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INTRODUCTION
Although economically advantageous, the

intensive growing of paddy-wheat on major part of
cultivated land in India is often held liable for over-
exploitation of natural resources, notably soil and
water (Sarkar et al., 2009). This over-exploitation
has resulted in impaired soil-health and lowered
ground water table in several states (Kumar et al.,
2005, Varis, 2014, and Dhiman et al., 2015a).
Punjab, Haryana and Western Uttar Pradesh, the
food bowl states of India, face water scarcity. The
satellite imageries have also estimated groundwater
depletion and the water deficient regions in India
(Rodell et al., 2009 and Tiwari et al., 2009). The
depletion in water table and impairment of water

quality are serious concerns for cereal production
in Peninsular India (Fahn, 2014 and Kharola, 2015).
Besides affecting agriculture and living, it can impact
hydro-political future of nations (Allan, 1993).
Depleting water resources is a vital concern for
India (Hegde, 2012, Sekhri, 2013, and Vatta et al.,
2013).

In Punjab over 77.5 percent blocks (110 out
of 142) are marked over-exploited as far as
groundwater drawl is concerned. There are reports
that the average decline in water table in the state
varied from 20-25 cm per annum in 1980-2000 to
90 cm per annum in 2000-05 to 75 cm per annum in
2005-08 (Dhiman et al., 2015a). The decline being
severe in central districts (Hira, 2005), where mean
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ABSTRACT
The depletion of groundwater resources can seriously hinder the availability of irrigation water in India and canthus adversely affect agricultural productivity, jeopardizing the food security efforts. To meet the future demandfor food production India must circumspectly manage its water resources and try saving and conserving water,particularly for irrigated agriculture; enhancing use-efficiency of surface and ground water; improvinggroundwater recharge; and using waste waters with safety. This paper discusses issues related to irrigation watermanagement and focuses on innovative practices, strategies and approaches. The technological advances in thearea of super absorbent polymer hydrogel, lining of canals and field channels; breeding short duration anddrought tolerant aerobic rice varieties; strategies for using wastewater, use of remote sensing technologies arehighlighted. The issues like crop diversification, mitigation and adaptation strategies dealing with climatechange and the relevance of virtual water trading are discussed in an Indian perspective. The governmentalpolicy decisions to arrest the trends of rapidly falling groundwater along with their impact are also discussed.
KeywordsRemote sensing, sustainability, water management and virtual water
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annual water-table dropped from 30 to 100 cm,
while in some areas it was in excess of 100 cm per
annum. The estimates say that, if no care is taken,
the mean water-table depth would increase to 42.5
m in 2023 for central Punjab (Hira, 2009).

According to Rijsberman (2006), water is
physically scarce in densely populated arid areas,
Central and West Asia, and North Africa, with
projected availability of less than 1000 m3 per
capita per year. This scarcity is mostly of irrigation
water for food production. Water will be a major
constraint for agriculture in the coming decades and
this will require fine-tuning of water management
strategies and approaches, particularly in Asia and
Africa.

Most of the irrigation in Punjab is done through
energized tubewells drawing underground water.
Over the last 15 years, 75-80 percent of the water
need of Punjab agriculture has been met through
tubewells (Aggarwal et al., 2010 and Kaur, 2015).
To draw more water (than what is returned back)
to meet the irrigation needs of increasing area under
paddy (Jeevandas et al., 2008), the number of
tubewells increased from about 0.98 lakh in 1960-
61 (Hira and Khera, 2000) to 13.83 lakh in 2014
(Dhiman et al., 2015a) in Punjab.

This accounts for the tubewell density increase
in central Punjab. For successful crop raising,
farmers have to spend heavily for deepening of tube
wells or installation of submersible pumps
(Aggarwal et al., 2009). The closely installed
tubewells, due to well interference, affect the
groundwater resource (Dhiman et al., 2011).
Tubewells are being installed within the radius of
influence of each other. In view of dense installation
in an area, the synchronized working of tubewells
stresses the underground water resource and the
water table sinks due to well interference (Dhiman
et al., 2011). This is evident from the reduced
tubewell discharge, especially during paddy season
(Dhiman, 2009).

There are other dimensions of the situation.
The small and marginal farmers have to get loans
which further worsen their economy. These factors,
together with the challenges of climate change and
global warming are a growing threat to the
sustainability of Indian agriculture and food security
of people. Transport of food grains, produced by
using immense water, to far-off regions is like virtual
water trade. This needs to be considered for due
compensation to the crop producing states.

For the sake of water conservation, there is a

need for proper technology back-up and need-based
policy support (Bhan and Behera, 2014). The use
of water for crop production in water scarce regions
needs innovative and sustainable research, and an
effective transfer of technologies (Kulkarni, 2011).
The available opportunities need to be availed of
for addressing the water scarcity issues (Wolff and
Stein, 1998 and Wang et al., 2002).

Proper soil management in field and orchards
can serve useful purpose as far as water use is
concerned. Through proper management (soil
amendment, tillage, etc.) of orchard floor better
physical properties of soil can be attained. This often
results in increased crop productivity, improved
water use efficiency, and decreased runoff
(O’Geen et al, 2006). Better orchard floor
management protects the soil from water droplet
impact, enhances aggregate stability, improves
water infiltration, and interrupts runoff.  Farming
practices such as laser land leveling can be helpful
in rational use of irrigation water (Aggarwal et al.,
2010 and Jat et al., 2011).

This paper highlights the prevailing concerns
about management of agricultural water use and
focuses on new approaches and strategies. The
new advances in the use of remote sensing, super
absorbent polymer hydrogel and biochar
technologies are highlighted. The governmental
policy decisions to seize the trend of falling
groundwater are also discussed. The crop
diversification, adaptation and mitigation strategies
to deal with climate change, and the prevailing
virtual water trading are also discussed in an Indian
perspective.
1. Innovative Approaches for Water
Management
1.1 Using super-absorbent polymer hydrogels

For a layman, hydrogel is a gel in which the
liquid component is water. Hydrogels are the
3-D network polymers known to swell in water
solutions, becoming soft and rubbery, resembling a
living tissue (Soppirnath and Aminabhavi, 2002) and
some possessing excellent bio-compatibility.

These hydrophilic materials can soak and
retain aqueous solutions hundred times their own
weight (Buchholz and Graham, 1998). The polymers
can be natural, semi-synthetic and synthetic
(Mikkelsen, 1994).  According to their formation
and behaviour the hydrogels can be degradable or
non-degradable in soil.
1.1.1 Synthetic polymers

Synthetic polymers consist of polyacrylamides
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and polyvinyl alcohols. Completely synthetic
polymers are non-soluble in solution due to their
chemical structure. The non-chemically cross-linked
polyacrylamides are useful for controlling soil
erosion, reducing sedimentation in surface water
and stabilization of kutcha (earth lined) canals.
1.1.2 Natural polymers

Natural polymers (such as guar gum
polysaccharide) are non-toxic, economical and
biodegradable and are thus preferred over synthetic
ones (Soppirnath and Aminabhavi, 2002), however,
their uncontrolled hydration, decreased viscosity and
microbial contamination may limit their use.

Hydrogels can absorb irrigation and rain water
and thereby help to reduce deep percolation   using
gravitational as well as capillary force (Abedi-
Koupai et al., 2008). They absorb and store water
hundreds of times their weight, 400-1500 g water
per dry gram of hydrogel (Johnson, 1984 a, b and
Bowman and Evans, 1991). The water absorption
depends upon the chemistry and formulation
conditions of the hydrogel and the chemical
composition of irrigation water and soil.

Because of their features and proprieties
hydrogels are called smart or intelligent polymers
and are often referred to as super absorbent
polymers. There is growing interest of scientists in
the development of hydrogels as controlled water
release devices (Rudzinski et al., 2002). For
agricultural use formulation methods are easier than
those for drug delivery, making the end-product
commercially viable. Researchers have studied
effects of hydrogels in different crops, especially
the floricultural crops (Still, 1976, Gehring and
Lewis, 1980 and Eikhof et al., 1994). In regions
deficient in water availability, the use of alternative
water holding and irrigation methods are important.
The hydrogel technology for water management
has several other advantages (Silberbrush et al.,
1993a, 1993b).
1.2 Benefits of hydrogel technology

Hydrogels offer a variety of benefits in
different crops as below:• Hydrogels can have multiple applications in

agriculture (Bai et al., 2010) for controlled
release of pesticides (Rudzinski et al., 2002),
prevention of soil erosion (Sojka and Lentz,
1997), and for water conservation (Nnadi and
Brave, 2011).• The recent emphasis is on production of
containerized nursery of horticultural plants. In
container-grown plants, use of  hydrogels (in

media or seed coating)  improves aeration and
drainage of medium, thereby enhancing market
life of the container-grown plants and seed
coating (Still,1976, Bearce and McCollum,1977,
and Eikhof et al.,1994).• In floricultural crops, hydrogels improve water
holding capacity of the pot-soil. This has
relevance (Still, 1976, Gehring and Lewis, 1980,
and Eikhof et al., 1994) in containerized nursery
production.• Hydrogels influence soils in different ways
including better infiltration rate, density,
structure, compaction, texture, aggregate
stability and crust hardness (Helalita and Letey,
1988 and Helalita and Letey, 1989).• From the medium incorporated with hydrogel
the water evaporation rate is reduced (Teyel
and El-Hady, 1981) and this also trims down in
moisture stress (Gehring and Lewis, 1980). It
thus acts as soil conditioner.• In vegetable crops (tomato and lettuce) and field
crops (cotton), use of hydrogel enhances
emergence rate and infiltration in soil (Wallace
and Wallace, 1986 a, b).• Use of hydrogels (Dhiman et al., 2015b)
together with biochar (Nzediegwu et al., 2015)
is a method to promote safe use of waste water
in agriculture because the former absorbs water
and the latter adsorbs contaminants. Biochar
is the carbon-rich product obtained by charring
of plant-based materials in the presence of little
or no air (Nzediegwu et al., 2015).
Hydrogels may prove worthwhile where

opportunities for irrigation are limited and storing
water for plant establishment is critical (Abedi-
Koupai et al., 2008). For obtaining optimal results
from hydrogel time-dependent and site-specific
release is desirable. Therefore, it is important to
develop functional microcapsules from stimulus-
responsive hydrogels. The pressure-, temperature-
, pH-, light-, enzyme-, and ion-responsive polymers
need to be developed and made available for use.
Futuristic innovation will be to develop intelligent
pesticide microcapsules with sensing, processing,
and actuating functions (Rudzinski et al., 2002).
2. Water Regulatory Initiatives

