancetes compared to those who
According to the
samie study, the progresave cultivators used Rs. 142.8

were cultivating the traditional vareties

worth of additrcnal tertsans voth an increase of one acre
of operational wiea The hguie for non-pragressove cultiva
tors was only Rs. 12,49 {00

Simdar eviderce w produced by the PEO study according
to which cash expeaditiig on an acre devoted to HYV
wheat was substantialr fager than that incurred on non
HYV areae

cash expenditore o HYY wheat with that for the entire
I

This was traught aut by comparine per acre
1 | o1

fe Actuatly rotal B expendittae figures mclede costs
on the HYV ad of these were excluded, the difference
woulbd be much moie ubtantiat (23]

According o Chovasis and Singh, the per acre cost of
cuttivation ot the Tocat and HYV wheats was Rs. 267 and
Rs 499 respectively  The HYV wihieat had 86.84 per cont
higher expenses over the ioca vareties, Constdenng the
e HY'V aulized 90.35 per cent
higher operative exp o nses than the local varietios, mainty

operational cost, alane

due to tugher expenditore on fertilisers and manuies |8|,

According to the Cost of Cultivation Survey in the
Panjaby and Haryana, whore more than B0 per cent ot the
area under wheat of the sampie ta-mer was already under
HYV, the tngaest items n the operational cost were
expenditure on hoed bhuman labour and ferntisers and
mantres  The fertitisers alone accounted for nearly 12.3
per cent of the toral cost based on a comprehensive defin-
tion ot costs. Similar conclusions can be derived from the
compoesition ot costs as given o the Farm Management
Surveys of Muzidfarnagar (in Uttar Pradesh) and Ferozepu
(in the Punjab) (See Table 2.10 and 2.11 below).

The supenonty  of Mexican varieties over the local
variety stems, as noted earlier, hrom their capacity to
withstand much higher doses of chemucal fertilisers without
lodging.  While the Mexican varieties show an average res-
ponse ratio of 8 109 hg. with an additional application of &
kq. of nitrogen upto 50 10 60 kg . the fertiliser response
ratio of local varieties 1s roughly 1:10, with yiclds declining
26

alter an appheation of about 20 10 25 kg per acie. They
ex platns hugher dosages of tertihisers on HY'V areas @

Apart bom fectiliser, the other mportant dem ol
cxpenditure on HYWV Tarmas s human Lebour. particularly
the expenditure on hued fabour. More labous intensive
method of sowipry, Targer appheation of fertiisers and the
aenerally high wtandardd of husbandry coupled with larger
output to be harvested and thieshed means higher employ-
ment ot fabour —-at least titl the fabour disptacing machine-
1y appears on the scenc.

Shah and Ali's study of Uttar Pradesh suqgest that the
expenses on human dabour on the smioll and the medium
farins were nearly equal. For darge and very large farms,
they increased with the size of holding. The expenditure on
moadern inputs consisting of HYV seed, arigation and
fertiliser was nearly the same on small and medium farms,
but was higher onlarge and very iarge farims  The expenditu-
re on animgl labour fell with the re 0 the size group,
indicating an mereasing ose of tactor, for land prepara:
vons  Consequently the expendittre on machinery rose
with the increase in the size of holdings 140

According to Chottasis and Singh. the matenal cost was
about one and hatt time thaoin the case of the HYV as
compaed to that n the cultivation o the local varieties.
The details of operating costs from rhe same study show
that the HYV were moie labour intensive than the locai
varieties.  The per acee human labour required were 61 and
41 man days on the HYV aad tocd’ vaneties cespectively
8].

Ire the Haryang stody, cted above, aearession equation

ot paid our tabotr costs o the promessive, e those
adopting the HYV, und ron progressive famers ndicated
that hired fabour cost of the prowgessive farmers was
agnificantly higher than that for the non-progressive
cuttivators. For vcach additional acre of operational
area, the progressive cultivators spent Bs 81.90 on hired
labour compuared with only Ry, 29 80 spent by the non-
progressive cultivators |5

The larger operational cust, most of which s constituted
by the cash inputs, puts serious constraint on the intensive
use of nputs by those who do not have either their own
In fact, these

handicaps explains more than any other tactor the difference

saving funds or any easy access to credit,

between the 1ange ot income obtained by different groups
of adopters.

