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Abstract: The study examines the factors affecting agricultural output for the fifteen general category states
for the time period 1991 to 2013. The special category states have not been included considering their nature
of developments and location of the region are different than those of general category states. Panel Fixed
Effect Model has been specified to study determinants of agricultural output. Hausman statistic suggests for
use of fixed effect within coefficients. The agricultural output of a state has been modelled as a function of
gross irrigated area, gross sown area, fertilizer consumption, forest cover as a proxy representing environment
performance, agticultural credit and development spending by the government. The variables, such as gross
sown area, gross irrigated area, fertilizer consumption, development expenditure and agricultural credit have
positive significant relationship on agricultural output of a state. Forest cover emerged to have a negatively
significant relationship with agricultural output. Public investment in agriculture and infrastructural development
like irrigation facilities will promote agricultural growth in Indian states. In addition to it provision of pro

agricultural services like banking and insurance will help in increasing the yield from the farm sector.
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INTRODUCTION

Agriculture plays an important role for the Indian
economy as it provides livelihood opportunities for its
people. Besides, for meeting the increasing needs of food
grains requirement and checking imports of food grains,
expansion of agricultural output and rise in agricultural
productivity are essential.

With the progress of a country and an enlargement
in its GDP basket there accompanies a shift in a countries
economic activity from agriculturally oriented to industries
and services (Lewis ,1954). India has also not been an
exception to this, like any other developing country it
has transformed itself from an agrarian economy in the
1970s to a rapidly growing service driven economy in the

1990s. The post reform period was largely influenced by
the boom in the service sector growth. Figure 1 shows the
decline in the contribution of agriculture to total GSDP.
Prior to the reform’s agriculture was a major component
in states GSDP whereas after the reforms the agriculture
contribution in the total GSDP has decreased.

In spite of the declining share of agriculture in
total GSDP this sector is the bread winner for about 50
percent of the population (Agricultural census ,2012). The
importance of agriculture cannot be overlooked as it is
closely linked to other sectors. It provides raw materials
to the industry like sugar, cotton, jute, rubber products,
timber etc. On the other hand, it uses inputs like fertilizers,
pesticides, electricity, machines etc. If any surplus is
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other sectors Saikia (2011). The services on the other
hand provides agriculture with facilities like transport,
warehousing, communication, agricultural credit and
insurance. Therefore, a simultancous development of all
sectors is important in order to achieve rapid economic
growth. It should be noted that revolution associated
with industry and agriculture should necessarily move
simultaneously and those economies in which agriculture
stagnates would not show any form of development.

In order to increase agricultural production and
cater to the lives of the people dependent on it, becomes

essential to find out the factors that will help in sustaining
agricultural growth. Agricultural production depends on
a number of fixed as well as variable factors. The fixed
factors include access to land, availability of Labour,
rainfall on the other hand, the variable factors include
agricultural credit, mechanical power, availability of
seeds, fertilizers, pesticides, insecticides, natural disaster
population as well as the controls exercised on markets.

Ahluwalia (2000) suggests that the performance of
states in its economic front after the policy reforms of
1990s has not received enough attention by policy makers
as there has

Figure 1: Contribution of Agriculture in total GSDP (State level)
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not been any state specific targets for the country as a
whole. A careful analysis of the plans also reveals that
it lays down targets for the national aggregate but state
specific targets have been ignored. This topic deserves
widespread attention firstly due to the countries federal
structure where states have to play a key role in many areas
like roads, agriculture, irrigation, water supply, power
education as well as health. Secondly decentralization of
decision making and lastly to study the rapid inequalities
across states. Thirdly past performance can help in
formulating future policies.

In this backdrop, the study tries to determine
the important factors contributing to the agricultural
development of a state in a panel frame work. Agricultural
output has been modelled as a function of gross

sown area, gross irrigated area, fertilizer, forest cover,
development expenditure and agricultural credit on
agricultural development of a state.