Policy decisions to put the regulatory initiatives
for water management into practice are important
(Singh, 2004). Some state Governments have
effected policy decisions about water use to arrest
the trends of rapidly falling groundwater. The
following are the major efforts as far as the

Dhiman et al.: New Approaches and Strategies for Irrigation Water Management
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groundwater conservation through regulatory
initiatives is concerned:
2.1 Mandated rainwater harvesting

One of the first policies that has been
introduced across states is mandated rainwater
harvesting (MRWH). States took up measures such
as construction of rain water harvesting structures
on the roof top of buildings following prescribed
size criterion. Delhi was the first state to pass this
mandate in 2001. The other states that followed
MRWH were Andhra Pradesh, Tamil Nadu, Kerala,
Madhya Pradesh, Rajasthan, Bihar and West
Bengal (Sekhri, 2012).
2.2 Decentralized rain water harvesting

The Government of Gujarat encouraged
decentralized rain water harvesting. It started efforts
to recharge groundwater in the Saurashtra region
after there was drought in 1987 (Mehta, 2006).
Efforts to divert runoff to groundwater wells made
farmers to adopt the practice all through Saurashtra.

Over time, farmers experimented with new
technologies and constructed check dams in
streams and rivers to retard water flow and to allow
the river water to seep into the ground for recharging
(Mehta, 2006). Farmers constructed check dams
in the 1990s with assistance from NGOs who bore
some of the costs.
2.3 Sardar Patel Participatory Water
Conservation Project

In 2000, Government of Gujarat introduced the
Sardar Patel Participatory Water Conservation
Project (SPPWCP) in response to the work of
farmers and NGOs in the Saurashtra, Kachchh,
Ahmadabad, and Sabar Kantha regions. The
program initially funded 60 percent of the estimated
cost of new check dams, and beneficiaries/NGOs
financed the remaining 40 percent. By early 2004,
nearly 24,500 check dams were constructed, of
which 18,700 were in the Saurashtra region (Sekhri,
2012). In 2005, the Government increased its
financing to 80 percent of the estimated cost, and
the pace of construction increased outside the
Saurashtra region. By end-March, 2012, over 70,719
check dams were constructed, of which, 38 percent
are in Saurashtra region, and 31 percent in Kachchh
or North Gujarat (Sekhri, 2012).
2.4 Delayed transplanting of paddy

One of the key initiatives undertaken in Punjab
to arrest water table decline is the mandated delay
of paddy transplanting. In 2006, the state
Government tried to shift the date of paddy
transplanting by changing the date for diverting free

electricity to the farm sector for running tube wells
for irrigation (Sekhri, 2012). The date was pushed
to June 10, thereby rationalizing the intensive
irrigation. The delayed date was mandated in 2008
via an ordinance. This was later made a Law-The
Punjab Preservation of Sub Soil Water Act, 2009
(discussed below).
2.4.1 The Punjab Preservation of Sub-soil Water
Act-2009

The falling water table in Punjab led the state
Government to regulate groundwater use by direct
and indirect measures. The Punjab Preservation of
Sub-soil Water Act-2009 is such a measure to
conserve groundwater resource by obligatory
delaying the transplanting paddy beyond 10th June
to escape periods of high evapo-transpiration
demands (Sharma et al., 2010).  The main purpose
of the Law is to preserve groundwater by prohibiting
sowing paddy before May 10 and transplanting
paddy before June 10. (Later, the date was further
extended to June 15).  In addition, the Law creates
the authority to destroy, at the farmer’s expense,
paddy sown or transplanted early, and imposes a
penalty of 10,000 per month, per hectare of land
in case of violation of the law (Sekhri, 2012).
2.4.2 The Haryana Preservation of Sub-soil
Water Act-2009

Similar to the above mentioned Punjab Act,
an Act called The Haryana Preservation of Sub-
soil Water Act-2009 was enforced in Haryana on
March 12, 2009. According to this Act:
• No farmer shall sow nursery of paddy before

May 15 and
• No farmer shall transplant paddy before June 15.
• The farmer, who contravenes any of the

provisions of the Act, is liable for a penalty of
10,000 for every month or part thereof per

hectare of land. This penalty is in addition to the
recovery of expenses actually incurred for
destroying the nursery of paddy sown or
transplanted before the notified date. The
recovery is made as arrear of the land revenue.

2.5 The impact of delayed transplantation
Since, most of the farmers have started

transplanting paddy after June 10 or 15, the pressure
on water resource has eased.  The rate of decline
of water table, at 90 cm per year during 2000-05
and 75 cm per year during 2005-08 in Punjab,
reduced to 45cm per year during 2008-13,  due to
the Punjab Preservation of Sub-soil Water Act-2009
together with other factors including more rainfall
during this period (Dhiman et al., 2015a). Singh
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(2009) estimated a 30 cm water-saving due to the
policy but the estimate is based on simulations using
historic data from central Punjab.

If prudent policies are effectively implemented,
these will certainly produce results. Punjab
Government offers free water and power to
farmers.  Reducing electricity subsidies can
potentially affect groundwater extraction rates
(Badiani and Katrina, 2011). West Bengal and
Uttarakhand have also adopted metering of
electricity for tube wells. Gujarat, under the flagship
Jyotirgram Yojana, has separated agricultural
feeders from non-agricultural feeders, improved the
quality of the power supply and rationed the number
of hours of electricity to agriculture to eight hours a
day (Sekhri, 2013). Lessons can be learnt from the
policy experience of these states.

Other possibilities include promoting water-
saving infrastructure and farm worthy practices.
More research is required to understand the effect
of policies that promote such practices.
3. Innovative Options to Enhance Water
Management
3.1 Remote sensing technologies

Remote sensing (RS), also called earth
observation, means obtaining information about
objects or areas at the Earth’s surface without being
in direct contact. The subject of RS application for
agricultural water management has been adequately
reviewed (Choudhury et al., 1994, Vidal and
Sagardoy, 1995, Rango and Shalaby, 1998,
Bastiaanssen, 1998, Stewart et al., 1999 and
Bastiaanssen et al., 2000). There can be many
applications of RS (Gao, 1996).

At present, RS is used as a research tool and
is seldom applied practically in the management of
irrigated agricultural system. However, it can
potentially offer many advantages:

• RS measurements are objective as it is not
based on generated opinion or bias.• It generates exhaustive information covering
wider areas in comparison to ground data which
are usually based on small pilot areas.• The information is systematic allowing temporal
and spatial comparisons.• RS information can be suitably gathered to have
a consolidated presentation. It can also be
disaggregated to minute scales to give more
detailed and explanatory information related to
spatial homogeny.• Information can be spatially represented through
GIS.• Provides important water-resource related
information to policy makers, managers,
consultants, researchers and to public.• The information can be immensely useful in
legislation, planning, water allocation,
performance and impact assessment, research
and of health.• Assessment of land use, irrigated area, crop
water requirement, crop evapotranspiration,
water logging, river run-off, etc.• The information in the context of management
can be useful in planning and strategizing water
use (Table 1).• The thermal remote sensing of surface soil
water content with partial vegetation-cover be
integrated with climate models (Gillies and
Carlson, 1995).

• Unmanned aerial vehicals (UAVs) offer an
exciting opportunity to monitor growing crops
with high spatial and temporal resolution RS
(Gago et al., 2015). These can improve water
stress management in agriculture.

3.2 Crop diversification
Near monoculture of water use-intensive

Dhiman et al.: New Approaches and Strategies for Irrigation Water Management

Table 1: Remote sensing for planning and strategizing water use
Purpose served Remote sensing deliverables

Landuse Irrigatedarea Cropping pattern DailyET SeasonalET Salinity HistoricaldataCroptype Cropstress Cropyield
Water use + + + + +
Crop productivity + + + +
Performance diagnosis + + + + + + +
Strategic planning + + + +
Water rights + + + +
Operations + + +
Impact assessment + + + + + +
Represented after:  Bastiaanssen et al. (2000)
ET: Evapotranspiration
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paddy-wheat has been the major reason for over-
use of water (Minhas et al., 2010 and Sharma,
2015). Debate has been ongoing whether Punjab
should continue to grow paddy or not. The report
of Johl (1986) on Agricultural Diversification in
Punjab suggested to take-out 10 lakh ha of land for
sustaining ground water resources. The suggested
crops (basmati rice, maize, pulses in Kharif and
raya and chickpea in Rabi) were those which had
low evapotranspiration. Minhas et al (2010)
discussed about the evapotranspiration of
sugarcane, vegetable crops and summermung in
relation to the diversification proposal.  Another
expert committee on crop diversification (Johl, 2002)
submitted a report to the State government
recommending that 10 lakh ha area under paddy-
wheat may be shifted to other alternative crops.
The target crops and areas for diversification are
indicated in Table 2.  In India, and more so in Punjab,
the number of small and marginal farmers is
increasing every year. While large farmers can bear
the risks associated with producing and marketing
of new high-value produce, small farmers have their
intrinsic difficulties for production and sustainability.

