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- @.iThere 1s controversy as' to whether or not the new high yielding
crop varieties increase income disparities between small and large
farmers. On the one hand the new technologies appear to be technically:
neutral to scale. On the other hand, economic and political factors
affecting access to inputs and credit, and different attitudes toward
uncertainty may all inhibit spread of cost decreasing innovation to
small farms. ‘ ‘ ,

Micheel Schluter attacks one facet of this controversy by reviewing
the now copious body of research results flowing from India which L
measure the extent to which small cultivators lag in adoption of the
high yielding varieties, and the nature of potentisl causal factors. .
This study is useful in its own right and seminal for future study . .
of this problem. An intensive study of behavior of small farmers = .
with respect to uncertainty is being initisted on the basis of the . L
findings of this study. ' R,

This study would not have been possible without the wealth of
carefully collected date and analysis avaeilable from India. The
various Agro-Economic Research Centres have published a series of oA
in depth studies analyzing farmers' response to the High-Yielding . . .
Varieties Programme. The reports contain detailed information about -~
the problems encountered in diffusion of the new varieties, and
about factors influencing adoption behavior. A second series of
studies, sponsored by the Planning Commission, was undertaken by
Programae Evaluation Organisation; thece give a clear picture of over-
all trends in the diffusion pattern over time throuvghout India.
Schluter's study brings together the data from these reports relating
to differential rates of adoption between farm size groups and causal -
factors underlying the relationship between adoption and farm size.
An overview of these studies is particularly useful in demonstrating
the considerable variability among regions and crops in the relative
adoption rate of small and large farmers.

This study is one in & series being carried out at Cornell
University as part of a USAID-financed contract for research on the
relation between technological change in agriculture and income
distribution. We are grateful for the assistance provided by the
Agriculture and Fisheries Division of USAID, and, in particular to
Arthur Coutu of that Division.

The intellectual framework for these studies of the relation
' between technological change in agriculture and income distribution Cn
is provided by two previous publications in this series as follows:

i



OccasionalPaper #42 by Uma J. Lele and John W. Mellor, "The Political
Economy of Employment Oriented Development" and Occasional Paper #43
by John W. Mellor end Uma J. Lele, " A Labor Supply Theory of Economic
Development." Several studies are now underwvay dealing with various . ..
aspects of these processes. R , S

A basic objective of the contract with USAID for the conduct of -,
this research is not only to produce useful research results but: also ..
to provide a structure research experience so as to enlarge the pool -
of trained manpower: for.the analysis of such problems. For this
purpose, the research in this project is accomplished primarily by
Ph.D. candidates at Corneli University who use the specific studies
conducted as Ph.D. dissertations. The definition of the over-all -
project has purposefully been kept broad and flexible to facilitate i
the attainment of this additional objective. This study by Michasel .-
Schluter is part of that program and is drawn from his M.Se. C e
dissertation, completed at Cornell University in 1971, and provides s
the basis for a much more intensive study to be pursued as & Ph.D. -y
dissertation., ;- - ,

;,5oﬁn'w,_Méllorf,‘

Tthaca, New York
August, 1971
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“CHAPTER In
iINTRODUC'I‘ION?J" :

- 4n/Theismall’'farm:has received-considerable attention in‘recent dis-
cussion of agricultural:policy:in India for two reasons.' First, itiist
thought that rates of adoption of the new varieties differ between

farm ‘gize groups, resulting in widening income disparities in rural
areas. Secondly, small farms occupy & large number of people and -
contribute significantly to total agricultural producticn. In 1960-61,
there were over 135,000,000 people, constituting 27,000, 090 families,
living on ferms with between half an acre and five acres. This group:
operated 64,000,000 acres, about 20 percent of the total ‘area. operated,~ﬂ
and generated about 22 percent of total output prior to the introduction
of: the new varieties.€ _

> The objective of this study ié'to examine whether there are differences
in rates of adoption of the new varieties’ between furm size groups. and
if so, the reasons for the differences. = et :

&ns:+In this analysis, a farmer is defined to have adopted if he has put
any part:-of his acreage under the new varieties. We also consider on what
proportion of acreage under the crop he uses the new varieties. Level:of
-use of variable inputs may have more of an influence on the inebme’of~
adopters than the proportion of acreage under the new varieties,3 bux
unfortunately, comparative data were not available for-a study based
on':a:package of improved practices. - , | S

In Chapter 2, we consider a priori reasons for expecting some
relationship’between farm size and adoption of the nev varieties.':

'INational Sample Survey, No. 176, p. 9.

v“2D Narain, Distribution of the Magketed qurnlus of Agg;cultural Produce

by 8ize-Level of Holding in India, 1950~51, Occasional Paper No. 2,
Institute of Economic Growth, Delhi, 1961. DA
‘3V 8. Vyas, D. S. Tyagi, and V. N. Misra, Significance of the New’

Strategy of Agricultural Development for Small Farmers, Agro-Economic
Research Centre, Sardar Patel University, 1968,
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59fvfin Chapter 3, we examine two hypotheses:
©7 1, That e positive relationship exists between addptibnﬂéffﬁﬁef

-. ' new varieties and farm size. TP T

. -2, That acreage under the new varieties, as_avproportionﬁ§£5t§féiﬁf
acreage under the crop, is unrelated to size of farm. .-

Also, differences in the diffusion pattérn vith respect to size of farm-:
"between regions, crops, years and seasons are analyzed.

Two sources of data are used in this study. The first is a S
series of studies undertaken by the Agro=Economic Research Centres, which
cover paddy, wheat, maize and bajra-'in the period 1966-6T7 to 1968-69.
The aim of these studies is to evaluate .the response to the High-
Yielding Varieties Programme in a limited area;,. generally four villages
in a district, and to examine closely factors affecting the adoption
-~ bebavior of about 100 farmers. The villages were selected because they

showed relatively high levels of. adoption, so that results based on
these studies alone might be biased. :

The reports of the Programme Evaluation Organisation of the Planning
Commission give an over-all view of the response to the High-Yielding
Varieties Programme. Thus, for the kharif season of 1967, a sample of
1,487 farmers was taken from Lb Development Blocks. These reports
consider all five of the main foodgrain crops--paddy, wheat, maize,
‘bajra aid Jowar from the rabi crop of 1966-67 to the kharif crop of ;
“1968-697 For ‘each crop, they include all those states growing the crop
to any significant extent. ) . S

The main limitation of both sets of data for our purposes 1s
the aggregation ‘of individual farm observations.into between five
and eight farm size groups. With so few degrees of freedom, a
multiple regression framework is unsatisfactory, so we use a linear
regression model relating adoption only to farm size. A linear
regression model is unsatisfactory when the dependent variable is a-
proportion, so the main results are confirmed using a logit mode.?w

lA list of all the reports used in the Analysis is‘g#veneinzSgction,I

~ of the Bibliography,:.

‘aFor & full discussion ox une svavistical method or analysis, see
Appendix B. BRI
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-~ The validity of using farm size as the only independent variable

-~ in the regression model is tested in Chapter 4. Studies by the Agro-
Economic Research Centres contain data by size of farm group relating
to irrigation and credit avaeilability, and the extent to which land is
leased-in. Using a linear regression model, we see if there are any
differences between adopters and non-adopters with respect to these
factors, and if there is any relationship bvetween these factors and farm
size. This is supplemented by analysis of data from the Programme
Evaluation Orgenisation reports, showing co-operative mexbership in
relation to size of farm.

The conclusions are summarized in Chapter 5, and we 1ndicate the E
maJor implications of the analysis for agricultural policy.






ICHAPTEROTT- ¢ 5if:
“REASONS FOR-EXPECTING?A’RELATIONSHIPDETWEEN!
| ADOPTION AND FARM SIZE

o iﬂ:this'chapter; vwe examine a priori reasone“fép“éxpé@tihgfif,W e
" ‘relationship between the proportion of farmers using the ‘new seeds on any
part of their acreage and farm size, and between proportion of acreage *

. put under the new varieties and farm size.

Physical Inputs

‘ Seed, - fertilizer and pesticides are almost perfectly divisible

in physical terms. However, between 1966 and 1968, the period under
study, small farms maey have found it difficult to obtain fertilizer
since there was a shortage of supply, and political factors may have
entered into its allocation. Fuman labor may be hired in small units,
but there may be diseconomies of farm size arising from the high

costs of supervising a large labor force. Since the new varieties _
require additional labor, the Problem of supervision may be an important’
disincentive to adoption for large farms. Bullock and tractor labor
are perfectly divisible as long as their services may be hired-in and
there is competition between those hiring out these services. In

the case of irrigation water, there may be significant economies of
slze in areas suited to tube-well irrigation. '

Capital ’
- The level-of cash expenditure determines the level of increase '
-in profitability from adoption of the new varieties. For example; at
-8 low level of fertilizer use, yields of the new vheat verieties are
- 1ittle different from those of the traditiomal varieties, whereas
-at high levels the difference is considerable.l_ B P

; Timélyjirriggtioﬁ is ihpbttahtxinftheféonté#@;bf;fhéfheﬁfvafiéﬁiéa?
‘both to reduce yield variability and increase ave;agqayigld.?,,ThuB.un;

'R, W. Cumiings, Jr., R.W. Herdt, and 8. K. Ray,."New Agticultiral

Strategy -Revisited", Economic and Political. Weekly; Vol, III,'N&;

h3, pc A“lSo

2See, T. V. Moorti, A Comparative Study of Well Irri ation in
Aligarh District India, Occasional Paper No. 29, Department of -
Agricultural Economies, Cornell University, USAID Prices Research .
Project, p. 23, , p S

P
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Eincreaeed expenditure on this input may be a necessary condition
~for adoption. Additional cash expenditure has been shown to give
very high returns on thelnew varieties relative to traditional

- varieties in many areas. _

The nature of this credit requirement nay differ between crops.
Desai has shown, for example, that nitrogen should be increased b£
& greater margin to reach optimal yields for wheat than for rice.
But new rice varieties may respond more highly to 1mprovements in
-irrigation control.

There are four main sources of credit available to.the cultivator.
The availability of "own funds" or wealth is closely related to faym -,
size., Wealth is related to cash income in preceding years, which
is higher for large ferms. Availability of credit from money-
lenders or commercial banks is also related to farm size since
size of loan is limited by the amount of colleteral a farmer can =
provide, and the main form of collateral is lend. The maximum
loan a co-operative can give is related both to the value,of share -
capital held, and the amount of collateral ‘the farm can provide.
The small farm is at an additional disadvantage to the extent that
political {:2tors enter into the allocation of funds. Finally, the
prossibility of borrowing from rclatives is probably related to ferm
size. :

Fixed Costs . I

Adoption of ‘the new varieties involves certain fixed costs.
Time must be spent in obtaining variable gnputs, and in obtaining .
information about methods of cultivation. Time has an opportunity
cost in terms of production or leisure. Also, the farmer may
require some minimun level of remunerstion to overcome inertia.:
The small farmer may be uneble to spread the fixed costs over a'. .