Credit: With a heavy cash component in a substantially
enlarged cost base, the availabitity of credit becomes an
important consideration in adoption of the HYV. To the
extent the organised credit, particutarly from cooperatives
is cheaper, cultivator's preference will be on this source of
supply, that is, if they can avail of credit facilities from
these institutions.  Though cooperative credit has lower
interest rates and longer pay back periods than other forms
of credits, but credit worthiness is judged by short-term
repayment capacity and even though the Government
policy is that credit should be based on harvest expectation,
land is the collatoral for advancing loans. Also, credit is
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extended 1o YV partcpants and non Darhicipants on a
umilorm seale regardless of then opetating gt different
levels of risks and with diffoerent capacities to tepay loans
within a given time

In spite of thes: himitations, most of the investigations
have revealed a larger dependence of HYV growers on
cooperative and ot er institutional credit. 11 was shown in
the PEO studies that all the adopting farmers would like
to have cooperative credit, hut owing to a shortage of
supply, mismanagement or political factor entering into
loans disbursement, only a simall proportion of farms were
able 10 obtain loars from this saurce. In the areas studied
by the PEQ, there was a posttive relationship between the
proportion ot farmers whc were members of the cooperati-
ves and the farm wize. This means that the larger farmers
were able to have access to cheaper source of credit, For
example, the AERC study in Kota exhibited that of the total
operational cost larye farmers financed proportionately high-
er percentage from credit societies; reverse was true for the
small farmers. It was explained that such outcome was a

tesubt of the biased policies of the cooperativies which were
dominated by large farmers [3). 1n some wieas, it seems
that a few small farms could also succerd in obtaining
couperative credit--and those who had, met g nigh pro-
portion of their cash expenditure from this source Among
the small farmers 11 1s these farmers who haye adopred
new vatieties |23].

In the areas where the HYV have stceeeded, the clas
sical case being that of Ludhiana distict in the Punjab,
the cooperative system has shown much qreater resilunee
According to the IADP study of this distiict, by 1969 all
the villages were covered by cooperatives and 96 per cent of
the tarmers in the district were members of the coopuratives.
Crop loan system was introduced in the district in 1966-67
which lessened the constraints imposed by the require-
ment of tangible secunity, mostly land, on the borrowers,
Tenant cultivators were also made eligible for coopera-
tive loans. The proportion of cultivators who availed of
credit fardities increased in all the size groups, nearly 60
per cent or more of the farmers of all size yroups took

Table 2.10.  Per hectare cost of cultivation of wheat in Punjab and

Haryana (in 1970-71).

Haryana

Rs. per

Co.tltenw, hectar:
Operational cost 792.76
Huma: babow

Caruad 2L 1Y

Attached b4 65

Fanmily 152 a4/

Total 2323
Bullock labous

Hired 10/

Owned 187.61

Total 168 58
Machine labour

Hired 16.32

Owned 38.02

Total 54.34
Seed 96.74
Ferttiser and manure

Feruliser 111.09

Manure 4.48

Total 115.57
Insecticides -
litigation charges 109.60
interest on Working Capital 15.62
Fixed Cost 472.36
Rental value of owned land 301 35
Rent paid for leased-in tand 11.45
Land revenue, cesses and taxes 317
Depreciation on Implements and

Farm Buildings 63.99
Interest on Fixed Capital 92 40
Total Cost 1,265.12

Punjaty .
Percentage Ry per Percentage
of total cost hectue otrotil cust
62.66 926.99 56.02
199 54.9% 513
437 7989 4 43
1204 163.46 9.88
18 36 328.30 19 84
0.04 094 0.06
13.24 1410 857
13.33 142 .85 8.63
129 40.68 246
3.01 39.75 240
4 30 80.43 4.86
765 65.35 3.95
8.78 208.60 12.61
035 10.48 0.63
913 219.08 13.24
. 041 0.02
8.66 71.95 4.35
1.23 18.62 113
37.34 727.60 43.98
2382 543.12 32.83
0.91 3343 2.02
0.25 4.14 0.25
5H.06 57.87 3.50
1.30 8904 5.38
100 1,654 59 100

Source  Comprehensive cost ol cultivation studies, op. oit,
Note. More than 90 per cent of the area covered n the sample was >own HYV

wheats,
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lable 2.11. Per hectare cost of cultivation of HYV wheat in Punjab (average
for the years 1967-68 to 1969-70) and U.P. {average for the years 1966-67

to 1968-69).

Punjab u.p

196768 1071969-70° 196667 t0 1968697 7T

Percentage Percentage

Rs./ of total Rs./ of total
Items ha. cout ha. cost Average
Hired human tanour 220.16 13.79 74 5.24 9.62
Builuck labour 174.52 10.93 297 21.02 15.97
Machine labour 55.55 3.48 7 0.49 1.98
Seeds 95.74 6.00 160 11.32 8.66
Fertilisers and manurc 177.68 1:1.13 96 6.79 8.96
Miscellaneous 7.08 044 - - 0.22
Insectuides 0.42 0.03 - 0.02
lrrigation 7313 4.58 41 290 3.74
Interest on working capital 10.73 067 18 1.27 0.97
Depreciation 55.36 3.46 54 3.82 3.64
Land revenue, ces, vic. 228 0.14 g .65 0.40
Rent paidt 47 39 2.97 3 021 1.69
Rental value 438.27 2/.44 496 3F 11 31.27
Interest oi hixad capital 67.23 4.21 83 587 5.04
Famuly labour 171.33 1073 75 5.31 8.02
Total Caust C 1596.85 100 1413 100 100

Source  Farmi Management Studies of Punjab aind U.P. opp. cit.

loans from the cooperatives. The average loan taken per
hectare of cultivated arca was the highest for the medium
cultivators having hoidings between two to four hectares.
It increased in their cases from Rs. 74 per hectare in 1962-
63 to Rs. 147 per hectare in 1967-68. For small farmers,
having less than two hectares, the amount of loan increased
from Rs. 59 per hectare 1o Rs. 101 during the same period
[26].