The eating pattern of people has undergone a
change since the 1990s. Whereas the per capita
consumption of cereals declined, that of high value
commodities increased (Table 3). Food production
to cater to the requirements of people calls for
directional focus to diversification. To reduce water
footprint, shift toward consumption of commodities
that require less water, for instance by reducing

meat consumption, will be useful.
The diversification of paddy-wheat cropping

system would help to sustainably manage,
groundwater resources and to adjust to the changing
in the domestic demand and supply of foodgrains.
For successful diversification, the economic returns
from alternative crops must attract farmers. It
should be higher or at least equal as compared to
paddy so as to motivate farmers to take on to these
alternative crops. Further, the cultivation of the
alternative crops needs to be suitably incentivized.
Subsidies needs to be rationalized.

The larger families are inclined to go into
vegetables, whereas family size doesn’t significantly
impact diversification into fruits. Vegetables, due
to their short cropping cycle, ability to generate quick
returns, requiring less capital investment, are suitable
for smallholders. On the other hand, these
horticultural crops require constant availability of
water and are labour intensive.

More area under alternate crops can be had
in their traditional belts (niches). If prices become
remunerative, market ensured, yield variability
reduced and processing and value addition taken
up, the diversification will most likely receive a boost.
Research efforts to develop technologies that aim
at increasing and stabilizing the productivity of
alternate crops will be required.

The water requirement of the candidate crops
for diversification should be compared vis-à-vis
traditional rice-wheat crops being grown by farmers.
Farmers will go willingly in for those crops which

Table 2:  Target area fixed for diversification for Punjab's agriculture (lakh ha)
Crop Existing Potential Districts
Field crops
Cotton 4.8 7.0 South-western districts
Maize 1.3 5.5 Traditional districts
Kharif fodder 4 5.5 Throughout Punjab
Sugarcane 0.7 2.6 Majha and Doaba regions
Mungbean 0.2 0.6 Central districts
Groundnut Ng 0.2 Hoshiarpur and Shaheed Bhagat Singh Nagar
Guar Ng 0.3 South-western districts
Arhar Ng 0.6 Central districts
Horticultural and agroforestry crops
Kinnnow 0.4 0.8 Traditional districts
Guava, Pear 0.07 0.2 Hoshiarpur, Ferozepur and Amritsar
Tomato, Chilli, Capsicum, Turmeric,Garlic, Kharif onion 0.2 0.05 Hoshiarpur, Kapurthala, Jalandhar, andAmritsar
Agro-forestry 1.3 3 Kandi belt and Central districts (poplar);South-western districts (eucalyptus)
Source: Department of Agriculture, Punjab, Chandigarh
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fetch them better returns. They have to be educated
about water saving crops.
3.3 Non-wasteful  food practices save water

Water is a precious resource vital for food
production. Every year, food that is produced but
not eaten or allowed to deteriorate virtually means
wastage of enormous water.  Huge food wastage
occurs either due to lack of proper storage
infrastructure or for other reasons. One can see
the colossal food wastage in marriage parties and
other social functions. According to an FAO (2013)
report, the food waste at a staggering level of 1.3
billion tons per year is not only responsible for major
economic losses but also impairs natural resources
and environment.

Wastage of cereals in Asia is a major problem,
with impact on carbon emission and water & land
use. For example, paddy, due to its high methane
emission plus massive wastage due to unfitting
storage has large ecological repercussions.
4.   Water Resources and Climate Change
4.1 Climate change and global warming
resilient agriculture

Climate change, the long term changes in the
components of climate (temperature, precipitation,
evapo-transpiration, etc), altering the hydrology of
regions in terms of availability of surface and sub-
surface water (Rao, 2013), is likely to impact the
availability of freshwater (Murray, 2013). The
climate change and global warming are real
challenges that can lead to alarming consequences.
The impact will be sterner in India where agriculture
is the main driver of economy. Agriculture is already
showing stress linked with increasing population and

demand for water, food and energy (Mall et al,
2006). There are estimates that India will have
increased demand for water in the future due to
increasing population and agricultural expansion.
Therefore, its future water resources have to be
viewed in relation to the sustainability of agriculture
(Chattopadhyay and Hulme, 1997). The hydrological
cycle of climate regions and river basins in India
are undergoing changes due to shift in cropping and
land use pattern, over-exploitation of water and
changes in irrigation and drainage (Mall et al.,
2006). There are indications of changed pattern of
rainfall and increase in temperature in future. The
expected changes in rainfall pattern (number of rainy
days, intensity of rain events, dry spell, etc) may
directly impact the availability of water for use in
agriculture and domestic activities (Rao, 2013).

The climatic models predict an increase in
precipitation over India (Anonymous, 1993).
However, the regional changes in the country may
be different.  The increase in frequency of heavy
rainfall is indicated (Lonergan, 1998). Lal et al
(2001) indicated that there will be increase (at least
30 percent) in rainfall in the monsoon season in
North-western India by the year 2050. Further,
there will be 10-20 percent decrease in winter
precipitation over central India. A marginal increase
of 7-10 percent in annual rainfall is projected over
the Indian subcontinent by 2080 (Rao, 2013).
However, the study suggests a fall (5-25 percent)
in winter and an increase (10-15 percent) in summar
rainfall and that the onset and withdrawal of
monsoon will also be affected. According to
Rupkumar et al (2003) the major part of India will

Dhiman et al.: New Approaches and Strategies for Irrigation Water Management
Table 3: Shifting per capita consumption of different commodities since 1993-94 (Kg)
Commodity 1993-94 1999-00 2004-05 2009-10

Rural Urban Rural Urban Rural Urban Rural Urban
Rice 82.6 62.4 90.2 62.1 77.6 57.3 74.7 56.6
Wheat flour 52.6 54.0 54.1 54.1 51.0 53.1 53.0 52.8
Pulses/pulse products 9.3 10.5 10.2 12.2 8.6 10.0 7.9 9.6
Edible oils 4.5 6.8 6.08 8.8 5.8 8.0 7.7 9.9
Banana (No.) 26.8 54.5 30.2 60.8 28.8 50.4 47.0 80.9
Mango 0.7 1.5 1.2 1.9 1.1 1.3 1.3 1.9
Vegetables 33.0 35.4 40.1 42.5 35.5 38.6 49.1 50.1
Milk (litre) 47.9 59.5 46.1 62.0 47.1 62.2 50.1 65.2
Eggs (No.) 7.8 18.0 13.3 25.1 12.3 20.9 21.1 32.5
Fish 2.2 2.4 2.6 2.7 2.4 2.5 3.3 2.9
Mutton 0.7 1.3 0.8 1.2 0.6 0.8 0.6 1.1
Chicken 0.2 0.4 0.5 0.7 0.6 1.0 1.5 2.2
Source: Agricultural Statistics at a Glance (2012)
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witness decreased number of rainy days. This will
be more than 15 percent in the western and central
parts while in Uttaranchal foothills and in North-
eastern India, the number of rainy days may be 5-
10 days more. This will impact water run-off in
different regions. The estimates indicate increase
in monsoonal and annual run-off while winter run-
off will remain the same. There will be increase in
evaporation and soil wetness especially during the
monsoons. In Rajasthan, there will be increase in
evapo-transpiration. There are reports of sea level
rise by one meter on the Indian coastline that will
affect huge area (5763 km2) endangering 7.1 million
people in India (JNU, 1993). The basin in a relatively
drier region in central India is more prone (Mall et
al., 2006).

The microclimate may affect the irrigation
need and timing. The increasing dryness may lead
to more water demand. However, at critical time
of the year when soil is moist, it could be otherwise
(IPCC, 2001). There are projections (Doll and
Siebert, 2001) of more water requirement in irrigated
areas in India by 2025. Further, irrigation
requirement would increase by 3.5 to 5.0 percent
and 6 to 9 percent by 2025 and 2075, respectively.
The decreasing groundwater resource coupled with
increasing irrigation demand due to climate change
will affect the sustainability of agriculture as it is
the irrigation that largely consumes groundwater.

Thus, the problem of water management in
India can have considerable implications in view of
the climate change and global warming. The
situation would require large scale planning for
adaptation and mitigation measures. It will also be
urgently required to intensify:• Documenting the causes and impact of climate

change/global warming experiences on regional
water resources• Studying spatial and temporal patterns of rainfall• Studying water intrusions into aquifers• Climatic vulnerability of water resources at
regional levels• Prioritization of adaptation and mitigation
responses, etc.

4.2 Drought tolerance in crops -Genetic and
genomic tools

Drought tolerance means the ability of a plant
to live, grow, and reproduce satisfactorily with limited
water supply or under periodic conditions of water
deficit (Turner, 1979). Breeding for drought
tolerance can be the best approach for developing
crop varieties requiring less water or being able to

grow under water deficit field situations. A good
deal of research on molecular aspects of drought
tolerance has been carried out with a focus on plant
survival, of course with some yield penalty
(Passioura, 2002) in different parts of the world.
Drought tolerance is a quantitative trait, with
intricate phenotype and genetic control (McWilliam,
1989). Since varied abiotic stresses, such as that
due to high temperatures, high irradiance, and
nutrient toxicities or deficiencies, can impact crop
plants, individually or synchronously, breeding for
drought tolerance is indeed complicated. Because
of the complexity of the genetic control of drought
tolerance (multigenic, low-heritability, and high G×E
interactions), marker-assisted selection (MAS) has
not been very contributive for developing varieties
for water-deficient environments. Breeding has
therefore, relied more on direct phenotypic
selection. Further, there are problems in studying
the genomics of drought tolerance in plants.
However, recent technological advances in crop
improvement for sustainable food production have
triggered this area of research (Feuillet et al., 2008)
on this aspect also.

