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PRtEFACE 

is as'Terecontroversy 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.
 

Michael Schluter attacks one facet of this controversy by reviewing
the now copious body of research results flowing from India which
 
measure the extent to which small cultivators lag in adoption of the
 
high yielding varieties, and the nature of potential 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 initiated on the basis of the
 
findings of this study.
 

This study would not have been possible withoui the wealth of

carefully collected data and analysis available from India. 
The
 
various Agro-Economic Research Centres have published a series of

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

Programme Evaluation Organisation; the.e 
give a clear picture of over­
all trends in the diffusion pattern over time throughout 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 a 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
 
is provided by two previous publications in this series as follows:
 

iii 



OccasionalPaper #42 by Uma J. Lele and John W. Mellor, "The Political 
Economy of-nployment-Oriented Development" and Occasional Paper #43by John W. Mellor and Uma J. Lele, " A Labor Supply Theory of EconomicDevelopment." Several studies are now underway dealing with various.,
aspects of these processes.
 

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 'esearch 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 Cornell 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

the attainment of this additional objective. 
This study by Michael

Schluter is part of that program and is drawn from his M.Sc.
dissertation, completed at Cornell University in 1971, and provides
the basis for a much more intensive study to be pursued as a Ph.D...
dissertation. ,: ...
 

-John W. Mellor. 

Ithaca, New York
 
August. 1971
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1;:iThe small' farmhas received considerable attention in-recent dis­
cussion of agricultural, policy: in India for 'two reasons. ' First,,-itiAs''
 
thought that rates of adoption of the new varieties differ between
 
farm biie groups, resulting in widening income disparities in rural
 
areas. Secondly, small farms occupy a large number of people and
 
contribute significantly to total agricultural production. In 1960-61,

there were over 135,000,000 people, constituting 27,000,020 families,

living on farms with between half an acre and five acres. This group'

operated 64,ooo0 
acres, about 20 percent of the total area operated,­
and generated about 2J percent of total output prior to the introduction',
 
of the new varieties.,
 

U The objective of this study is to examine whether there are differences 
in rates of adoption of the new varieties 'between farm size groups, and 
if so, the reasons for the differences.
 

TiAV-:--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. Levelof 
use of variable inputs may have more of an influence on the income 'of '. . 
adopters than the proportion of acreage under the new varieties,3 but 
unfortunately, comparative data were not available for a study based', 
ona package of improved practices.
 

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

1 Ntonal Sipple Survey, No. 176, p. 49., 

2D. Narain, Distribution of the Marketed khirplus of A rc al Produce
by Size-Level of Holding in India, 1950-51, Occasional Paper No. 2, 
Institute of Economic Growth, Delhi, 1961. 

3V. S. Vyas, Do S. Tyagi, and V. N. i4isa, ,Significance of the New" 
Strategy of Agricultural Development for Small Farmers, Agro-Economt 
Research Centre, Sardar Patel University, 1968.
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In Chapter 3,we examine two hypotheses:
 

1. That a positive relationship exists between adoption of the
 
new varieties and farm size.
 

2. That acreage under the new varieties, as a proportion:!of.total
 
acreage under the crop, is unrelated to size of farm.
 

Also, differences in the diffusion pattern with respect to size offrm
 
between regions, crops, years and seasons are analyzed.
 

Two sources of data are used in this study. The first is a
 
series of studies undertaken by the Agro-Economic Research Centres, which
 
cover paddy, wheat, maize and bajra in the period 1966-67 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

-,behavior 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
 
1,48T farmers was taken from 44 Development Blocks. These reports

consider all five of the main foodgrain crops--paddy, wheat, maize,

bajra a~d jowar from the rabi crop of 1966-67 to the kharif crop of
 
1968-69t For each crop, they include all those states growing the crop
 
to any significant extent.
 

The main limitation of both sets of data for our purposes is
 
the aggregation :of individual farm.observations .intobetween 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.2
 

1A list of all the reports used in the Analysis is given in SpctionI
 
of the Bibliography.
 

2por a full discussion ox rune sa-iszica± metnoa or anaLysls, see
 
Appendix B.
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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 availability, 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 between these factors and farm
 
size. This is supplemented by analysis of data from the Programme
 
Evaluation Organisation reports, showing co-operative membership in
 
relation to size of farm.
 

The cQnclusions are summarized in Chapter 5, and we indicate the: 
major implications of the analysis for agricultural policy. 





CNAPTER~lI 
"-EZASONS FOR EXPECTING. A 'REATIONSHIP, BETWEMt 

ADOPTION AND FARM SIZE 

In ,this chapter, we examine a priori reasons for'expecting- irelationship between the proportion of farmers using the'new seeds !p anypart 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 may have found it difficult,to obtain fertilizer
since there was a shortage of supply, and political factors may have
entered into its allocation. 
Human 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 dervices may be hired-in and
there is competition between those hiring out these bervices. 
In
the case of irrigation water, there may be significant economies of
size 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, atlow level of fertilizer use, yields of thea 
new wheat varieties arelittle different from those of the traditional varieties, whereas
 at high levels the difference is considerable.1
 

Timely irrigation is important' in the context*of the: new varieties;both to reduce yield variability and increase ave2rageyield. 2 Thus, ,f 

H. W. Cuiings, Jr., R. W. Herdt, aind S. K. RaY 1'New" A urti aStrategy -levisited", Economic and Political Weekly, Vol'.II,43s'p. A-15. - Nb'l 

See, T. V. Moorti, A Comparative Study of Well IrrigationinAligarh District, India, Occasional Paper No. 29, Department of-Agricultural Economics, Cornell University, USAID Prices Research 
Project, p. 23. 
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increased expenditure on this input: may' be a necessary condition 
for adoption. Additional cash expenditure has been shown to give 
very high returns on the

1
new varieties relative to traditional 

varieties in many areas.


The nature of thig credit requirement may differ between crops.

Desal has 
shown, for example, that nitrogen, ;should be increased b 
a greater margin to reach optimal yields for wheat than for rice.3
 
But new rice varieties may respond more highly to improvements in
 
'irrigation control.
 

Th.There are four main s.urces of credit Evailable to.the cultivator.,
The availability of "own funds" or wealth is closely related to fa ,,
size. Wealth is related to cash incone in preceding years, which 
is higher for large farms. Availability of credit from money­
lenders or commercial banks is also related to farm size since
 
size of loan is limited by the amotnt of collateral a farmer can
 
provide, and the main form of collateral is land. 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 ii .ntors enter into the allocation of funds. Finally, the 
possibility of borrowing from relatives is probably related to farm
 
size.
 

]fixed Costs
 

Adoption ofthe new varieties involves certain fixed costs.
 
Time must be spent in obtaining variable. nputs, 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 minimum level of remunerp.tion to overcome inertia.-

The small farmer may be unable to spread the fixed costs over a,.
 

1V. P. Shukla, An Economic Analysis ofFarm Resource Use. Jabalapur 
District, Madhya Pradesh. India, 1967-68, Occasional Paper No. 26,
Department of Agricultural Economics, Cornell University, USAID 
Prices Research Project, p. 68.
 
2
G. M. Desai, Growth of' Ferti1ze, Use in Indian AgricUlture - Past

Trends and Future Demand, Occasional Paper No. 24, Department of 
Agricultural Economics, Cornell University, USAID Prices Research -- ' 
Project. 

. . 



larger output by using variable,inputs intensively, since he lacks
 
credit. 
Thus, he must put a relatively high proportion of his
 
acreage under the new'varieties in order to reach,the level of:,'-.:

output ab 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:I-,
output necessary to cover fixed costs is-twice as great for the 
.: .

sharecropper who pays 50 percent 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.
 

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, inexperinnce in methods of cultivation,
 
or bad experience with previous recommendations of the Extension
 
Service.
 

If the new varieties lower productiGn 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,1 
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
 
a loan, which will involve high interest rates and may even result

in the rights to his land being affected. For these reasons, a

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.
 

D. Narain T-,- p.*Cit.," 80.
 



8 

Conclusions-,.
 

Three'-factors lead to the hypothesis that as farm size 
increases, the proportion of farmers adopting the new varieties
 
also increases. 
Small farmers have less credit available, and ".u 
the period under study may have found it relatively difficult to" 
obtain physical inputs. Also, small farmers may be unable to accept
the uncertainty involved in adoption. 

Small farmers may try and overcome the credit shortage and
uncertainty by experimenting with the new varieties on a small 
part 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 to put.a,

very small acreage under the new varieties, which suggests the opposite.
hypothesis that there is an inverse relationship between the pro-!.

portion of acreage put under the new varieties and farm size.
 



CHAPTER III 

-THE; ,RkIONSHIP BETWEEN, ADOPTION OF. THE' 

NEW, VARIETIES AND FARP4 SIZE 

In this chapter, we examine the relationship between adoption
 
and far size, and r.onsider differences in the relationship
 

!between regions, crops, years and seasons. We look at a total ofi1.'5areas, 25 of which were studied by the Agro-Economic Research 
,Centres, and 50 by the Programme Evaluation Organisation. Secondly, J 
yiwe analyze differences in the proportion of acreage adopters put 
under the new varieties. 

Adoption and Farm Size: '-Analysis of-Data from. the '. 

Agro-Economic Research Centres
 

* - Hypothesis 1: That the proportion of farmers.adopting the new
 
iyvarieties is unrelated to size of farm. Table I'summarizes the!
 
results from the linear regression model for 20 areas studied by .'!i
 
,the Agro-Economic Research Centres.1 In 17 of the 20 areas, there­
!is a significant positive relationship between adoption and farm..;
 
isize, indicating that adoption levels increase with farm size.
 

Then the regions are grouped on the basis of crop, to test'.
 
Ithe hypo hesis for each crop separately.2 Wheat is the only crop;:!.'

!for which the relationship is not significant, and this conclusion
 
iJs based on a single area. W argue later in the .chapter that this
 
,area is not representative of wheat-growing areas in general.
 