In contrast, a study of the credit structure in Purnea
and Saharsa districls shows that Government taccavi loans
accounted for 17.8 per cent of the total credit advance.
Cooperatives lent 13 per cent and money-lenders 67.6 per
cent. The commercial banks advances were of negiligible
order of 1.6 per cent. Taccavi and commercial bank loans
were mainly to large farmers with 15 to 20 acres of hold-
ings. Cooperative loans went mainly to farmers with 10
to 15 acres of holdings and loans from money-lenders
went mainly to farmers with less than 10 acres, in particu-
lar to farmers with very small holdings. Such loans, how-
ever, do not seem to have been spent on fertiliser or for any
other developmental purposes. On such loans the interest
rates are quite high. If a farmer gets such loans for the
purpose of fertilisers, he pays, in effect 70 to 80 per cent
more than the normal cost. Naturally the credit facilities
in these areas were not conducive to optimum utilisation of
fertilisers and other modern inputs |20].

According to another sutdy in the same ar2a, the
percentage of agricultural households in Purnea not using
the HYV was 68 to 69. Lack of resources to invest in
better practices and failure of credit facilities to fill the
gap were the main explanations for the fow rate of adop-
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tion. In this district cultivable holclings of five acres and
less accounted for 52 per cent of the investigated house-
holds and 74 per cent possesed toldings of less than 7.5
acres. Such ho!dings found it difficult to acquire institu-
tional foans. Therefore, the HYV even with its greater
profitability is hardly of any practical consequence to
them [20].

Even in the Punjab, as the study of Jullundur district
shows, for small farmers who had only one or two acres,
credit was not integrated with inputs. Seeds and fertilisers
were sold on cash basis much before the sowing season
{i.e. in October) while the credit facilities were extended
only in January {11}. Practically, all the AERC studies
have brought out the difficulties of obtuining credit,
especially by the small farmers. It seems that because of
the rigid loaring practices, credit has not acted as an
incentive to innovate,

Tenancy: Another major handicap in the extension of
new varieties could be the extent of tenancy. But in fact,
in most of the cases, tenancy has not proved to be a
handicap for the acceptance of new varieties. In many
areas, the reverse seems to be the case. Blackenburg
observed, from his study of the Punjab, an association
between frequency of tenancy and progressiveness. Average
farmers have significantly less proportion of leased-in land
(e 46 per cent) compared to the progressive or the
improved farmers {65 to 67 per cent) [6]. Mishra and
Ryagi, in their study of Kota district of Rajasthan, found
that the percentage of owners-cum-tenant; was more aniong
the adopters than among the non-adopters. Conversely
pure-owners were in larger proportion arnong the adopters,



e.g., 77.5 per cent compared to 60.0 per cent among the
adopters [26]. In another study, by Mukherjee, no
significant difference was observed as between the perform-
ance of the owners and tenants. |f anything, it appeared
that the terant tarmers had uted on an average motie
fertilisers per hectaie than the owners |30].

On the basis of the PEO data, Mukherjee concluded that
the rate of adoption is not significantly different between
owner and tenant farmers. |t is logical to assume that in
the initial years of the programme, it will be the more
innovative and enterprising farmers, who will come forward.
By and by, others will join. When then differential response
will be more significant as between big, middle and small
farmers and not so much br tween owners and tenants [23].
This is because of the high potential that the new seeds
have for achieving substantial higher vields which can
more than compensate for the onerous terms of tenanay$
[31].  Commenting on Mukherjer's paper, Parthasar thy
and Harnath Babu maintain that it is - *eessary to distine
guish betwe:n twe types of tenancies —pure tenancy and
owner tenancy. Several studics show that owners-cum-
tenants perform better 1 many respects, e.q., use of
fertilisers, agricultural investment, etc. than pure owners or
pure tenants |33].

Literacy: The other reported handicap, viz., illiteracy,
again docs not seen to be such a deterrent for the adop-
tion of new varieties. {n Karnal district, according to an
AERC study, of the 60 adopters, 52 per cent were itliterate,
20 per cent educated upto primary level and 28 per cent
upto middle level. In a relatively more progressive Kosi
area (of Bihar) literacy rate was below the already low state
average of 15 per cent [20]. It appears that at an early
stage of agricultural revolution, literacy is not as crucial a
variable as one might have been led to belicve. This is
mainly because in the initiation into the new technology or
in subsequent expcrimentations with the level of inputs,
the written word plays a minor role. The role of neigh-
bours, relatives and opinion leaders is any time more import-
ant [12]. The weight of the evidence suggests that while
the early adopters are relatively more literate, these who
follow rely more on observation and spoken word, Besides,
role that the radio broadcasts have played in the extension
of HYV is also remarkable.