The limited success of the physiological and
molecular breeding approaches calls for strategic
innovation in strategies for incorporating drought
tolerance. Effort for drought tolerance has to follow
a multi-disciplinary approach, involving interaction
between multiple stresses and plant phenology, and
integrating the physiological understanding with the
genetic and genomics tools, such as quantitative trait
loci (QTL), micro-arrays, and transgenic crops.
Recent advances in the genetics and genomics of
drought tolerance in wheat and barley are reviewed
by Fleury et al. (2010).

If crop plants are able to complete their life
cycle before the start of severe water deficit, they
can be made to escape from drought. For crop
protection against drought, this needs to be ensured.
This mechanism of avoidance should deploy rapid
phenological maturity, developmental plasticity, and
remobilization of pre-anthesis assimilates to grain
(Turner, 1979). A short life cycle is gainful in situation
with terminal drought stress (Turner, 1986, Blum,
1988 and Bidinger and Witcombe, 1989).  Plant
maturity influences grain yield under dry conditions
(Jiang and Zeng, 1995 and Ouk et al., 2006).

Small plants with few tillers can show high
water use efficiency (WUE) than tall multi-tiller
plants (Fleury et al., 2010). Selection for high WUE
may lead to smaller plants as the genotypic variation
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of WUE is mainly driven by difference in water
use (Blum, 2005). Some QTLs for carbon isotope
discrimination, a measurement of WUE, in wheat
are associated with  flowering date and plant height
(Rebetzke et al., 2008).

Crop breeding for a shortened life cycle has
been a successful strategy in Mediterranean
conditions (Araus et al., 2002). However, breeders
have already optimized flowering time to match the
plant phenology with environment (Passioura,
2007). Recent focus is on short duration varieties
in water guzzling crops like paddy (Dhiman et al.,
2015 a).The earlier varieties of paddy took longer
time for maturity and required more water. For
saving water, the recent breeding efforts are,
however, for short duration varieties. The newly
released paddy varieties like PR 124, PR 121, PR
123 and PR 122  required 135, 140, 143 and 147
days for maturity, respectively (Anonymous, 2015).

The aerobic cultivation of paddy (growing of
varieties bred to provide higher yield potential with
lesser water than needed for traditional rice
cultivation is also a water saving approach (Bouman
et al., 2002 and Tuong et al., 2004). Compared with
traditional lowland production, this system using
aerobic cultivars of paddy in China yield less (~ 30
percent), but with water saving of ~ 60 percent
(Wang et al. 2002). Till now aerobic cultivars have
only been developed in China and Brazil.

The information on the mechanism of drought
tolerance has been generated by research on specific
physiological, genetic or molecular aspects of crops.
Although the linking of physiology, omics and
quantitative genetics has been proposed, not much
research has been taken up. The genetic and
genomics analysis (e.g., in wheat) has helped
develop populations and generate  a good field
phenotyping capacity. Major hindrance to analysis
of the response to drought is indeed the lack of
genome sequence and the limitations of the generally
poor genomics resources. Novel developments in
sequencing, marker development, and genome
analysis can facilitate  populations for analysis and
tackling specific components of drought tolerance.
Phenotyping has now become the major cost-cutting
step in the genetic analysis of drought tolerance
and other traits (Fleury et al., 2010). The
development of rapid and practical procedures to
characterize components of the drought response
will be critically important.
5. Virtual Water Trading

Virtual water means water fixed or embedded

in commodities (Allan, 1993). A huge amount of
water is uptaken for the production of food grains
and other crops (Table 4). In fact, we consume
more virtual water by eating food than we do by
drinking water, washing clothes and performing
other activities. Virtual water content of the
commodity in a country is worked out as the ratio
of total water used for the production of the crop to
the total volume of the commodity produced in that
country (Kumar and Jain, 2007).

Physical transport of food produced in a region
to some other region is like sending virtual water.
For example the water-deficit state like Punjab,
which has been sending 60-70 percent of wheat
and 40-50 percent rice to the national pool of food
grain reserve in India, means flowing out virtual
water equal to the level that was required for
producing these commodities. A direct
correspondence exists between groundwater use
and virtual water trade. A study carried out for 1979
to 2006 indicated that in Punjab wheat and rice
were major contributors to virtual water trade
(Minhas et al., 2010).  It will be better if such
foodgrain exporting states are compensated for

Dhiman et al.: New Approaches and Strategies for Irrigation Water Management

Table 4: Virtual wate r content of se lectedproducts for India (m3t-1)
Commodity Average virtual watercontent in India Worldaverage*
Field crops
Rice (paddy) 2850 2291
Rice (husked) 3702 2975
Wheat 1654 1334
Maize 1937 909
Sugarcane 159 175
Barley 1966 1388
Soybean 4124 1789
Sorghum 4053 2853
Textile crops
Cotton seed 8264 3644
Cotton lint 18694 8242
Dairy and poultry products
Milk 1369 990
Cheese 6793 4914
Beef 16482 15497
Pork 4397 4856
Goat meat 5187 4043
Sheep meat 6692 6143
Chicken meat 7736 3918
Eggs 7531 3340
*Comprises USA, China, India, Russia, Indonesia, Australia,
Brazil, Japan, Mexico, Italy and the Netherlands
Source: Hoekstra and Chapagain (2007)
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water loss. This will be a support to agricultural
sustainability.

The water footprint of a country is an indicator
of water use in relation to the consumption volume
and eating pattern of the people (Hoekstra and
Chapagain, 2007). Water productivity in agriculture
can be improved for instance by using techniques
of rational use of water, rainwater harvesting and
micro irrigation. Another way of reducing water
footprints is to shift to consumption patterns that
require less water, and also by introducing
diversification toward crops requiring less water.

Virtual water trade is becoming an imperative
part of water management particularly in regions
where water is deficit (Kumar and Jain, 2007). A
nation’s virtual water export is a measure of its
exports of water-intensive products such as farm
produce (Mudur, 2012). The analysis of global water
use indicates that 90 percent of India’s gross virtual
water exports relate to food products. Water use
patterns, also point to hefty virtual water flow within
India, mainly from water-scarce regions of the food-
bowl states of Punjab, Haryana and Western Uttar
Pradesh to East Indian states such as Bihar.  In a
recent article published in the Telegraph (February
16, 2012), per capita annual water consumption in
India is 1,089,000 litres, compared to 2,842,000 litres,
in the US. However, trade leaves India with a net
virtual water export of 95,000 million cubic metres
(Mudur, 2012).
6. Promotion of Proven Water Saving
Technologies

Various farm varsities and research institutes
have developed and recommended the needed
water saving and WUE enhancement technologies.
Focus needs to be given on enhancing production
per unit of land and water; without adverse effect
on environment. The field worthy approaches
should involve:• Field level water management interventions in

crops (delayed paddy transplanting, optimum
plot size, laser field leveling, growing crops on
bed/in furrow /or in trench, using synthetic or
natural mulches, following water saving
cropping systems, growing direct seeded rice,
etc.), growing short duration crop varieties and
adopting technologies like tensiometer based
irrigation, etc.• Irrigation management (underground pipeline
system, lining of canals, pucca field irrigation
channels, etc)• Mechanization of water conservation [laser

land leveling, zero-till-drill, Happy seeder
facilitating sowing of wheat in standing stubbles
in the combine harvested paddy field, etc.
(Dhiman and Dhiman, 2015)].• Micro-irrigation (overhead sprinkler irrigation,
surface- and sub-soil drip irrigation, fertigation,
etc.)• Protected cultivation of horticultural crops (poly-
houses, low-tunnels, etc.)• Groundwater recharging (rainwater harvesting,
renovation of village ponds, percolation of ponds
and check dams, roof top water harvesting,
recharging through abandoned village wells,
etc.)• Research on hydroponics and aeroponics,
especially in vegetable and ornamental crops.• Non-conventional energy system for irrigation
and environment controlled protected
cultivation.• Integration of remote sensing of water
resources into climate change models (Gillies
and Carlson, 1995).

CONCLUSIONS AND WAYS AHEAD
Since water sustains agriculture, timely

technological, policy and strategic measures are
needed to save this vital  resource through its proper
conservation and efficient use. The practical use
of technological innovations in water conservation
needs to be promoted. There is need to adopt new
technologies for water management. Analysis of
social, economic, and environmental benefits of
improved irrigation water management technologies
need to be carried out. Whereas we have to focus
more on developing futuristic technologies that can
help in enhancing crop production per unit of land
and water, without adversely affecting the
environment, the sustainability of water use in
agriculture needs to be addressed by all concerned-
individuals, societies, research organizations, policy
planners and water users and a roadmap for
collective action is the imminent need. It is not any
individual’s responsibility but a collective action is
required.
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INTRODUCTION
There is a long-standing debate on whether

food self-sufficiency is a useful strategy to achieve
food security. Supporters of this proposition argue
that relying on market to meet food needs is a risky
strategy because of volatility in food prices and
possible interruption in supplies. The opposing view
is that it is costly for a household to focus on self-
sufficiency rather than producing according to its
comparative advantage and purchasing some of its
food requirements from the market. This debate is
reflected in the evolution of food policy in India
especially in Green Revolution period which were
focused on self-sufficiency, while in post liberalized
era food production mainly relied on market forces,
whereas recent Food Security Bill focused on the
goal of food security through government
intervention.

India is the second largest producer of
agriculture products, but around half of farm
households are food insecure. Hence, adequate
production does not ensure access to sufficient
and nutritious food at farm household level
(Sidhu et al., 2008 and Barrett, 2010). On an
average a farm household earns 2115 per month
with the average family size of 5.5 (NSSO, 2005).
It means on an average per capita per day income
is around 13, whereas poverty line for rural India
during 2004-05 was 12. It means majority farmer’s
monthly income is just enough to sustain the
household above poverty line.