: i Next we tested the hypothesis that all the regions showed
 
the same relationship between adoption and farm size. The hvnothesisa 
was rejected at the 0.5 percent level.3 

5 peren
 

?The data are also tested with the logit model. The results, 
which confirm those, from the linear model, aregiven in Table 
i0, Appendix A.:" '*- ; - . 

fThe results are given in Table 11, Ap endix'A.
 

,3See Table 22, Apendix A.• ,.,r1. 1 Ij 5 



T!AEL1i. ESTIMATED LIYEAR REGRESSION FOR ADOPTION AGAIBST FARM SIZE
 
USING AGRO-EQOIMIC RESEARCH CM4,TZ DATA
" 


UgMESTRICTED ND)EL RESTRIcTED [DEL
Sum of 

Crop No. Estimated Estimated Estimated Squared Estimated Sum of Squared 
Area C Year Season Obs, Intercept Slooe t Ratio Residuals Intercept Residuals 

paddy 

V. Bengal 1 67 K 8. 13.28 2.83 4.37* 11003.48 33.71 46103.80 
4. Bengal 2 67 K 7 52.40 4.61 2.87* 25258.20 69.85 66991.04
 
W. Bengal 1 68 K 8 38.06 2.75 4.07* 12277.14 58.70 46100.47

W. Bengal 2 68 K 7: 86.29 0.97 3.57* U61.32 90.34 4117.78 
Andhra Pradesh 1 68 K 5 9.26 1.42 6.07* .16067.54 23.79 213239.3
 
6ndhra Pradesh 2 68 K 5. 14.33 1.04 2.90* 13041.97 20.79 49561.35

Andhra Pradesh 1 68 R 5 58.78 1.61 2.02 14919.48 69.36 35179,14
 
Andhra Pradesh 2 68 A 5 37.22 1.82 3.38* 29526.27 49.27 141711.4
 
IDriszsa 66 K 5 -4.17 
 4.81 3.87* 13988.19 12.82 83757.80
 

:ajra 

,Nujratl 671, K 6 20.43 4'96- 3.63* 15397.28 42.91 65994.57
ajarat 2 67. K 6 -0.20 3.96 . 4.64* 10323.99 12.51 65882.68
 

Gujarat 3 67. K 6 6.18 5.43 7.77* 1748.28 28.63 281365.7
 
u~jorat 1 67. S 6 49.12 5.74. 1.67 7203.09 61.86 12253.60
 
jaxrat2 - 67: S 7 38.69 8.07 3.09* 16090.52 49.83 46954.38
 
Ja-crat 3 67 S 4-662i9 5.71* 2323.536 16.03 17498.66
 

3uj rat 4 68 K 8 1.64 3.18 9.56* 4720.62 13.64 76683.74
-

lt ~rat5 68' K 8 11.57 . 2.85 ... 6.23* 17994.03 44.89 134420.0 

4aize 
Bihar 1 K 16. 99--53* ;5 5290.04 48.15 59175.49
 
iha~r2 :68 K ':7 ,19.70; 2.65 4 1.64 68778.54 28.29 105666.70
 

ftaat­

.- 'ajas6a6 R 8 29.15 0.9 3.54- 319489.80 44o. 9721o.65 

Sdurce: Sources of Data Nos. 2, 3, 6, 7, 9, 10, Ui, 12, 14, 15. *Significant at 5% Level 

http:9721o.65
http:319489.80
http:105666.70
http:68778.54
http:59175.49
http:17994.03
http:76683.74
http:17498.66
http:46954.38
http:16090.52
http:12253.60
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A more detailed study of the individual regions follows, in
 
order tobring out differences in adoption behavior. Because the,
 

regressionsewere 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 an 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 Bengali Surveys were carried out in two development
 
blocks, Sainthia and Rampurhat-Il, 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. 	Estimated Regression Lines of Adoption Against Farm
 
Size for Villages in Two Blocks of West Bengal.
 

100. 1967 1968 196 1967
 

:8 60 

.r. r J:/ 	 rA-. , ,. 

0 ,"-Sainthia 	 Block 

o 20., -. ....	 R hat-I Block 

5 10 '15 20 25 Farm Size (Acres)
Source: Sources of Data, No. . A.r..e 

Both areas showed marked increases in levels of adoption 
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 list of the sources of data is given in Section.I of the
 
Bibliography.
 



12
 

Adoption differentials between farm size groups were approxi­mately 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 adoption 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 adoption is slowest. 
Thus, it becomes

critical to know wh-t factors lead to a rapid over-all rate of

sioption. 
In this case, the superior availability of irrigation •
 in Rampurhat-II was probably one of the main reasons 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 
Size for Villages in Two Districts of Andhra Pradesh. 

i00-.
 

" 80 Rabi
 

Kharif
 

0' 

20 
 West Godavari District
 

East Godavari District
 

5 10 15 25KY 	 20 Farm-Size Ares) 

Source: Sources of Data, Nos. 2 and,3.
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Adoption levels are much higher in the rabi than in the kharif
 
season. The main reason is the greater profitability of the nerw: 
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
 
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 available for only one kharif season prior to 1968-69, but
 
for two rabi 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
 
farmers 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 availability of
 
irrigation in Andhra. 
Irrigation reduces yield variability of the
 
new varieties, so that a greater propotion of small farmers are
 
willing to adopt.
 

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


1
the kharif season. 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 summer, 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 kharif 
and rabi seasons than either Khadol or Asodar. Irrigation iE 
probably again an important factor; Piplag has 56 percent of neti 
sown area irrigated, whereas Asodar has only 37 percent and 
Khadol 35 percent. 

Next Nadiad and Dehgam Talukas (GuJarat 4 and 5 in Table 1) 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 average
 
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.

1
 

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 bajra..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 cease" to be constraints to adoption at a 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'
 

Programme Evaluation Organisation Reports 

The data from the Programme Evaluation Organisation Reports 
are more aggregated than those from the Agro-Economic Research 
Centres. It is not possible to compare the data for individual
 

lSee, V. S. Vyas, D. S. Tyagi and V. N. Misra, o . cit., p. 22. 



regions as no background1 information on the development blocks

sampled is given in the reports, and dlffe ie nt development*blocks
 
are selected for the studies incorporated in each report. We may"
only hope to find whether theIdata support the central and most' general 
findings of the earlier so. tion. 

For each crop, the linear and logit models are used to test
 
the hypothesis that aloption is unrelated to size 'Of'farm..
 
Tables 11, and 13 to 18, in Appendix A summarize thee ststistical; 
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 coefficients indicate the familiar
 
result that adoption levels increase as farm size increases, con­
firming the findings of the studies undertaken by the Agro-Economio
 
Research Centres.
 

Wheat: The hypothesis that 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 Rajhasthan, was that there was no significant

relationship. 
Since in the Programme 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


1
 areas.
 

Even when 98 percent of all farmers had adopted, as in the
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. 

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. 

lThe data. h s . . ... . ..... Io"-... 

o.r this paragrap,areto be 4ound ..in Tbles 11 .and 15 
in Appendix A., 
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All Areas: Firstly, there"is no significant inverse relationship
 
between adoption and farm size among the fifty areas studied. Secondlys.,
 
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 make 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 result 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 on 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 relationship between(,
-,
 1
 
adoption and farm size.
 

Proportion of Acreage Under the New Varieties and
 

FarmSiz-e: Analysis of Data from, th~e 

Agro-Economic Research Centres
 

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

Over-All Regions: The hypothesis that the proportion of
 
acreage under the high-yielding varieties is unrelated to size of
 
farm 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....
 

Andhra Pradesh: The estimated regression lines for West and.
 
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.
 



'TABLE 2. EXTIMATED LINEAR REGRESSION FOR PROPORTION OF ACREAGE UIDER THE NEW VARIETIES 
AGAINST FARM SIZE Us;IING AGRO.-ECONOMIC RESEARCH CENTRE DATA 

.. .., UNREPTRICTED MODEL RESTRICTED MODEL 
­

f~j '. ~z,. -Sum of 
'7= i No. -EstimatedEstimated-Estimated Squared Estimated Sum of SquaredArea B'_Z.Cbr : eear- Season Obs.J:- Intercept Slope t Ratio Residuals Intercept Residual&b 

Paddy'..' --. -

Orissa 1 
W. Bengl(1 2) 

66 
67, -

, K_ 
-K 8 

.30.3 -
4.73; 

-1.35 
-0.10 -0.32 

1371.57: 
2750.63 

22.30 
20.83 

30241 
2797-1 

W. Beiga(b2) 
Andhra Pradesh,1 
A.ndhra 

68 i 
68 K 
6=-adesh2K 

8t8 
5 -

5 -

?-23: 
3+.52': 
;O.82-

0.37 
-0.33 
-0.95 

. 0.93 
-1.17 
-3.51* 

060.76 
3259.23 
1827.89 

28.14-
29.60 9 

456l118;68 
4752.19 
935279 

Andbra Pradesh 1 !68 5 98.6 -1.61 14'-2.28013:57 69 62 4765.55 
And)i'a Pradesh 2 
Uttar :2radesh 1 

68 
68 

R 
K 

5 
6 

, 58.75" 
-21.94 

-0.21 
-0.25 

.9 3976.20 
150.1+ 

56.40 
16.65 

4291.18 
8.25"29 

Punjab 1 . 68 I . 10 -:2.2-3- -0.13 O.87 3179.3 . 20.86 3479.75 

Gujarat 1,67 ~K 6 .'77 2-17 1.44+ 825 1~ 39.4+2 125'T 
Gujarat 2. 67 K 6 " -'-0s 3.37 1.05" ' 2311.65 3.21.85U1965:6. 
GuJ rat 3: 67 it. 6 I - .85 4-0.82 4.98* .13180.74 ".1+8.05 91998;X
Gujarat (1-3) . 71 6 .66.46: 3.81 1.39 r19164.68 \74.05 28kb3.9?.
 
ujarat 8: 
 .6 K 7 77.50 :-0.15 -1.08 6256.88 3.33 7716.0o9 

Maize--

. 

