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ABSTRACT

The present study attempts to evaluate state-wise variation in various cost components of paddy in India as well as the technological
change in rice cultivation and its key factor contributor during 2000-01 to 2009-10. State level secondary data of input use and
output of paddy has been accessed for the given period of time. For assessment of different cost components over the year, the
exponential growth rates and instability of different cost components has been calculated using simple Logest estimates while
the state-wise total factor productivity for paddy have been computed using Divisia Tornqvist-Theil index model. The study
evaluates that although there has been a stagnancy in the overall productivity of crop sector in India due to excessive use of
inorganic fertilizer, insecticides and pesticides, still a combination of organic and inorganic mix package of practice for paddy
in different states of India has been highly visualized. A marked technological change in rice cultivation has been observed in
the state of Madhya Pradesh (5.40%), Kerala (3.74%) and Karnataka (3.18%). With the rise in operational cost of paddy
including the hiring rate of tractors and power tillers, farm mechanization has still become the prime contributor in different
states of India. Despite of a sharp increase in the human labour wage rate, the contribution of human labour still dominates the
overall farming situation in India. Irrigation factor becomes the prime contributor with a negative impact on productivity
change as most of the region has cultivated rainfed rice. The contribution of fixed factor has gone up as the opportunity cost of
land has been increased day by day.
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1.  Introduction
Rice is the major cereal crop grown in India. It covers

nearly a one-fourth of the gross irrigated area in India
(Chatterjee et al., 2013), with vastly diverse conditions
from below the sea-level in parts of Kerala state to, on
the hills up to an elevation of almost 3000 m above mean
sea level in Himachal Pradesh, Jammu and Kashmir
states (Nirmala et al., 2009). In India, this diverse rice
growing conditions are mainly classified into five major
ecologies namely, Irrigated, Uplands, Rainfed Lowlands,
Deep water and Coastal wetlands with a wide level of
variation in input use as well as cost structure. However,
a serious concern has been raised on the long run
sustainability of the productivity effects of Green
Revolution technologies under irrigated ecosystem due
to degradation of natural resource-base. Many studies
(Flinn and De Datta 1984; Cassman and Pingali, 1995,
Nambiar, 1988, Pingali et al., 1997, Greenlands, 1997;
Yadav, et al., 2000, Dawe et al., 2000; Kumar and Yadav,
2001) have reported that rice yields were either declining
or stagnant after the 1980s under the intensive irrigated
rice systems due to various resource-degradation
problems. Most of these studies were however largely
based on experimental data designed with a specific
objective under controlled environments (fixed nutrient
doses, variety, other management practices, etc.) in the
research farms and adaptive research trials. Keeping this

view in mind, the present study attempts to evaluate the
regional variation in various cost components of paddy
across all major paddy growing states of India during
2000-01 to 2009-10. Also the study tries to evaluate the
technological change in rice cultivation and its key factor
contributor through computation of total factor
productivity (TFP) of rice across the major paddy
growing states of India over the period under study which
has been identified as the correct measure of productivity
impact for technical change (Evenson and Pray, 1991).

To add further, the country, India has its wide
variation in the topography, agro-climatic condition,
rhythm of precipitation along with irrigation on
availability are the major sources of variation in rice
production. At the same time, socio-geographic
characteristics, particularly access to modern agricultural
inputs including availability of credit, information
technology, communication, market roads etc. are equi-
important determinants of variation in agricultural
production. Kannan (2011) while measuring TFP growth
and its determinants in Karnatakian agriculture India,
concluded that the government expenditure on research,
education and extension, canal irrigation, rainfall and
balanced use of fertilizers are the important drivers of
crop productivity in Karnataka. It is necessary that both
public and private investment should be enhanced in
agricultural research and technology, and rural
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infrastructure for sustaining productivity growth in the
long run.