The production and income are the two most
important determinants of access to food (Sen,
1981) and were defined as entitlements of
household, which included endowment (physical,
natural, human, social, financial, etc.) and exchange.
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The socioeconomic characteristics of a household
indicate its level of resource endowment and
exchange capacity in the community. Distribution
of asset ownership, human capital and off-farm
income opportunities, etc. influence the availability
and accessibility of food at household level (George,
1999).

The purpose of this paper is twofold. The first
aim is to infer whether food self-sufficiency at the
household level a sufficient indicator for food
security. The second aim is to assess the
determinants of food security at the farm household
level.

Based on the National Sample Survey (59th
Round) data and building upon previous research,
this paper first presents a food insecurity estimates
based on calories estimates for farm households at
the state level as also at the regional level. The
focus of the paper then turns to assessing the
relationship between the food insecurity and self-
sufficiency of food production with the special
emphasis of seasonality in production. In the next
section, household food security is analyzed with
respect to resources endowment, institutional
linkage, adaptation to modern farming technology
and sources of income. The paper concludes with
the findings of study.
METHODOLOGY
Source of Data

The study is based on analysis of 59th NSSO
survey round on Situation Assessment Survey of
Farmers for the year 2002-03. The survey was
conducted for rural sector in two rounds that is,
Visit-I (January to August, 2003) and Visit-II
(September to December, 2003).

This survey mainly focused on the rural area
by keeping rural farm households as the unit of
observation. The sampling design used in the NSS
round was stratified multi-stage random sampling
with districts as strata, villages as first stage units
and farm households as the second stage units. The
survey covered 51,770 and 51,105 sample farm
households in Visit-I and Visit-II, respectively.
Analytical Tools
Food consumption, requirements and gaps

The energy requirements (in calories) as per
Indian Council of Medical Research (ICMR)
standards for different age and gender groups have
been estimated from data available from the
Situation Assessment Survey of Farmers in the
each state covering both visits. By using pre-
specified conversion factors (Gopalan et al., 1980)

for production and consumption baskets have been
separately converted into calories (energy) terms
and finally added up to get total calories from food
items for both the visits across the households in
the each state.

The gaps in calories consumption were
computed as difference of requirement and
consumption of calories. The method used in
computing the gaps in calories is:

Calories Gap = CA – CR
where;
CA = Calories available from the item consumed,

i.e., sum of the calories of each product,
which household consumed.

CR = Ca1ories requirement based on age and sex
standards, that is normative requirement of
the ca1ories (as per ICMR standards).

Based upon ca1ories gap, households were
classified into two categories that is food secure
(calories sufficient) and food insecure (ca1ories
deficit). Then, food secure (FS) and food insecure
(FI) households were further classified into two
categories based on calories production from
agricultural products as stated below:
FS (-) = Calories sufficient households with

inadequate production of calories
FS (+) = Calories sufficient households with

adequate production of calories
FI (-) = Calories deficit households with

inadequate production of calories
FI (+) = Calories deficit households with

adequate production of calories
The axiom to classify the households into

above stated four categories was to verify whether
food security/insecurity at household level was
related to the agricultural production system or not.
Determinant of food security and income
distribution

To study the determinants of food security at
the household level, logit model was used. In general,
logit model is used for binary response analysis,
where, the food secure household (calories
sufficient) was designated as 1, otherwise 0.
Interestingly in 59th round survey, the households
were asked whether do all members of your
household ‘get enough food everyday’. As per
the response to this question, only 1.27 percent of
the households had reported food insecure. It was
probably due to subjective assessment of food
security, which could be inaccurate and hence
household is defined as food secure if calories gap
is positive. To address the food security issues at
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households’ level, generally binary logistic regression
has been widely used (Ennin et al., 2011 and
Ratcliffe et al., 2011). In this technique, it was
assumed that at the household level food security
(on the basis of calories gap) is a random
phenomenon affected by a set of factors that could
explain the outcome. This binary variable was then
regressed on to a set of explanatory variables. To
estimate the coefficients of logistic regression,
maximum likelihood estimation technique was used.
To predict the dependent variable, following logit
model was used:

 izi e 1
1P  , where iP  is the probability that

household is food secure.
izi e1

1P-1  , where iP-1  the probability is
that household is food insecure.

ize
iP-1

iPratiosOdd'The
Taking logarithm on both sides,
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Where, = Intercept,  =Vector of response
coefficient, e= Vector of random disturbance and
Xi is the set of explanatory variables.

The estimable equation can be written as: food
secure = 0  self employed in agriculture+ 1 family
size + 2 number of dairy animals+ 3 farm size + 4fertilizer use + 5 improve seed + 6 pesticide use +7 irrigated land to total land  + 8 outstanding loan+9 cultivation + 10 dairying + 11 other livestock +12 non-farm business + 13 wages and salaries +i + ei                                            ......................(2)

where, 0…13 are coefficients associated with
each explanatory variable and i  is the error term.
The choice of these explanatory variables was
mainly based on the general working hypothesis and
partly on empirical findings from the literature.

The Variance Inflation Factor (VIF) is
generally used to detect the multicollinearity in
binary models. In the logit models often VIF value
above the 2.5 considered as cutoff point for
multicollinearity detection (Allison, 1999). In
present analysis not a single explanatory variable
showed VIF value above 2.5.

The marginal probability was calculated by
multiplying the coefficient estimate by logit function

with the standard probability density function of the
logit model, which was evaluated at the mean values
of the explanatory variables. For binary explanatory
variables with a value of zero or one, the marginal
probability was calculated as the difference arising
from standard probability density function (Tambi
et al., 1999).
 RESULTS AND DISCUSSION
State and Region-wise Food Insecurity Status
Among the Farmers

FAO’s State of Food Insecurity report (2002)
refers four elements of food security: food
availability, food accessibility, food utilization and
food system stability. Availability focuses on food
production whereas accessibility focuses on the
ability of people to obtain food, either through
production, purchase or transfers. Food utilization
focuses on the nutritional value of food, the
interaction with physiological condition and food
safety. Food system stability focuses on stability of
supply and access, as well as the ability to respond
to food emergencies. At farm household level food
is generally available from agriculture, but it is not
necessary that they consume (accessibility) the
sufficient food throughout the year. Therefore, the
present research has been focused on two elements
of food security: food availability and food
accessibility. Food accessibility in terms of either
production or purchase from the market is discussed
in detail in this section.

Food accessibility was measured 2108 calories
per capita per day against the requirement of 2033
calories. Almost same estimate (2047 calories per
capita per day) was provided for rural area for food
accessibility in the 2004-05. By observing these
facts it is reflected that overall households are
consuming higher calories with respect to
requirements, but this is not true (Anonymous,
2007).

At all India level maximum number of sample
households were located in the Central region (29.37
percent) followed by Eastern, Southern, Western,
Northern and North-Eastern regions (26.37, 18.08,
17.54, 7.31, and 1.33 percent) respectively. In the
North-Eastern region, the proportion of food
insecure households were highest (64.28 percent)
followed by Southern (64.09 percent), Western
(53.98 percent) and Eastern (50.30 percent) region
in Visit-I. As compared to other regions food
insecure households were substantially less in
Northern region (Table 1). The reason of higher
food security in the Northern region is steady

Singh and Datta: Farm household food security in India
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agricultural growth which has proportional
relationship with the food security (Ravallion and
Datt, 1996 and Guhan, 2001).

Interestingly in absolute terms, UP has
maximum number of food insecure households
followed by Maharashtra, MP, Andhra Pradesh,
West Bengal and Bihar, respectively (Table 1).
Whereas, in relative term, the percentage of food
insecure households was more in Tamil Nadu
followed by Karnataka, Assam, Maharashtra and
Gujarat in Visit-I. In the Central region, percentage
of food insecure households were maximum in MP
(59.07 percent) followed by Chhattisgarh (58.87
percent) and UP (42.62 percent), respectively
(Visit-I). In Visit-I, the proportional food insecurity
was the highest in Tamil Nadu (71.77 percent),
followed by Karnataka (70.40 percent), Kerala
(60.24 percent) and Andhra Pradesh (56.33
percent) in Southern region, whereas in the Western
region, Maharashtra (63.63 percent) had the highest

proportion of food insecure households followed by
Gujarat (58.67 percent) and Rajasthan (38.67
percent). In Eastern region, Assam (64.84 percent)
possessed the highest proportion of food insecure
households followed by Orissa (58.24 percent),
Jharkhand (57.06 percent), West Bengal (47.27
percent) and Bihar (40.69 percent), whereas in
Northern region, Punjab (44.95 percent) has
observed the highest proportional food insecure
households as compare to Haryana (43.19 percent),
Uttaranchal (42.63 percent), HP (39.96 percent)
and J&K (24.99).