Conclusions

Due to different coverage, concepts and methodolo-
gies used in the studies reviewed above, it is difficult
to arrive at firm assessment of the HYV programme as it
operates at the field level. However, certain tentative
inferences can be advanced, These should be considered
more in the nature of hypotheses rather than empirically
verified and tested results.

From available literature it is clear that the main reason
for rapid adoption of new varieties of wheat is the higher
net income that is expected from their adoption. The basic

reason for larger profitability is not so much the diffeiance
in the unit cost as the larger output with the application of
modern inputs. As a result, the overall differences from
raising new varieties on a hectare of land are demonstrably
larger than that obtained from growing local varieties. The
very nature of response of new varieties to the use of modern
inputs results 1 a wide range of inconmes among the adopt-
ers, depending mainly on the level of uewe of these inputs.

Larger cash resouices usid to grow igh-yielding varie-
ties on the on2 hand and sisk which is implicit in the
adoption of any new practices on the other makes 1t almost
inevitable that only those who have their own SavINgs or an
easy access to borrowe” funds should be the early adopt-
ers. In the Indian context, it is the farmers owning or
operating large holdings who qudlity for this purpose  The
weight of evidence suggests, though it does not prove
conclusively, that not only large farmers were varly adopt
ers and in any given year they constituted larger propoition
among the adopters, but they also seem to have devoted
propottionately larger extent of theit whieat areas under
HYV. And finally, per acre returns obtoaed from HYV
on the large farms seem to be higher than that obtained
on the small furms

The reasons for an advantageous position enjoyed by the
large farmers are imbedded in the nature of HYV technolo-
gy. Although this technology is not so much dependent on
the indivisible inputs, like tractors or machines, 1t does
make investment in these machines and particularly in a
tubewell quite remunerative. Therefore, in areas where
custom service of machines is not in vogue, high-yielding
varieties programme concentrates on the farms of larger
cultivators who can afford to have these machines on their
own. More important than the indivisible assets, it is
rrrigation which is the crucial determinant in the adoption
of new technology. The paucity of resources to invest in
irrigation is overcome in areas where public irrigation system
exists. However, even in these areas a suppiementary source
of irrigation, viz., a tubewell, compounds the returns trom
the adoption of new technology. The magnitude of
operational costs and a larger cash component in the total
cost favours those who have their own hquid resources ot
access to easy sources of credit. In fact, the availabuity of
cheap credit comes out as one of the key factors in
determining teturns from the adoption of new technology.

Fortunately, tenancy and illiteracy do not seem to be
unsurmountable handicaps for those who want to adopt
new technology. In the case of the former, high returns
from the adoption of HYV can compensate even the onerous
terms on which the tenancy is contracted apart from the fact
that the tenants are not necessarily the poorest aming the
cultivators. The second disability is not a major hurdle
as in a traditional rural society the importance of oral
communications is far greater than that of the written
word.

Because of the limitations cited earlier, the small
farmers have been able to avail of the superior technology
only upto a limited extent. The root of most of their
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problems lies in the non-availability of the public infrastruc-
ture and in the functioning ~f the factor markets. 1t is
principally to these issues that the policy makers will have
to address themselves along with some other issues which
will be referred to in the following section.

Notes

1. Ina private commurication, Anderson explains "'Since Ludhiana
has about the pooiest soils in india and Shahabad has about tie
best, the differences are even more striking. However, in the
early period, wheat was heing multiple cropped with rice in
Shahabad leading to poor seed bed and sod structure, whereas the
sandy soil of Ludhiana being unsuitable for paddy d.d not present

11 GUIDELINES FOR FUTURE ACTION

A number of carefully conducted studies and a reasonably
good statistical reporting system enable one to have broad
wdeas about the performance ot high-yielding varieties of
wheat in India. In the previous section, we have mentioned
some of the handicaps which inhibit fuller extension of
new varieties in the country. On the basis of this discussion,
certain lines for further action are indicated,

Varistal Improvement: The instrinsic superiority of the
Mexican varicties and the adaptive research conducted in
India have resulted in o numbenr of new varieties which
have clear advantages over the tocal varieties. However,
the very fact that practically all these are derived from
one stock, puts them at a disadvantage when it comes to
fighting the host of likely pests and diseases. Sometimes
a tear s expressed that af some types of rusts were to
attack these vareties for which the resistance is not built,
the whole crop of wheat from Punjab to West Bengal can
be destroyed in an indiscruminate manner. That this fear is
not together hypothetical is proven by the fact that in
this year {1973} there s g suspicion that some rusts to
whicdy the present stack oot imimune have attacked and
damaged the yirld potental ane the Punjaby and Haryana.
Whether tos year's sttagnation im yield 1s only a tempotary
phenomenon--may be due to moistuie stress at the time of
cpening o it s something more serious is yet to be
ascertained. In any case, the varietal research wil! have to
continue to have a major emphasis on building resistance
against the likely damages.