Ly, p. Shukla, An Economic Analysis of Farm Resource Use, Jabalapur
District, Madhya Fradesh, India, 1231 33, Occasional Paper No. 25 ,
Department of Agricultural Economics, Cornell University, USAID ';
Prices Research Project, p. 68.

2G. M. Desai, Growth of: Fertilizer Use in Indian A ichlture - Past '
Trends and Future Demand, Occasional Paper No. 25, Department of-
Agricultural Economics, Cornell University, USAID Prices Research
Project. .

W a e . A
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larger output by using variableinputs:intensively, since he lacks -
~eredit. Thus, he must put a relatively high proportion of his '
acreage under the new' varieties in order: to reach the level of. ...
output at which it becomes profitable to adopt. .- . . - . .

Tenancy

If the tenant must meet the fixed costs, he is less likely
to innovate than the owner-operator. For example, the level of . .-
output necessary to cover fixed costs is- twice as great for the ., ...
sharecropper who pays 50 perceunt of his crop to the landlord as .. -
for the owner~operator. The level of output at which it becomes. .. .
profitable to adopt for a tenant paying a lump sum rent is also - ...
higher than for the owner-operator, since the rent increases the .. -
tenant's fixed costs. _ ' L

Secondly, the sharecropper will be at a disadvantage relative
to the owner-operator if the landlord pays for a lower proportion
of the inputs than he receives of the crop. In such a case, the
tenant receives a lower return in proportional terms than the owner-
operator for any input level. |

Uncertainty

: Farmers probably consider that use of the new varieties involves

- uncertainty. This may be due to variability of yields of the new
varieties being greater, inexpericnce in methods of cultivation,

gr 3:d experience with previous recommendations of the Extension
ervice.

If the new varieties lower producticn in a given year, a large
farmer is unlikely to experience a deficit in terms of the basic
consumption needs of the family. But a small farmer markets only
sufficient to cover essential cash needs,l so that the household
is unable to lower the quantity marketed to meet essential consumption
requirements. The farmer must therefore lower his level of con-
sumption, which is probably already close to subsistence, or obtain
& loan, which will involve high interest rates and may even result
in the rights to his land being affected. For these reasons, &
small farmer may be less willing to accept an increase in uncertainty
than a large farmer, and therefore may be less willing to adopt the .
new varieties.

o

1” ‘Narain,
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Conclusions:.:

. . . . AN . . A e e
~ Three'factors lead to the hypothesis that as farm size ...

fiffincreases, the proportion of farmers adopting the new varieties
' also inecreuses. Small farmers have less credit available, and iu

. the period under study may have found it relatively difficult to’
obtain physical inputs. Also, small farmers may be unable to accept
¢he uncertajaty involved in adoption.

Small farmers may try and overcome the credit shortage and
uncertainty by experimenting with the new varieties on a small o
rart of their acreage. This suggests the hypothesis that the
proportion of acreage under the new varieties increases as farm size
increases., However, with fixed costs it is not profitable %o put a- o
very small acreage under the new varieties, which suggests the opposite:
hypothesis. that there 1s an inverse'rElationahip between the  pro-:.
portion of acreage put under the new varieties and farm size. '



CHAPTER III

PE AL LGS

l THE'RELATIONSHIP BETWEEN ADOPTION OF ’I‘HE i

Z- L NEW VARIETIES AND FAIM sxzm

E? . In this chapter, we examine the relationship between adoption
“aﬁd farm size, and consider differences in the reletionship =~ i :
‘between regions, crops, years and seasons. We look at a total of;
75 areas, 25 of which were studied by the Agro-Economic Research .
Centres, end 50 by the Programme Evaluation Organisation. Secondly, o
;we analyze differences in the proportion of acreage adopters put o

under the new varieties. ‘ o . IR

Ty

3
Y

Adoption and Farm Size: “Avalysis of Data from.the .

Agro-Economic Research Centres b
fgﬁv §xpothesie : That the proportion of farmers adopting the new
.varieties is unrelated to size of farm. Table 1 summarizes the: '
,results from the linear regression model for 20 areas studied by
gthe Agro-Economic Research Centres.l 1In 17 of the 20 areas, there
18 a significant positive relationship between adoption and farn .

fsize, indicating that adoption levels increase with farm size.

'5 Then the regions are grouped on the basis of crop, to test
§the hypothesis for each crop separately Wheat is the only crop
i for which the relationship is not significant, and this conclusion
‘is based on a single area. W¢ argue later in the chapter that this i
area is not representative of wheat-growing areas -in general. Pl

LI
o
S

i Next we tested the hypothesis that all the regions shcwed §
‘the seme relationship between adoption and farm size. The hvoothesis

[%as rejected at the 0.5 percent level.3

A
e
4

o R

Mhe data are also tested with the loglt model. The resulis,
which confirm those from the linear model, are .glven in Table
10, Appendix A.” " = R ;:.;

H
[
iaThe results are given in Table 11, Appendix A.

S et

3Bee Table 22, Appendix A.

[T A B ST



TABLK 1, ESTIMATED LINEAR REGRESSION FOR ADOPTION AGAINST FARM SIZE
- . USING AGRO-EGONOMIC RESEARCH CERTRE DATA

e - UNRESTRICTED MODEL RESTRICTED MODEL
~ Sum of '
. Crop No. Estimated Estimated Estimated Squared Estimated Sum of Squared
- Area By Crop Year Season Obs, Intercept Slove t Ratio  Residuals Intercept  Residuals

Paddy
V. Bengal 1 67
#. Bengal 2 67 .
W, Bengal 1 68
W. Bengal 2 68 ..
4ndhra Pradesh 1 68 -
4ndhra Pradesh 2 68
éndhra Pradesh 1 68
4ndhra Pradesh 2 68
‘ Drissa 66
‘ Bajra )
Mujerat ‘1
Njarat 2
fujarat 3.
hhj;.rat 1"
jarat 2.-
Hjarat 3.
Tjarat 4 -
fujerat 5-
Vaize )
Ay
Rihar 1
Bihar 2

¥heat :
Rajhasthan

h:37* 11003.48 33.71 46103.80
2.87% 25258,20 69.85 66991.04
4, o7* 12277.14 58.70 46100.47
3.57% 1161,32 90.3k4 §117.78
07%  16067.54 23.79 213239.3
.90¥% 13041.97 20.79 kos561.35 .
02 14919.48 69.36 35179.14
.36% 29526.27 ' 49.27 1417114
87x* 13988.19 12.82 83757.80 .

L] .
.

PR REWE
HRIBRIRES

b BB RN
Va0 0
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. A more detailed study of the individual regions follows, in
“order to’ bring out differences in adoption behavior. Because the-
- regressions were based on such a small number of observations,
statistical tests lacked power; so it was not possible to identify
with this tool some of the differences within and between regions
which might be important from en economic standpoint. For this.
reason some of the more obvious differences between regions will-
- be discussed, even though a statistical test may show that the
difference ‘is not significant.

West Beﬁgal: Surveys were carried out in two development:.
blocks, Sainthia and Rampurhat-II, in the kharif seasons of 1967
and 1968. Both areas are primarily rice-growing. The estimated
regression lines from these data are shown.in Figure 1. .

Figure 1.4 Estimated Regression Lines of Adoption Ageinst Fanm :
‘ ‘Size for Villagee in Two Blocks of west Bengal s

1967

- 1968 1968 1967
8 ‘Msunthia Block .
f§j27 - Rampurhat- II Block
R - ;
o Fes, 13 S
A 5 10 715 20 25 Farm Size (Acres)
‘fsgﬁree.g Sources of Data. No,. lh 1 T £ 58

© .. Both areas showed marked increases in levels of adoption i
between 1967 and 1968, but the differences in levels of adoption

' between the two blocks were greater in 1968 than in 1967. Differ-
ential rates of adoption over time will lead necessarily to

widening absolute differences, until the limit of 100 percent

adoption on all farms is approached.

" A 1ist of the sources of data is given in Seotion I of the
}Bibliogrephy. o S e
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Adoptidn,differentials between farm size groups were approxi-
mately the same between 1967 and 1968 in Sainthia Block, but had
narrowed considerably in Rampurhat-II. The reason for the change
in the latter lies in the very high levels of adoption in all
size of farm groups attained by the kharif season of 1968-69.

If edoption ceases to be closely related to farm size only when ;
almost all farms have adopted the new varieties, income differentials.
resulting from the new varieties will persist longest in areas

where the over-all rate of edoption is slowest. Thus, it becomes
critical to know whet factors lead to a rapid over-all rate of
eloption. In this case, the superior availability of irrigation -

in Rampurhat-II was probably one of the main reesons for the ’
faster rate of adoption in that block.

Andhra Pradesh: Surveys were conducted in two rice-growing
areas, East and West Godavari districts, in the kharif and rabi :
seasons of 1968-69. The estimated regression lines from these
data are shown in Figure 2. '

‘Figure 2. Estimated Regression Lines of Adoption Against Farm .
: Bize for Villages in Two Districts of Andhra Pradesh.

'  y T i T

-y 100 ‘ u

;fgfsff Rfﬁz“x, Lo

ﬁﬁé;*" |

Kha.rif

SIiRg ~ . Kharif

o ; e

e DA RS 2

_gt 20 -~ West Godavari District '~
Tf§.;_, ‘ - East Godavari District
& : nur ot $ 3 } S Sttt

5 0 15 20 25 FemnSide (Acred)”

B C LT R

ff S6urdé§  Sources of Data, Nos. 2 and 3.
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, Adoption 1evels are much higher in the rabi than in the kherif ‘
- .seagon. The main reason i8 the greater profitdbility of the new" -
varieties under the weather conditions of the rabi season. For
maximum yields, IR-8 requires a high degree of sunlight. Also the
low rainfall in the rabi season gives a greater degree of water

R

control to those with irrigation than is present in the kharif season.

- A second reason may be that the most successful of the new varieties,
IR-8, was aveilable for only one kharif seagon prior to 1968-69, but
for two, rati seasons.

Both districts had very low levels of adoption in the kharif

season, but in the rabi season, the proportion of farmers who adopted
was higher in West Godavari in all farm size groups. A longer period

in the package program may have made farmers in West Godavari better
equipped to take advantage of IR-8 when it was most profitable.

Differences in adoption levels between farm size groups were_
similar between the two seasons, although the absolute level of -
adoption was much higher in the rabi season. This lends support
to the hypothesis outlined above, that differences in adoption
rates between farm size groups do not diminish until almost all
farmerl have adopted.