The present study has strictly followed the modern
concept of costs as proposed by the Commission for
Agricultural Costs and Prices (CACP), Ministry of
Agriculture, Govt. of India and has accessed the state
wise data of different cost components of paddy over
2000-01 to 2009-10 from the periodical reports/issues
of CACP (Anonymous 2003, 2007) and official website
of Directorate of Economics and Statistics (DES),
Ministry of Agriculture, Govt. of India
(eands.dacnet.nic.in). Subsequently, the total output
indices for paddy while calculating the total factor
productivity (TFPRice) across different states of India has
been computed using the state-level area, production and
farm harvest price data (collected from DES website) of
rice over the period (2000-01 to 2009-10) under study.
The various cost components used here are as
follows:

Cost A1: It covers all actual expenses of cash and
kind incurred in production of paddy by the owner. It
includes various components like:

i) Value of hired human labour (both casual and
attached labour)

ii) Value of hired bullock labour
iii) Value of owned bullock labour
iv) Value of owned machinery labour
v) Hired machinery charges

vi) Value of seed (both farm produced and purchased)
vii) Value of insecticides and pesticides
viii) Value of manure (owned and purchased)
ix) Value of inorganic fertilizer
x) Depreciation on implements and farm buildings

xi) Irrigation charges
xii) Land revenue, cesses and other taxes
xiii) Interest on working capital
xiv) Miscellaneous expenses (Artisans etc.)

Cost A2: Cost A1+ Rent paid for leased-in-land
Cost B1: Cost A1+Interest on owned fixed capital

(excluding land)
Cost B2: Cost B1+ Rental value of owned land (net

of land revenue) and Rent paid for leased-in-land
Cost C1: Cost B1+ Imputed value of family labour
Cost C2: Cost B2+ Imputed value of family labour
Cost C2 (Revised): Cost C2+ Additional value of

human labour based on use of higher wage rate, i.e.
statutory wage rate or actual market rate whichever is
higher (as derived from cost study data)

State-wise comparative analysis of different

Cost C3: Includes the managerial cost @ 10% on
Cost C2 (Revised) [Cost C2 (Revised) + 10% of Cost
C2 (Revised)]

Cost of Production: It is defined as cost per unit of
output. It is calculated by multiplying the ratio of Value
of Main Product to Cost of Cultivation and the ratio of
Value of Main and By-product to Derived Yield

The technological change in paddy cultivation across
different states of India over the year has been evaluated
by calculating the total output indices, total input indices
and total factor productivity indices of rice over 2000-
01 to 2009-10 using DivisiaTornqvist-Theil index model
and subsequently the step-wise multiple regression
analysis between relative change in output and that of
relative change in different input used in the production
system has been performed for each states in order to
judge the best factor contributor for paddy cultivation
over the last decade.

MATERIALS AND METHODS
The entire research methodology approaches two

major sections. Firstly, the growth rates and instability
of different cost components across major paddy growing
states in India over the year has been calculated using
simple Logest estimates with the following exponential
form as proposed by Lewin (1970) earlier on his article
on compound interest and again that has been modified
by Lewin (1981) himself.

Y= aebt

where the dependent Y-value is a function of the
independent time period (t), b is the growth factor over
time t, a is the intercept term (constant).

The significance t-test of growth rate at 5 per cent
level has been calculated from the following equation
as:

tcal (0.05) = b / se (b)
where b is the growth coefficient and se (b) represents
standard error of the growth coefficient b. tcal (0.05) >
ttab (0.05) denotes the significance of growth factor at 5
per cent level.

Coefficients of Variation (C.V.) of different cost
components of paddy over the year has been deflected
by the following formula of instability and compare it
between trended and detrended variables as used by
Cuddy and Della Valle (1978).

Where xI refers to instability measures and represents
deflected or weighted coefficient of variation.  The term
(1 – R2) indicates unexplained proportion of the trend
line serving as weights.
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Secondly, the total factor productivity of paddy over
the last decade (2000-01 to 2009-10) has been calculated
by computing total output indices, total input indices
for paddy across twelve major paddy growing states of
India namely Andhra Pradesh, Assam, Bihar, Haryana,
Karnataka, Kerala, Madhya Pradesh, Orissa, Punjab,
Tamil Nadu, Uttar Pradesh and West Bengal.
DivisiaTornqvist-Theil index model, a modified translog
homogeneous production function has been used to
calculate the TOI, TII and TFPI as proposed by Diewert
(1976) with its usual functional form:

Total Output Index (TOI)

Total Input Index (TII)

The equation can be simplified as:
Tornqvist Aggregate Output Index is given by:

 Ln Ln

Similarly Tornqvist Aggregate Input Index is given by:

 Ln   Ln  

Where t = year,
Qjt = Output of jth crop at tth year,
Qjt-1 = Output of jth crop at (t – 1)th year,
Sjt = Proportional value share of jth crop to total value

of output at tth year.
Sjt-1 = Proportional value share of jth crop to total value

of output at (t – 1)th year.
Xit = Quantity of ith input at tth year,
Xit-1 = Quantity of ith input at (t – 1)th year.
S’it = Share of ith input to total cost of inputs at tth

year.
S’it-1 = Proportional of cost share of ith input to total

cost of inputs at (t – 1)th year,
Pjt-1 = Harvest price of jthcrop at (t – 1)th year, Pjt =

Harvest price of jth crop at tth year,
Cit-1 = Cost of ith input at (t – 1)th year, Cit = Cost of ith

input at tth year.

Total Factor Productivity Index (TFPI)
O’Donnell (2012) defines TFP as the ratio between

aggregate output to aggregate input. However TFP
growth is a measurement of output growth divided by a
measure of input growth, which is how the productivity
growth is usually defined [e.g. Griliches (1961);
Jorgenson and Griliches (1967)].

In general, Total Factor Productivity at tth year is
measured by:

Here, a multiplicatively-complete [O’Donnell, 2008]
Tornqvist TFP indexes has been used as:

TFPI =

For the productivity measurement over a long period
of time, Output, Input & TFP indices are computed on
the basis of “Chain Base Index” expressed as
percentages. With chain-linking, an index is calculated
for two successive periods t and (t-1) over the whole
period t0 to T, (sample from t = 0 to t = T) and the
separate indexes are then multiplied together :

TOI* (t) = TOI (1). TOI (2)…………TOI (t-1)
Similarly, TII* (t) = TII (1). TII (2)………TII (t-1)
Total Factor Productivity Index (TFPI):
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Stepwise multiple regression analysis followed the model function:

where, Y = total output, X1: quantity of seeds used, X2 :
quantity of fertilizer used, X3 : quantity of organic
manure used, X4 : quantity of irrigation charges, X5 :
total machine hour required, X6 : plant protection cost,
X7 : bullock labour used (pair hours), X8 : total human
labour used (man hours) X9 : interest on working capital,
β0 : constant, β1…………..β9: regression coefficients of
respective variables for tthover (t-1)th year. The step-wise
regression analysis has been done here to identify the
most contributory factors responsible for the TFP change
over decade and to exclude the irrelevant factors from
the regression model. In this regard, it has to mentioned
that for convenience of analysis and interpretation, the
author has included only nine variables (the paid out
and operational cost components) in computing the TFP
and multiple regression analysis and not the entire input
level (excluding fixed factors). The entire analysis has
been performed using statistical package SAS 9.3
version.

RESULTS AND DISCUSSION
The entire study has been divided into two major

sections. Section-I deals with the state-wise behavioural
pattern of different cost components of paddy and their
break up i.e. Cost A1, A2, B1, B2, C1, C2, and C2
(revised) and the final Cost C3, through computation
of exponential growth rates and instability over the year
studied (2000-01 to 2009-10). Each and every cost
components has been analysed critically and interpreted
subsequently. Section-II deals with the state wise
analysis of technological change in rice cultivation over
the period and determination of best factor contribution
for change in productivity level.

State wise growth rates and instability in different cost
components and output of paddy in India

Table 1.1 illustrates the state-wise growth rates and
instability of different cost components incurred as well
as gross output and productivity level of paddy in India
during last decades (2000-01 to 2009-10) under study.