The prevalence ot nearly nine varicties in a more or less
homogenous tract, that the wheat growing regions are,
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this difficuity. The shorter season in Shahabad also accounts foi
fower yields.”

2. However, it was noted in the same study that in case of bajra,
paddy, maize and jowar, propnrtior cf acreage under the new
variet.es 15 unrelated 1o the size of farm.

3. For definitions of costs see Toble 2.3, The total cost used in
this text refers 10 cost C ot the Farm Management Studies,

4. There 1s also evidence showing that HYV's are mote responsive
than tocal varieties even up to 20-25 kilus of nitrogen pei hectare.
See, e.g., I.J. Sinoh and K.C. Sharma, “Production Functions and
Economic Optima in Fertiliser Use for Same Dwarf and Tall
Varieties of Wheat,” Research Bulletin No. 5, February, 1969,
College of Agricu'ture, Pantnegar.

5. The changing role of tenancy in the progressive areas is discussed
in greater detail by this author.

suggests that more local research is needed to adapt new
varieties to the specific environment. Since different varie-
ties have different attributes in regard to dates of sowing,
duration of maturity, initial and optimum response to
inputs, resistance to pests and diseases, etc., there is a
need, first, to understand these qualities at the field fevel
and, later on to extend the varieties in a more discrimina-
tive manner. There is therefore a need for a more caref ol
release policy. Besides, an organised secd industry, supply-
ing high quality seeds suitable for difterent locations can
give a defirite fillip to movement.

An important development in the recent years is that
new wheat varieties are spieading in areas which are
traditionally rice growing areas. Also, in the traditionally
wheat growing areas in kharif, i.e., the wet season, increasing-
ly-HYV paddy are sown. Since HYV paddy matures late,
sowing period of wheat 1s also postponed, sometimes by a
fortnight to three weeks. This has appareatly affected the
yields from new varieties. Since this tendency is likely to
continue and gam strength, it is necessary that suitable
adaptations are made both in paddy and wheat varieties so
that they can be dovetailed in a rotation which is more
economic trom an overall point of view.

Inadequate Use of inputs: The wide range in input ap-
plication, particularly fertilisers, and lack of standardisa-
tion of agronomic practices have made many people com-
ment that what we have obtained in this country is a
varietal revolution rather than a technological revolution.
The idea of a “package of inputs” which was sought to be
popularised from the early 1960's has not yet found a
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general acceptance at the field level. There are innumerable
combinations and permutations of different anputs on
mdimidual tarms. Some such differences are bound 1o
exist and may be even cconomically justified. But the main
reason for this dive-sity is the lack ot knowledge o1 incapa-
city to produce adequate quantities of ditference inputs.
This suggests that the task before the extension workers
is not to bring out ""one package” of optimum doses but a
number ot combinations approximating to the optimum
dosages, as well as 'o evolve various combinations of inputs
tor ditterent levels of cost and retuins. It is true that too
numerous or too complicated recommendations are likely
1o confuse the farmers. Yet a few well-thoughtout choices
rather than a packaqge has a greater merit.

importance of public infra-structure:
single lesson to be fearnt from the success of HYV program-
me in wheat in India, 1t is the role that the public infra-
structure, particulerly  iinigation,  transport and  power,
plays in the extension of new techno'ogy. Without any
exception, the areas where these facilities were adequate
weie the first to adopt new technology. Also, itis only in
these areas that irrespective of owned resources cveryone
could avail of the henefits accruing from the adopticn of
new varieties. In fact, the more meagre the resource base of
individual cultivato's, the greater are hixely to be the gains,
hoth private and social, fiom the investment in public
infrastructure.  The policy makers in this country and
countries similarly placed will have to carefully assess
the returns from resources invested in creating these
facilities as against the returns from the same amount of
resources, invested in either subsidising the inpu’s or paying
higher prices for the output. On a priori ground, the
investment in public infra-structure is likely to yield farger
returns.

Reducinginstitutional handicaps: Since the returns from
new varieties are notably higher even after paying rents on
leased-in land, these varieties can spread alike on tenant
and the owner operated farms. However, this does not mean
that the new technology can overcome all the institutional
hurdles or inequities in the relationship in land. In areas
where the relationship is particularly exploitative even with
the availability of public infra-structure, ncw varieties have
not succeeded (e.g. in Kosi project area of Bihar) |49].

