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Abstract: Rice is the principal crop of Assam, which alone occupies nearly 70 percent of gross cropped area and cover
around 80 percent of total food production in the state. Although, the production of rice has increased over the years
especially during the recent decades, the productivity is very low as compared to other rice growing states of India.
Increase in production through increase in area is not far fetching. Change in productivity is basically technological and
hence, more promising. Probit model revealed that in Nagaon district co-efficient of per cent clay soil area (ha.), non-farm
income (Rs.) and dummy for extension visit were positively significant. i.e., these factors had significant influence
towards adoption of modern varieties in the district. While, in Golaghat district dummy for extension visit and NPK use
(kg/ha) had shown significant influence towards adoption of modern varieties. Tobit model estimates revealed that dummy
for extension visit and size of household had significant influence towards adoption of modern varieties in both the sample
districts towards adoption of modern varieties. Factor analysis showed that amongst the factors considered in Nagaon
district, dummy for credit used for production purpose, dummy for extension visit and per cent loamy sand area (ha) were
the variables of importance in determining the adoption of modern varieties. Likewise, in Golaghat district Coefficient of
Variation of yield (t/ha), dummy for extension visit and number of years in school attended by the household head emerged

out to be the important variables in determining the adoption of modern varieties in the district.
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INTRODUCTION

Assam is one of the economically backward
states of India. The state nested in the heart of
India’s North Eastern region has vast fertile land
and plenty of natural resources providing immense
potentiality for the development of agriculture.
Among the food-grains, rice is the principal crop,
which alone occupies nearly 70 percent of gross
cropped area and cover around 80 percent of total
food production in the state (Bhowmick and
Borthakur, 2002). Almost 90 per cent of the
population is rice eater. The agro-climatic suitability
favours rice cultivation in the state. Hence, the state
being one of the main rice growing states of India
can contribute a lot to the national economy. In
Assam, rice is mostly a rainfed crop, which largely
depends on the vagaries of nature. Although, the
production of rice has increased over the years
especially during the recent decades, the
productivity is very low (1.5 t/ha) as compared to
other rice growing states of India and Indian
average (2.06 t/ha). It is obvious that increase in
area or productivity lead to increase in production.
Nevertheless, increase in production through
increase in area is not far fetching, as land is a
limiting factor. Change in productivity is basically
technological and hence, more promising. Hence, a
quantitative assessment of adoption pattern of
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technologies assumes significance in the context of
agricultural development.

METHODOLOGY

Database of the investigation

Cross section data pertaining to rice area and yield
under different land type and soil type, input used in
rice production and income obtained thereon etc.
were collected from Nagaon and Golaghat districts of
Assam through personal interview method for two
consecutive agricultural years from a selected set of
150 households.

Analytical framework

Multivariate Probit and Tobit regressions
Multivariate Probit and Tobit regressions were
conducted to identify factors determining adoption of
modern variety. For the Probit model the dependent
variable was adoption (Yes/No) of modern varieties
in each plot. The plot-specific independent variables,
land type and soil type, were specified as dummy
variables. For the Tobit model the dependent variable
was the percentage area planted to modern variety in
each household. In this case, the land type and soil
type variables were represented in terms of
percentage area under each category. In both models
same factors were considered in a district.
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Factor analysis

In order to identify the factor and their relationship in
the influence of adoption of modern varieties, factor
analysis had been performed. For the purpose SPSS
7.5 version was used. Factor analysis like principal
component analysis seeks to provide reduction in
dimensionality by parsimoniously explaining the
entire covariance matrix. The essential purpose of
factor analysis is to describe, if the covariance
relationship among many variables in terms of a few
underlying but unobservable random quantities
called factors. Factor refers to a hypothetical,
unobservable variable as in the phrase common
factor. Factor analysis refers to all methods of data
analysis, matrix factors, including component
analysis and common factor analysis.

For the random variables X;,X,,...X, the assumed
factor analysis model is

Xi = MitAid Yot ApYote o, Aim Y mtZi

Where, i=1,2...p

Yi.Y2 Y., are hypothetical unobserved random
variable
Z1, Z,....Z, are p hypothetical unobserved random

variable with Z; specific to X;

“Aij” (where “ i” goes from 1,2.......... pand ‘j’=1,2
......... m) is the coefficient of Y; in representing X; .
The Y’s are also called common factor and Z’s are
called specific factor or unique factor.