Cost A1: Cost A1 includes all actual expenses in
cash and kind for the production of paddy. There has
been a significant rate of change in Cost A1 for paddy
as marked across all the states of India during the last

decade. The highest exponential growth rate was
recorded in Uttar Pradesh (7.52%) followed by Haryana
(6.95%), Andhra Pradesh (6.93%) and Assam (6.33%).
West Bengal has shown a marked 5.91 per cent increase
in Cost A1 over the period under study. However in terms
of stability in growth rates, barring Madhya Pradesh,
Andhra Pradesh and Punjab, all the states has registered
significant change in Cost A1 with more than 90.0 per
cent stability.

Cost A2: Cost A2 includes Cost A1 with the rent
paid for leased in land. Barring Karnataka, Kerala and
Tamil Nadu, almost all the states have registered the
leased in rental data for the tenants. There are no
evidences of payment of rent to the landlords in these
three states as almost all the farmers bear their own land
for cultivation. The growth rate in Cost A2 component
surpasses Cost A1 in Andhra Pradesh (7.37%), Punjab
(6.22%) and in West Bengal (6.48%) resulting existence
of more and more landless labourers in those states.

Cost B1: Cost B1 includes Cost A1 with interest on
owned fixed capital excluding land. The highest growth
rates was registered in Uttar Pradesh (7.77%) followed
by Haryana (7.49%), Andhra Pradesh (6.73%) and
Punjab (6.57%). These four states are enriched with farm
mechanization with modern machineries, tools and
implements which have exerted certain values of interest
on fixed assets excluding land.

Cost B2: Cost B2 includes Cost B1 with the rental
value of owned land treated as the opportunity cost of
the next best alternative uses of that land. High rate of
growth has been recorded in Haryana (8.72%) followed
by Uttar Pradesh (8.31%) and Punjab (8.23%) too.
These states occupies large amount of land used for non-
agricultural activities. Barring Madhya Pradesh, almost
all the states bear a stable significant growth rate in Cost
B2 over the year.

Cost C1 and Cost C2:  Both Cost C1 and C2 bear
the family labour factor which has to be imputed by the
researcher. In both the cases, the highest rate of change
was observed in Haryana. The state covers a 20.74  per
cent average share of family labour cost to the total
operational cost over the year studied where the
maximum share of family labour to the operational cost
was found in the state of Assam (45.21%) followed by
West Bengal (30.44%).

State-wise comparative analysis of different
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Cost C2 Revised: Cost C2 Revised includes
additional value of human labour based on higher wage
rate or prevailing market rate (whichever is higher).
Haryana, Punjab and Uttar Pradesh have occupied the
highest level of growth rates (8.15%, 8.12% and 8.25%)
followed by a handsome rate of change in Andhra
Pradesh (7.42%).

Cost of Production for Paddy: Cost per unit of
output has been increased in a mammoth rate over the
last decade (2000-01 to 2009-10), where highest rate of
change in Cost A1 was observed in the state of Assam
(6.71%) followed by Uttar Pradesh (6.27%) and Bihar
(6.15%). Assam and Uttar Pradesh regained its position
for change in Cost A2 component while Bihar shows
lesser tendency of paying rent for leased land to the
landlords only showing a 3.69 per cent increase of Cost
A2 over the year studied. The picture was more or less
same for Cost B1 where the maximum growth rate of
change in fixed capital assets excluding land was
observed in Assam (6.88%) followed by Uttar Pradesh
(6.87%). But the change in Cost B2 (including rental
value of owned land) were dominated by Haryana and
Punjab as these states occupies large amount of land
used for non-agricultural purposes, that’s why the
opportunity cost of land came into act. The marked rate
of change in Cost C1, C2 and C2 Revised also occupied
by Haryana, Punjab and Uttar Pradesh and Assam
subsequently as these states are the well contributor of
family labour to the cultivation aspect of paddy. Cost
C3 includes the managerial cost added to Cost C2
Revised, where no managerial cost has been incurred in
the state of Uttar Pradesh, Andhra Pradesh, Bihar,
Haryana, Karnataka, Kerala, Orissa, Tamil Nadu and
West Bengal. Assam has registered the highest rate of
change, jumped up from 5.83 to 6.43 per cent in Cost
C2 Revised to Cost C3 i.e. the final cost.