Bih -(1-2). -68:- 7 .,-4.24 -0.39 -1.77 898.35 --- +I73 - 1+159.. 
.
Gujiaat '6 656i
 X. 6 86.62 -o.8o -..75 585.50 25.13 136,ig


Gu~jrat.7 ; -65,1- - 7->1 9-38 1.§6 -1.30 802.78Q .54.,r 1073.13l 
Wheat - . ,-

Raj hat- R .8, 53. 7?4 0.39 44.49Rahasta 3. 6k -. R 8 -3.6-O.9 . 7275.88 .603.30 

Source: Sources of Data.. Nos. 2, 3, 4, 5, 7, 8, 9, 10, 11, 12, 1+ 15. *Bignificant at 5%Level 

http:r19164.68
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Figure 3. 	Estimated Regression Lines for the Proportion of
 
Acreage Under the New Varieties Against Farm Size
 
for Villages in Two Districts of Andhra Pradesh.
 

100
 
West Godavari District
 

'80 	 District-*East'Goavari 

0 	 .Kharif 
r20
 

5 10 15 20 25 Farm Size I(Ac'e s) 

Source: Sources of Data, Nos. 2 ad-: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
 
small farmers may be willing to commit themselves further to an
 
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, the 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 *dopted on only about 20-30 percent of their acreage,
whereas small famers adopted on a much higher proportion of their 
acreage in the latter period (35-80 percent), 
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The finding that over time small farmers increase their acreage
under the ne 
varieties is consistent with the hypothesis that 
 "
 credit is :a constraint to adoption on Small tarms. 
Having obtainede-',
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
 
to adoption among small farmers. 
Once those small farmers who ate"..

able to face the uncertainty initially have found that yield
variability of the new varieties 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 important

factors acting as constraints -to adoption among small farmers to

explain why relatively few of them adopt.
 

BaJra-Growing Areas: 
 In bajra-growing areas there is an
apparent contradiction in terms of adoption behavior. 
The three

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 regreasion
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. In Kaira 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 acrease

under bajra and area under hybrid bajra was significant at the 1
percent level.1 This Luggests that the greater the dgree of
dependence on a crop for income, the greater the proportion of acreage-.
 
put under the new varieties.
 

Maize-Growing Areas: 
The hypothesis that proportion of acriage..'"
 under the high-yielding varieties is unrelated to size of farm Was'
 

See sources of "data,Nos', T and 10.
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not.rejected at the 5 percent level.1 
 We may conclude that the

proportion of acreage put under the new varieties is similar in
 
different farm size groups.
 

The difference in the proportion of acreage under the new

varieties between the tw villages studied in Gujarat is due to
 
the hybrid varieties having been introduced a year.earlier in
 
the village showing the greater extent of adoption.
 

Proportion of Acreage Under the New Varieties:
 

Analysis of Data from the Programme Evaluation
 

Organisation Reports
 

Data from the Programme Evaluation Organisation reports are
 
even more aggregated with respect to the proportion of'acreage

under the new varieties than for the relationship between adoption
and farm size. Data -forthe 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

uader 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 si.c of ferm group. Thus only the most
 
general conclusions are possible.
 

The intercept coefficients for the restricted mode?, in Table

3 show that large increases in the extent of adoption occurred
 
from season to season and fr= year to year. 
This is clearly
 
seen in Figure 4.
 

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 increase.lb .the proportion
under the new varieties between the kharif and rabi seasons, in
 
marked contrast to paddy.
 

For bajra, paddy, maize and Jowar*th 'proportion of acreage

under the new varieties is unrelated to size of farm.' These

results are not in conflict with our earlier findings, since
 
there is not a consistent relationship between proportion of
 
acreage under the new varieties and farm size in the areas studied
by tne Agro-Economic Research Centres; however, as noted above,

the relationship, such as it exists, tends to be an inverse
 
relationship.
 

iSee Table 12, Appendix A.
 

http:increase.lb


TABE 3. ESTIMTED LIIEAR REGRESSION FOR THE PROPORTION OP3ACREAE 
UNDER ME NEW VARIETIES AGAINST FARM SIZE, " 

USING PROGRAMM EVALUATION ORGANTATION DATA 

* UNRESTRICTED IvVIJEL TESTRICEMDE 
-Sumof ~Sumor-

No. Estimated Estimated Estimated : Squared Estimated Squared
Crop - Year Season Ob-' Intercept Slope t Ratio Residuals --Intercept Residuals 

Pad 7t.dy761- K2-17.28 2 13077.09 17173.62 

Paddy R 6 31.16 -0.29 -0.39 74479'78 29.12 77240.28
Paddy 68 R 6 63.82 -o.52 -0.74 63671.62 60.20 7237709 

Baia 67 K 5 9.16 -001 -0.12 1847.58 8.87 1855.85
Bajra 68 K 6 37.00 0. 94 .32 

Maize ..... 7 K 6" 23.66 000 -O.~ 936. 23.63 937.03
Maize 68 K 6 6115 -. 16..59,,.'12925.4 51;71 2004
 
Wheat *3-2,A2, - 6 7 R 6 22.94 0.21 1.63 2 7632.85 26.44 12699.50
 
Wheat "68 R 6 60.04 0.21 3.02 -' 2202.05 63.2 '7226.00 
Jowar 67 K 3.52 0O.01 0.10' 266.56 3.69- 26793 
Jowar 67 R O' ' - .5 o.145 2.76* -1.516"87 533.20 
owa 60 K" 5 35.59 -O.2k4" -0.77 13406.87 28.91 1604585 
Jowar 
 68- R 6 .-36.23- :-.41C ' -1.46 12-717.63. :-25.09 1957.24 

Source: Sources of Data, Nos. 16-20 *Significant at 5% Level. 

http:12-717.63
http:13406.87
http:12699.50
http:63671.62
http:77240.28
http:17173.62
http:13077.09
http:K2-17.28
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Figure L.j Estimated Regression Lines for the Proportion of 
Acreage Under the New Varieties Against Farm Size for 
1ive 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 why
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 labor supervision may
discourage large farms from putting a higch proportion of their
rice acreage to the new varieties.
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_tCHAPTER; IVA 

CAUSES OF THE RELATIONSHIP OBSERVED BETWEEN ADOPTION OFi 

THE HIGH-YIELDING VARIETIES AND FARM SIZE 

In
fP this chapter, we analyze the causes of the relationship 
observed between adoption and farm size. Three of the main factors 
whichare thought to influence adoption be_'.:lor will be considered-­
the land-holding structure, irrigation availability and credit 
availability. In order tc show that any of these variables is 
important in explaining 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
 
Hypothesis 3: That the proportion of land owned is unrelated
 

to size of farm. Table 4 summarizes the results for eight regions
 
studied by the Agro-Economic Research Centres. For all regions,
 
the hypothesis was not rejected at the 5 percent level, indicating
 
there is no significant relationshiy between proportion of land
 
owned and farm size in these areas.
 

Hypothesis 4: That the proportion of land owned is the same
 
for adopters and non-adopters, as 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 r.consistent relationship; in the
 
villages of Gujarat studied, adopters owned a greater proportion
 
of their land than non-adopters, whereas in the areas of both
 
Rajasthan and Orissa, the reverse in the cuse. It is clear that
 
tenancy does affect adoption behavior, but the nature of the
 
relationship is not clibarly identified.
 

r'othe :? ratio, See Table 20, Appendix A. 

~eoTable 21p Appendix A. 



TABLE 4 ESTIMATED LINEAR REGRESSION FOR PROPORTION OF LAND OWNED AGAINST FARM SIZE,FOR ADOPTERS AND NON-ADOPTERS USI}G AGRO-ECOIMIc RESEARCH C=,=. DATA.
UNRESTRICTED MDDEL 


RESTR ICTED
 
Sum of
CroW No. Estimated Estimated Estimated Squared Estimated Sum of Squared
Area By Crop Year Season obs. Intercept Slope t Ratio Residuals Intercept Residuals 

Paddy 
Orissa 1 A 6 K 5 
 75.08 1.64 2.03 
 1767.09 84.82 
 4194.3.1
Orissa I NA 66 4
K 75.85 
 3.13 3.83* 511.62 85.61 2133.93
W. Bengal 1 A 
 67 8 87.11

W. Bengal 1 NA 

0.56 2.98* 918.43 91.96 228o.67
67 K 5 82.29 0.84 0.64 
 2012.97 85.12 
 2291.09
W. Bengal 2 A 68; K 8 
 84.15 0.49 
 2.49* 994.07 88.50 2025,17
W. Bengal 2 NA .68' K 
 5 93.21: -0.19 -,0.38 
 179.75 92.46 188.29 
Bajra 
Gujare-.. 1 A 67, K - 98.24 " 0.02-- 0.02 583.29 "98.33 583.33
Gu arat 1 NA 67-' K 
 5" 97.49 -O.05 7 -o.06 213.08 97,33Gujarat 2 A 213.33
67 K 5. " 86.78 0.20 0.14 
 84.20 88.00 850.o
Cujarat 2 NA 67, 
 K 3 - 89.84 -.
Gujarat 3 A ' 

2 -0.03 4092.54 89.33' '096.00
67- K -5' 90.82 0.80 
 6.65* 8.24. 94.60. 129.60
Gujmrat 3 NA 67,
2i K .i3 106.57 -4,18 , -1.99 494.99 96.30 2464.20 
Maize 
Bihar (1-2) A 68 K 7 89.93 0.26 1.03 1216.37 ' 91.64 07 
Bihar (1-2) NA .... 0.9 : ....68, tK 42392.1 3.2 :':i;;2.34 1286.51 90.31-23 ,6W 
Wheat
 
Rajhasthan 1 A 
 68 R -V I.66.0 0. 035 271o-.68 68.99 -2824.52 
Rajhasthan 1 NA 68: 

-

R 57 88.23- 0.1 .4621.58 84.35 
 4882.18
 

Source: Sourcesof Data,,Nos.- 7; !9,fl,).
pl4, 15. 
 -. *Sigificant at the 5% Level 
In the table, A = Adopters, NA = Non-Adoters. 

http:271o-.68
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Although there is a relationship between tenancy and adoption,
we may conclude that tenancy is not the factor underlying the ,* 
relationship between adoption and farm size for these' areas, since 
.there,.is-no relationship observed between tenancy and farm size.
 