The seasonal food insecurity was more
pronounced almost in all the states of the different
regions. For example, in Andhra Pradesh, 5 percent
point more food insecure households were found in
Visit-II compared to Visit-I. Same trend was also
found in the Central region. On the contrary,
Jharkhand reported 3 percentage point higher food
insecurity in Visit-I compared to Visit-II. If data of

Table 1: State and region wise food insecurity among the farm households (Percent)
Regions/States Visit-I Visit-II

Estimatedhouseholds Food insecurehouseholds Estimatedhouseholds  Food insecurehouseholds
Northern 7.31 40.53 7.31 37.33
Jammu  and Kashmir 1.06 24.99 1.05 29.26
Himachal Pradesh 1.01 39.96 1.01 28.21
Punjab 2.06 44.95 2.06 39.67
Uttaranchal 1.00 42.63 1.00 49.77
Haryana 2.18 43.19 2.17 37.55
Western 17.54 53.98 17.53 51.73
Rajasthan 5.94 38.67 5.94 34.90
Gujarat 4.24 58.67 4.23 58.45
Maharashtra 7.37 63.63 7.36 61.44
Central 29.37 48.29 29.41 46.54
Uttar Pradesh 19.20 42.62 19.24 39.14
Madhya Pradesh 7.07 59.07 7.09 57.47
Chhattisgarh 3.09 58.87 3.09 67.53
Eastern 26.37 50.30 26.35 50.67
Bihar 7.92 40.69 7.92 41.50
West Bengal 7.75 47.27 7.74 47.92
Jharkhand 3.16 57.06 3.16 54.34
 Odisha 4.74 58.24 4.73 59.42
Assam 2.80 64.84 2.80 65.28
Southern 18.08 64.09 18.08 66.82
Andhra Pradesh 6.75 56.33 6.75 61.36
Karnataka 4.52 70.40 4.52 72.18
Kerala 2.46 60.24 2.46 62.45
Tamil Nadu 4.35 71.77 4.35 72.21
North-Eastern 1.33 64.28 1.33 67.02
India 100.00 52.32 100.00 51.81
Source: Authors' estimates based on unit level data of NSSO 59th round on Situation Assessment Survey of Farmers
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Visit-I and Visit-II are compared, it is observed that
in the Northern region, seasonal food insecurity was
more volatile across the states. It clearly reflected
that in different periods of year, food insecurity
among the households varies significantly.

At all India level, 89.35 million farm households
were engaged in agriculture activities. The study
highlighted that food insecurity among the farm
households were 52.32 percent in Visit-I and 51.81
percent in Visit-II at the country level. A systematic
analysis indicates that though there was no significant
seasonal change in food insecurity at household level
at the country level, the same has indicated
variations across the states.

The above mentioned facts and figures indicate
that at the farm households level, who are supposed
to be food secure as they are the real pillar of the
agricultural production, are not actually food secure.
This has serious implications both at production level
as well as consumption level, since same groups of
households take both the decision at the household
levels. Therefore, an attempt has been made in next
section to estimate how many farm households are
able to produce enough food from their agricultural
activities in both the Visits (seasonally).
Food Security/Insecurity with respect to
Agricultural Production System

It is a hypothesis that calories consumption at
the farm household level is positively influenced by
the agricultural production. Till date, there is very
little evidence on this issue especially in India,
although Sharma (2006) found that the diets of
smallholders and agricultural laborers were
essentially indistinguishable from each other and
suggested that own production was not very
relevant. Different cross country studies provide
mix inferences what farmers eat and what they
grow. Therefore, it is important to study the synergy
between agriculture and food security among the
farm households. In this regard, Table 2 gives
important inferences and relationship between
production of agriculture commodities and food
security at the household level i.e. food availability.

In the Southern region, proportional food
insecure households (64.09 percent) were higher
as compared to Western (53.98 percent), Eastern
(50.30 percent), Central (48.29 percent) and
Northern (40.53 percent) regions (Table 1). In
Southern region, about 37.61 and 57.78 percent food
insecure households could not produce sufficient
food to ensure self sufficiency in Visit-I and II,
respectively. Similar trend was observed from

Western (28.56 and 45.29 percent), Eastern (17.86
and 40.16 percent), Central (29.17 and 29.28
percent) and Northern (25.34 and 26.26 percent)
regions.

In the Southern region, almost in all the states,
households were more food insecure as compared
to other states. For example, as compared to other
states, 32.59, 33.64, 52.22, and 41.28 percent
households in Andhra Pradesh, Karnataka, Kerala
and Tamil Nadu states, respectively were food
insecure and they did not produce food sufficiently
during Visit-I. The magnitude of food insecurity
across the states in the Southern region was 55-63
percent in Visit II. Since, larger part of the Southern
region is arid and semi arid which is not favorable
to grow food crops during the second season (Visit-
II) and that may be one of the reasons that food
insecurity in Visit-II was much worse than Visit-I
in the Southern region.

In the Central region, it has been observed that
in MP, around 41.59 percent food insecure
households could not produce food for their self-
sufficiency and that could be one of the reasons
why higher proportion of households (59.07 percent)
was found to be food insecure in Visit-II (Table 1).
In contrast, in Chhattisgarh it has been observed
that out of 58.87 percent food insecure households,
40.29 percent were self- sufficient in Visit-I.
However, in Visit-II 67.53 percent households were
food insecure and among them only 2.10 percent
households were food self-sufficient, whereas 65.43
percent did not produce sufficient food. It is possible
that such seasonal food insecurity among the
households was mainly due to fact that even though
they were producing enough food but consuming
less in order to ensure the food consumption in next
season or could be selling their produces
immediately after harvest in order to meet their cash
needs.

Interestingly, at disaggregate level food
security and agriculture production differs
substantially at the state level in the Eastern region.
For example, in Bihar and West Bengal,
proportionally less food insecure households (19.28
and 17.64 percent) were self-sufficient in their
production whereas, relatively large food insecure
households (21.41 and 29.63 percent) did not
produce enough food for self-sufficiency in Visit-I.
However, in Visit-II, proportionally large food
insecure households (26.71 and 36.69 percent) did
not produce food self-sufficiently. Similar trend was
observed in the North-Eastern region where about

Singh and Datta: Farm household food security in India
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46.86% food insecure households were food self-
sufficient in Visit-I. However, in Visit-II about
56.39% food insecure households did not produce
food self-sufficiently (Table 2). It could be inferred
that food security in these regions was associated
with food crops, various agro-ecological factors and
resource constraints. This is also possible that some
households involuntarily sell their produces
immediately after harvest to tide over liquidity needs.
Chambers et al. (1981) study also found that small
farmer has to sell his grain at low post-harvest prices
to meet various commitments and buy in the market
later in the year when prices are high.

In Northern region proportional food insecurity
among households was low as most of the
progressive agriculture states like Punjab and
Haryana comprise large number of households,
which are specialized in cereal production. The

relationship between food security/insecurity with
respect to agriculture production did not change in
both Visits because this region had better irrigation
facilities and agriculture prospects.

In the Western region, it is interesting to
observe that in proportional term, food insecure
households were highest in Maharashtra (63.63
percent), followed by Gujarat (58.67 percent) and
Rajasthan (38.67 percent), respectively (Table 1).
In Rajasthan about 38.67 percent of the households
were food insecure out of which 30.89 percent of
the households did  not produce food self-sufficiently
in Visit-I (Table 2).

However, average per capita calorie intake in
Rajasthan (2324 Kcal) is higher compared to
Maharashtra (1993 Kcal). The average land
holdings were 2.48 ha in Rajasthan (arid and semi-
arid climate) and 1.88 ha in Maharashtra (tropical

Table 2: State and region wise food self-sufficiency among the farm households (Percent)
Regions/States Visit-I Visit-II

Food insecure Food secure Food insecure Food secure
- + - + - + - +

Northern 25.34 15.19 24.84 34.63 26.26 11.07 34.47 28.19
Jammu  and Kashmir 7.45 17.54 16.82 58.19 17.32 11.94 39.61 31.12
Himachal Pradesh 28.99 10.97 38.46 21.59 22.91 5.30 55.03 16.75
Punjab 29.91 15.04 20.51 34.54 29.66 10.01 29.06 31.27
Uttaranchal 20.08 22.55 23.05 34.32 32.34 17.43 30.07 20.16
Haryana 30.41 12.78 27.3 29.51 26.13 11.42 29.56 32.89
Western 28.56 25.42 26.06 19.96 45.29 6.44 37.45 10.82
Rajasthan 30.89 7.78 46.73 14.6 30.57 4.33 47.83 17.27
Gujarat 26.57 32.10 19.75 21.58 50.87 7.58 31.30 10.25
Maharashtra 27.82 35.81 13.02 23.35 53.95 7.49 32.62 5.94
Central 29.17 19.12 27.23 24.48 29.28 17.26 29.78 23.68
Uttar Pradesh 26.3 16.32 31.77 25.61 21.52 17.62 31.12 29.74
Madhya Pradesh 41.59 17.48 22.44 18.49 34.61 22.86 25.52 17.01
Chhattisgarh 18.58 40.29 9.94 31.19 65.43 2.10 31.23 1.24
Eastern 17.86 32.44 15.8 33.90 40.16 10.51 37.91 11.42
Bihar 19.28 21.41 22.61 36.70 26.71 14.79 35.37 23.12
West Bengal 17.64 29.63 16.07 36.66 36.69 11.23 41.58 10.50
Jharkhand 18.89 38.17 9.87 33.07 50.14 4.20 42.59 3.07
Odisha 19.10 39.14 14.08 27.69 58.02 1.40 39.28 1.30
Assam 11.22 53.62 5.39 29.77 46.31 18.97 27.31 7.40
Southern 37.61 26.48 19.87 16.03 57.78 9.04 28.30 4.88
Andhra Pradesh 32.59 23.74 23.77 19.90 54.31 7.05 33.14 5.50
Karnataka 33.64 36.76 11.64 17.96 62.62 9.56 24.34 3.48
Kerala 52.22 8.02 32.19 7.57 55.56 6.89 33.29 4.26
Tamil Nadu 41.28 30.49 15.41 12.82 59.4 12.81 22.07 5.71
North-Eastern 17.42 46.86 10.14 25.58 56.39 10.63 28.46 4.52
India 27.20 25.12 22.3 25.38 40.26 11.55 33.31 14.88
Source: Authors' estimates based on unit level data of NSSO 59th round on Situation Assessment Survey of Farmers
Note: (-) = Deficit production of calories w.r.t consumption, (+) = Surplus production of calories w.r.t consumption



21

climate), respectively. Yet, the monthly income at
household level was higher in Maharashtra ( 5746)
as compared to Rajasthan ( 3565). A more focused
analysis brings out some more interesting facts about
these two states. In Rajasthan, household earn
around 31 percent income from livestock and only
14 percent income from cultivation, whereas in
Maharashtra about 54 percent income from
cultivation and only 9 percent income from
livestock. At the state level the share of different
agricultural activities in Net State Domestic Product
(NSDP, 2002-03) are 15 percent for cereal and
pulses, 10 percent for cash crops (sugarcane, cotton,
tobacco) and 19 percent for livestock in
Maharashtra, whereas in Rajasthan it was around
19, one, and 44 percent, respectively.