The remainder of the paper is arranged as follows:
Review of literature is given section 2. Empirical frame
work of the study is given in section 3. Empirical results
and discussion are given in section four and section five
provides conclusion and suggestions pertaining to the
study

LITERATURE REVIEW

Barnes and Binswanger (1986) have studied the impact
of rural electrification on agriculture. The study found
more impact on well irrigation rather than total irrigation
on agriculture. It was through the investment in pump
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set that the villages had an indirect effect on well
irrigation. On the other hand, the growth of grain mills
is directly related to number of years that a village has
been electrified. With the passage of time the impact of
electricity has increased but in terms of innovation the
increase has not been that much as found in the study.
The finding of multiple cropping on agriculture has not
been as robust as the well irrigation, due to a number of
factors like soil rainfall water and other factors

Binswanger and Khandker (1995) have found that
the impact of rural finance on the farm sector is smaller
than that which is observed in the non-farm sector. The
rural finance has on the other hand positively impacted
the inputs like fertilizer and investment in machines.

Desai and Namboodiri (1997) have analyzed total
factor productivity in agriculture is a function of barter
terms of trade, government expenditure in agricultural
research and education as well as crop development
programmes, fertilizer ratio measured by the ratio of
phosphorous tri oxide to nitrogen, percentage of land
irrigated by canal irrigation, percent of rural literacy,
marketing and banking infrastructure density, density of
rural roads, Gini ratio of owned land distribution, Gini
ratio of operational land distribution and the average
rainfall received. The barter terms of trade is negatively
contributing towards total factor productivity. Whereas
government expenditure has also been positively
contributing towards total factor productivity. Canal
irrigation has also been negative due to reasons like
inefficiency in its management. Literacy rate is negative
but not significant. Average rainfall, density of rural
roads, density of banking infrastructure and fertilizers
are all positively contributing towards the total factor
productivity. Out of the two-land distribution variable
owned land distribution is negative, whereas the
distribution of operational land is positive. As inequalities
in the owned land distribution increases it reduces total
factor productivity.

Fan et al. (2000) have used state level data of India
in a simultaneous linear framework. The results show
that there needs more investment in agricultural research,
irrigation, infrastructure like roads and electricity supply
and rural poor oriented development programmes has
helped in reducing poverty as well as the productivity

in agriculture. Irrigation on the other hand has modest
impact on rural poverty as well as agricultural productivity.
Governments investment on health affected rural
poverty to a smaller extent whereas it did not impact the
agricultural productivity.

Bhattarai and Narayanamoorthy (2003) have found
thatirrigation has played an important role in reducing the
gravity of inequalities across states. They have observed
that gross cropped area under irrigation has contributed
negatively to the poverty incidence and positively to
the consumption model. HYV and literacy has been
negatively contributing to the poverty incidence. On the
other hand, the HY'V adoption rate and literacy has been
positively contributing in the consumption model.

Bhattacharya et al. (2004) have found that the net
sown area has a positively significant relationship on
agricultural output. Rainfall has a positively significant
relationship for all the three states. Irrigation and fertilizer
have been used as a determinant for Uttar Pradesh and
they have positive significant relationship.

Odhiambo et al. (2004) have observed that the
key determinants of agriculture total factor productivity
growth are trade ratio, import penetration, real exchange
rate, rainfall, and government expenditure in agriculture,
access to credit, roads and school enrollment for Kenya.
Trade ratio and import penetration are negatively
significant whereas rainfall and government expenditure
in agriculture are positively significant.

Narayanamoorthy et al. (2000) have used a multi
variate analysis for 256 districts of India for three years
1970-71,1980-81,1990-91. Agricultural output has been
defined as a function of cropping intensity, fertilizer,
electricity, irrigation, literacy, road. Two models have
been estimated one with lagged values of infrastructure
and other without the lagged values. Except rural
electrification variable, all the other infrastructure
variables show a positive significant relationship on
agricultural output. Fertilizer has been significant for the
period 1980-81 and 1990-91 in the two models.