‘m’ is the number of common factor which is called
complexity. Thus it seems that smaller the number of
‘m’ less complex the dimensionality of X;
Co-efficient ‘Aj” are called factor loading. So, ‘A;;’ is
the loading of the original random variable X; on the
common factor Y;

The whole thing is written in matrix form as follows
X=@D+AY + Z e (A)
Assumptions: E(Y)=0,E(Z2)=0

The specific factors had variance ‘¢’ and co-
variance zero. The variance of Z;i.e ‘c;®’ is called the
specific variance i.e. V(Z) = C. The variance of Y is
an identity matrix and this can be achieved by
standardizing the common factor Y;’s. Thus from the
relation (A) we have

V(X)=V (AY) +V (2)

T=AIAM+C

ZZAANHC i (B)

Y = variance-covariance matrix of the original
variable.

A = Factor loading matrix.

C = matrix of specific variance.

Then from relation (B) we get

Variance (ciz) = kijz + Ci2

The ‘A" ie. the square of the loadings was
described as the contribution of the standardization
of the common factor Y; to the variance of X;.

7\4112 + )\.122 + }\4132-"_ ................. +7\.1m2 is called the
communality of X7,

Hence, the wvariance of X; is expressed by
communality and the specific variance.

RESULT AND DISCUSSION

Multivariate probit and tobit analysis

Multivariate probit and tobit regression were carried
out to identify the factors determining adoption of
modern varieties and results are presented in Table 1.
For the plot level analysis (Probit model), the
dependent variable is adoption (Yes/No) of modern
varieties. The plot specific independent variables i.e.,
land type and soil types are specified as dummy
variables. For the Tobit model, the dependent
variable is the percentage area planted to modern
variety in each household and the land type and soil
type variables were represented in terms of
percentage area under each category. In both the
model, same factors were considered in a district. In
Nagaon district, area of low lying and medium land
(ha), area under clay soil (ha), area under loam sand
soil (ha), area under sandy loam soil (ha), off farm
and non farm income (Rs.), total farm holding (ha),
dummy for credit used for production purpose,
dummy for extension visit, number of years in
schools by the household head, size of household and
NPK use (kg/ha) were used for the analysis. In
Golaghat district, all the factors except dummy for
credit used for production purpose and instead of
area under loamy sand soil (ha), area under clay loam
soil (ha) were used. As no credit was used for
production purpose in Golaghat district, the factor
dummy for credit used for production purpose had
not been used in the models fitted for the district.
Also depending on the dominance different soil type
were considered.

The Probit model estimates revealed that in Nagaon
district co-efficient of per cent clay soil area (ha.),
non-farm income (Rs.) and dummy for extension
visit were positively significant. i.e., these factors
had significant influence towards adoption of modern
varieties in the district. While, in Golaghat district
dummy for extension visit and NPK use (kg/ha) had
shown significant influence towards adoption of
modern varieties.

Table 1. Probit and Tobit models determining the adoption of modern variety

Variable Probit model estimates Tobit model estimates
Nagaon Golaghat Nagaon Golaghat
INTERCEPT 0.409959* 0.59615** 37.03832 0.911995
PLAND1 0.117074 -0.019499 -0.117754 0.279932*
PLAND?2 -0.021984 0.004324 -0.109015 0.424318**
PSOIL1 0.185735* 0.016726 0.008414 -0.178422
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PSOIL4 -0.020405 - 0.019743 -
PSOIL5 - -0.002734 - -0.126273
PSOIL6 -0.098540 -0.032837 -0.020178 -0.143185
VALUE 0.000003* -0.00000007 0.000096* 0.000182*
AREAFARM 0.024436 0.008397 -1.120306 -2.437054
DCREDPRO 0.062034 - -5.543424 -
DEXTEN 0.327615** 0.088339* 17.876008* 17.006184*
EDYEARS -0.005827 -0.000891 0.136342 -0.0259621
SIZEFAM -0.019451 0.005476 2.052302* 2.306651*
NPK 0.004360 0.313906** 18.81940* 0.274823
R-square 0.33312 0.40964 0.286138 0.38491

Note: Those with * are statistically significant at 5% and ** are statistically significant at 1% level of

significance

PLAND1=% area, low-lying land in ha.
PLAND2=% area, medium lying land in ha.