All-India data are used to au-,lyze the relationship between.-t 
.tenancy and farm size in districts atudied by the Programme

Evaluation Organisation, since these districts are a random sample

of districts in the whole of India. 
Data for the proportion of.'
 
land owned by size of farm group is given in Table 5.
 

Table 5. Area Leased-In as a ,Proportion of the Total AcreageQ'> -
Operated by Size of Farm Group, 1960-61.
 

Size of Areas Operated Area Owned 
'000Farm 147. Acres '000 Acres -. Proportion Ownd.­

(Acres)-l 2 3 3 + 2 

0.1 - 2.5 23320 19312 0.83
 

2.5 - 419914 35990 0.86 

695, .. 8 
10 - 20 ,,?,- . <'78445 ' 73023 :< - ' 93' 1 

20- 50 79931 76624 0.96 

50 & Above 
' J; 

36565 34071 0.93" *..'-. ..... -. " , ,* ,', ,; rr>,''v, 

...........................
 

Source: National Sample Survey, No. 176, p. 49. '*: -, , 

Clearly, there is some relationship*between the.:proportion,of ­land leased-in and farm size. In Table 6, we examino 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 
adoption. 
 . 

Small farm-size groups have the greatest proportion of pure.4,:
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.
 

,! 

,I
 

',
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Table 6. Proportion of Households which are Pure Tenants by 
:: Size of. Farm Group. 

Size of 
Farm (Acres) 

No. of Households 
as Pure Tenants 

Total No. of 
Households 

Proportion of 
Pure Tenants 

1 2 2 + 

0 - 0.99 1067588 157334 0.15. 

1.0- 2.49 2263)20 248069 0.11 

2.5 - 1.99, 2191492 165817 -0.08 

5.0. 9.99 2023o88 105806 0.05 

10.0 ­ 14.99 838661 35775 0.OA 

57 - 29.99 " 822069' 27270 0.O3 

30.0 ­ 19.99 260089 6325 0.02 
Over 50 130013 5210 0.0O 

Source: Census of India 1961, :Vol. I, Part III ( ),p. 18-19. 

Irrigation Availability
 

Hypothesis 5: That the proportion of land irrigated is

iuleiated 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 relationship between the
 
proportion of land irrigated and farm size in these regions.
 

Hypothesis 6: That the proportion of land irrigated is the,
 
same for adopters and non-adopters, was also tested over all

regions. The hypothesis was rejected at thu 0.5 percent level,

indicating that adopters have a greater proportion of their land,.

irrigated than non-adopters. 2
 

ISee Table 20, Appendix A.
 
2See Table 21, Appendix A.
 



TABLE 7,, ESTIMATED LINEAR XERSSION FOR THE PROPORTION OF LAND' IITED 
AGAINST FARM SIZE, FOR ADOPTERS AND Il)N-ADOPTERS 

USING THE AGRO-ECONOMIC RESEARCH CEMTRE DATA -: 

UNRESTRICTED L. :- RESTRICTE DDM 
Sum of' Sum of 

Area By C p ' aNoYear Season- -Estimated Estimted
Intercept. Slope 

Estimated Squared
t' Ratio -Residuals-

EstimatedInterc6pt SquaiedResid 1s 

Paddy 

Orissa I 66 K .,5. 80.99. -0.45 .8 780.24 83.68 
Orissa i- NA 66 K 4 78.30 -.51 >.7 7.1 505,403 . 

W. Beng al4A 67 K 1 8 93.53 O.49 I . 8! 1987.31 93.10 1997.69 
W. BengiN 7 K 5 8.9 .227 469;18 '89.09g i636:1 
W. Bengal2'A 8 168 :0.54 2.81 -, 978.59 92.-29 2 63'1K 87.3: 
W. Bengal'2 NA 68 K 5. , 86.09og-:0.42 0.34 -1077.86 , -8 T.75 1119._39 
Andhra Pradesh 1 A 68 K 5 100.0 0.00 0.00 0.00 100.00 :O.00 ra 
Anahra Pradesh 1 NA 68 K ,5-: 100.00. 0.00 0.000.00 100.00 -0.90 
Andhra Pradesh 2 A 68 K 5- 99.95 0.00 -0.27 - 4.6 99.91 - -7 
Andhra Pradesh 2. NA, .68 . K 5 98.8]l, -0.32 -3.31 144.19 96.08 .67029 
Andhra Pradesh 1-A 5 068 i15 74.73 991 0.6 13 o97 9 
Andhra Pradesh 6NA '68 4-7, 96.A7 0.6 2.21 499 97.25 17;19 
Andhra Pradesh 2 A 68 R 5 100.00 :'0.95 0.11 015 100.00 .02-, 2
:Andhra Pradesh 2 NA 68 4 100.13- -0.01': - 2.25 0.77 :99.96 2.72 

-Maize­

.Bih r (J-2) A 68 K 7 35.2-- -0.75 1.0 9674'-72 ,4o. 11806.09 
i So(1-2),NA 68 K 4 23.,1 T2 .15 4 * 6897 -15 1e 61 

0:9ource: -Sources, of-Data,. Ng. 2 3, 41 .12, *4~~4S~ifi~,ajbtat the ~%Level 

P-_ the table, A 6= Adopters, NA, = ~nAoters 

http:11806.09
http:0.000.00
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InEast and West Godavari districts, almost the entire
 
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.
 

These 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 irrigationm

availability 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 
(acres) No. of farms in Group to average size of holding
 

0- 1 0.38 
 0.89
 
1.: o.48 :.,o.63 i 

5-,;, 10 
 ..5#4o.8 


15 - 25,1! 0.45 1 0.39 

25.- 50 o.r4. 0.29 
50"& above 0.39 0.22
 

Source: 
Derived from the Sixteenth and Seventeenth Rounds Estimates
 
of the National Sample Survey, 1959-61.
 

1T. V. Moorti. op. cit., p. 22.
 



In. 1.li the proportion.of farmwitimrigation is "aimgar 
between: size'ofi farm. groups, excidinl tie, extemely small*.,ti

extremely large 'farms, but as farm 'size increases, the propc'tion

of land irrigated on farms with irrigation tends to decline.:
 
However, s'ince 1961, irrigation availability has.inreased con­
siderably, notably by the installation of.a large numberof tube­
wells. ' This has occurred mainly on the larger'faris, which will
 
have narrowed the differentials between size of farm groups noted
 
above. .
 .
 

In.the period 1966-68, irrigation availability probably

decreased with farm size, despite the investment iA,.
tube-.wells
 
on large efarmS." Therefore., irrigation availability is;probably

not a faqtor underlying the positive relationship between adoption

and farm size in the areas studied by the Programme Evaluation
 
Organisation.
 

The Availability of Co-operative Credit;
 

Hypothesis 7: 
That the proportion of cash expenditure met
 
by the co-operative is unrelated to. size of farm. Tale.,9

sUMM arizes the results for eight regions studied by the Agr0-,

Economic'Research Centres; 
 In only three of the regions is the
 
slope coefficient significantly different from zero at the 5°
'
 
percent level. All three coefficients are negative, indicating

that as farm size increase,'the proportion of cash expenditure

met by..the co-0peratives decreases. 
Such a result indicates thau.
 
large farmers meet cash expenditure from other sources; otherh
 
empl.rical studies have suggested that the greater part of total 
i
 
cash expenditure is met from farmer's own funds.l
 

To the extent that small farmers use co-operative credit when.
 
large farmers use their own funds, they pay a higher price
for credit. If the cost'of credit is important in adoption, the
relationahip between cost of credit and farm size is a factor!int-.,
relationship between adoptin and farm sie.
 

Next,we tested hypothesis 8, that the proportion of cash expendi­
ture met by the co-operatives is the same.for: adopters and non­
adopters.: This was rejected at the 0.5 percent level'for allf regions,
indicating that adopters meet a greater part of their cash expenditure
fr6m this: source than non-adopters, 

The following figures indicate the proportion of cast exfendi­
ture met by,the co-operatives foradopters 'and non-adopt in four of
 
the areas studied. .
 

Programme Evaluation Organisation, Reportfor the:KxhifSeason,
M 68, Planning Commission, Government of India 1969, ' P. 67. 

2See data for the restricted model in Table 9.
 

http:proportion.of


TABLE 9 ESTIM LINEAR REGRESSION FOR HE PROPORTION OF CASH EXPENDITURE 
MET BY THE CO-OPERATIVES AGIANST FART SIZE, FOR ADOPTERS AND XON-ADOPTERSS 1 

USING AGRO- COMMIC RESEARCH ETRE DATA 

UNRESTRICTED NDEEL RESTRCTEDb EIMLSum of Sum of 
Crop No. Estimated Estimated Estimated Squared Estimated SquaredArea By Crop -Year Season Obs, Intercept Slope t Ratio Residuals IntercePt Residuals 

Paddy 

Orissa 1 A 66 K -. 5 59.78 -2:03 -2.10 -2523.90 47.71 6245.21Orissa 1 NA 66 K- 4 4.96 -0.53 2'02 26.69 5.71 190.42W. Bengal 1 A 67 .K,! • 8 18.05 -0.60 -2.77* .1416.79 12.7 3223.64
W. Bengal 1 NA 67 K: 5 8.76 1.0. 0.76 2090.88 12.16 2492.60

W. Bengal 2 A 68W. Bengal 2 NA K 8 88.3 -3.U - 12585.35 60.62 54537.8768: . 5 47.25 -3.24 -1.57- 3018.84 34.45, 5393.40 
Andhra Pradesh I A 68 K " 5 .20.81: -0.16 -0.46 4852.25 17.78:-" 5188.05 .Andhra Pradesh 1 NA 68 5 22.19 -0.85 -1.55 -3467.55 14.44 6261.27
Arlhra Pradesh 2 A 68 K 5 13.39. -0.22 -1.62 438.44 10.85 821.61Andhra Pradesh 2 NA 68. K- 5 5.82 -0.08 -0.36 769.23 5.12 803.19Andhra Pradesh 1 A 68 R 5 1.32 0.59 1.18 877.57 5.74 1282.34 
Andhra Pradesh 1 NA 68 R 6.50 -o.27 146.092-0.4 8.95 533.80Andhra Pradesh 2-A 68 R 5 37.69 -0.41 -0.71 7047.78 33.16 8222.06
Andhra-Pradesh 2 NA 68 R- 2.11. -0.23 0.34 999.55 5.25 1176.09 

Maize
 
Bihar (1-2) A 68 K' 7 893 -O.26., 1.03 1216.37 91.64 1476.07Bihar (1-2) N A 68 K 4 19.69 -. X176 4.75* 

-

- 4.25 25.142 1543.37 

Source: -Sources of3Datai Nos. 2, 3,",1 12 14, 15. *Significant at the-5% Level 

In the table, A =-Adoptersa,.' Il Non-Adopters 

http:54537.87
http:12585.35
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Adopters qon-Adopters
 

Bihair %L'
Orisel. 4#8% '6~W. Bengal (in.-968) ,6i , 34%

Andhra Pr•desh ,
r33%2...> 

These data indicate :-close relationship betweenuse of 7;.,
co-operativq.i.credit,and,,ad'pton.. :.
However, the.line 'of-causalityis not clear,,- All farms may want co-operaiive credit, but-:owing

to a 
shortag@.of,supply, mismanagemenk, or political factors
entering into loan.disbursement,'only a,em,.l proportion-of fais
 are ableto.obtain!,,loans.'2 ..
 