Institutional handicap of another type plagues the small
tarmers more seriously. And this is the functioning of the

tf there is one

markets for inputs, particularly credit. Here too, it is
not the dearth of the institutions but the procedures and
policies followed which come in the way of realising the
stated objectives.
structure s created and supported by public policy to
provide credit and other facilities to all sections ot cultiva
tors, particularly to the small farmas. But in ctfect this
has not happened. The security onented credit pohicy,
procedural tangles and, the extent power equation n the

For exampie, o mammoth cooperative

country-side compromise the etfectiveness ot these institu-
tions. What applies to credit also apphes, more or fess, to
other inputs, particularly those which are in short suppiy
Whenever cny input s in short supply the larger farmer
preempts the available quantitics.  This 1s insprte of the
declared objectives of qiving an equitable share in il scarce
inputs to the smaller farmers.

It does not foliow that only o new set of imsttutions
specifically created for the small farmers can benefit them,
In a country where ithe small tarmers constitute the majorns-
ty, the existing institutions can also be made to work tor
their benefit provided that the small tarmers can be orgams-
ed to avail of the facilities which are essent: .y meant for
them. The farmers’ organisation shewd am at not o'y 2
fair share in the subsidised or the scarce inputs but also at
maxinusing returns from indicdual inputs. There as 3
scope, rather a necessity, for ¢ great vaniety of orgamisation-
al innovations for ensuring collectivz action by the smuil
and the weak. Very little is known about the nature and
form of collective efforts which in many circumstances can
be an eifective substitute for individualiv ownued assests
and resources.

From all avarlabie accounts, HYV programme in India so
far has been mainly confined to what might be called
progressive areas.  Even in these areas, some of the
problems mentioned above, have been coming to the rore,
If the momeatum of the programmeu 1s to be sustained,
it will have to be extended to relatively backward aieas
where the handicaps narrated above will be all the more
intractable. 1t is necessary, therefore, at this stage to take
stock of things, identify the problem areas, appraise
various alternatives and define a set of consistent policy
measures which can continue the spread of this indeed very
remarkable technology which promises to contribute tc-
wards production and, if suitably otiented, also towards
the social justice.
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Appendix information on Scope & Methods of the Evaluation Studies.
Size of sample Costs concepts,
Reference Sample No. of No. of Jased for deriva-
Study Conducted by  District State years Design viliages farmers *on of income
AERC Studies
A study of High Yie ding AERC, Kota Rajasthan 1968-69 Good blocks 4 100 Cash and kind
Varieties programrs: - Valiabh and villages exprnditure {equi-
the Kota Distr.c* Vidyanagar were selected. vaient to Cost
{Rajasthan} In each village Ao in Farm Ma-
(Rabi 1968-62 suatified samp- nagement Studies).
ling of partici-
pants and non-
participants of
HY Vs,
2) Economic & Soc:ai AERC, Kota Rajasthan 1971-72 Good blocks 4 100 Cash and kind
Implications of Grzan Vallabh and villages expenditure {equi-
Revolution A Case Study Vidyanagar were selected. valent to Cost
of the Kota District. In each village Ao in Farm Ma-
stratified samp- nagement Studies).
ling of partici-
pants and non-
participants of
HYVs,
3) Evaluation of thz High AERC Karna! Haryana 1968-69 Multi-stage stra- 4 60 Expenditure on seed,
Yielding Varieties Pro- Delhi tified sampling. farm yard manure,
gramme—Rabi 1965-59- The ultimate unit fertilisers, pesticides,
A Study of Mexican wheat was participant irrigation only were
in Karna!l District {Haryana) farmer. considered,
4) Economics of High AERC Amritsar Punjab 1968-€9 Multi-stage strati- 10 100 Variable expenciture,
Yielding Wheat in Punjab Dehli fied random samp- This includes seeds,
(Special reference to ling. Five blocks fertilisers, irrigation
Amritsar District) were selected. charges, labour char-
Haryana. ges (e.g. FYM, pesti-
cides).
5) Report on HYVP in AERC Saharanpur u.p, 1968-69 Two good blocks 4 60 The inputs tsker into
Saharanpur Dist. (UP.} Dethi and two good vil- account were, seeds,
Rabi 1968-69 (with re- lage, selected. In each chemicai ertilisers,
ference to Mexican wheat) village stratified sample of farmyard manures,
participants was taken. pesticides, irrigation,
land revenue and
hurran labour.
6) The social & economic AERC Karnal Haryana 1971-72 Good district was 3 120 Direct cost was used
impijcations of the large Delhi

Scale Introduction of

of High Yielding Varieties
of wheat in Haryana (the
UNDP Global Project)

selected, Three vil-
lages studied earlier
were selected, Stra-
tified sampling at
the farm ievel,

which included labour,
kind rent, fertilisers
seeds, irrigation
charges etz
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Appendix ' continued.

7) Study of High yielding

varieties programme ir

Mysore {Rabi: 1967-68).
Mexican wheat in Bijapur

District.