PSOIL1=% area, clay soil in ha.

PSOIL2=% area, sandy soil in ha.

PSOIL3=% area, loamy soil in ha.

PSOIL4=% area, loamy sand in ha.
PSOIL5=% area, clay loam in ha

PSOIL6=% area, sandy loam in ha
VALUE=off-farm and non-farm income in Rs.
AREAFARM=total farm holding in ha.

DCREDPRO=dummy for credit used for production purpose: 1=has credit; 0=otherwise

CV=Coefficient of variation of yield (t/ha)

DEXTEN=Dummy for extension visit: 1=visited; 0=otherwise
EDYEARS=Number of years in school attended by the household head

SIZEFAM=Size of household
NPK=NPK use in kg/ha.

D1ACCESS=Dummy for poor access to market: 1=poor access; 0=otherwise
D2ACCESS=Dummy for medium access to market: 1=medium access; 0=otherwise

The Tobit model estimates also revealed that dummy
for extension visit off-farm and non-farm income and
size of household had significant influence towards
adoption of modern varieties in both the sample
districts. Besides, NPK use (kg/ha) in Nagaon district
and area under medium as well as low lying land (ha)
in Golaghat district had shown significant influence
towards adoption of modern varieties.

Factor analysis

Factor analysis has been carried out using the SPSS
package version 7.5, taking some factors viz.,
different land and soil types prevalent in the
districts, extension visit, farm size, household size,
credit use, off-farm and non-farm income (Rs.),
education level of household head, NPK use etc.
Outcome of the analysis are presented in Table 2 &
3.

Factor loading

The coefficients in the factor equations are called
“factor loadings”. They appear in each factor
column in the Table, corresponding to each

variable. The factor equations for Nagaon district
are:

F; =-0.1115X; + 0.0222X, + 0.0330X; + 0.0751X, -
0.0603X5 + 0.2186Xs - 0.2238X; + 0.2381Xjg -
0.2236Xg + 0.0632 X + 0.2491Xy; + 0.0666Xy;, +
0.0597X33

F, = -0.4469X; + 0.4799X, + 0.0771X5 + 0.0504X, +
0.0667Xs + 0.1406Xg +0.1715X; - 0.1217Xg +
0.0250Xg + 0.0437X30 - 0.0085X;;- 0.2025X;, -
0.1296X33

F; =-0.0291X; + 0.0288X, + 0.0301 X5+ 0.1268X, +
0.0204X5 + 0.1829Xg + 0.2367X; - 0.2374Xg -
0.0572Xg + 0.3230Xyo - 0.0337Xy; + 0.3881X;, +
0.4144X 5

Fs = 0.1232X; - 0.1224X, + 0.2220X; + 0.5396X, +
0.5821Xs5 - 0.1038X; + 0.0927X;  -0.0770Xjg -
0.2269Xg + 0.1631X3 + 0.0396X;; - 0.1221X;, +
0.0453X33

Fs = 0.1231X; - 0.1623X, + 0.8254X; + 0.2824X, -
0.1203Xs + 0.1766Xg - 0.0001X; +0.0071Xg +
0.0704Xg + 0.2050X;, - 0.0449Xy; - 0.1404X,, -
0.2166X;3
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The factor equations for Golaghat district are:

F; = 0.2292X; + 0.2180X; + 0.1551X3 + 0.1660X, +
0.1067Xs + 0.1228Xs + 0.0289X; - 0.1868Xj -
0.2478Xg+ 0.2367X3+ 0.1461Xy; + 0.1300X3,

F, = 0.0660X; + 0.0877X; + 0.0039X; + 0.0344X, +
0.1731Xs5 + 0.3758Xs - 0.4260X; - 0.06427Xg +
0.1757Xg- 0.2763 X1 - 0.0089X;+ 0.1290X;,