Output Growth: The highest significant growth rate
in derived yield of paddy over the decade was registered
2.91 per cent in Kerala with over 90.0 per cent stability
followed by 1.92 per cent in West Bengal and 1.57 per
cent in Andhra Pradesh with more than 95.0 per cent
stability. These states are rich in paddy cultivation where
rice based cropping system prevails here. Gross output
from one hectare paddy cultivation has been changed
significantly in a mammoth rate in all the states of India
over the last decade under study. The highest rate of
change was registered in Madhya Pradesh (14.11%) with
64.0 per cent stability followed by Haryana (11.63%),
Uttar Pradesh (11.16%) and West Bengal (10.69%). Rate
of change of return from straw over the period has been
registered highest in Punjab (15.63%), followed by
Haryana (9.78%) and Bihar (9.00%).

State wise growth rates and instability in various
input use and break-up cost of paddy in India

Table 1.2 and 1.3 measures the state-wise growth
rates and instability of various input use as well as break
up cost of different input used per hectare of paddy
cultivation. Regarding seed use, the states of Haryana,
Kerala, Punjab, Tamil Nadu and Uttar Pradesh have their
usual practice of seedlings raising instead of seed sowing
and transplanting as common agronomic practices. For
that reason, the seed use data were not available for those
states. It was seen critically from the results that almost
all the states have registered declining trend in seed use
over the decade with stability over 95.0 per cent. That
ensures the introduction of HYV seed instead of local
one that yields more with lesser quantity use. Inorganic
fertilizer use has been increased to a certain extent in
almost all the states of India where highest change was
observed in Madhya Pradesh (4.96%) followed by Uttar
Pradesh (4.59%) and West Bengal (3.98%). Organic
manure use in paddy cultivation has been decreased over
the decade except Punjab at 80-85.0 per cent stability
level. Human labour has been reduced and converted
into hired machine labour at the onset of farm
mechanization in India. The overall picture of human
labour has been drastically changed over the decade.
Family labour use has been reduced much across the
states with negative trend over the year. Subsequently,
the use of hired casual labour has been increased in
Haryana (3.38%), West Bengal (2.39%) and Punjab
(1.76%). Since the introduction of farm machineries
incorporated in paddy cultivation across the states of
India, the use of bullock labour has been declined to a
greater extent barring Punjab (15.24%) where animal
labour has been used to a negligibly small extent.  Among
all inputs, the rate of Human labour shows its consistency
over the year with a stable rate. The highest growth of
wage rate for the hired labour was observed in Andhra
Pradesh (10.84%), followed by Punjab (10.28%) with
more than 80.0 per cent stability. Bullock labour rate
has been found to be maximum in Haryana (15.01%)
followed by Kerala (13.37%). Operational cost per
hectare for paddy cultivation has been increased
significantly to a greater extent over the year across all
the states of India, where highest growth rate was
observed in Uttar Pradesh (7.42%) followed by Andhra
Pradesh (6.63%) and Haryana (6.28%). Operational cost
per quintal has also been increased with a significant
rate where Assam got the highest change (6.43%)
followed by Uttar Pradesh (6.15%), Bihar (5.83%) and
Tamil Nadu (5.21%). Cost of labour both hired and
owned has been significantly increased a lot where Tamil
Nadu stood the first position in family labour growth
(8.11%) followed by Kerala (7.27%), Uttar Pradesh
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(6.68%) and Punjab (6.67%). Casual labour growth has
been found to be robust in Punjab too (12.01%) followed
by Haryana (10.64%), West Bengal (8.55%), Assam
(8.54%) and Orissa (8.34%) with over 75.0 per cent
stability. Attached labour cost has been reduced
significantly except Haryana (12.48%) as it is found to
be more cost bearing nowadays. Farmers and growers
used to apply seasonal hired labour at the time of need
and requirement for maintaining cultivation operation
smoothly. It is both cost effective and remunerative too
for the landlords. Bullock labour has nowadays been
implemented in some selected pockets of India where
Madhya Pradesh registered the highest growth rate of
cost of hired bullock (12.50%) followed by Orissa
(11.04%) and West Bengal (9.61%). Owned bullock cost
has been changed to a mammoth extent in Punjab
(23.50%). Use of machineries like tractors and power
tillers instead of bullock has been observed to a greater
extent in the last decade and being the common practice
for cultivation across all the states of India. The hired
machine cost has been raised to 23.15 per cent in Madhya
Pradesh followed by Assam (18.98%), Kerala (15.07%),
Orissa (14.04%) and Tamil Nadu (13.44%). Cost of seed
has been increased to a greater extent in almost all the
states where Haryana (13.06%), Andhra Pradesh
(10.30%), Uttar Pradesh (8.03%), Madhya Pradesh
(7.80%) as these states have their usual practice of
seedling raising instead of seed sowing and transplanting.
The cost of inorganic fertilizer has been increasing over
time as the decade progresses where fertilizer cost has
been featured highest in Uttar Pradesh (7.32%) followed
by West Bengal (6.62%) and Madhya Pradesh (6.38%).
Growth of organic manure cost has been found to be
insignificant amongst all states except Bihar registered
a gigantic 41.63 per cent growth over the decade. Use
of insecticides and pesticides has been raised over the
time where the cost of plant protection chemicals has
been raised to over 10.0 per cent with fluctuations and
unstable rate. Rice has still been cultivated as rainfed
crop in rainy season as cost of irrigation does not affect
much to the overall operational cost barring Assam
(20.73%) and Uttar Pradesh (9.64%). Interest on working
capital has been inclined to a mammoth rate over all the
states where highest rate was registered in Uttar Pradesh
(7.70%) followed by Andhra Pradesh (7.06%) and
Haryana (7.02%).