West Bengal and Andhra Pradesh Contrasted: Differences in -
adoption levels between farm size groups were generally less for
the districts studied in Andhra than for those studied in West
Bengal. .This is probably due to the superior availebility of
irrigation in Andhra. Irrigation reduces yield variebility of the
new varieties, so that a greater proportion of small farmers are -

willing to adopt. Y

Gujarat: In Piplag, Khadol and Asodar (Gujarat 1, 2 and 3 in
Table 1), differences in levels of adoption between size of farm -
groups were found to be uniformally greater in the summer than in
the kharif season.l This may be explained in terms of yield varia-,
bility. Large farmers have greater access to irrigation water, so
that they experience lower yield variability than do small farmers.
In the sumer, there is greater dependence on irrigation, so the
difference between farm size groups in their experience of yield
variability is greater in the summer, leading to greater disparities
in adoption levels. -

~ 'The summer season follows the kharif and rabi seasons.
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Piplag showed higher levels of adoption in both the kharir i
‘and rabi seasons than either Khadol or Asodar. Irrigation isl,,
probably again an important factor; Piplag has 56 percent of net -
sown area irrigated, whereas Asodar has only 37 percent and = =
Khadol 35 percent. '

Next Nadiad and Dehgam Talukas (Gujarat b and 5 in Table l) are . "
contrasted. Nadiad was found to be more progressive, had a higher
proportion of irrigable land, but an average size of holding of only
3.71 acres, compared to 12.78 acres in Dehgam. The greater availability
of irrigation in Nadiad leads us to expect farmers there to be better
able to adopt than in Dehgam, since the level of uncertainty, in terms -
of yield variability, would be less than in Dehgam. However, the avefage
size of holding was greater in Dehgam, and this region was found
to have a higher mean level of adoption, indicating that the
irrigation factor was more than offset (in this case) by the
influence of farm size.l '

Bajra and Paddy Contrasted: In general, differences in levels
of adoption between size of farm groups are greater in bajra than
in paddy-growing areas. A one-acre increase in farm size typically
leads to a 5 ; ercent or more increase in the probability of adoption
in a bajre-growing area in any given season or year, compared to
2-3 percent in rice-growing areas.

There are probably two main reasons for this. The first is
a specification problem. Income per acre is considerably higher
in paddy relative to bajra-growing areas. Therefore, credit and
uncertainty ceaseto be constraints to adoption at & smaller
farm size. Secondly, the increase in yield variability in moving
from traditional to the new varieties may be less in paddy than in
bajra-growing areas owing to greater availability of irrigation
in the former. For this reason also, uncertainty will cease to _
be a constraint to adoption at a smaller farm size, and differences
in adoption levels between farm size groups will be less.

- Adoption and Farm Size: Analysis of Data from the

 Progremme Evaluation Organisation Reports
 The data from the Programme Evaluation Orgenisation Reports

fﬁré more aggregated than those from the Agro-Economic Research -
"Centres, It is not possible to compare the date for individual

‘Bee, V. 8. Vyas, D. 5. Tyagl and V. N. Misra, op. cit., p-'g2;”f?ﬁ
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- reglons es no backgrouad' information on the development blocks
sappl'ed is given in 'the répgjrtB; -and dj_‘ffe”z-eint‘ develbp;'ngnt blb’Ckgi -4
aré selected for the studies incorporated in each report. We may "'
only hope to find whether the data support the central and most general
findings of the earlier sc:tion. R A S e

Cowdte

For each crop, the lineer and logit models are used to test
the hypothesis that adoption is unrelated to size of farm. - -
Tables 11, and 13 to 18, in Appendix A summarize @ﬁe'syatigticgl'

LERSEN

results. ‘
Paddy, Bajra, Maize: 'The hypothesis that adoption is unrelated:
to farm size was rejected at the 0.5 percent level for each of
these crops. Positive slope coefficienits indicate the familiar
result that adoption levels increase as farm size increases, con-
firming the findings of the studies undertaken by the Agro-Economi

Research Centres.

Wheat: The hypothesis tbat adoption is unrelated to farm
size was rejected at the 0.5 percent level, indicating a significant
positive relationship exists. Our earlier finding, based on a
single district in Rejhasthan, was that there was no significant
relationship. Since in the Progremme Evaluation Organisation
reports, eleven blocks were studied, five of which had regression
coefficients significantly positive, there is clearly a positive
relationship between adoption and farm size in many wheat growing
areas.t _ ' :

Even when 98 percent of all farmers had adopted, as in the A
rabi season of 1968-69 in the Punjab, the slope coefficient is: . ..
still positive.. This suggests that, at very high levels of adoption; -
those few who remain outside the fold have small farms, o

- Jowar: Jowar is the only crop for which the proportion adopting -
is similar between size of farm groups. This is hardly surprising
since hybrid seeds had been introduced relatively late, so that:
-adoption on all' farms was generally less than 10 percent. '

“the data. for this paragraph are to-be found .in Tebles 11 and 15
in Appendix: A..
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~ All Areas: Firstly, there is no significant 1nverse relationship '
between adoption and farm size among the fifty areas studied. Secondly,{
it is clear that variation between development blocks in any given
state is as great as variation observed between states. Thus, it is
not possible to meke any useful statements about adoption levels over
. time in one state relative to another. Thirdly, the slope coef-
ficients are greater in maize, paddy and wheat areas than in bajra
areas, showing there are lesser differences in levels of adoption
between size of farm groups in the latter. This rzsult conflicts
with our earlier finding that there is a more marked relation-
ship in bajra than in paddy-growing areas. However, the earlier
finding was based cn bajra-growing areas with relatively high
levels of adoption, whereas those surveyed by the Programme
Evaluation Organisation tend to have such low levels of adoption . .
. on all farms that there cannot be such a marked relationehip between
adoption and farm size.

Proportion of Acreage Under the New Varieties and

| Farm Size: Analysis of Date from the
Agro-Economic Research Centres '

: Hypothesis 2: The proportion of acreage under a crop which .
18 put under the new varieties is unrelated to size of farm. .
- Table 2 summarizes the results from the linear regression model L
for eighteen areas studied by the Agro-Economic Research Centres.fl

Over-All Regions: The hypothesis that the proportion of
acreage under the high-yielding varieties is unrelated to size of
faerm was rejected at the 0.5 percent level (See Table 12, Appendix
A). Mostly negative slope coefficients indicate that as farm
size increases, the proportion of acreage under the new varieties
decreases. The regions will now be examined individually.

EEIPRIN

Andhra Pradesh: The estimated regression lines for Wést aﬂ&
East Godavari districts are shown in Figure 3.

The greater proportion of acreage under the new varieties .
in both districts in the rabi season probably reflects the conditions
better suited to the new varieties of the rabi season. The higher -
levels in West relative to East Godavari in the rabi season, the ' %
reverse of the kharif season, may reflect the greater profitability
of the new varieties in West Godavari in the kharif season.
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* EXTIMATED LINEAR REGRESSION FOR PROPORTION OF ACREAGE UNDER THE NEW VARIETIES
- AGATNST FARM SIZE USING AGRO-ECONOMIC RESEARCH CENTRE DATA
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Figure 3. Estimated Regression Lines for the Proportion qr j
Acreage Under the New Varieties Against Farm Sigze:
~ for Villages in Two Districts of Andhra‘Pradesq5l'
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S&ﬁ?ce: qurces of Data, Nos., 2 and 3.

The most surprising finding from these data is that small
-farmers have a higher proportion of their acreage under the new =
varieties than large farmers. The relation is particularly marked -
in West Godavari district in the rabi season. This suggests that-
spall farmers may be willing to commit themselves further to an f
innovation in situations where it is clearly profitable to innovate;, .

and uncertainty, in terms of yield variability, has been shown
to be small. : :

. All Rice-Growing Areas: Taking all rice growing areas
together, we may suggest a more general hypothesis, that after
- the "experimental period" the new varieties are adopted to a :
- greater extent by small farmers than by large farmers. If the ex-
- perimental period for a new variety is thought of as three crop:
. seasons, the districts in Andhra were studied in the post "experi-
mental" period with respect to IR-8, tue most successful fo the
new varieties, whereas the other districts from West Bengal,
Uttar Pradesh and Punjab, were studied within the experimental
period. In both the experimental and post-experimental periods, =
large farmers adopted on only eghout 20-30 percent of their acreage, .
' whereas small famers adopted on a much higher propartion of their:
- acreage in the latter period (35-80 percent). .. g :
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1

»_f  The fiqdiug that over time small farmers increase their acreage

- .under the new varieties is consistent with the hypothesis that ' ... -

credit is:a constraint to adoption on small Parms. Having Obtained”;v
‘higher yields on acreage under the new varieties in the experimental” -
- period, small farmers will be able to purchase a greater quantity of
variable inputs in the next period and expand their acreage under

the new varieties. A second hypothesis, also consistent with ,
these findings, is that uncertainty is the primary constraint :”ﬁgﬂ b
to adoption among small farmers. Once those small farmers who are "~ ~
able to face the uncertainty initially have found thet yield
variability of the new varileties is reasonably low, they put a
greater proportion of their acreage under the new varieties.

The fact that over time small farmers increase their acreage
under the new varieties more than large farmers suggests that they
have greater incentives, in terms of deriving greater utility
from additional income. If this is the case, there must be,importqnt
factors acting as constraints to adoption among small farmers to
explain why relatively few of them adopt. ‘ B

Bajra-Growing Aress: In tajra-growing areas there is an =~ i
apparent - contradiction in terms of adoption behavior. The three e
villages in Kaira district, discussed earlier, all have positive - ¢
regression coefficients, indicating that the proportion under '
the hybrid varieties increases with farm size. In contrast, the
two Talukas sampled from Ahmadabad district have negative regression -
coefficients, indicating that as farm size increases, the proportion
of acreage under the high-yielding varieties decreases. The
explanation may lie.in the degree of dependence on the crop for
income. 1In Kairae district, the large farmers have a larger acreage
under bajra than small farmers; but in Ahmadabad district, large
farmers have a smaller acreage under bajra than small farmers, owing
to the possibilities of alternative cash crops such as cotton and
groundnuts. In both districts, the correlation between acreage ' -
under bajra and area under hybrid bajra was significant at the 1 o
percent level.l This suggests that the greater the degree of R
dependence on & ¢érop for income, the greater the proportion of acreage:-
put under the new varieties. : oLy

Maize-Growin Aréas:"The‘hypothesiq that proportion of ‘acreage '~
. under the high-yielding varieties'is’unrelated'tO'size of farm ‘wag- ‘it
. s ’ ‘,; S N e BP0 N ST IR S LT

B R T

cTAr SRS JPT S
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e Sl s el s
}399439“r°e8 of dgta,QNosa‘7rand 10.
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_not rejected at the 5 percent 1eve1,1 . We may conclude that the .
proportion of acreage put under the nev varieties is similar in .«

different farm size groups.