An-altexrnative explanation of 'the*relationship between.c6,
operative-credit.and adoption -.
is..that all farmS' which are villing
to adopt the new varieties are able,.to obtain as much credit as
they require. The district administrations, being anxious to

increase"aceeage :under the newvarieties,,may.hdve encouraged'

the co-operatives to -give.loans,-to"
-those.,
4ali gto.-adopt the 'new:
varieties. If.this ,explanation -iscorrecti, to, problem remins" -: as to why some farms are wining to adopthile'others are ,ot.' 

Next, we. examined 'the,relationship 'betweent -. co-operativemembership "and farm size,: using "Programme,EvaluatiOn Organisation.;
data.
 

pothesis 9: That the proportion'of farmers who are members
of the co-operatives is ,'nrelatedto sizekof farm, was tested
for each crop. In three out of eight case'V'%!the,slope 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 hypothesis

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
 

least Godavari district in the rabi season.
 

:2prograqme Evaluation Organisationg,2.'cit., P.64 

3See'f"Table -19,. Ai~bendix A. 

O 4'4A eLS W1414 

http:able,.to
mailto:shortag@.of


propot±6n of adopters 
34~ 

are co6,opeirative meThis confians then non.bkdoptersour earlier !"4nd4$vthat adopters use po-olerativecredit mor*-than pon-adoltes, 

rbb i4ibh thesi AAok tlsd vith aaai s5gg44t 'Watfakaa a reiati~ely smaliake Mebeksatives, of the co-oper­but fh6db Uho aiembers Uet a k'lative.4 high proportonof theii cash expenditure M'& *As,Olreel Thesefarmers Who adopt the new 
are the am-mA

varieties. 

If there is a significant relationship Netween any of thiVariables considered inthis chapter and fa..size, the estimatcoefficients of Chapter III between adoption au
biased. Als0 farm size ewe
the standar errornof coefficients used in testimg the s5ignfigan e 
of 

In Chapter III are too large unless the coefficients.the excluded variables are eq'aa1 to zero. 
We have found no relationship betweenIrrigatod and farm size, the proportion of landbut n positive relationship between theProportion of land owned and farm size, and an inverije relationshipbetween the proportion of cash expenditure met by the co-operativesand farm size. However, these relationships were not significant inMany of the regionc token individually, and the regression coefticieatsIn most cases were extrmely small, so that we my still regard theestimates of the relationship between adoption and farm size asnbtiased. 

000e ?ble 21, Apwadi.; A 



CHAPTER V
 

!"StMWVY+AND IMPICATIONS 'FOR POLICY 

Summary of Main Findings 

1.AdoptionanA -Farm Size' -'As farm size increases, the proportion"of farms which have adopted the new varieties also increases: .'. Thief=: O'! ­srelationship is statistically significant in 45 of the 70 areas
 
studied.
 

2. Variability in the Relationship Between Adoption and Farm
Size. The nature of the relationship between adoption afd fTarm

varies considerably between crops, regions, seasons and over 

size
 

time.**
 

Crops. The relationship between adoption and farm size is
 
more marked inbajra than in paddy-growing areas. This is due in
part to a specification problem. 
Income per acre is considerably

higher in paddy relative to bajra-growing areas. Therefore, size of

farm related factors such as creit and uncertainty may cease to be
constraints to adoption at a smaller farm size. 
Secondly, the inerease",

in yield variability in moving from traditional to 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. 

Wheat-growing areas show a significant relationship between
adoption and farm size less often than bajra- and rice-growing areas;-

In jowar-growing areas, there is little relationship evident between. , 
adoption and farm size because so few farms in any size of,farmi-.
 
group had adopted hybrid varieties.
 

Regions. 
There is a less marked relationship 'betweenadoption' : : and farm size in villages studied In Andhra than in'those ofWest Bengal. Both are paddy-growing areas. We attribute this to the*­-
higher proportion of land irrigated in the former. 
In general,,
we found that the higher the proportion of land irrigated-in.a'.-. ­region, the higher the over-all level of adoption. However,. 
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,
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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 frbm the new varieties will persist longest in areas
 
where the over-all rate of adoption is slowest.
 

3. Causes 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 'je irrigation r,:tor has an important

influence on adoption behavior. 
However, sisce there is no relationship
 
between proportio:n 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 relatioL­
ship between adoption and farm size, but data were not available to
 
study this.
 

Tenancy. There is not a systematic relationship between the propor­
tion of land owned abd 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 all
 
these areas, in all farm size groups, the proportion of land owned is
 
greater than 50%, wc have been unable 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 a
 
disadvantage since co-operative credit has a higher cost than
 
'own funds'. 
 This may then be a factor underlying the relationship
 
between adoption and farm size. If large farms meet their cash
 
expenditure from the relatively high-cost moneylender, we would
 
have expected an inverse relationship between adoption anC Owm
 
size.
 



:Adopters ,-on all farm ,size groups-rmeet a far %greater,proportion.,". 
of their cash expenditure from co-operatives than non-adopters... 
But the:line of causality between dependence-on co-operative credit,.,.. 
ands 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 credit 

-'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
 
who are' members of the co-operatives; and, farm ,size. It,isprobable
 
that a relatively small number of small farms obtain co-operative.:
 
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.
 

Farm Size. Probably farm size itself to some'extent..determi-­
adoptions. Acreage in a given region is some measure of income
 
and weas.th, and thus may act as a-proxy variable both for the
 
farm's ibility 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 institutional 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
 
,.vreoterwillingness to adopt.
 

4. Proportion of Acreage-Under the New Varieties and Farm
 
Size. There is not a marked relationship between the proportion
 
of acreage under the new varieties and farm size, but the relation-.
 
ship, such 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 a 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 all
 
other crops, small farmers which adopt do so on a greater proportion
 
of their acreage than large farmers. We may only conclude that in
 
many cases small farmers have greater incentives to adopt the new
 
varieties, in that they rely relatively heavily on foodgrains fOr ' 
income, but that they face constraints to initial adoption. There 
may be some "discontinuity",present which prevents small farmers frot 



38
 

"experimenting" with the new varieties. The "fixed costs" of innovating, 
in terms of overcoming inertia and obtaining variable inputs may -ake 
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 a high proportion of his cash expenditure
 
from this source, or he is not a member and receives no credit r-. ,ll 
from this source. A third explanation may be that small farmers 1aave 
taken the new "inferior" grain varieties into their diet, whereas 
large farmers can affdrd 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 2rops. There is also 
a tendency over time foe the development of a more strongly inverse 
relationship between the proportion of acreage under the new varieties 
and farm size. This suggests that when small farmers have assessed 
the uncertainty arising from yield 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 varieties. 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 ne-A 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 intenvify the 
problems of obtaining the credit required to utilize the released 
acreage in a profitable alternative. 

Thn analysis has also been partial in the sense that it
 
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 labor, which also may provide a source of
 
income to a farmer with a small holding, or in income derived 
from non-agricultural rural employment, resulting from the intro­
duction of the new varieties, are not considered here. 

or a detailed study of the effects of the new varieties on income, 
see:, V. S. Vyas, D. S. Tyagi, V. M. Misra, 2P. cit. 



Beaqring in mind these limitations, we turn to the implications

of theipreceding analyss' for policy.
 

'Facilitating Adoption of the New Varieties 'ohinSmall Farms
 

Credit. This analysis has shown' that 'small farmers who adopt

relyiheavily 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 varietics. 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 recourse 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.
 

"The line of causality between credit availability and adoption

is also unclear. All small farmers may want co-operative'credit'in -order
 
to adopt, but cnly a few may be able to obtain this credit. Co- -­
operatives may discriminate in the allocation of the credit supply,"

in which case some reform of the institutional structure is required..'.
Alternatively, few small farmers may want co-operative credit in order
 
to adopt. Adequate credit may already be available, or some other,...

factor, such as uncertainty, may make them unwilling to adopt.

this case, further analysis is needed of factors underlying both

In
 

adoption and demand for co-operative credit.
 

Irrigation. 
This study has shown that the proportion of land

irrigated is an important factor de,rmining whether a farmer adopts

the new varieties. 
Another study has shown tie importance of the

degree of water control in adoption behavior. The availability

of irrigation water and the degree of control are important not

only because they increase the levi; 
 of yields of the new varieties

relative to local varieties, but also because they reduce varia­
bility of yields. Yield variability is of particular concern to

the small farmer, who has n 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
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source, small farmrs maybe at a disadvantage since they are least
 
able to ensure an adequate supply of water in a period of shortage.
 
Ideally, some form of irrigation is 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 w~th 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 earms, the dependence of small farmers on
 
those with greater econmic 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 small farm.
 