PEO Studies:

1) Evaluation study of
High-Yielding varieties
Programme-Report for
the Rabi, 1968-69-
sathoat, Paddy & Jowar

2) Evaluation of High
Yielding Varieties Pro-
gramme: Report for
the Rabi; 1968-69—
wheat, Paddy & Jowar

Gokhle
{nst. of
Economics
& Politics,
Poona

Programme
evaluation
Organisation
Planning
Commission
Govt. of
India, New
Delhi

Programme
evaluation
Organisation
Planning
Commission

Bijapur

Different dis:
tricts in the
selected States

Gaya
Hissar
Rohtak

Ahmednagar
Amritsar
Ludhiana
Ferozepur
Patiala

SriGanga-
nagar

Besti
Muzafiarnagar
Aligarh
Saharanpur
Sirapur
Alighabad

Mysore 1967-68

Bihar, 1967-68

Haryana,
Maharashtra,
Punjab
Rajasthan
uU.P.

Bihar Rabi

Haryana 1968-69

Haryana

Maharashtra
Punjab
Punjab
Punijab
Punjab

{Rajasthan)

u.p.
u.p.
u.p.
u.p.
u.p.
Up.

Purposive Selec- 4
tion of talukas.
Villages strati-

fied random samp-
ling of farmers.

Six stratified and 45
15 sample blocks
{Multi-stage strati-
fied sampling)

Muiti-stage stra- -

tified sampling,
Selection of Farm
by systematic
samplirg.

101

441 (P)

Cash expenditure on
seed, manures & ferti-
liser, land revenue
hum-~n labour and
bullock tabour.

Cash expenditure, ma-
terial inputs, such as
seed, fertilisers, pesti-
cides etc.

Cash expenditure, ma-
terial inputs, such as
seed, fertilisers, pesti-
cides, etc.




BIBLIOGRAPHY

1. Acharya, §.S. Comparative Efficiency of HYVP: Case Study
of Udaipur District, E.P.W,, November 1, 1969.

2. A.E.R,C. A Study of Mexican Wheat in Karnal District
{Haryana): Delhi, 1968

3. Bapna, S.L  Economic and Secist Imphcations of Green
Revolution—-A Case Study in Kota District, ALER.C.,
1973 (mimeo).

4. Borlaug, Norman E. Wheast Breeding and 1ts impact on World
Food Suppiy: Proceeding, ot 3rd International Wheat Genetics
Symposium, Canberra, 1968,

&

Bhalla, G,S.Changing Structure of Agniculture i Haryana,
1969-70 (A Study of the Impact of Gieen Revolution);
The Economic and Statistical Organization, Planning De-
partment, Government of Haryana, 1972,

6. Blanckenburg. Peter von. Piogressive Farmers and Their Share
in Agricultural Modernizaton  Prehiminary Report on a
Study in Mysore and Punjats, Bangalore, 1972,

7 Byres, Tom  Dialectics of Green Revolution, South Asa
Review, Vol. 5, January, 1972

8. Chouraue, R, andd V.N. Singh. fconomics of Local and
HYV of Paddy and Wheat 1o Panagar Village of Madhya Pradesh;
AE, January-March 1972 pp. 93.98.

9 Frankel, Francina R, India’s Green Revolution: Economic
Gans and political Costs: Bombay Oxford University Press,
1971.

10.Gupta, D.P. Evaluation of HYVP--Rabi 1967-68: A Study
ol Mexican Wheat in Ssharanpura District of UP., AERC,
Deite, 1968.

13.Gupta, V.K, and K.B. Kathan, Planning and limplementation
n Agricutture: Studies on HY VP, Vol 11, Mexican wheat in
the Punjab State, Indian Institute of Management, Ahmedabad.

12 Hanss, Barbara, 1nnovation Adoption in indian Agriculture
the HYVP, Modern Asian Studies, Vol. 6, November 1, 1972,
pp. 7198

13.Herdt, Robert W, Prohitahility of High-Yielding Wheat and Rice,

E.P.W,, December 1969, pp. A197-A200.

14.Indhan Society of Agricultural Economics. Agiicultural Develop-
ment Countries—-Comparative Experience, 1971.

1

o

Kahlon, AS_, and J.L. Kaul. Comparative Study of the Econo-
mics of HYV of Wheat Punjab State, |JAE, October-November
1969,

o

Kahlon, AS. Studies in Economics of Farm Management,
Ferozepur District {Punjab): Report for the years 1967-68,
1969-70, Department of Economics and Sociology, PAU,
Ludhiana.

17 Kishen, K., and R.L. Kok hanpal. Staustical Assessment of
High Yietding Varieties Programme, Agnicultural Situation
n India, January, 1963,

18,Kushna, Daya. The new Agcicultural Strategy, New Heights,
Daryagan;.

19.Ladejinsky, Wolf. The Green Revolution in Funjab—A Field
Trip, E.P.W., June 28, 1969, pp. A73-A92.

20.Ladejimsky, Wolf. The Green Revolution in Bihar: The Kosi
Area-A field Trip, E.P.W,, Seotember, 1969,

34

21.Laxonnatayan, 1 T he Social and Econonuc Jmplications of
the Large Scale Intoducnon of High Yielding Vanenes of
Wheat 1n Haryana, Agro-Econemic Research Centre, Dethi,
1973 (mimea).