F; = 0.3575X; + 0.3611X, + 0.1082X; + 0.3184X, +
0.1143X5 - 0.2210Xg + 0.1683X; + 0.0819Xg +
0.1973X,- 0.0803X30- 0.0996X,; + 0.1293X;,

F, = 0.1898X; + 0.1178X; + 0.3333X3 + 0.1145X, -
0.5403Xs + 0.1134Xg - 0.1455X; + 0.5424Xg -
0.1322X4- 0.0787X30 + 0.2331X3; - 0.0061X;,

Fs = -0.0092X; + 0.0105X; + 0.5627X3 + 0.2151X, +
0.2753Xs + 0.1031Xg - 0.1383X; + 0.2871Xg -
0.2017Xg+ 0.2151X34+ 0.4859X; - 0.2575X;,

The factor loading depicts the relative importance of
each variable with respect to a particular factor. In all
the five factor equations derived for Nagaon district,
dummy for credit used for production purpose (X3)
dummy for extension visit (X4) and per cent loamy
sand area (ha) (Xio) appeared with positive loading
indicating that they were the variables of importance
in determining the adoption of modern varieties in
the district. Likewise, in Golaghat district Coefficient
of variation of yield (t/ha) (X,), dummy for extension
visit (X3) and number of years in school attended by
the household head (X,) showed positive loading in
all the five factor equations derived from the analysis
indicating the importance the variables in
determining the adoption of modern varieties in the
district.

Table 2. Component Score Coefficient Matrix for Nagaon district

Factors 1 > Fac:;[ors ) 5 Communalities
AREAFARM (Xy) 01115 04469  -00201 01232  0.231 0.7976
cvyY (X2) 00222 04799 00288  -0.1224  -0.1623 0.7732
DCREDPRO (X) 00330 00771 00301 02220 08254 0.8376
DEXTEN  (X.) 00751 00504 01268 05396  0.2824 0.6221
EDYEAR  (Xo) 00603 00667 00204 05821  -0.1203 0.5607
NPKUSE  (Xo) 02186  0.1406 01829  -0.1038  0.1766 0.7289
PLANDL  (Xy) 02238 01715 02367 00927  -0.0001 0.8111
PLAND2  (Xq) 02381  -0.217  -0.2374  -0.0770  0.0071 0.8351
PSOILL  (Xo) 02236 00250  -0.0572  -0.2269  0.0704 0.6397
PSOIL4  (Xso) 0.0632 00437 03230 01631  0.2050 0.4271
PSOIL6  (X1) 02491  -0.0085  -0.0337  0.0396  -0.0449 0.6890
SIZEFARM (Xy,) 0.0666  -02025 03881  -0.1221  -0.1404 0.6429
VALUE  (X1) 00597  -0.1296 04144 00453  -0.2166 0.6283
zg;j;'ance summarized | 554810 135588 129067  9.2506  7.9806 | Average=0.6918

Extraction Method: Principal Component Analysis
PLANDL = % area, low-lying land in ha.
PLAND2 = % area, medium lying land in ha.
PSOIL1 = % area, clay soil in ha.

PSOIL4 = % area, loamy sand in ha.

PSOIL6 = % area, sandy loam in ha

VALUE = off-farm and non-farm income in Rs.
AREAFARM = total farm holding in ha.

DCREDPRO = dummy for credit used for production purpose: 1=has credit; O=otherwise

CVY = Coefficient of variation of yield (t/ha)

DEXTEN = Dummy for extension visit: 1=visited; O=otherwise
EDYEARS = Number of years in school attended by the household head