In the work of Badar et al. (2007) have modelled
agricultural production with cropped area, agricultural
labour, fertilizer consumption, distribution of improved
seeds, the governments expenditure on agricultural
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research, land reclamation and food trading services, the
minimum support price for wheat. Agricultural labour
and seed distribution have positive and significant
impact on agricultural production, whereas the fertilizer
consumption has a negative impact.

Chand et al. (2007) have observed that rainfall,
institutional credit and fertilizer are key determinants
of agricultural output. Dasgupta and Singh (2005)
have used the Dynamic panel model, Arellano Bond
regression for the districts of Maharashtra, West Bengal,
Punjab and Andhra Pradesh. Agricultural credit obtained
directly contributes positively to the agricultural output.
Whereas agricultural credit obtained indirectly is positively
significant with the lag.

Tripathi and Prasad (2010) have analysed the impact
of the production inputs on agricultural growth. The
gross value added of agriculture has been modelled as
a function of agricultural land, agricultural labour and
capital used in agriculture. In addition to it an intercept
and slope dummy has been used. The results show that
during the period 1950-51 to 1964-65 land has been
significant. Whereas in the latter half it was labour and
capital that had a significant relationship with agricultural
gross value added.

Aggarwal et al. (2009) the key determinants affecting
crop growth and yield has been given as the interactions
between crop and climate, availability of water, suitability
of soil, the interactions between crop and pest and lastly
socio-economic factors. Kannan et al. (2012) has found
that capital formation, rainfall, improved irrigation and
fertilizer use will help in improving the crop output for
India.

Narayanamoorthy et al. (2015) have modelled
agricultural output with cropping intensity, fertilizer,
electricity, road, rural literacy, irrigation. The multivariate
regression has been performed with and without the use
of irrigation dummy for five data points (1970-73,1980-
83,1990-93,2003-06,2005-08) for 2035 districts of 13
Indian states. Crop intensity has been positively significant
for the initial three periods using irrigation as a dummy.
Whereas fertilizers in both the model are significant for
all the years except the initial years. Electricity has been
significant only in the initial years for the two models.

Irrigation has played a dominant role but the value of
the coefficient has been decreasing. Rural literacy has
been significant for all the years in both the model. The
availability of roads has also played an important role for
the initial three years for the two models.

Patra et al. (2016) have found that the use of modern
inputs of agriculture like fertilizer has not helped in
sustainable agricultural growth for the Hooghly district
of West Bengal. The use of these fertilizers has led to
loss of soil fertility as well as environmental degradation.

McArthur and McCord (2017) have used fixed
effect and instrument variable approach to study the
link between agricultural inputs like water, high yielding
seeds, fertilizer with the yields per hectare. All these three
variables contributed positively towards cereal yield.
The study also finds that there is stronger yield as well
as growth if the inputs adopted by the green revolution
is emphasized.

India is the largest contributor towards global food
market. For the agriculture sector to progress its growth
strategy should focus on innovation as well as towards
catering towards the market demand thatis dynamic. The
use of digital technologies will help in lower cost as well
as customized sale. It will also aid in scale operations. In
addition to it the present growth strategy for agriculture
has to focus on new markets, better roads as well as
transport, storage and availability of electricity supply.
Technology led agricultural growth has been accepted
as a public regime in India and has helped in easy access
and affordability of technology (Seth and Ganguly ,2017).

Huang et al. (2018) have found that adequate
nourishment is necessary to ensure higher crop
production and growth. A logit regression analysis
has been performed in order to find the important
determinants of soil testing and fertilizer determinants
for rural Bangladesh. Among the coefficient’s farmers
age, education, farmers income, secondary income and
knowledge of soil testing and fertilizer recommendation
was positively significant. Whereas the variables the
experience in farming and farm size was negatively
significant.