The logical conclusion from the foregoing
discussion is that while in Maharashtra farmers are
more dependent on cash crops for income
generation, in Rajasthan, the farmers have relatively
greater reliance on the livestock as one of the
income generating occupation. This resulted in two
important insights-higher dependence of income
from cash crops does not translate into higher calorie
intake, and greater is the dependence on livestock
income higher is the food security.

At all India level, it has been presumed that
the food accessibility (consumption) has not strongly
related with food availability (agricultural
production) at the households level, but our
discussion from the evidences shows that at  state
level it differs and behave differently across the
regions and even within the states in the same
region.
Determinants of Food Security at Household’s
Level

 The probability of a household being food
secure has been assumed to be functionally
associated with a host of variables. The variables
represent attributes of the farmers, farm assets/
resources, modern agricultural practices and
institutional factors and livelihood opportunities. The
estimated coefficients of the parameters and the
marginal effects of binary logit model are
summarized in Table 3. Given that the model
included several binary and continuous variables with
sampling weights, the chosen level of statistical
significance was one, five, and 10 percent. Out of
13 influential factors, nine are statistically significant
at different levels.

The observed proportional relationship
between food security at the household level and
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Table 3: Estimated Binary logit coefficient and its marginal effects on food security of India
Variables b Coefficient estimates Marginal effects

Coefficienta Standard error Coefficienta Standard error
Dependent variable: Food security (1: if farmer food secure , 0: otherwise)
Farmer characteristics
Self employed in agriculture 0.3224315* 0.0336636 0.0804709* 0.0084
Family size -0.1663765* 0.0065569 -0.0415234* 0.00164
Farm assets/resources
Number of dairy animals 0.0390494* 0.0074223 0.0097458* 0.00185
Farm size 0.0633546* 0.0103605 0.0158117* 0.00259
Modern agricultural practices
Fertilizer use 0.3182068* 0.0392843 0.0794165* 0.0098
Improve seed 0.0574995*** 0.0320343 0.0143504*** 0.00799
Pesticide use 0.027813 0.0337952 0.0069414 0.00843
Institutional factor
Irrigated land to total land 5.586355 6.199796 1.394215 1.54724
Outstanding loan 9.49E-08 3.42E-07 2.37E-08 0
Livelihood activities
Cultivation 4.32E-06 3.98E-06 1.08E-06 0
Dairying 0.0003198* 0.0000264 0.0000798* 0.00001
Other livestock 0.0000293 0.0000255 7.31E-06 0.00001
Non-farm business 9.50e-06*** 5.91E-06 2.37e-06*** 0
Wages and salaries 0.000015** 7.50E-06 3.74e-06** 0
Source: Authors' estimates based on unit level data of NSSO 59th round on Situation Assessment Survey of Farmers
a n=51673, Log pseudolikelihood =  -33759.6, Wald chi2(14) =  1115.42,Prob > 2 = 0.0000,Pseudo R2 =   0.0560 b
*, **, and *** Significant at 1, 5 and 10  percet, respectively
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self-employed in agricultural activities was positive.
Self-employed in agricultural activities have two
implications i.e. food supply and income generation.
This observation is also validated through the study
of Faridi and Wadood (2010) - a household, self-
employed in agriculture fares well in terms of food
security as compared to other categories. The
negative relationship was observed between family
size and food security.  It implied that small family
size would increase the likelihood of food security
at the household level. The households who kept
large number of dairy animals were more food
secured. In reality, households with large herds earn
regular daily income from dairy animals. Therefore,
dairying at household level is one of important
economic opportunities that positively influence food
security at the household level. The study highlights
that with the large farm size, households were more
food secured. Modern agricultural practices namely
fertilizer and improve seed use significantly
contributed to the food security at the household
level. The logit estimates establish that among the
different livelihood activities dairying, non-farm
business, wages and salaries play important role to
ensure the food security at household level. The
probability of a household being food secure
increases as income from these activities increased.
The nature of returns from these activities is either
daily or monthly which enhance food security at
household level.

The perusal of Table 3 presents marginal effect
of respective variable with their significance level
for the food security at household level. These
probabilities show how changes in specific variables
affected the probabilities of a food security at the
household level. The prediction probability of model
was 48 percent for the food security at the household
level. The estimated marginal effect of household
self-employed in agriculture indicates that the
probability of food security increases by 8.05 percent
for an additional one household self-employed in
agriculture. As expected, family size was inversely
related with food security and higher negative
marginal effect (-4.15 percent).  Fertilizer and
improve seed use by the household increased the
higher food security but in different magnitude.
Marginal effect of fertilizer use is 7.94 percent which
implies that if one additional household used the
fertilizer then there are chances that it ensures the
food security for 7.94 percent of households. As
marginal effect of improved seed is 1.44 percent,
which indicated that there is higher number of

households were food secure by one additional
household using improved seed. The result of
marginal effect also indicates that unit increase in
area under cultivation increased the probability of
food security at household level by 1.58 percent.
CONCLUSIONS

The magnitude of food insecure farm
households is estimated at around 50 percent. There
are geographical variations within the regions-
highest in North-Eastern region followed by
Southern, Western and Eastern region. The gross
number of food insecure population is however high
in the Central region followed by Eastern, Southern
and Western region. Be in relative or in absolute
term, food insecurity has been an issue in Indian
provinces as also in certain states within the
province. Food availability does not necessarily
ensure food accessibility. The study found that
accessibility was directly linked with resource
endowment of the family, and more importantly, the
land resource. In addition, occupational
diversification of the family, modern agricultural
practices and household characteristics are other
attributes which influences food accessibility. The
study found that seasonal food insecurity was more
pronounced in arid, semi-arid and rainfed states like
North-Eastern states, Southern states and part of
the Central, Eastern and Western states of India.
In some of these regions/sub regions average
calorie intake per family is lower. To ensure the
food security at household level, there is a need to
focus on two broader issues i.e. reorientation of
current agriculture production system and providing
off-farm income opportunities.
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INTRODUCTION
After attaining self-sufficiency in food

production, Indian policy makers have shifted their
goal from self-sufficiency to generating additional
farm income in rural areas (Ahluwalia, 2004). But
will India continue to be self-sufficient in foodgrains
in the years ahead with declining net cropped area?
Indian agriculture is entering into a new phase
where land use efficiency is of major concern.
Considerable part of India’s poorest population lives
in the semi-arid tropical areas. Around there,
deficiencies of water and repetitive drought block
the agricultural transformation that the Green
Revolution accomplished in irrigated areas. Their
means of livelihood rely upon failure or success of
the crops due to erratic rainfall. Rajasthan is the

most drought affected state in India. There is a need
for new practices which offer a sagacious mix of
new technologies and traditional wisdom to enhance
sustained productivity. Rainwater harvesting offers
one of the pathways in this direction. Kishore et al.
(2005) have reported that there is growing scarcity
of water in many areas, as its use is increasingly
exceeding the availability and suggested that the
expediency in such areas is to plug the demand–
supply gap by conserving water through rainwater
harvesting. The term water harvesting refers to
collection and storage of any form of water either
runoff or creek flow for irrigation and other uses
(Sivanappan, 2006). In many areas adoption of
water harvesting technologies has been on
community or watershed basis which are
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constrained by various institutional problems like
undefined property rights and common property
resources (Joshi et al., 2003). It was endeavoured
to promote individual farm scale decentralized
water harvesting structures to benefit rainfed
farmers for their livelihood improvement (Malik et
al., 2014). Although, impact has been assessed in
watershed based water harvesting technologies at
community level, there is seldom any study on
assessing impact of farm ponds at micro scale.
Hence this study was planned to assess the impact
of decentralized water harvesting on cropping
intensity, crop diversification and environmental
aspects in semi-arid districts of Rajasthan. The study
is also supported with the financial feasibility of
farms.
METHODOLOGY

The primary data were collected on general
profile of the farmers and various aspects of
rainwater harvesting structures using well
structured, pre tested survey schedule. Two districts
namely Karauli and Tonk were selected for the
present study from semi-arid zones (Department
of Agriculture and Cooperation, 2011). Both the
districts were purposively chosen based on the
proportionate water harvesting structures available.
Further two blocks were chosen from each district
and two villages form each block. The blocks and
villages were also chosen on the same basis as
above. The adopters and non-adopters were chosen
randomly from the list available with the State
Department of Agriculture, Rajasthan. Overall 60
adopters and 60 non-adopters were considered for
the study.

Percentage analysis was used to assess the
impact in terms of total farm income, cropping
intensity, crop yield, shift in the cropping pattern,
change in the cropping practices, input use changes,
livestock, and environment (in terms of groundwater
table, erosion and incidences of mosquitoes and
other pests) using before-after and with-without
approaches.

Herfindahl Index (HI) is the most commonly
used index for quantifying the crop diversification
(De and Chattopadhyay, 2010). It is computed by
taking sum of squares of acreage proportion of each
of the crops in the total cropped area.
Mathematically, the index is given as below:
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where N is the total number of crops and Pirepresents area proportion of the i-th crop in total

cropped area. The HI would decrease, with
increase in crop diversification. The index is bound
to be between zero and one.