Uncertainty. If uncertainty is the central problem facing
 
the small farm, increasing credit and irrigation availability may
 
not be the only means of facilitating adoption. It may be possible
 
to develop strains which provide not only a higher average yield,
 
but also lower the variability of yields. Provision of a steady
 
source of nonfarm income may also increase dramatically a farmer's
 
ability to face uncertainty. Further analysis is needed of the weight
 
assigned to uncertainty in the objective function of the small farmer.
 
Specifically, it is necessary to determine the extent to "hich the
 
farmer iswilling to accept a lower level of income in order to
 
re ace the variability of his income. Such analysis may indicate
 
not only the reasons why credit and irrigation availability influence
 
adoption behavior, but also what alternative policy measures would
 
be appropriate to raise incomes on small farms.
 



APPENDIX A 

STATIMUCAL- TBL' 

The districts have been numbered as follows. 

W. Bengal 1: Sainthia aock, Birbhum -District. 
W. Bengal 2:1 Rapurhat Hlock II, Birbhum District. 

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

Gujarat i: Piplag Village, Nadiad Taluka, .Kaira Dist-4ct.Xaira District.
iChadol Village, Borsad T4uca,Gujarat 2: 


Gujarat 3: Asodar Village, Borsad Taluka, Kaira District.
 
Gujarat 4: Nadiad Taluka, Kaira District.
 
Gujarat 5: Dehgam Taluka, Ahmadabad District. .
 
Gujarat 6: Jambua Village, Dohad Taluca, Panchmahals. District.
 
Gujarat 7: Gangarda Village, Dohad Taluka, Panebmahals srict.
 
Gujarat 8: Ahmadabad District.
 

Bihar 1: Baniapur Hlock, Saran District.
 

Bihar 2: Hawthwa lock, Saran District.
 

Ra sthan I: ota District.
 

Punjab i: Amritsar District.
 

Orissa 1: Cuttack District. 

1The different leveli of. gra'-~'i%'.ro~'79f^,ifrk l ev~s 4f 
"'?aggreg'qfion of the data, in the'.repors 



TABLE 2b, ::ESTIMATE LOGIT REGRESSION FOR ADOPTION AGAINST FARM SIZE 
USING AGRO-ECONOMIC RE3-ARH MM DATAUNRESTRICTED ilDEL RESTRICTED )WEL 

Sum of
Crop No. Estimated Estimated Estimated Squared Estimated Sum of SquaredArea By Cro Year Season ObS. Intercept Slope t Ratio Residuals Intercept Residuals 

W. Bengal 1 67 
 K 5 -1.21 0.03 0.61 5.49 -0.14 35.96
W. Bengal 2 67 K 
 3 -1.07 0.64 11.34* 1.29 0.36W. Bengal 1 42.ol
68 K 5 -1.21 0.25 7.17* 2.91 0.09W. Benpl 2 68 K 31.86
3 1.59 0.18 1.32 9.08 0.60Andhra Pradesh 1 113.49
68 K 5 -2.10 0.07 3.87* 105.86 
 -0.02 1998"28
Andffi Pradesh 2 
 68 K 5 -1.72
Andhra Pradesh 1 68 R 5 

0.05 2 2.80* 36.23 -0.06 1124.79
'*-0.32 0.09 1.59 84.39 0.12 94-99
Andhra Pradesh 2 
 68 R 5 -0.56 0.09 3.66* 60.21Orissa 0.06 152.90
66 K 1:. -4.11 0.47 2.21.. 18952 
 -o.40. 2382.70 
-

Bajra

Gujarat 1 67 K 

4
 - 6 -1.33 ' 0:22 3.54* 31.73 0.03Gujarat 2 145.-99
67 : 6-: -3.6k 0.34 - 3.40*Gujarat 3 14.91 -0.22 2390.5067 K -2.23. 0o27 7.42- 46.466 2 2

Gujrat 1 67 - 0.01 1307.98
S 5 -,- -0.05 0.19 48 0.
Gujarat 2 11.53
.67 S 6 -0.kl9 0';37 2.77* 28.03 0.17Gujorat 3 67 57.29
 -6 -2.27_ 0.28 8.17* -3.62Gujarat 4 68 K - -.35 46593
8 -3.37 0.28 
Gujarat 5 

3.02* 358.27 -0.17 3227.2368 K 7 -'5 03 5.-38* 38.34 0.02 260.08 
Maize "
 
Bihar 1 
 68- K 5..1.4 032 15.69 0.10 99.Bihar 2 
 68 K 5 -1.93 026i, s-8 126.98 .-

, 
9 -0A2 519.25 

Wheat 
 .... 
 "
 
Rajhasthan 
 68- 7 - 0.90 0 2.43* 5'.47 
 0.00 155.28 

Source: Sources ofData Nos. 2,'3, 
 7, 9, 10, U 2, 149, 15. *Significant at 5% Le1ve,6
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TABLE -1.' T- STATISTIC TO TEST THE HMMoTESIS AT 
ADOPTION IS UNRELATED TO FARM SIZE 

i.t".... 

-. 50of:Obiervd 
crop -, Areas 

O--tLAt,Vt. e Data.. 
Linear Model 

Paddy 9 55 

Bajra 8 50 
Maize 2 12 

L',git. Model 

Paddy 9 55 

Bajra 850 
Maize 2 10 

Programme Evaluation 
Orgaii'ation Data . 

Line ar Model L 

Paddy 116 8 
Bajra 8 39 

--Maize -.-.. 46 

Wheat -53-....53 
Jowar 6 

Logit Model '. 

'?addy ,16 8. 

-Maize .9 

Wheat 11 53 
Jowar 6 30. 

.* Significant at 0. 5%level 

statistic 

13. 46** 

.
 

9:p" 

v- .I sx 

-2707
 

64*
 

r 16* 
21.17*w 
.- 7.02**... 

-!309 

r,
 

4.7**
 

0.64 



F STATISTICS TO TEST THE HYPOTHESIS THAT... 
THE PROPORTION OF ACREAGE UNDER T1E NEW VARIETIES 

-ISUEEATED TO FARM SIZE 

No. of No of. Observed F.
 
Crop Areas Obs. Statistics
 

AgroEconomic Research 
A'tro Data 

Paddy 9 .3o 

Bajra 5 31 9.08** 
Maize l3 2 

Programme Evaluation 
Organisation Data
 

Paddy 3, 8 o.41. 

Bajra 2. p. 9 
Maize 2 .2 236 

Wheat 2 J2 10 
Jo'war 420,11~ 

• Significant at 5% level. 

** Significant at 0.5% level. 

The data given in these reports for the proportion of acreage under
 
the New Varieties byFarm Size is aggregated across regions. We have,
 
therefore, onily 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.
 



........ 3. ESTIMATED LINEAR REGRESSION FOR ADOPTION OF NEW RICE VARIETIES 
'AGAIN1ST .FARM SIZE, USING PROGRAM4 EVALUATION ORGANPATION DATIA 

UNRESTRICTED MODEL . RESTRICTED MODEL­
r 7Sum of Sum-of. 

Area By- Cropv 
Cr p
Year Season 

No. 
Cbs. 

Estimated 
Intercept 

Estimated 
-Slope 

-Esimated 
t Ratio 

Squared
Residuals 

Estimated 
Intercept 

Squared
Residuals 

Andbra Piadesh 
Bihar ,67
Kerala 

67 

67 

k 
K 
K 

6 
6 
I 

4.32 
44.81 
-0.96 

0.55 
1.63 

-0.39 

3.64* 
2.22* 

-0.73 

2036.11 
11085.87 

8727 

14.59 
i61.67 

5.4i 

878.98 
29263.76 

110.78 
Madras 
Maharastra 
Yqsore 
Orissa 
Punjab 

77 
67 
67 
67 
667 

K 
K 
K 
K 
K 

5 
6 
5 
5 
5 

52.78 
15.,62 
8.53 
8.19 
;40 

2.03 
0.38 
1.08 
2.07 
0.78 

2.57* 
1.68 
2.93* 
6.02* 
6.14* 

3587.75 
1895.60 
1079.32 
497.12 
219.78 

.61.83 
-19.09 

22.92 
22.22 
21.91 

11505.86 
3228.89 
4172.62 
6267.56 
2979.32 

Uttar Pradesh 
W. Bengal ,7 

67 K 
K 

5 
15 

19.65-
16.56 

177 
0;58 

4.98* 
0.89 

2062.37 
4352.98 

39.52
20.56 

19107.02
5505.53 

Andhra Pradesh 
Assam 
Bihar 
Kerala 
Madras 
Maharashtra 

68 
.68 
68 

68 

Z 
K 
K 
1K 
k68' 
K 

6 
A 
-5 
,5 

5 

6.39 
43.93 
21.64 

'6824.67, 
67-75 
6.21 

o.4= 
1.73 
0.97 
1.06 
0.81 
0.59 

4.36* 
1.11 
1.99 
1.45. 
7,07* 
2.96* 

1116.13 
1847.17 
4868.44 
3395.71 

318. 99
498.u 

1.77 
52.69 
324 66 

.31.53 
73.59 

'1o.54 

6418.93 
2986.6, 

129k.16 
,5787.96 
5633.21 
1956.40 

S o u r c e : . . . . . .. .. . . . o .. . . . _. ._ . N.Nos. 16.Source:. . .. Sources of Data, . . . . 19 .i*Significant 'at. -Lvg 



TABLE 14. ESTIMATED LINEAR 1EGRESSION FOR ADOPTION OF HYBRID, BA AND MAIZE VARIETIES 
AGAINST FARM SIZE, USING PROWAUM EVALUATION ORGAY4MATION DATA 

UNRESTRIC"IED MEL RESTRICTED MIEL 
Sum of Sum of

-Crop No. Estimated Estimated Estimated Squared 
 Estimated Squared
Area By Crop Year -Season Obas Intercept Slow t Ratio Residuals Intercept Residuals 