The following reviews are on the sectoral linkages
across agriculture. The paper Gemmell et al. (2000)
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have studied the inter sectoral linkages of agriculture,
industry and services for the Malaysian economy. Each
sector is modelled with the labor and capital used in
the sector along with the externalities generated from
other sectors. the development of manufacturing has
positive impact on Malaysia agriculture in the long run.
For the Malaysian economy the policies that aim to bring
progress in manufacturing will have a positive impact
on the agriculture sector. On the other hand, policies
strengthening agriculture will have a negative impact on
agriculture. Lastly policies targeted towards service sector
expansion will have negative impacts for agriculture.
Sastry et al. (2003) have used the Leontief input output
model and has found agriculture that despite the sudden
spurt in service led growth the role of agriculture in the
other sectors of the economy was highly inevitable. Kaur
et al. (2009) have used the Leontief input output model
found that although form the production side the industry
and services had a greater degree of association from
the demand side the industry agriculture association was
more. Saikia (2011) has used the Leontief input output
model using the input output table given by Central
statistical organization to estimate the intersectoral
linkages. It has been found that there has been a decrease
in the agriculture industry linkage after the reforms.
Prior to the reforms both the production and demand
linkages were from agriculture to industry. The reforms
on the other hand has helped in changing the direction
of both production and demand linkages from industry
to agriculture.

Varkey and Panda (2018) have used Panel
cointegration and Fully Modified Ordinary least squares
to study the determinants of agricultural growth in an
open economy framework. Industry was an important
determinant contributing to agricultural growth rate. The
impact of rest of the state’s industry and services was not
significant. The services on the other hand was negatively
significant. A time series analysis showed that the rest
of the states has been significant for the states of Bihar,
Madhya Pradesh, Orissa and Rajasthan.

Studies so far have looked at the concept of
determinants of agricultural output for the national as
well as sub national aggregates. In these lines, the present
study looks at the determinants of agricultural outputin a
Panel framework for all the fifteen general category states.

DATA AND METHODOLOGY

Data have been collected from the Central Statistical
Organization, Reserve Bank of India, Forest survey
of India category states ! for the period 1991 to 2013.
The states that are under the special category have not
been included considering their nature of developments
and location of the region are different than those of
general category states. The variables used in the study
are agricultural output (AGSDP) as dependent variable.
The explanatory variables include gross sown area
(GSA), gross irrigated area (GIA), fertilizer consumption
(FCN), forest cover (FC) and development expenditure
(DE) of states. Forest cover has been used as a proxy
for measuring environment performance. The data on
agricultural output has been spliced to the 2004-05 base
year.

All the variables have been transformed into their
natural logs. Fixed Effect Model and Random effect
model coefficients have been estimated. Hausman test
supports the use of Fixed Effect coefficients. The model
in its general form has been given below

AGSDP;t = o + p1GSA;t + B2GlA;e + P3FCNye + P4FCi + PsDE + ey (1)

EMPIRICAL RESULTS AND DISCUSSION

The regression coefficients of agricultural output obtained

through Fixed Effect estimation has been shown in
Table 2.

Table 2: Agricultural Output as the Dependent Variable

Variable Coefficient Prob

GSA 0.4594* 0.0000
GIA 0.0008*+* 0.0962
FCN 0.5201* 0.0000
FC -0.08050** 0.0122
DE 0.0436* 0.0002
AC 0.02791** 0.0115

C 8.61414* 0.0000

R Square (over all) 0.8437
F-Stat (P Value) 134.6 0.000

Note: *, ** and *** indicate significance at 1%, 5% and 10% level
of significance.

Source: Authors calculation from basic data.
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Gross sown area is the aggregate sum of area
cultivated more than once in a year. It depends on various
factors like the availability of water, fertility of the soil
and the pattern of cropping employed. Gross sown area
if increased will have a positive association with the
agricultural production. The results in Table 2 shows
that the gross sown area has positively and significantly
contributed to the agricultural output of a state. For a
percentage increase in the net sown area agricultural
output increases by 0.45 percentage.