The difference in the proportion of acreage under the new ..
varleties between. the two villages studied in Gularat is due to.
the hybrid varieties having been introduced a year. earlier in; .-
the village showing the greater extent of adoption. : o

'Proportion of Acreage Under the New Varieties:
Analysis of Data from the Programme Evaluation

Organisation Reports
G .
~ Date from the Programme Evaluation Organisation repcrts are
~ even more aggregated with respect to the proportion of acreage
under the new varieties than for the relationship between adoption
and farm size. pData for the proportion of acreage under the new "
varieties by size of farm group are aggregated over all states.
For example, for paddy a single figure is given for the proportion
under the high-yielding varieties for a given size of farm group,
which is a weighted average of the proportions observed in each
of the states for that size of form group. Thus only the most
general conclusions are possible.

The intercept coefficients for the restricted mode> in Teble
3 show that large increases in the extent of adoption occurred
from season to seasun and fro= Year to year. This is clearly
seen in Figure U,

For all five crops, adopters put a much higher proportion of
their acreage under the new varieties in 1968 than in 1967. In
*he case of jowar, it is interesting to nute that:in neither
1967 nor 1968 is there any significant increage in -the proportion
under the new varieties between the kharif and rabi seasons, in .
marked contrast to paddy.

For bajra, paddy, maize and Jowarythe: proportion of acreage
under the new varieties is unrelated to size of farm. These
results are not in conflict with our earlier Tindings, since
there is not a consistent relationship between proportion of
acreage under the new varieties and farm size in the areas studlied
by tne Agro~Economic Research Centres; however, as noted above, )
the relationship, such as it exists, tends to be an inverse
relationship. i -

‘ISee Table 12, Appendix A.
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' Figuré ll. Estimated Regression Lines for the Proport.ion of
' Acreage Under the New Varieties Against Farmm S:Lze for

Five Crops. ) ,
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In wheat-growing areas, there is a significant positive
relationship between proportion of acreage under the new varieties
and farm size, indicating that proportion of acreage under the
new varieties increases as farm size increases. The reason vhy
there is not a positive relationship in paddy-growing areas may
be that adoption of the new rice varieties involves a change
to double-cropping, so that problems of ledor supervision may
discourage large farms from putting a high proportion of their
rice acreage to the new varieties.






LY »r’2

B s A ORI -,‘,::m,,,‘, o : AR E S AN R O SR
Sl Vk i - ; .»z_', W

':CAUSES OF 'THE RELATTONSHIP OBSERVED BETWEEN Anonxom “F? }

THE HIGH-YIELDING VARIETIES AND FARM SIZS

this chapter, we analyze the causes of the relationship : ‘
observed between adoption and farm size. Three of the main factors .
vhich are thought to influence adoption behsvlor will be considered--
the land-holding structure, irrigation availability and credit
awaildbility. In order tc show that any of these variables is
important in expleining the relationship observed, we must show that
there is a relationship between the variable and farm size, and that
the variable has an influence on adoption.

The Land-Holding Structure

HBypothesis 3: That the proportion of lend owned is unrelated
to size of farm. Table i summarizes the results for eight regions
studied by the Agro-Economic Research Centres. For all reglons,
the hypothesis was not rejected at the 5 percent level, indicating
there is no significant reletionshig between proportion of land
owned and farm size in these areas. - :

Hypothesis U: That the proportion of land owned is the same
for adopters and non-adopters, gas rejected at the five percent
level for all regions together.© This suggests there is a reletion-
ship between tenancy and adoption. However, a closer examination
of the data reveals this is not & consistent relationship; in the
villages of Gujarat studied, adopters owned ¢« greater proportion
of their land than non-adopiers, whereas in the areas of both
fejasthan and Orissa, the reverse is the cuse. It is clear that
tenancy does affect adoption behavior, but the nature of the S
relationship is not clearly identified. R

P

" lFor the ratio. See Tdble 20, Appendix A.
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Be%‘Teble 21, Appendix A.
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FOR ADOPTERS AND NON-ADOPTERS™ USING AGRO-ECONOMIC RESEARCH
UNRESTRICTED MDDEL . F2.>4 P

ESTIMATED LINEAR REGRESSION FOR PRO{ORTION OF LAND OWNED AGAINST FARM SIZE,

CZNTRE DPATA .

RESTRICTED M)

Crop No. Estimated Estimated Estimated
Year Season Obs, Intercept Slope- + Ratio

Sum of
Squared
Residuals

Estimated * Sum of Squared

Residuals

Area By Crop -
Paddy

Orissa 1 A - g6 K 5 75.08 1.64 2.03
Orissa 1 HNA 66 K Lk 75.85 - 3.13 : 3.83%
W. Bengal 1 A 67 K 8° 87.12  0.56 ° 2.98*
W. Bengal 1 NA 67 K 5 - 8.29 = 0.8 0.64
W. Bengal 2 & 68. K 8. . 8415 0.49 2. 4o
W. Bengal 2 NA .68+ K <5, 93.21 . - -0.19 -0.38
Bajra i TR S '

N R
- {.;':97;h9

2
!
RSN R

e a5

Bihar (1-2) A ..
Bihar (1-2) A * 68
Wheat R
Rajhasthan 1 A =~ 68"
Rajhasthan 1 FA : 68

~ '1280.58

1767.09
511,62
918.43

2012.97
994.07

©179.75

- 583,29
213.08

84Y.20

Log2. 5y .
8.24 .

- hgk.99

1216.37

;h621.58;

Intercept

8k.82
85.61
91.96
' 85.12
88.50
R.46

- “98.33

- 97.33
- 88.00

8 0331 '
.60.

- %6.30

.93

o ;;8&.35

high.11

2133.93
2280.67

2291.09

12025.17
- 188.29

.. 583.33
o 850.00
' 4096.00
7 129,60

2464 .20

' (1476.07
“23%2.46

| 2710.68 1 68.99 - 28oh.52
Sl . k882.18 -

92

Source:
1

Sourcés of Data, Nos. 7, 9,:11, 12, 14, 15.

In the table, A = Adopters, WA = Non-Adopters.

Lo fSigﬁificant.at the 5% Level.
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_ . .Although there is a relationship between tenancy and adoption,
‘We may conclude ‘that tenancy is not the factor underlying the:' o ..
relationship between adoption and farm size for these areas, since

.there_is no relationship observed between tenancy and farm size. = _

o
T

All-India data are used to an~lyze the relationship between::.)
tenancy and farm size in districts studied by the Programme = ..
Evaluation Organisation, since these districts are a random semple
of districts in the whole of India. Date for the proportion of ..

land owned;py size of farm group is given in_TableAS.

Table 5. Area Leased-In as & Proportion of the Total Acreage 0.4~
Operated by Size of Farm Group, 1960-61.

. QO-\;‘ el ] . (‘( -4:1 -
Bize of Areas Operated Area Owned : ’
Farm Bl '000 Acres '000 Acres - ‘:'* Proportion!Owned -
(Acres) 1 . 2 3 3 42
, 2l AR R KU -
0.1 - 2.5 23320 19312 0.83 |
‘ L TR TS U3 Y -
2.5 =~5 41991 35990 0.86
SRR 158 IV S R SR ug

wBom M0 . 69333 ... 61095 ___ 0.8 _
10 - 20 9181 78l | BIY 3T U 73023, i07 i sibel 1c0:93.440  an
20-50 79931

T662h 0.96
. 50 & Abvove 36565

R P N
3kor1 0.93

ittty 0D wlpaddoget

IE

3

ik oo

Lo

ey i e : ! R S it P » . N
ELA P SRR UoTve L 5y hansne

a Sourcgz National - Sample SBurvey; No. 176, P. 49. . o .ifv it Loimay o
e SR e e e A R S ST PILENRD SR I
: . . e T R B PR
Clearly, there is some relationship between the ‘proportion‘of ¢ ¢
land leased-in and farm size. In Table 6, we examin- the proportion
of pure tenants by size of farm group, since those who own no
land may be expected to have the greatest disadvantage in ' /. i
adoption. - : o e
Small farm-size groups have the greatest proportion of pure . i’
tenants. If tenants are less likely to innovate, the relationship:.. '
between tenancy and farm size is a factor underlying the relation-
ship observed between adoption and farm size in areas studied by ... .

the Programme Evaluation Organisation.

. DA e
Ly e gt {%:}
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Table”6;‘”frbﬁérﬁién.df7Kbuseh61ds ﬁhicﬁ.are'?hfe‘Tehahté‘bffjfiff”
»: Size of Farm Group. . - o = S

e P
1 o 2 . _3. . 2+73 —

0- 099 067588 15733 015,

‘1.0 - 2.9 2263]20 218069 o1

.55;5[;5 4.99. - 2191492 ~ 165817 0.08

5.0- 9.9 2023088 205806 0.05.

iO;Q'?ilbi99f -+ 838661 35115 0,dh‘

1576775055 822069 arste 0:08”

30}9;7 u9;99' 260089 6325 o,qai

over 50 130013 5240 0.04-

‘Bource: Census of India 1961,:Vol: I, Part IIT (11);:p. 16-19.

" Irrigation Availability

' . Hypothesis 5: That the proportion of land irrigated is
‘unrelated to size of farm. Table 7 summarizes the results for

eight regions studied by the Agro-Economic Research Centres. = . .
For all regions, the hypothesis was rejected at the 5 percent level,
indicating there is no significant reletionship between the
proportion of land irrigated and farm size in these regions.l

Hypothesis 6: That the proportion of land irrigated is the,
same for adopters and non-adopters, was also tested over all i
regions. The hypothesis was rejected at the 0.5 percent level,
indicating that adopters have a greater proportion of their lend .
irrigated than non-adopters.2

Y5ee Table 20, Appendix A.

2See Table 21, Appendix A.



ESTIMATED LINEAR REGRESSION FOR THE PROPORTION OF LAND IERIGATED
AGAINST FARM SIZE, FOR ADOPTERS AND NON-ADOPTERS R
USING THE AGRO-ECONOMIC RESEARCH CENTRE DATA ¢ T

T .