State wise growth rates and instability in various fixed
cost break up of paddy in India

Table 1.4 highlighted the growth rates of various
fixed costs incurred in paddy cultivation across all the
states of India. The table clearly depicts that there has
been a significant rise in the fixed cost of paddy across
all the states where Haryana and Punjab exhibits a

fantastic rise in the fixed costs over the decade (10.62%
and 10.55% respectively) followed by Madhya Pradesh
(9.38%), Uttar Pradesh (9.06%) and Andhra Pradesh
(8.73%) with over 85.0 per cent stability. This is due to
the excessive rise in the value of land over the regions in
India during last decade. The opportunity cost of land
has been increased up to 13.32 per cent in Madhya
Pradesh followed by a marked increase in Haryana
(12.23%), Punjab (10.68%) and Uttar Pradesh (10.10%).
Dominancy in the leased-in land has been marked in
West Bengal where a significant 38.18 per cent increase
in rent paid for leased-in land has been recorded over
the decade. This is because of the 85.0 per cent
dominancy of marginal and small farming community
in this state with an average size of holding of 0.77
hectare for all size classes and 0.49 hectare for the
marginal farmers (Anonymous 2014). Interest on fixed
capital over the decade crosses 10.0 percent mark in
Kerala (16.06%), Punjab (13.22%) and Haryana
(11.71%). Overall the total cost of paddy cultivation per
hectare has been increased with a steady growth rate
over the decade in all the states of India. Haryana, Punjab
and Uttar Pradesh, the three dominating states of India
in regards to agricultural growth and development over
the years have registered an 8.15 per cent, 8.13 per cent
and 8.03 per cent increase in total cost of cultivation of
paddy cultivated per hectare of land.

State-wise decadal change in Total Factor Productivity
(TFP) for paddy over 2000-01 to 2009-10

Table 1.5 highlights the state-wise total output
growth, total input growth and total factor productivity
growth rates for paddy over the period 2000-01 to 2009-
10 that has also been illustrated in figures (Fig.1 to
Fig.12). The growth rate in total factor productivity
(TFP) exhibits the ratio between relative changes in
output growth to that of input growth, measures the extent
of technological change in paddy cultivation across
major paddy growing states of India over last decade.
The table features that the technological change in paddy
cultivation has been occurred significantly in the state
of Madhya Pradesh (5.40%) followed by Kerala (3.74%)
and Karnataka (3.18%) where the output changes in
faster mode than the input use. Assam and Andhra
Pradesh features an unsteady rate of change in TFP
(1.19% and 1.20%) where in other states, the
technological advancement in paddy cultivation has been
choked. This is due to the over use of inorganic fertilizer,
plant protection chemicals that would hamper the
inherent fertility status of the soil. The extent of overuse
in input use can be visualized in the state of Bihar and
Haryana where a negative rate of change in TFP (-2.58
and -1.14%) has been observed. West Bengal, Tamil
Nadu, Orissa, Punjab and Uttar Pradesh exhibits
stagnancy in total factor productivity change in the
context of paddy cultivation over the period.
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Correlation and Multiple Regression analysis for
identification of factor contribution of rice in the states
of India