22.Lavania, G.S. and R S. Dt Economics of HYV in package
Distric, Aligirh, LIAE, Gotober-Decerntior 1968,

23.Lockwood, Brain, P E. Mukerjee, and R.T. Shand. The HYVP
in I ndia, Partl Planning Commision (PEQ) Government of
India, and Australia, National University, Research School of
Pacific Studies, Department of Economies, 1971,

24 Mahaptra, 1.C., S .R. Bapat, M.G. Sardana, and M.L. Bhendia.
Fartiliser Response ot wheat, Gram and Horse-gram Under Rain-
fed Conditions, fartuhiser News, April 1973

25.Malone, Carl . Pregress in Modernization of Rice, Wheat and
Maize Production i LADP Districts; the Ford Foundation,
New Dethi, September, 1971,

26 Mini,try of Fond, Agrr, Commurity Development and coopera-
tion {Dept. of Agricutture) Madernizing Indian Agriculture:
Fourth Report on the tADP (1960-68) Vol 11 Government
of India.

27 Ministry of Agricultare, Agriculturai Production o the Fourth
Five Ycar Plan, New Oelhi, 1965,

28.Ministry of Food and Agriculture. Comprehensive Scheme for
Studying the Cost of Cultvation of Principal Crops: Govern-
ment of India, New Delh.

29 Misra, V.N. and DS. Tyag. An economic Analysis of the HYV
of wheat. A Study ot Kota District: Artha Vikas, January 1,
1972.

3%.Mukherjee, P.K. The HYVP - Vanables that Matter: EPW.,
Marcch 28, 1970, pp A15-A22.

31.Mukherjee, P.K. Tendency in g Dynamic Setting, E.P.W.,
June 20, 1970, p. 986

32.N.C.A.E.R. Long Term Frojections of Demand for and
Supply of Selected Agriculiural Commodities, 19€0-61
to 1975-76; April, 1962

33.Parthasarathy, G., and D Harantha Babu. 4YVP Variables
That Matter-- A Comment: £EP.W., June 20, 19/0, p. 980.

34.Planning Commussion, (PEQ). Evaluation Study of the HYVP;
Report for the Rabi 1968-69 wheat: Gevernment of I ndia,
October, 1968,

35.Planning Commission, (PEQ}. Evaluaticn Study of the HYVP:
Report for the Raby 1967-68 whetat: Government of | ndia,
October 1968.

36.Rajpurohit, AR, Study of High-Yielding Varieties Programme
in Mysore (Rabi 1967-68) Mexican wheat in Bijapur District,
Gokhle Institute of Politics and Economics, Poona-4,

37.Rao ,A.P. Report on HYVP in Saharanpur District (UP}
Rabn 1968-69 (with reference to Mexican wheat); A.E R.C.,
Delhi, 1969,

38.Rao, (PVGK). Economic of High-Yielding Wheat in Punjab
(Special Reference to Amritsar District), Rabi 1968-69, AERC,
Delhi, 1969,

39.Schulter, Michael. Difierentiat Rates of Adoption of the New
Seed Varieties in India: The Problem of the Smali Farm:
Occasional Paper No, 47, Department of Agricultural Economics,
Cornell University, U.S.A.1.D. Research Project, August 1971,


http:Chirur.ia

40.Shah, 3.L. and S.A, Ali. Changing Agreculture of West Tarai

Region in U P, and Its Impact on Rural Employrent: Depart-

ment of Agricultural Economics, G.B. Pant Univeisity of
Agriculture and Technology, Pantnagar.

41 Shymal, Roy. Profitability of HYV Paddy Cultation, €.P.W.,

June 26, 1971, pp. A75-A78

42 Singh, 1., and K.C. Sharma. Response of Some Mexican Red
and Endian Amber Wheats 1o “N"'; IJAE, October-December,
1968.

43.Sisodia, J.5. Some Economic Aspec('s of HYV Programme in
Indore District, | JAE, October-December, 1968.

44 Sisodia, J.S. Studies in the Economics of Farm Management
in U.~. (Muzaffarnagar).

45.U P. Agricultural University, Pantnajar, Nainiiai, Probltems and
Prospects of Small Farmers in Two regions ot U.P {India) in
1969-70}: December, 1971,

46.Vidya Bhavan Rural Institute, Udaipur (Rsjasthan). Repc.. on
“The HYV--Wheat Programmes,” 1969.

47 Vakil, CN. Economic Consequences of Divided India: Vora
ACO Bombay, November, 1950.

48.Vyas, V.S, Land Reform Legislation: Seminar, No. 81, May,
1966.

49.Vyas, V.S. Rapporteur’s Report on Strategy for Agricultual

Growth and Equity, IJAE, Conference No., Vol. XX1X, No. 3,
July-September, 1974,

35