L e S
i
~
)

woe i

- AreaBLCrog’"

Bl

UNRESTRICTED MODEL. Do, - T 2 .5 RESTRICTED M)DEL

Tt Ly e S . . Sumof o~ iuT Sum of
Crog -7 .7 . No. .Estimated Estimated Est:unated Squared Estmated Squared
" Year Season Obs, Intercept. Slope t Ra'b:.o Residuals Intercept Residuals

Orissa 1 A !
Orissa 1 NA‘

W. Bengal:l: A

W. Benggl 1'na

W. Bengal 2:A

W. Bengal 2 NA
Andhra Pradesh 1 A
Andhra Pradesh 1 NA
Andhra Pradesh 2 A
‘Andhra Pradesh 2. NA
Andhra Pradesh 1-A -
Andhra Pradesh 1 NA™-
"Andhra Pradesh 2 A
" Andhra Pradesh 2 NA

“Maize 7

‘.Bmar (1-2) A
f?B:Lhar (1-2) Na

D the

8o. 99 0.
78.31: : -0.
93.53. ';; =0

PR

W oo @ &

- . 780.24 it 83 68 ' “965;35
2 76 510,59

..1997 69
-1636.92
- 2P63:11

: 3

5

. Ceg

Tt
DI )

83.29. ' 1.
87.437 - -
86,097 © ¥
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sasswssésgasma
I\)ONOUJOOtOQNNOOLO

84
k7.
18
73"
0 8.1’:::
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~ %2 100.00: ~ 0.00 .00 L E -0:00
oS 99.950 - 00.00 T -0.27 ¢ x i hisy
ol TR . =D .' 98°8]' 5 ,'TO' N = '317,‘ . v 670 29
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e
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~'s ce: Sources\of Deta,.Nos. 2 ~3, 11, 12, 114z 15. : T . *s;gniﬁcajht at the 5% Level
2 ! enliiren ¢

§In the 'bable > Al b Ad.opters, ; = ,Non-Adopters
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- In-East and West Godavari districts, almost the entire L
‘acreage on all farm size groups is irrigated. However, differ-
‘ential rates of adoption are observed between farm size’ groups.
as well as high rates of non-adoption in all groups.

Tkese results suggest that a high degree of irrigation ..
availability is a necessary but not a sufficient condition for
adoption, nor a sufficient condition to equalize rates of adoption
between farm size groups. We may conclude that irrigation avail-
ability is not a factor underlying the relationship between: )
adoption and farm size in these areas, since we do not find a .
positive relationship between irrigation availability and farm
size.

Water control may be a factor in the relationship between
adoption and farm size. Moorti has shown that the degree of'
water control has an important influence on adoption behavior.

If there is also a relationship between water control and farm:
size, then water control is a factor explaining the relationship -
between adoption and farm size. Unfortunately, data showing
the degree of water control in these areas were not available for
this study.

To analyze the importance of irrigation availability in the
areas studied by the Programme Evaluation Organisation, we .|
examine in Table 8 data for the relationship between irrigation
aveilability and farm size in India as a whole.

Table 8. Irrigation Availability and Farm Size in India.

Farm Size Ratio of Farms with ~ Ratio of Irrig. Acreage,
Group Irrigation to the Total ~  per farm with Irrigation

_ngggg) : No. of farms in Group to average size of holdinq
0- 1 0.38 1089 '

1= 5; : 0.48 o 63’
5. 10 g .0.L8 5&;,,

10/ 15 0.46 ;.ousx

’15’~ 25 0.45 t 0.39

25.- 50 - RS ' 0.29

50:" akove . . - 0.39 , ' 0.22

Soﬁ;ce: Derived from the Sixteenth and Seventeenth Rounds Estimates g
‘ of the National Sample Survey, 1959-61.

1. V. Moorti. op. cit., p. 22.
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' T . v A g
. In:1961j-the proportion of ‘farisiwith irrigation s ‘simiiar
- between size of farm groups, excluding: the extremely small aidd

- extremely large farms, but as farm size increases, the propcrtion
of landfiﬁrigated on farms with irrigation tends to-decline.: ::
However, since 1961, irrigation availasbility has increased con-
siderably, notably by the installation of .a large number of tube-
wells. "This bas occurred mainly on the larger farms,” which will
have narrowed the differentials between size of farm groups noted
above, - - : ‘ .

i o !
i i

In, the period 1966-68, irrigatién availability probably
decreased with: farm size, despite the investment in tube-wells
on large ferms. Therefore, irrigation availability isiprobably
not a factor underlying the positive relationship between adoption
end farm.size in the areas studied by the Programme Evaluation
Organisation. L o IR

SN

S
t

The Availability of Co-operative Credig’ﬁ

.
: ’
t

')
[

. othesis : That the proportion of cash expenditure met
by the co-operative is unrelated to.size of farm. Table. 9 -
sunmarizes the results for eight regions studied by the Agro-.
Economiqfaesearch Centres. 1In only three of the regions 1s;§he
slope coefficient significantly different from zero at the § -
percent level. All three coefficients are negative, indicating
that as farm size increaseé; the proporticn of cash expenditure
met by _the co-operatives deéreasqs. Such a result indicates thag .
large farmers meet cash expenditure from other sources; other' .
empiricailstudies have suggested that the greater part of total -
cash expenditure is met from farmer's own funds.l SN
;. To the extent thet smell fdérmers use‘co-operativé'creditfwhgn[
large,fa;mers use their own funds, they pay a higher price f ! o
for credit. If the cost of credit is important in adoption, the :
relationship between cost of credit and farm size is a factor:in th..
relationship between adoption and farm size. . o v

N4
) [ Byt

. : e ;
.~ Next, we tested hypothesis 8, that the proportion of. cash expendi-
ture met by the co-operatives is the same. for: adcpters. and non- [* '
adopters.’ This was rejected at the 0.5 percent level for all regionms,
indicating that adopters meet a greater part of their cash expenditure
from this: source than non-adopters. i o

. - The following figures indicate the proportion of cast expendi-
ture met by the co-operatives for adopters and non-adopt in four of
the areas studied.2 R A T T ?f’ oo
oo N L coL e T i ;
thiif Sea%on.

1Programﬁe EvaludtionkOiééniéqti6#,:R;» rt_for the:
1968, : Planning Commission, Government of India, 19

bt

2See data for the restricted model in Table 9.
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TABLE 9 ESTIMATEDLINEARREGRESSIONFORIHEPROPORTIONOI" CASH EXPENDITURE 1
: © .. MET BY THE CO-OPERATIVES AGIANST FARM.SIZE, FOR ADOPTERS AND NON-ADOPTERS,
a USING AGRO-ZCONOMIC RESEARCH CENTRE DATA:

UNRESTRICTED M)DEL & RESTRICTED mIEL

- 5 Sum of ‘Sum of
‘ . : " Crop ++ No. Estimated Estimated Estimated Squared Estmated Squared
Area By Crop _Year Season Obs, Intercept Slope ¢ Ratio .Residuals Intercgpt Reeuduals

Paddy
Orissa 1 A - -
Orissa 1 KA
W. Bengal 1 A’
" W. Bengal 1 NA
. W. Bengal 2 A
W. Bengal 2 NA
Andhra Pradesh 1
Andhra Pradesh 1
Ardvra Pradesh 2
Andhra Pradesh 2
1
1
2
2

. 59.78 -2,03  -2,10 .  2523.90 . u7.;71 62'h5'.21
- :18.05 . «C,60 =2.77*¢  .1416.79 12y 3223 64
- 8.76- 101 ' 0.76  209.88 112,16 2492.60
- 88.38 - -3.11 -h ke 12585.35 60.62 - 54537.87

47,25 . - -3.24 o -1.57- " ~3018.84. 34.45.  5393.40

©:13.39:  -0.22 © 1.2 h38.kk 1085 - 821.61
, ~ -0.08 - -0.36 . T769.23 T 512 - 803.19
0.59 _ 21,18 . 877.57 . 5.74 1282, 34

ST v CRon Tty rerowey

L HEERRE A RE RN

Andhra Pradesh
Andhrs Pradesh
Andhra Pradesh
Andhra -Pradesh

A
NA
A
o
A

NA

VAT

AT -0.41  -0.71 - 7047.78 . 33,16 - 8222.06
NA

-. 20230 L 0.3h _«._‘ ,999.5.5 - 5.25 © 1176.09

22232883389388
e e 09n
R
| ot
\O

 Maize

Bihar (1-2) A _68f.

’ 1.03 1216 37 " 9L.6k . 1476.07
Bihar (1-2) WA _ - 68 25

W Mz osle 18y

- 20,81, - - -0.16 - -0.46 . LBs2.25 " 17.78'% 5188.05
+-0.85 - -1.55 . .3467.55 4Lk - 6261.27

5.82

S 1.32 g

- 6.50 ©-0.27 0 -0.41 . 426.09 ~ 8,95 . 533.80 -
s

Sburce ‘Sources of Data, Nos. 2‘ 3, 11, 12 11& 15. . ;?*’éign_j.f}cant gt. tbew;%il.e_geflj '

1: In the table s A Adoptera 5 NA Non-Adopters

c€
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Adopters MOnQAdogtera

R T ;?ﬁﬁﬁaquu SR ol drs
' Bihar Aok tink 25810
" Orissu L8% . v 6%
- W, Bengal (in~%968) 4608 "34%
~Andhra Predesh™ £, $933%4 ,ujzﬂ;»
WA Sl SR

These date indicate's-close relationship between'use: of <t ,
co-operativthreditranduadbption;?kHowevgr;nthe:linefofgcaudality?
is not clear:- All ferms way want co-operative credit, but.owing ¢
to a shortage. of supply, mismanagemeﬁ?, or political factors
entering into loan.disbursemenﬁ,"only?auemdllfproportioniof%fafms‘

are able to.obtain loans.@ .. .. _ £ R 23}
B T ' PRI S Ras T oS

An-slternative explenation of ‘the relationship between:co=
operative credit and adoption:is.that all farms which are willing'
to adopt the new varieties are able.to obtain as much credit as -
they require. The district edministrations, being anxious to
increasé: acreunge under the new varieties, may have encouraged:
the_co-operatives:to.give‘ldans~to*thoseggial;ngumq;adoptfthe’néw:
varietfes.;-1fithis“explanation‘is'cOrrecq; the, problem remains: ..
88 to why ‘some farms are willing to adopt'while others are mot. '

B A PR P | LT T RN F
" & Next, we. examined ‘the relationslilp between'!co-operative =i! .
membership‘and'farm:size,=usiug*Programme.Evaluatidn:Organieationﬁ
‘deta. ‘ ‘

Hypothesis 9: That the proportion‘of, farmers who are members
of the co-opecratives is vurelated to sizeiof farm, was tested
for each crop. In three out of eight casé#fﬁtherslope coefficients
were significantly different from zero at ‘the 5 :percent level,
indicating a positive relationship between”the proportion of farmers
who are members of the co-operatives and farm size.3 However,
since the slope coefficients were very small, we tested hypothesia
10, that the proportion of farmers who are co-operative members
is the same for adopters and non-adopters. The hypothesis was
rejected at the 0.5 percent level, indicating that a higher

f;Eést Godaﬁari‘§;strict‘in the rabi‘sga3qg§ -

 Adtoaih (15 atds? botl
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ﬁsbpers are coroperative m&i‘bs than non-wdopters, 1
. This confirms our earlier iinding that adopters uge go-operative

 credit more thap non-adoptera, |
‘ t that a relatively small

b I8 codbiddbieh, thesd Wdba slggéd .
proportich of YMose with shall farms are mepbers of the co-opers
atives, but tHode who are members séet a rélatively high proportion
of their cash expenditure frb# this source; These are the am~1l1 - : -
farmers who adopt the new varieties. : .
If there is a significant relationship hetween any of the - |-
variables considereq in this chapter and far\ size, the ostimtéd'-
coefficients of Chapter III between adoption aui farm size are '
biazed. Alsg the standerd errora used in testing the sigrificance
of coefficients in Chapter III are too large unless the coefficients -
of the excluded variadbles are equsl to zero. : : S

We have found no relationship between the proportion of land
irrigated and farm size, but a positive relationship betveen the -
Proportion of land owned and farm size, and an inverse relationship
between the proportion of cash expenditure met by the co-operativesg
and farm size, Hovever, these relatioaships were not significant in
many of the regionc tgken individually, and the regression coefficieaty
in most cases vere extremely small, so that wve may still regard the
estimates of the relationship betveen edoption and farm sige ag '
wnbiased.

vl

 8es Table 21, Appendix a.