Table 1.6 and 1.7 exhibits the correlation matrices
as well as multiple linear regressions between changes
in output over change in all factors of production for
paddy across the major states of India. Use of plant
protection chemicals has a strong positive relationship
(0.681) with the change in output over time in Andhra
Pradesh and become the key factor contributor for overall
change in productivity. Human labour use has been
another contributable factor here next to the plant
protection measures. Irrigation has been the key factor
identified in the state of Assam with a negative impact
on productivity (-0.698) because the state belongs to a
heavy rainfall region that has reduced the overall
productivity of rice. The picture is more or less same for
Bihar where a strong negative correlation between
changes in output to that of change in irrigation has been
observed. All the factors are equally contributable in
Haryana state where use of seed, machineries, bullock
labour, human labour and interest on working capital
have shown positive impact on change in output over
time whereas inorganic fertilizer and manure use,
irrigation and plant protection chemicals have registered
negative impact on productivity change. Fertilizer
(correlation coefficient 0.728) and manure use has been
identified the most promising factor contributed for
overall change in the productivity of paddy in Karnataka
for the last decade that has already been reported by
Kannan (2011). Irrigation factor has been found
negligible contribution over productivity change in
Kerala. Rest of the factors is contributed equally in
productivity change over decade. Irrigation too has a
negative impact (correlation coefficient -0.746) on
productivity change in Madhya Pradesh as most of the
region has adopted cultivation of paddy in rainfed
situation. Human labour use has an effect to overall
productivity change of paddy in the state. Use of human
labour has been the key parameters in Orissa too while
farm mechanization has been the sole factor contributor
identified in Tamil Nadu for overall change in output.
Punjab has shown inclusion of all the factors which have
equal impact on change in productivity of paddy over
the period. The same feature was observed for the state
of West Bengal where the use of inorganic fertilizer,
irrigation charges, plant protection chemicals and bullock
labour use have negative impact on productivity as has
been observed by Chatterjee et. al., 2013, whereas the
machine labour use and organic manure have shown
positive regression coefficient with output change owing
to farm mechanization in the light of organic agriculture
in the state. Almost same result was observed in Uttar

Pradesh where inclusion of inorganic fertilizer and
organic manure as second and third factor has promoted
a combination of organic and inorganic package of
practices for paddy cultivation in the state over the
decade (2000-01 to 2009-10).

CONCLUSION
Although there has been stagnancy in the overall

productivity of crop sector in India due to excessive use
of inorganic fertilizer, insecticides and pesticides
resulting saturation in the soil strata, still the promotion
of organic and inorganic mix package of practice for
paddy in different states of India in the current decade
become a key feature in this study. With the rise in
operational cost of various factors of production used in
paddy cultivation with rise in the hiring rate of tractors
and power tillers, farm mechanization has been the prime
contributor in different states of India. Despite of a sharp
increase in the human labour wage rate over the year,
the contribution of human labour still dominates the
overall farming system in most of the states as
indispensible factor for cultivation. Irrigation factor has
been the major contributors for paddy cultivation with a
negative impact on productivity change as most of the
region has cultivated rainfed rice where the cultivators
depend upon the rainfall only. The contribution of fixed
factor in the production of paddy has been gone up as
the opportunity cost of land (rental value of owned land)
has been increased. Marked technological change in rice
cultivation has been observed in the state of Madhya
Pradesh (5.40%), Kerala (3.74%) and Karnataka
(3.18%) where a combination of organic and inorganic
package of practices in rainfed paddy cultivation is highly
visualized.
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