Bajra 
Gujurat 68 
 K 6 12.64 0.78, 10.61* 517.80 °29.32 15092.72
Haryana 
 68 K 4 -7.85 O.58 1.98 
 643.38 8.26
Mharashtfa 1901.04;68: K 6 5.6o 0.12 6.13* 31.32 8.62
Rajhasthan 32575
68 K. 4 -0.39 0.01 1.77 
 321.46 -0.04 
 583.51
Uttar Pradesh 
 68 K 3 0.05 0.13 6.26* 0.20 2.09
Gujurat 67 8.20K 6" -12.95 0.26 
 3.58* 655.53 18.37 2752.47
Mharas htra 67 K 6 5.63 1.00 14.08* 396.15 27.62 20024.82Uttar Pradesh 67 3.82
4 0.90 9.12* 49.03 
 16.18 2087.87 ' 

Maize 
Bihar 67 K .67 
 5 418.26 28.27, 7148.3 

.ft 
 67, F 53.1ad~sh-3.10Punjab 67 1.69 4..1o* 812.74 20.79K 3 57.01l 70.30 5361.52
0.54 417.66 63.33 
 566.28
Uttar Pradesh 67 
 K: 5 '771 1.fi 7.36* 302.39 
 19.16 5768.60
Mahara1htra 
 67 K 5 16.75 2.53 5.004 
 340.87 44. 4 3182,.77
Uttar Pradesh 
 K ­68 - 6------0.07...- 0.89 28.08* 15.44 11.19 
 4072.95
ihar 68 K -6' 1.;771.! 0.58 28.53* 18.95 13.571,b'v" Pradesh 3876.4868 K 5 7.07 0-0.39 4.83*Punjab 68 K . 
109.15 14.74 959.24
 .. 23 .
 .32 2.37 2608.46 
 42.83 8426.18
 

Source: Sources of Data, Nos, 16' and -19' : ; *Significant at the 5% Level 

http:3182,.77
http:20024.82
http:15092.72


-TABLE !-15. ESTIM LMEAR REGRESSION OF ADOPTION OF HIGH-YIELDING WHEAT 
AND HYBRID JOWAR VARIETIES AGAINST FARM SIZE, 

USING THE PROGRA* EVALUATION ORGANSATION DATA 

MODEL RESTRICTED !.VIE 
Sum of Sum of 

q--p'--Cr -- No. Estimated Squared Estimated Squared­

-UN~RESTRICTED 

- - Estimated- EsfIated-
t";Aqa.By Crop Year Season (bs, Intercept Slope t Ratio Residuals Intercept Residuals 

Wheat
 

Bihar -67 S] 4 - 43.26 3.11 3.32 1323.84 62.27 8629.01
 
Haryana 67 R 5 7.52 0.50 3.09 1169.76 20.73 4884.28
 
Punjab 67 - IR 5 67.75 0.80 2.53 3548.98 81.30 11119.55
 
Rajasthan 67 .R 5 20.99 0.49 2.58 1748.59 39.78 5616.77
 
Uttar Pradesh R .67 1'.31 2.90* 15655.14 46.83 48530.64
6 33.53 
Bihar ,68 R 5 -61.26 -0.87 -1.71 3436.66 50.80 6776.13 -
Haryana 68 R 5 - 3138 1.14 15.10* 159.01 53.85 12241.70 
Maharaftr 68 --R 4 16.88 1.18 2.35 1278.01 .40.84 4799.47
 
Punjab 	 68 -.R 5 98.10 0.01 0.71 17.46 98.34 20.38
 
Rajhasthan 68 R 3 -4.45 2.18 111.72* 1.14 54 _42 14227.89
 
Uttar Pradesh 68 R 6 69.24 ,0.93 .95 11669.02 77.05
1-	 22771.73
 

Jdwar 	 , .-.I_, .. 

. - 6 ,. . 6.... 17.21 . 7 8.17* 294.53 28.42 5204.41 
Madhya Pradesh '7-67 "K 5 '10.2 2 2.146 16.4~ 6.2 .,95e.45, 
Mysore 	 67 K 4 4.-56 -O.12 0.29 11.56 .--4.89 ,:.12.0 
Madhya Pradesh ... K -O.23 	 2.32 48.73 6.98 310,58
68 :3 	 0.20 --


Maharashtr 	 68 -k 6 1.i.70 604i 3.81*" 1085.61 -26_.29 5032.57
 
- . - . . . .6.. :3738 ..-0 -0.65 - 42332.95 -- 2'74 46764-75"
 

Souce:Sources of Data, Nos. 18 and 20. 	 *infcn t5 ee 
Source: r- o , -	 nifica at 5% Level 

http:42332.95
http:22771.73
http:11669.02
http:14227.89
http:12241.70
http:48530.64
http:15655.14
http:11119.55
http:t";Aqa.By


TABLE 16. ESTIMATED I0GIT RERESSION FOR ADOPTION OF NEW RICE VARIETIES 
ACAINST FARM SIZE,: USING PROGRAMME EVALUATION ORMNISATIO;f DATA 

UINRESTRICTED MODEL RESTRICTED 0.Db-
UE of'mte

Crop No. Fstimated Estimated Estimated Squared Estimated Squared
Area By Crop Year Season Obs. .cept Slope t Ratio Residuals Intercept Residuals
 

Andhra Pradesh 67 K 6 -3.33 c.06 2.12 63.28 -2.28 134.24

Bihar 67 K 6 '0.29 C'.09 3.00*- 17.72 0.62 70.69

Kerala 67 K 41 -2.78 -0-13- -0.44,- - )i .98, -3.00 5.42
 
Madras 67 
 K. - .06 0.10, ;3--44:i 5.19-. 0.5 5.Maharashtra 67- K_; 6 -1.74 0.02. 1., -

-

9.89 .4.52-- 15.024Mlysore 67 Kg 5.' -2.5 0.06 1.91 7 ,6r- -i36 17.06 
Orissa 67 .5 K1 5; -2.20-: 0.-i- 3.63, 13,5 - . ..- l1 433 . -.21 .28 
Punjab 67 K;- 5.-- -3.72 0.07 ,6 9.93 79" 32.24 .&I2.60-

Uttar Pradesh 67- Kgs 5 -1. 47 0..08 3.49A -952 -0.53- 48.23W7.Bengal 67 K: 5 -1. 77 0.04 0.92 22.[ 6 6 .,- -i.47 29 04 
.Andhrapradesh 68% K 6. -2.-9.7 0.04- 2.26 33"21- 2.04 75.58 
A sam 68-" K Ii: -0.25 0.7. -.1l11 32.3 .11 5.05.
Bihar 68, KV 5 -1-49 0 05- . 51:5.55 2588 08 
Kerala 68 K 5 -I.16 0.05- 1 41 -. 8.43 

. 

-0.83 i4 05
Madras 6 5 o.64 0 06 9.64* 1.11 - 1.11 35.58
Maharashtra 68 -K----5---.-2.76 -o.o6... .. 172 . 1,09 - -2.3 1 r - -7.94< 

Source: Sources of Data; NB-i6, 19 -* Significant at- 5%- L-e-e 

http:K----5---.-2.76


TABLE 17. 16I O DPT0~y xu~~-BAJRA-AIID;-S~l --MAIM VAEIETIES7-
AGAnqsT P'ARM SIZE, USING( P1ROLA EVALUATION ORGANDJAVt0N DATA' 

UNiRESTRICTED MDEL. RESTRICTED KDDEL 
- Sum of Sum-of 

- Crop No. Estimated Estimated Estimated -Squared Estimated Squared
-ra By Crop Yea, Season Obs.. Intercept Slope t Ratio Residuals 

-

Intercept Residuals 

Bajra 
Gujorat : 
Haryana 

68 
68 

K 
K 

- 6 -1.80 
-3.91 

-:.o.o4 
"' 0,O4 

5.91* 
2,0k 

1-.18 
22.81 " 

-0.96 
-2.81 

.40.74
8.6k 

Maharashtmz 68 K 6 -2.77 -­0.14 ' .22* 0.97 -- 2,O .5.26 

Rajhasthan 
UttarPradesh 

68 
68 

K 
X 

4 
3 

-0.39 
-4.88 

0.92 
0.52 

1.77 
7.17.91* 

-0,54 
,.00 

1O0 
,-.4.0o4 

. 1.38 
. 

Gujarat 67 K 6 " -1.90 0.02 2.75 .89 4.54 '..14.10 
Mahara ili 
UttarPradesh 

67 
67 

K 
K 

6 
4 -.­

-2.30 
2.55 -

'0.05 
0.57 

1J)5.*7.06 
-9.47*--0.18 

,. 
.-. 

'1.15 
77 

f..61.19 
8.25 . 

1~ize 
-
67 K 4 2.42 :0.22 1,9. 3321.13 -. ,1.69 -. 

Uttar Pradesh 67 K 5 -2.55 0.09 2.63 5.68 -1.60 18.82 
Punjab 67 K _ 3 o.29 0.12 0.59 0.71 0.55 0.96
Uttar Iradesh. 7-67.. -2.36 . 0.07 . 77 8.941 
Maharastra-.71 :.1 - 6.45- 0.58 o.o-..2 -- 8.69 
Uttar Pradesh - 68 K 6 -3.41 ' 0.08 .- -5,14* ..3.50 -.37 -37.67 
Bihar 68- K_. 6 .-4.02. 0.06.- 4.98* 5-99 -2.52 A.3.10 
Uttar Pradesh 68 -K 6 -2.42 0.03 3I2* 1.07 -188"-7 522 

--Punjab .. .68. K . 4 2.60 -7.71. 2.15 .,9-17 -0.47" ':30.26 

Source: Sources of Data, Nos. 16 and 19. - : . *Significant at 5% Level 

http:Maharastra-.71


TB....... 
 ESTILATED LOGIT REGRESSIOIT OF ADOPTIOI OF HIGH-YIELDfITG I T"AT
AflD HYBRID JOTUAR VARIETIES AGAIIST FAMII ST.'E,USIIIG THE PROGRAIMflM EVALUATIOIT ORGAIIISATIOII DATA . 