CHAPTER V

o sFaolal tn . el

" SUMMARY “AND ‘IMPLICATIONS" FOR ‘POLICY:
., Bumary of Main Findings

1. Adoption and-Farm Size: ’ As-farm size increases, the proportion:

~of farms which have adopted thé new varieties also increasesii: Thig:='iom»
relationship is statistically significant in U5 of the TO areas = '

studied. - S S

2. Variability in the Relationship Between Adoption and Farm
Size. The nature of the relationship between adoption and farm size
varies considerably between crops, regions, seasons and over
time, - S S ST A ‘

. Crops. The relationship between adoption and farm size is

more maerked in bajra than in peddy-groving areas. This is due in
part to a specificatlon problem.  Income per acre is considerably

higher in paddy relative to bajra-growing areas. Therefore, size of
farm related factors such as credit and uncertainty may cease to be
constraints to adoption at a smaller farm size. Secondly, the inc¢rease™
in yield variability in moving from traditional to new varieties may
be less in paddy than in bajra-growing areas owing to greater availa-
'bility of irrigation in the former. For -this reason also, uncertainty
will cease to be a constraint to adoption at a smeller farm size, -
and differences in adoption levels between farm size ‘groups will

be less. : o - ' DR

£ Wheat-growing areas show a significant relationship between
adoption and farm size less often than bajra- and rice-grovwing areas: -
In Jowar-growing areas, there is little relationship evident between '
adoption and farm size because so few farms in any size of farm- = -~
group Lad adopted hybrid varieties. )
Regions. There is a less marked relationship between adoppidﬂf““
and farm size in villages studied in Andhra than in' those of e
West Bengal. Both are paddy-growing areas. We attribute this to the-
higher proportion of land irrigated in the former. 1In general, -
we found that the higher the proportion of land irrigated in-a" - -
region, the higher the over-all level of adoption. However, 7 -
even when a very high proportion of the acreage on all farm size: "
groups is irrigated, as in the two districts of Andhra, differences

in the levels of adoption between farm size groups persist.

35
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. . Seasons. In Andhra, levels of adoption are much higher in

* the rabi than in the kharif season, but differences in levels of -
adoption between farm size groups remain the same. A greater

amount of sunshine in the rabi season increases the profitability of
the new varieties, especially IR-8.

Over Time. Absolute differences in levels of adoption between
farm size groups do not diminish as the mean level of adoption
rises, until the limit of 100 percent adoption on all farm size
groups is approached. This means that income differentials .
resulting from the new varieties will persist longest in areas
. Where the over-~all rate of adoption is slowest.

3." Ceusés of the Relationship between Adoption and Farm Size

Irrigation. In the areas studied by the Agro-Economic Research
Centres, adopters have a higher r :oportion of their land irrigated than
non-adopters, -indicating that ' .e irrigation 7 .:tor has an important
influence on adoption behavior. However, siuce there is no relationship
between proportiun of land irrigated and farm size, the availability of
irrigation is not a factor underlying the relationship between adoption
and farm size. Degree of water control may explain in part the relation-
ship between adoption and farm size, but data were not available to
study this.

Tenancy. There is not a systematic relétionship between the propor-
tion of land owned and adoption; in some cases a greater proportion
owned leads to greater adoption of the new varieties, and in other cases
the reverse is the case. Thus, although there is a relationship between
the proportion of land owned and farm size, we may not conclude this
underlies the relationship between adoption and farm size. Since in ell
these areas, in all farm size groups, the proportion of land owned is
greater than 50%, we have been uneble to isolate the effect of pure
tenancy on adoption.

Co-operative Credit. In the areas studied by the Agro-
Economic Research Centres, there is not a marked relationship
between the proportion of cash expenditure met by the co-operatives
and farm size, but the relationship such as it exists tends to be
an inverse relationship. This indicates that small farms are
relatively dependent on this form of credit. If large farms meet
their cash expenditure from their own funds, small farms have &
disadvantage since co-operative credit has a higher cost than =
'own funds'. This may then be a factor underlying the reletionship
between adoption and farm size. If large farms meet their cash
expenditure from the relatively high-cost moneylender, we woeuld
have expected an inverse relationship between adoption an¢ Z»wm
size.
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‘Adopters on all farm-size groups meet a far: -greater. proportion...

of ‘theilr cash expenditure from co-operatives than non-sdopters. .. .

But the'line of causality between dependence on. co-operative credit...

erid:adoption is not clear. All farms may want co-operative credit,.

but owing to a shortage of supply, mismanagement, or political .

factors entering into loan disbursement, only a small proportion

of farms are able to obtain loans. An alternative explanation

is that all farms willing to adopt the new varieties had cvedit

-made -available to them by the co-operatives, but if this i the .

case, the problem remains as to why some farms were willing to

‘adopt’ while others were not. : : : :

In areas studied by the Programme Evaluation Organisation, ;
there is a' positive relationship between the proportion of farmers
vho are members of the co-operatives and. farm:size. It is probable
that a relatively small number of small farms obtain cn-operativef
credit. ' : ;
" In combination, these results suggest that few of those with
small farms obtain co~operative credit, but those who do meet a - -
high proportion of their cash expenditure from this source. It
is these farms that adopt the new varieties. -

croL
R RS

Farm Size. Probably farm size itself to some 'extent determir--
adpption. Acreage in s given region is some measure of income
and wea;.th, and thus may act as a proxy variable both for the
farm's ¢pility to bear uncertainty, and the amount of ‘own funds'
available for the purchase of variable inputs. Acreage may also
determine the availability of credit from institutionsl sources,
since land is an important form of collateral. A more detailed
analysis would be necessary to determine whether it is the ability
of large farms to face uncertainty, or the greater availability of.
credit for the purchase of variable inputs, which results in their
‘ereater willingness to adopt. -

y, Proportion of Acreage Under the New Varieties and Farm
Size. There is not a marked relationship between the proportion
of a acreage under the new varieties and farm size, but the relation. .
ship, ocuch as it exists, tends to be an inverse relationship.

This is the case for paddy, bajra, maize and jowar. We have suggested
that small farmers lack credit. Inability to face uncertainty is
probably also e difficulty. Thus we would expect small farmers to
experiment by putting a small part of their acreage under the new
varieties. Such is the case in wheat-growing areas. But for ell .
other crops, small farmers which adopt <o so on a greater proportion
of their acreage than large farmers. We may only conclude that in .
many cases small fermers have greater incentives to adopt the new
varieties, in that they rely relatively heavily on foodgrains for
income, but that they face constraints to initiel adoption. There
may be some "discontinuity" present which prevents small farmers *ron




"experimenting" with the new varieties. The "fixed costs" of innovating,
in terms of overcoming inertia and obtaining variable inputs msy wmake

it necessary to put some minimum acreage under the new varieties before

it becomes profitable to adopt. There may also be some discontinuity

in credit availability to small farms. Either a small farmer is a member
of the co-operative and meets & high proportion of his cash expenditure
from this source, or he is not a member and receives no credit ~. #%ll

from this source. A third explanation may be that small farmers nave
taken the new "inferior" grain varieties into their diet, whereas

large farmers can afférd to continue to eat only the traditional varieties.

5. Proportion of Acreage Under the New Varieties Over Time. The
greater the time period from the introduction of the new varieties,
the greater the proportion of acreage put under the new varieties
in all farm size groups. This is true for all crops. There is also
a tendency over time for the development of a more strongly inverse
relationship between the proportion of acreage under the new varieties .
and farm size. This suggests thet when small farmers have assessed
the uncertainty arising from yleld variability, their greater dependence
on the foodgrain crops for income causes them to put a higher proportion
of their acreage under the new varieties.

Limitations of This Study for Policy

This study is only a partial analysis of the problem of raising
incomes on small farms. We have bien concerned here only with the
introduction of the new varicties.® There are a number of alternative
possibilities to raise incomes on small farms such as encouraging
dairy enterprise and vegetable-growing. Thus, to formulate an optimal
policy to raise incomes on small farms, it would be necessary to
study the factor requirements for, and constraints to, adoption of
these alternatives. The interrelationships between the new varieties
and these alternatives is also highly relevant. For example, intro=-

- duction of the new varieties may release land for alternative crops

on small farms, because essential consumption requirements of the ,
family can be met from a smaller acreage. On the other hand, expenditure
on variable inputs for the new varieties is likely to intensify the

- problems of obtaining the credit required to utilize the released
acreage in a profitable alternative.

The analysis has also been partial in the sense that 1t
considers only that part of a farmer's income which is derived
from his function as a land-owner. Changes in levels of employ-
ment of agricultural liabor, which also may provide a source of
income to a farmer with a small holding, or in income derived
from non-agricultural rural employment, resuliing from the 1ntro-
duction of the new varieties, are not considered here.

lFor ‘a detailed study- of the effecta of the new varieties on income.
gee:. V, S, Vvas, D. 8. Tyagi V. M. Misra, op. cit. :
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o ~Bearing in mind these 1imitatioqg,»ve turn to the implications

_Facilitating Adoption of the New Varléties ori'Suall.Farms -

Credit. This analysis has shown' that 'small farmers who adopt
rely heavily on co-operative credit. Credit is required for. the
purchase of variable inputs; to a great extent, the level of use
of variable inputs determines.the level of profitability of the ..
new varieties. Secondly, credit may be used as a form of crop
insurance, so that in the event of a lower production the farm
can meet essential consumption requirements without recsurse to the .
moneylender. We have been unable to determine which of these is
the predominant factor underlying small farmers' demand for CO=
operative credit. If the problem centers on uncertainty, a crop
insurance program might be the most effective means of facilitating
adoption of the new varieties. But if small farms require variable
inputs, credit supplied in the form of physical inputs such as
fertilizers might be a more effective policy. : e

' "The line of causality between credit availability and adoption -
is also unclear. Ail smal)l farmers mey want co-operative' credit:in order
to adopt, but cnly a few may be able tc obtain this credit, - Co- -
operatives may dircriminate in the allocation of the credit supply, - ' '
in which case some reform of the institutional structure is required.:
Alternatively, few small farmers may went co-operative credit in order
to adopt. Adequate credit may elready be available, or some other .- °
factor, such as uncertainty, may make them unwilling to adopt. 1In
this case, further analysis is needed of factors underlying both
adoption and demand for co-operative credit.