An important determinant that will facilitate a stable
agricultural economy is irrigation. The timely supply of
water to the farms will reduce the chances of crop failures
and facilitates a higher yield from the crops. Irrigation
is also essential for regions with rainfall as it helps in
reducing the shocks due to short dry spells that these
regions can experience in the future. Gross irrigated area
also has positively significant relationship on agricultural
output of a state. A percentage increase in gross irrigated
area by one unit leads to a percentage increase in the
agricultural output by 0.0008.

Agricultural production faces a lot of threats
associated with the pests, secondly loss of fertility of the
soil, as well as depletion in the nutrients. All these factors
will lead to a decrease in the agricultural production.
The fertilizers used include nitrogen, Potassium and
Phosphorous. Nitrogen is essential for any living
organism as it helps building cellular components,
nucleic acids and proteins. This will facilitate the growth
of plants. Potassium on the other hand will help in
the photosynthesis and other bio chemical process in
plants. Lastly Phosphorous also aids in photosynthesis
and respiratory functions. The results show that
fertilizer has a positive significant relationship with the
agricultural output. For a percentage increase in the
fertilizer consumed agricultural output increases by 0.52
percentage.

The highly intensive agricultural activities through
the use of rapid fertilization is contributing to the
depletion of the natural resources. Intensive cultivation
with chemicals and uses of energy will help increase the
agricultural yield. On the other hand, it also helps in
generating externalities like loss of biodiversity. It has also
led to increase in soil erosion, as well as changes in climate.

The scenario has also depleted the natural resources which
are necessity for the sustenance of the human race. As
our study focusses on state level analysis, we have used
forest cover as a proxy for environment performance. It
was the14™ Finance commission that include forest cover
as a proxy for environment performance in determining
the center state transfers across states. Environment
performance has a negative association with agricultural
growth. In recent days forest cover has been depleting
and agricultural output is expanding through modern
means of use of large fertilizer consumption. One percent
increase in fertilizer consumption in the state increases
agricultural output by 0.52 percentages.

In order to take into account government spending
on agricultural research, infrastructure etc. development
expenditure has been used. The development expenditure
of the government also has a positive significant impact
on agricultural development of state. For a percentage
change in the development expenditure agricultural
output increases by 0.04 percentage.

Lastly availability of agricultural credit is an
important component for sustaining production across
states. Over the years it has been found that credit is
essential for the small and marginal farmers for their
survival (Das and Senapati,2009). It is also necessary for
the large farmers so that they can improve their earning
probability. Credit for agricultural sector significantly
and positively influences agricultural productivity across
states. For a percentage change in the availability of credit
for agricultural purposes agricultural output increases by
0.02 percentage. Therefore, pro agricultural services like
banking play an important role for the development of
agricultural output across states.

CONCLUSION AND SUGGESTIONS

The study examines the factors determining agricultural
output for the fifteen general category states for the time
period 1991 to 2013. Fixed Effect Model has been used
to study the impact of various factors on the agricultural
output of a state. The variables like gross sown area,
gross irrigated area, fertilizer consumption, government
expenditure, agricultural credit is found to influence
agricultural output positively. On the other hand, variable
like Forest cover was found to be negative and significant.
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Therefore, facilitating agricultural inputs, increasing
facilities for irrigation by utilizing water resources, and
increased government spending will help in promoting
agricultural output. It is necessary to keep a check on
our forest cover in order to ensure environmental
sustainability so that we can cater to the needs of the
future generation. Government’s intervention in pro
agricultural services like banking through provision of
agricultural credit will also help in reaping larger benefits
to the farm sector.

NOTE

Tamil Nadu, Kerala, Andhra Pradesh, Karnataka, Goa, Orissa,
Maharashtra, West Bengal, Madhya Pradesh, Bihar,
Gujarat, Punjab, Rajasthan, Uttar Pradesh
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