"RUIESTRICTED 1IDDEL RESTRICTrD I.ODEL-' 
Sum of Sum of'Crop Season ITo. Estimated Estimated Estimated Squared Estimated Squared.Area By Crop Year Season Obs. Intercept Slope t Ratio Residuals Intercept Residuals 

Wheat
 
Bihar 
 67 R 4 -0.38 O.16 4.04* 2.48 0.62
Haryana 67 22.70R 5 -2.36 0.03 2.73 7.12
Punjjab 67 R 5 -1.45 24.76o.61 0.06 3.77* 8.43 1.60 
 48.29
RaJasthan 
 67 R V 5 -1.42 
Uttar Pradesh 67 , 

.02 2.02 7.04 -0.48 16.64"6 -0.70-l , 0.06 2.94* 27.98 -0.13 88.40Bihar 68 R, 
 0.47 -0.04, -1.75 5.89 0.03 11.89
Harana68 
 5 0.7 0.4 -11aharashtra 14.31* 0.20.1768 R 4 -1.68.- 0.59 1.86 21.905.07 -0.47 13.99Punjab 68 R 5- 3.99 0.01-, 0.61 5.68RaJhasthan 4.11 6.3968 " 3 -2.48 0.98 , 15.56* 0.12 0.16Uttar Pradesh 68 - 28.81" 6 0.74 0.07- 2.60 42.28 ­1.37 113.52. 

Joirar 
aharashta .. 6 .. 2 ;:0.2 .... ,- --5,28.-..Mladhya Pradesh 67 K 5 1.67 - -0.97 13.29-.­-2o. 0.02 1.9 .1.29 -- 1.70I, rsore 67 2.91/--K 4 -3.10 0.00 0.36 0.65 -3.00 0.70,Hadbva Pradesh 68 K 3 . 3.70 >0;25-

Maarashtra 8 K 
2.10 0.93 -2.79 5.04.- 6 .- 1.47 'e29 3, 30* 3.12 - 1.07laharashtra 68 R 6 - 11610.81 -0.15 -0.46 110.67 -1.18 116.79 

Source: Sources of Data, Ifos. 18 and 20. * Significant at 5% Level 



TABI. l9, ESiT RO MSSIOIN - T1-m 02 YMR, ­.m.R F~O"O IROFoRTIOI 
. D AR. . '-?S OFnx AM=T A,,.A=E, ..Tm, CO-opm.ATi m-

USIETG PROGPR,.E,' EVALUATION Of GAISATIO D&MA 

4 STRICTI i,EST.RI, . 1lD 

Sim of SluniO.
stimtedNo... ..- i sti,.ted' Zstiate& Squared Estimated Squeed

* Cro. .Year Season Obs. Intercept Slope :t Rati0o Residuls Intercept Residuals 

Poadct A 
Phd&j" 

67
67 

K 
K3290 

6 514.47- 0.31,
1.22 

2.00
1.95 

9218.143 
2.4200 16 

58.00- 184o0681,
38. 9..472l.28 

ia:ze A 67 6 L-7.72 0.63 .30 25371.6756.29 12147 .51 , 

1izeA .67 I 5 26.69 1.50 ' 3.8M-I) 3078.81 39.146 1788.804' f-
Wmj A 

*') ! -; 
67 - x 
-67 :--46"9.20 

35.9 6.18 
0.72 

1.21 
2.88 ' 

73.27 
.18.: 

403.'4.f 0.06 

6077316.271
60.07 16633.9k 

J. r.A 
Jo.. . 

'67o 
7 I 6 

. -e9 .k2 
.50 

0.17 1.6.!.631.3.0. 
3 :70* 5017.1_45 

53.61 229..14 

So=ce: Sou Beze1fLDtep Io.J.3 . * figT~iant at 5>-Del 



TABLE 20. F; STATISTICS TO TEST THE HYPOTHESIS THAT 
CERTAIN VARIABLES ARE UINRELATED TO FARM SIZE 

No. of No. of Observed F 

Name of Variable1 Regression Obs. Statistic 

Proportion of land owned 16 50 1.47 

Proportion of land irrigated 16 52; 1.28 

Proportion of cash expenditure 
met by the co-operatives 16' 52, 48 

Proportion of farmers who are 
members of the co-operatives 84 t fl36. 

TABLE 21. F STATISTICS TO TEST THE HYPOTHESIS THAT 
CERTAIN VARIABLES ARE THE SAME FOR ADOPTERS AND IN-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 _16 52 22.71" 

The proportion of cash expenaiture .
 
met by the co-operatives 16 .0 26
 

The proportion of farmers who are, ,, , .
 
members of the co-operatives 84 -. 26*
 

* Significant at the 5% level. 

** Significant at the 0.5% level. 

The first three variables were tested uoing Agro-Economic Research 

Cent Data. (See Tables 4, 7, and )). The fourth variable was
 
tec- -using data from the Programme Evaluation Organization (See Table 19).
 



'TABLE 22. ESTIMATED LINFwR REGRESSION FOR ADOPTIO 
AGAINST FARM EIZE IN'DIFERENT REGIONS

USING AGRO-ECONOMIC RESEARCH CENTRE DATA 

UN-J~RESTRICTEDMOERETIED 
DL 

Slimiof fzo
Crop - No. Estimated Estimated Estimated 

-

REGION Squared Estimated Sqared
-Obs.Year Season Intercept Slope- t Ratio Residuals Intercept Residuals 

Northeast 66 Kl ­ 5 -4.17 4.81 3.87*: 139889 .. 12.82 83757,8 

Nortbuest--6767 K 42 16.52 3.26 4.22*. 13491600 33.212 .19492617.Northest 67 .- 4. 4Northeat ..67 K 15, 49.22 1.95 .45 58.68 i 193433.3 
North:est 6 27 - 29.01 4.24 : 1.85 2 : 36.65 278145,9 

Northeast -68 K, 27.. 40.74. 2.89 2.4* 531793. 5.32 65889.2 

Southeast --... 8 10 •1.49 1. .33' 34498.,2 .22.46 7265966.7 

Southeast 68 101 413 1.78 3.11108941.9 5.87 240595.3 

Nothes8 
 8 2.15 0.03.54*-', 314189.8 44.89 134420.0
 
".- 4.... ­ 5 
 . L ' .­,4 


Source: Sources of Data 12, *Signifiant at 5% ivel 

1 The data: is aggrestated over all crops -­in each region 
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Appendix B: Statistical Methods of AnawliBv 

Thel linear regression for a single farm is 

P,= + PXf+ f f farm 

where P is the 'probability of adoption, X is farm sizei;c% ara p.are 

unknown parameters, e is the error term and 

E (ef~) =0 

E (4ETe' = y if f f, 

0 if f f' 

The outcome of whether or not a,single farm adopts may be Observed, 
but -the :probability of a single farm ,adopting my not be observed. It 

ispossible to aggregate farms into groups, and the model for farm means
 

becomes:
 

i/nj 1/nj in 

wherde ji=J1,2e..,J is the farm group, grouped by size in thivmJysis., 
a ijisisthe numberof farms in the t -farm group. ! 

This model may be rewritten las follows: 

,i., d it Olows thatCa r6eidlual covariances are zero 


E.(il't),= ,oG/fj. i, . 

=0 if j 'J 
ferice, the rbuidual means are heteroscedast~c - i.e. the matrix of 

mriances'and covariances of residuals is as follows: 

i/n, 0-',' 

./n,0, 

0.'0 n 



55"' 
We, therefore, weighted each group mean by 
 so-tH ttheti...
 

formed' reaiduads are homoscedastic. ::Ordinary least sqa-res estimates, 
are unbiased, but do not exhibit minimum variance if residuals are
 

heteroscedastic.Y
 

An additional source of variation in'the error - term 
is introduced 
-when we deal with a sample instead of the entire population. With a 
samplej of.ni out -of,a population N, the model becomes 

here :g is the sample estimate of the 'meanpr bability. Hence, 'the
 

.residuj.contains a
,tocastic component I , and a second term duejbo
 

estimation error (i 
 I-

The residual vrance"may be' rwiten as followari 

Allcovariances terms are zero. 
The second term on the right hand 
,side, of this equation is the variance'of the binomial probability 

estl.mate, and the last term-is the variance of the true probability 
around the mean within each group j. In this analysis, we assume either
 
that the second and third terms on the right hand side are approximately
 

constant for all , or that the first term dominates. Cleariy when
 

•the wole population is used, both the last two 'terms are sequal to zero. 

,See J. Johnston, EconometricMethods, McGrw Mm, l96, pp. 107-108. 

The variance of the sampling error is given by, .
S. Kendall'andA. Stuart, Advanced Theory of Statistic-s, Vol. I, Grittehlibndon 
1958, p. 127. 



An alternative to the simpler linear,:model is 'the "logit"... model. 

,T9.modelis 

~and'" 

=0 J
 
or A1,, if 

The problem with respect to the sampling error is similar to"hat 

considered in the preceding paragraphs. 1 'The essential diffeence 

between this and the earlier model lies in the shape of the fun,.tion due
 

to the .transformation of the dependent variable in the latter. In the
 

simple linear model, probabilities may be predicted which are 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 obtain the least 

squares estimate of the.unknown parameters. However, the absence of a 

suitable program to obtain these estimates by iteration, itwas necessary 

to assume that the weigated residuals were well-4Tehaved. It should also 

be added the'+ i.f the model is used for each farm, P; should be the geo­
metric mean rather than the arithmetic mean. 

To calculate the F statistic for testing the hypothesis:thaall the 

slopes are zero in WMregressions, the following 'formula :was u se 
SSRr - SSRu
 

Fo M M 
SSRu 

where 

SSRr is the sum of squared residuals for the restricted model. 
SSRu is the sum of squared residuals for the unrestricted model. 
M is the number of regressions. 
N is the number of observations. 

Ifthe slopes are zero, Fo has an F distribution with Ik and 

= N - 2M degrees cf freedom. The hypothesis is rejected'if Fo is 

*larger than'the initial F value. 

For a detailed discussion of sampling error in 'he logit model, see 
Henri Theil, Economics and Information Theory, Ran Maclally and 
Company, Chicago, 1967, pp. 71-37. 
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