Irrigation. This study has shown that the proportion of land
irrigated is an important factor de ~vmining whether a farmer adopts
the new varieties. Another study has shown h&e importance of the
degree of water control in adoption behavior.™ 'The availabiiity
of irrigation water and the degree of control are important not
only because they increase the lev.l of yields of the new varieties
relative to local varieties, but also because they reduce varia-
bility of ylelds. Yield variability is of particular concern to
the small farmer, who has s relative inability to face uncertainty.

If both small and large farms rely on the same irrigation
~ Source, ar may occur when a canal or state tube-well is the

In. v, Moort1, op. eit.
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source, small farmers may be at & disadvantage since they are least .
able to ensure an adequate supply of water in a period of shortage.
Ideally. some form of irrigation i1s required which is cheap, allows

a high degree of water control, and allows the farm to be independent.
A tube-well meets these specifications, but a farm with less than

five acres may be too small to absorb the total discharge of water.

If tube-wells were installed to cater for a medium-sized and a small
farm, or two or more small farms, the dependence of small farmfrs on
those with greater econcuic and political power would be minimized. .
We suggest that medium-term credit be made available for such invest-
ment. Also, research might be directed toward the development of an
irrigation technology suited to the needs of the smell farm.

Uncertainty. If uncertainty is the central problem facing
the small farm, increasing credit and irrigation availebility may
not be the only means of facilitating adoption. It may be possible
to develop strains which provide not only a higher average yleld,
but also lower the variability of yields. Provision of a steady
source of nonfarm income mey also increase dramatically a farmer's ‘
ability to face uncertainty. Further analysis is needed of the weight
agsigned to uncertainty in the objective function of the small farmer.
Specifically, it is necessary to determine the extent to vhich the
farmer is willing to accent a lower level of income in order to
re uace the variability of his income. Such analysis may indicate
not only the reascns why credit and irrigation availability influence
adoption behavior, but also what alternative policy measures would
be appropriate to raise incomes on small farms.
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: S'I‘ATIS‘I‘ICAL TABLES -

The districts have been mmbered .és"folldws}

W. Bengal 1: Sainthia Hock, Birbhum. District.
W Bengal 2% - Rampurhat Block II. Birbhum District.
( :

Andhra Pradesh 1. West Godavari District.
Andhra Pradesh 2: East Godavarl District.

Gujarat 1: Piplag Village, Nadiad Taluka, Kaira. Dist'f':!.c‘b.
Gujarat 2:  Khadol Village, Borsad Taluka, Kaira District.
Gujarat 3: Asodar Village, Borsad Taluke, Kaira District.
Gujarat 4: Nadiad Taluka, Kaira District.

Gujarat 5: Dehgam Taluka, Ahmadabad District.

Gujarat 6: Jambua Village, Dohad Taluka, Panchmahals District. 2
Gujarat 7: .Gangarda Village, Dohad 'I‘aluka, Panchmaha.ls Di.stric’c,
Gujarat 8: Ahmadabad District, )

¢ Baniapur Block, Saran District.
Bihar 2: Hawthwa Hl.ock, Saran District.

Rajhasthan 1: Kotg” D:_lstr:_lct.
Punjab 1: Amritsar District.
Ordssa 1: “Cuttack District.

——
A3 o

1The different 1évels of ‘aggregation.reflect: ‘M fterent levells 6F
' aggregqﬁion of the: data. 4n the reports



ESTIMATED LOGIT REGRESSION FOR ADOPTION AGAINST FARM SIZE
USING AGRO-ECONOMIC RESEARCH CEITTRE DATA g
UNRESTRICTED WDDEL RESTRICIED MODEL,
, Sum of '
. Crop No. Estimated Estimated Estimated Squared Estimated Sum of Squared
Area By Crop Year Season (bs. Intercept Slone + Ratio Residuals Intercept Residuals

Paddy

W. Bengal 1

W. Bengal 2

W. Bengal 1

W. Benzal 2
Andhra Pradesh 1
Andmio Pradesh 2
Andhra Pradesh 1
Andhra Pradesh 2
Orissa
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Source: Sourcessdfghataiﬂbs;52;?3;f6;37;79;7;92511i712, i, 15. o *Significant'at 5%-Lé§éi;



'F' 'STKTISTIC TO TEST THE HYPOTHESIS THAT
 ADOPTION IS UNRELASED T0 FARM SIZE

ObServed F
Statistic

g Agﬁo»Economic”‘Research R ~~~—'~~;};-;¢'~~ N
_2viCortbpe -Data e e

Linear Model R ——
 Paddy 9. 55 13, h6w*

NS {3 \fq\

Bajra 50 36B1M

Maize e 12 9. 02%¥

L«git Model . - - |
Paddy ‘ 9 55 “erioTH
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T lou
,,

A Nt ot A A

PP

m

JE Y 53
Programme Evaluation }
Organis ation Data -
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CDABLE 12, ¥ STATISTICS T0 TEST THE HYFOTHESIS THAT -
THE FROPORTION OF ACREACE UNDER THE NEW VARTEPTES
= “IS UNRELATED TO FARM SIZE

‘ No. of No of. . Observed ¥. .
Crop : Areas Obs. ~ - Statistics

‘ Agro-Economic Research -

“Gantre Data 4
" Paddy 25T
Bajre 31 ;
20 2 62*,.,7:?.

- Madge

Prografme Evaluation
Organisation Data

Paddy
Bajra
Maize
" Wheat
Jéﬁar

% 'Significant at 5% level.
#*  8ignificant at 0.5% level.

'1_ '.['he data given in these reports for the proportion of acreage under
'the New Varieties by Farm Size is aggregated across regions. We have,
.7 therefore, culy one regression for each season, so the figure in the
No. of Areas column refers to the number of seasons for which data
were available, _



“PABIE'13. - - ESTIMATED LINEAR REGRESSION FOR ADOPTION OF NEW RICE VARTETIES
“AGAINST FARY SIZE, USING PROGRAMME EVALUATION ORGANTBATION DATA .

, \ —URRESTRICTED WL - . RESTRICTED MODEG
 LETIAm eyl o Sum of

L Crop No. Estimated Estimated Estimated Squared  Estimated R
Area “By_(:rop Year Season 0'bs. Intercept  Slope ~ % Ratio Residuals  Intercept Res:.duals o
Andhra andesh' 6T K '6 4,32- - 0.55 3.64%  2036.11 k.59 8783.98 ‘
Kerala RETN L 67 K L -0.9%6- -0.39 -0.73 87.27 - 9e M‘ 110.78
Madras 6 K 5 5278 2.03 2.57%  3%67.75  61.83  11505.86
Maharastra L 6T K 6 15.62 0.38 1.68 1895.60 +19.09 3228.89
Mysore 6. K5 8.53 1.08 2.93*  1079.32 22,92 L172.62
Orissa = 67 K 5 8.19 2.07 6.02% hg7.12 22,22 6267.56
Punjab - A ¢ 5 0.4o 0.78 6.14% 219.78 21,91 2979.32 .
Uttar Pradesh 7 K 5 19.65- 1.77 L,98%  2062.37 - 39.52 19107.02 & &
W. Bengal 67T XK 5 16.56. 0.58 0.89 4352,98 20,56 5505.53 V-
Andbra Pradesh . 68 KX 6 6:39. 0.45 4,36%  1116.13 17T 61418.93 ‘
Assam | ‘68 K - 43,93 1.73 1.11 1847.17 52,69 2986.6.
Bihar - 6 XK 5 216k 0.97 1.99  M8e8.My  32.66  11291.16
‘Kerala ‘68 - K 5 2467 1.06 1.k5  3395.71 :31.53 5787.96
‘Madras ‘68 Kk 5 6T.75 0.81 7.07% 318.99 -73.59 ‘5633.21
Maharaghtra 68 K 5 6.21 0.59 2.96% 498.11  “'10. 5h “1956.40

Source: Sources of'ﬁé:l;a, Nos. 16';}.:::: 19 migificamat'%LeQel



TABLE 1h. .. ' ESTIMATED LINEAR REGRESSION FOR ADCPTION OF HYBRID, BAJRA AND MATZE VARTETIES
B AGAINST FARM SIZE, USING PROGRAMME EVALUATTON ORGANISATION DATA

UNRESTRICTED MODEL , RESTRICTED MOLEL
. ] j sum ot Sum of
' Crop No.  Estimated Estimated Estimated Squared  Estimateq Squared
‘Area By Crop = - Year - Season Obs., Intercept Slope. t Ratio Residuals Intercept Residuals
Bajra .
Gujurat 68 K 6 12.64 0.78. 10.61%  517.80 29.32 150%2.72
Haryana 68 K y ~-7.85 0.8 1.98 643.38 8.26 1901.0k
Maharashtrg 68 K 6 5,60 0.12 6.13% 31.32 8.62 325,75
Rajhasthan 68 K 4 -0.39 0.01 .77 321.46 -0.04 583.51
Uttar Pradesh 68 K- -3 0.05 0.13 6.26% 0.20 : 2.09 8.20
Gujurat 67 K .6 12,9 0.26 3.58%  655.53  18.37 2752.47
Maharas ntra 67 K 6 - 5,63 1.00 14.08%  396.15 27.62 20024.82 . -
Uttar Pradesh 67 k. Lo ©3.82 9.90 S.12% 49,03 16.18 2087.87 *
Bihar 67 € 4 l‘;§6~ 2;67% 318.22 28.27 7;28.'13’
¥adhyn Pradash: 67 K . 5. 1.69 - b10 12.7 20.79 - 5361.52
Punjab adesh 67 K 3 0.30 0.5k 417.66 63.33 566.28
Uttar Pradesh 67 K- o5 111 7.36% 302.39 19.16 5768.60
Maharashtrg 67 K .3 2.53 5.00%  340.87 by, 4 3182.77
Uttar Pradesh 68 - K6 - 0.89 28.08* 15.44 11.19 4072.95
Bihar 68 K 6 ©0.58 28.53*  18.95 13.57 3876.48:
Hadhya Pradesh 68 K s 0.39 4.83* 109.15 14,74 - 959.24
) Pun,)ab 68 K - ,ll- 1.3 : 2.37 2€08.46 42,83 81&26.18

Source: Sources of Data, Nos. 1.6‘:‘-aAnd;-j;19_-4”4 -+ *Bignificant at the "5‘% Level
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'PABLE 15. ESTIMAEEED LINEAR REGRESSION OF ADOPTION OF HIGH-YTELDING WHEAT
T AND HYBRID JOWAR VARIETIES AGAINST FARM SIZE,
USING THE PROGRAMME EVALUATTON ORGANISATION DATA

, T UNRESTRICTED MODEL | . RESTRICTED MOIEL
STELL ‘ : e — Sum of Sum of

Ty ‘Crop“” J.m " Wo.  Estimated Estimated ~Estiiiated . Squared ~Estimated Squared::-

“Kr'éangrop - Year Season Obs. Intercept Slope + Ratio - Residuals Inte*cnpt Residuals

TR A

1323.84 - 62.27 8629.01
1169.76 20.73 4884 .28
3548.98 .81.30 11119.55
1748.59 .39.78 5616.7T7
15655.14 . 46.83  L48530.6k4
3436.66 - 50.80 6776.13
159.01, 53.85 12241.70
1278.01 . 40.84 4799.47
- 17.h6 7398934 . 2Q;38
b5 22,18 -1.ah o shb2 14227.89
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TAELE 16.