SIZEFAM = Size of household

Table 3. Component Score Coefficient Matrix for Golaghat district

Factors Factors Communalit
1 2 3 4 5 ies
AREAFARM (Xj) 0.2292 0.0660 0.3575 0.1898 -0.0092 0.9087
CVvYy (X2) 0.2180 0.0877 0.3611 0.1178 0.0105 0.8576
DEXTEN (Xa) 0.1551 0.0039 0.1082 0.3333 0.5627 0.7753
EDYEAR (Xa) 0.1660 0.0344 0.3184 0.1145 0.2151 0.6349
NPK (Xs) 0.1067 0.1731 0.1143 -0.5403 0.2753 0.7663
PLAND1 (Xe) 0.1228 0.3758 -0.2210 0.1134 0.1031 0.8954
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PLAND?2 (X7) 0.0289 -0.4260
PSOIL1 (Xs) -0.1868 -0.0642
PSOIL5 (Xo) -0.2478 0.1757
PSOIL6 (X10) 0.2367 -0.2763
SIZEFARM (Xy1) 0.1461 -0.0089
VALUE (X12) 0.1300 0.1290
Variance summarized 29 5530 16.8689
(%)

0.1683 -0.1455 -0.1383 0.9169
0.0819 0.5424 0.2871 0.7848
0.1973 -0.1322 -0.2017 0.8199
-0.0803 -0.0787 0.2151 0.8196
-0.0996 0.2331 0.4859 0.8034
0.1293 -0.0061 -0.2575 0.8135
Average =
15.4247 9.5529 8.8619 0.8164

Extraction Method: Principal Component Analysis
PLAND1 = % area, low-lying land in ha.

PLAND2 = % area, medium lying land in ha.
PSOIL1 = % area, clay soil in ha.

PSOIL5 = % area, clay loam in ha

PSOIL6 = % area, sandy loam in ha

VALUE = off-farm and non-farm income in Rs.
AREAFARM = total farm holding in ha.

CVY = Coefficient of variation of yield (t/ha)

DEXTEN = Dummy for extension visit: 1=visited; 0=otherwise
EDYEARS = Number of years in school attended by the household head

SIZEFAM = Size of household
NPK = NPK use in kg/ha.

Variance summarized

Factor analysis employs the criterion of maximum
reduction of variance — variance found in the initial
set of variables. Each factor contributes to the
reduction of variance. After the analysis it was found
that in Nagaon district the five factors (1 to 5)
accounted for 25.48, 13.56, 12.91, 9.25 and 7.98 per
cent of variance respectively; altogether explained
more than 69 per cent of variance. While in Golaghat
district, the five factors contributed 22.55, 16.87,
15.42, 9.55 and 8.86 per cent variance, respectively.
The five factors together explained more than 81 per
cent of the variances.

Communality

In an ideal solution the factors derived would explain
100 per cent of the variance in each of the original
variables. “Communality” measures the percentage
of the variance in the original variable that is
captured by the combination of factors in the
solution. Thus, communality is computed separately
for each of the original variables. In each variable,
communality might be thought of as showing the
extent to which it is revealed by the system of
factors. It was observed that in Nagaon district the
average communality was more than 69 per cent,
ranged from 42.71 per cent to 83.76 per cent. While,
in Golaghat district the average communality was
81.64 per cent, which ranged from 63.49 per cent to
91.69 per cent. Thus, the five factors seem to capture
the underlying dimensions involved in the variables
considered in both the districts.

Summary
The Probit model revealed that in Nagaon district
co-efficient of per cent clay soil area (ha.), non-farm

income (Rs.) and dummy for extension visit were
positively significant. i.e., these factors had
significant influence towards adoption of modern
varieties in the district. While, in Golaghat district
dummy for extension visit and NPK use (kg/ha) had
shown significant influence towards adoption of
modern varieties. The Tobit model estimates also
revealed that dummy for extension visit and size of
household had significant influence towards
adoption of modern varieties in both the sample
districts. Besides, NPK use (kg/ha) in Nagaon
district and area under medium as well as low lying
land (ha) and off farm and non-farm income (Rs.) in
Golaghat district had shown significant influence
towards adoption of modern varieties. While, co-
efficient for off-farm and non-farm income (Rs.)
was found to be negatively significant in Nagaon
district.

From factor analysis it was observed that the
amongst the factors considered for Nagaon district,
dummy for credit used for production purpose,
dummy for extension visit and per cent loamy sand
area (ha) were the variables of importance in
determining the adoption of modern varieties in the
district. Likewise, in Golaghat district Coefficient of
Variation of yield (t/ha), dummy for extension visit
and number of years in school attended by the
household head emerged out to be the important
variables in determining the adoption of modern
varieties in the district.
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