ESTIMATED LOGIT REGRESSION FOR ADOPTION OF NEW7 RICE VARIETIES
- ACAINST FARM SIZE, USING 'FROGRAMME' EVALUATION ORGANISATION -DATA-

AreéABy Crop

UNRESTBICTED MODEL ,

Year. Season Obs.

Fstimated Estimated Estimated
" . cept
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"ESM‘IED IOGIT RE@ESSI’ON‘FCR III)P'.E[ON OF"‘H!BRID“BAJ’RA~AM) MATZ®: VARIE‘I'IES
AG'AINST FARM SIZE USING PROGRAMME EVALUATION ORGAN]BATION DATA N
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TABLE 18. - ESTRATID LOGIT REGRESSION OF ADOPTION OF HIGH-YIELDTHG WHEAT
i : . /3D HYBRID JOWAR VARILTIES AGAINST FARI ST7E, . o

RS

* © - USING THE PROGRAME LVALUATION ORGANISATION DATA - ...

e e e o, i i

TR e Rt iiam oy

T UNRESTRTCTED 1ODEL RESTRICTED MODEL

‘ ) — - Sum of Smoﬁﬁ
o Crop Season Ho. Estimated Estimated Estimated Sguared Estimated Squared.
Area By Crop ; Year Season Obs. Intercept Slope t Ratio Residuals Intercept Residuals

tTheat

Bihar 67
Haryana ' 67
Punjab 67
Rajasthan 70 67 =i
Uttar Pradesh 67 &
Bihar 68 il
Haryana 68 .
llaharashtra 68
Punjab : 68
Rajhasthan 68 -
Uttar Pradesh 68 -
Jowvar

Heharashtia
lladhya Pradesh
liysore
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llaharashtra

0.62 - 22.70 - .
-1.k5 24,76
1.60 48,29
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IET].?:ATED LII‘H};R REGRESSION FOR "'HE E!OPORTIOY O“ FARIIEIE
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IABLE 20, F: STATISTICS ‘70 TEST THE HYPOTHESIS THAT

SEESE CERTAIN VARIABLES ARE UNRELATED TO FARM SIZE

SRR 1 ‘ No, of No. of Observed F

- 'Name of Variable Regression Obs. Statistic
Proportion of land owned N 16 o 50 1.1&7'
‘Proportion of land irrigated 16 . h | 52 R 1.28

Proportion of cash expenditure
met by the co-operatives N

Proportion of farmers who are & '
members of the co-operatives

- TABLE 21, F STATISTICS TO TEST THE HYPOTI’!ESIS THAT

CERTAIN VARIABLES ARE THE SAME FOR ADOPTERS AND NON-ADOPTERS
: No. of No. of Observed F
‘ Name of Variables ’ Regression : »Obs. Statistic
The proportion of land owned 16 | 82 . 2.11%
The proportion of land irrigated . N ;16,~__ : 52 - 22.71**

The proportion of cash expenditure"*'
met by the co-operatives

The proportion of farmers who are .
members of the co-operatives

o B remasion e e e e

* Bignificant at the 5% level,
" ¥% Significant at the 0.5% level.
The first three variables were tested uoing Agro-Economic Research g" e

' Cent Data. (See Tables b, 7, and )). The fourth variable was L
‘tes! " using data from the Programme Evalustion Organipation (See Table 19)
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ESTIMATED LINEfR REGRESSION FOR ADOP'I'IO .,

AGAINST FARM €IZE IN DIFFERENT REGIONS™
USING AGRO-ECONOMIC RF.SEARCH CENTRE* DATA

UNRESTRICTED MODEL . o . TRESTRICTED MODEL

I 2 Sum of Stm of "
Estimated Estimated Estimated - Squared Estimated: Squared
Intercept Slope” -t Ratio 'Res_iduals‘ Intercept: Residgqls

417 b 8i : 3.7 1398839 : 12.8 . 83578
16.52 3. 26 4.22% - 13h9160 Lo33M2 T 1949267
M.z 195 f?l.u5 L LIENET:3 T 58.68 ;g'193u33 3

29. Ol h zu \ ...-5,‘1-85 *7 2hh556’h 36. 65 27811;5.9_

-

S BT e, 8 L 2. < 531793, ‘55.32 - 658889 2
T aagt ‘130 " & - 733 31;1;98.*‘.2 “22.k6 = 265966 7
Southesst 68 K 10 M3 Gl 78‘ BRI 10891#1 9" Ss.br . 2wsgsi3

Southeast-- 68 & K

-

Forthvest 68 [ R, 8  26.15 o.9p T 3.5h% 311;89 8 uk. 89 131,;1;23.0
. _‘ » ‘; = P \ ; & ,‘:«‘ -
A = ‘ - ;;

i‘:_Source-’ Sources of Da.ta, Nos. 2, 3, 6, T, 95 10 u 12, *Significent at 5% Level . -

'.I.’he da.ta. is aggregated over a.ll crops in each reg:.on
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| Appendix B: Statistical Methods of Analysis i

e lThe linear regression for a single farm is
S Pe=a + BX, + e, | . f = farm
where P is the probability of adoption, X is fa,rm size,« ana p are:

unknown parameters, ¢ is the error temm and

E (e )=0 -
2

' = f!

E (ef £ Y=o if £=1f

o if‘f;!f'

, o The outcome -of whether or not single farm - adopts may be observed,
but the . probebillty of a single farm ndopting may not be: observed. It
is possible to aggrega.te farms into groups ’ and the model for fa.rm means:

becomes :

, ‘ ) /J Zf in.j P = 1/n £ in J (G+ 5x + GJ)

where J;—11,2,.... »J is the famm group, grouped. by s:lze in th:l. yne,lysis,
‘and’y., is] the mxmber of farms in the, Jth farm group.{ .

1 \ v

'T’ -oa+f32 +e~

'iJ BN J . i_g: - . foen
;1‘.( Sy % : !
S:l.nce ell residuel coveriences a.re zero§ )y it follows that
EE€,)=0 f‘-“’
B (S8, ") = o*/n,. 183 3 3
oy d “J - i J '
=0 it 7‘ 5t

fence, ;bhe residual meens are heteroecedast:gc Lo i.e. the matrix of
mr:la.nces and covariances of residusls is ae follows'

.s,

1/n, g ]




‘ We, therefore, weighted each group mean by Jn so tﬁat the trans-_'{'f_.
formed residuals are’ homoscedastic. ~Ordinary: leaet squa.res estimates,f'}‘f_';»j_

;if re unbiased, but do not exhibit minimum variance if residuals are
" heteroscedastic.—/

An additional source of variation in the error term 18 introduced

i when we deal with a sample instead of the entire popula.tion. With a

..‘.,‘ A ‘

samplerof n; out of -a population ';j’ the model becomes k, ,

N l oy -
o B e L,
xk,v,__r;_r.s.,‘f T.“f

s 1:} =+ Bx + (g + Ry B
1 K . i ¥
ylhere n g is the sample estimate of the mean probability. Hence, ‘the

LT

»\‘

residual contains 8. stocastic component ( ,j’ and a second term due to
eetimation error (!r - P ) VRS iy g b tgaee
The residual varie.nce may be rewritten as followe—/
. Var (‘EJ +,,J'-15)_ LB (1..5) XL (P
s ,j - nJ L
A1 'covariances terms are zero, ‘The second term on.the right hand

PSS

.‘ side_ of this equation is the variance of the binomial probability f

; ves,t:.mate, and the last tem is the variance of the true probability ,
‘,“g{around the mean within each group J . In this analysis, we agsume eitner
that the second and third terms on the right hand side are approximately
‘constant for all J » Or that the first term dominates. Clearly, when o

i??the whole population is used, both the 1ast two terms are equal to zero.f'fjf

£ 7
0 VAT
-'/ ,;,See J. Johnston, Econometric Methods, McGraw Hill, l963 'y pp. 107-108.

-/ The variance of the sampling error is given by N.S. Kendall and »
: o Stuart, Advanced Theory of Statistics, Vol. I, Gritten, London

1958, p. 127.




~end ‘ 3 :
E (ed) =0

E (e;"d' 5/513 if J” J'

Tt ¥

= ‘o | if J¥ ;1*
The problem with respect to the sampling error is similar to that

PESARR

considered in the preceding paregraphs.y ‘The essential diffevence

between this and the earlier model lies in the shape of the funotion due
.to the transformation of the dependent variable in the latter. in the
simple linea.r model, probabilities may be predicted which sre smaller
than zero or greater than one. In the logit model all probabilities are
constrained to lie between zero and one.

Ideally,. iterative techniques should be used to obta.in the leest
squares estimote of the. unknown parameters. However, the absence of a
‘sultable program to obtain these estimates by iteration, it was ‘necessa.ryf
to assume that the weigated residuals were well-hehaved. It shouid elso' -
be added the” if the model is used for each farm,. P should be the geo- »
metric mean ra.ther than the arithmetic uean. '

To calculate the F statistic for testing the hypothesis that all the’ E

slopes are zero in M regressions, the following 'formuls wes- used:
e g e Y ~ _SSRr_- SSRu :
i : ‘ : : ,,;FO;:Y M g
SSRu
N-M

where

: SSRr is the sum of squared residuals for the restricted model. -
vy i BSRw 18 the sum of syuared residuasls for the. unrestricted model.
M is the number of regressions. :
N is the number of observations,

~If the slopes are zero, Fo has an ¥ distribution with .1 M and .
32 = N = 2M degrees c¢f freedom. The hypothesis 18 rejected’ if Fo is
1arger than the initial F value. '

l/ For a detailed discussion of sampling error in the logit model, see

Henri Theil, Economics and Infcrmation Theory, Ran’ Maclslly and
Company, Chicego, 1967, pp. 71-87.
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