The present worth of costs with present worth
of benefits was estimated. It is possible to know
the viability of the project/activity based on Benefit:
Cost (BC) ratio and Net Present Worth (NPW).
Mathematically, these can be written as:
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where,
B t = Benefit in year t
C t = Cost in year t
n = Number of years
r = Discount rate
NPW = Discounted Benefits - Discounted Costs

RESULTS AND DISCUSSION
The main purpose for investing on rainwater

harvesting structures is to conserve the rainwater
during rainy season and to use it for irrigating the
crop in the subsequent season. The saved water
was also reported to be used as protective irrigation
in Kharif season also. Besides, crop production also
affects various ecological parameters.
Impact on  Various Cropping Pattern
Indicators

The most important aspect of adoption of
rainwater harvesting structures is to enable the
farmers to cultivate the crops in the dry Rabi season
in the study area. The perusal of Table 1 shows
that as compared to before-adoption when farmers
could cultivate only 45.5 percent and 54 percent of
their farms in Karauli and Tonk districts,
respectively, they were able to grow crops on almost
entire land holdings (98 percent in both districts)
after adoption of water harvesting structures. This
has led to decline in portion of fallow land implying
that gross area under cultivation has increased. This
is visible in terms of increased proportion of the
cropped area for all the crops like chickpea,
mustard, and wheat as compared to before adoption
period.

An increase in gross cultivated area also
enabled the cropping intensity to reach 190 percent
surpassing the low state average of 135 percent.
The adoption has also given the farmers to take up
wheat as the main crop in Rabi season. Before the
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adoption of farm ponds, the farmers of Karauli
district were unable to grow wheat due to high salt
concentration in groundwater (as perceived by the
farmers) rendering it impractical for irrigation
purpose. Whereas, a few farmers could grow wheat
in Tonk but due to low water table (around 600
feet), they could not even apply life saving irrigation
to the crop which resulted in low productivity.
Another prominent change in post adoption period
was that farmers were able to grow a high value
crop like cumin which is a profitable enterprise in
this area.

The crop diversification is one of the impact
indicators at farm level. By taking more number of
crops on their farm, agriculture becomes a
diversified venture and less risky. This is evident
from the lesser value of Herfindahl Index after the
adoption, which declined from 0.82 to 0.67 in
Karauli and from 0.78 to 0.54 in Tonk. This implies
more diversification took place in both the study
districts after the adoption.

In Kharif season, there was no significant
change in the percentage of cultivated area during
the pre-adoption period. As major part of annual
precipitation is received in Kharif season and is
not generally dependent on artificial irrigation. The
conserved water was used for supplemental
irrigation during Kharif season. One major change
in cropping pattern of Kharif season was found in
the form of increased area under cultivation of guar
gum, a remunerative export based crop, in Karauli.
As a result of this, area under traditional crops like
bajra and sesamum was reduced.

When adopters were compared with the non-
adopters of the same period (Table 2), the scenario
was not much different from the earlier ‘before-
after’ analysis.

Kumar et al.: Assessing Impact of Decentralized Rainwater Harvesting on Agriculture

The percentage area cultivated during Rabi
season by adopters was found to be almost double
of that of non-adopters. Even though the cropping
intensities of the non-adopters were found to be
slightly higher than that of adopters in pre adopted
conditions but they were significantly lower than
those of adopters at present.

Table 2: Impact on cropping pattern with andwithout adoption of ponds  in Rajasthan(Percent)
Indicators Karauli block Tonk block

With Without With Without
Area cultivated in Kharif 97.4 97.4 98.0 99.0
Bajra 52.0 51.4 13.9 14.9
Sesamum 24.8 28.0 10.4 10.1
Guar gum 20.1 17.5 - -
Green gram - - 46.3 46.8
Fallow land 2.6 2.6 2.0 1.1
Area cultivated in Rabi 98.0 48.2 97.7 53.7
Wheat 33.3 0.0 25.1 10.1
Chickpea 30.5 26.8 11.0 13.4
Mustard 34.5 21.5 56.1 27.9
Cumin - - 6.5 0.0
Fallow land 2.0 54.8 2.2 45.7
Cropping intensity 193.3 131.2 195.4 134.0
Herfindahl Index 0.67 0.9 0.54 0.81
- implies no cultivation of the concerned crop in theparticular district

Table 1: Impact on cropping pattern indicators  before and after adoption farm ponds in Rajasthan(Percent)
Indicators Karauli Tonk

Before After Before After
Area cultivated in Kharif 98.60 98.60 98.00 97.90
Bajra 54.20 50.60 15.30 13.80
Sesamum 30.50 24.75 8.10 10.30
Guar gum 13.70 20.70 - -
Green gram - - 45.60 46.20
Fallow land 1.40 1.40 1.96 2.00
Area cultivated in Rabi 45.50 98.00 54.00 97.70
Wheat - 33.30 8.60 25.00
Chickpea 25.80 30.40 9.30 11.00
Mustard 19.70 34.50 36.30 56.10
Cumin - - - 6.56
Fallow land 54.50 2.00 55.10 2.20
Cropping intensity 121.60 193.30 132.70 195.40
Herfindahl Index 0.82 0.67 0.78 0.54
- implies no cultivation of the concerned crop in the particular district.
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The cropwise analysis revealed that

percentage of area under wheat followed the same
pattern. Farmers of Karauli were not in a position
to take wheat in Rabi due to lack of irrigation. On
the other hand, Tonk showed some improvement in
percentage area under wheat as the construction
of canal in one of the selected blocks had enabled
the farmers to irrigate at the critical stages, although
not sufficient. The other disadvantage prevalent in
the same area was the inability of the cultivators to
extract sufficient water from the canal for irrigation
due to Warabandi system. According to this system,
farmers are allowed to take only limited water from
the canal irrespective of the requirement. It was
also reported that many small farmers without any
influential powers were deprived of irrigation from
canal water. Facing this problem, it had helped the
farmers to realize the advantages of individually
owned rainwater harvesting structures over the
community level irrigation system.

In Kharif season, the non-adopters as well as
adopters were found to cultivate almost entire
portion of their holding. In Tonk, it was found to be
slightly higher among non-adopters which was well
understood due to the fact that Kharif based crops
were the main source of their livelihood and also
do not require any supplemental irrigation.
Impact on farm specific indicators

Besides expansion of the cultivated area in the
Rabi season, some significant shifts were also
visible in cultivation in terms of assets position,
expenditure and farm income. With assured water

availability and intensified agriculture, timely
completion of farm operations was given
importance. This requirement sought the services
of machine labour and hence shifted towards
mechanized farming. As seen in Table 3, some
changes were visible in the possession of farm
machinery and other inputs. Distinct change was
noticed in possession of irrigation pump because
after construction of farm pond it was necessary
for the farmers to have irrigation pumps. Some
farmers also reported to have hired the pumps. The
population of bullocks and plough had shown reverse
changes which supports the argument in favour of
mechanization. At present, almost all the sampled
farmers were reported to use tractors, either owned
or hired, for the tillage operations ranging from land
preparations to sowing operations. The use of inputs
like sprayers, farm yard manure (FYM), seeds and
fertilizers has shown significant increase. The most
important among these, as reported by farmers, was
increase in expenses on seeds which led to
increased crop output. Before adoption of rainwater
harvesting structures, farm-produced seeds were
used for sowing purpose.

But with irrigation facility available, many of
the farmers have now switched over to high yielding
seeds especially of wheat, mustard and chickpea
as they are responsive in well irrigated and fertilized
conditions. On the other hand, excess use of
fertilizer was reported by the adopters which could
lead to the problematic soils (pollution) as seen in
the traditionally irrigated regions.

Table 3: Impact on farm income, expenditure and asset position before and after the adoption ofponds in Rajasthan ( 000ha-1)
Particulars Karauli block Tonk block

Before After % change Before After % change
Livestock (Numbers)
Bullock 61 4 -93.4 73 4 -94.5
Cow 13 21 61.50 21 40 90.5
Buffalo 16 40 150.0 36 81 125.0
Machinery (Numbers)
Tractor 2 6 200.0 9 13 44.4
Sprayer 17 32 88.0 21 39 85.7
Irrigation pump 4 31 675.0 16 23 43.8
Plough 37 0 -100.0 40 0 -100
FYM (tha-1) 1.50 3.20 113.30 1.5 3.6 140.0
Expenditure on fertilizer 2.1 5.3 152.1 3.1 5.9 90.3
Expenditure on seeds 0.60 1.40 133.30 0.5 1.7 240.0
Labour usage during harvesting 4.7 13.7 191.5 5.3 15.1 184.9
Farm income 12.80 48.70 280.40 14.1 51.5 265.2
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Increase in the crop yield especially for wheat,
maize, sorghum, etc. has also increased fodder
availability with increase in straw productivity. This
attributed to increase in the population of livestock
enabling the farmers to practice mixed farming.
Though most of the adopters have switched to
mechanization for tillage and sowing operations but
harvesting is still being continued manually by the
labourers. With the increased crop output labour
requirement for harvesting was reported to have
increased by 191.5 and 184.9 percent in Karauli
and Tonk district, respectively. Although at present
it was reported a positive impact but when coupled
with labour migration and programmes like
Mahatama Gandhi National Rural Employment
Guarantee Act (MGNREGA) this situation may
pose serious problems in the future. Increase in
usage of highly productive input uses along with
mixed farming has resulted in more than two times
increase in income from the farm.

When compared with non-adopters, the
adopters were found to harness almost the same
advantage as they had over pre adopted situations.
The only similarity in behaviour between adopters
and non-adopters was towards possession of
bullocks and ploughs (Table 4). Along with adopters,
the non-adopters have also been found to shift to
mechanization for sowing and tillage operations. The
probable reason for this could be increase in labour
wages and time as well as scarcity of fodder for
livestock. As a result, the non-adopters were found
to possess less population of other livestock as well.

Also, indirect effect of adoption of farm ponds over
non adopters was observed in terms of increased
employment during the harvesting season because
of high labour requirement by the adopters due to
increased yield.
Ecological impact

The places where people had never witnessed
standing water for years were having ample of
water collected in the farm ponds. So, the impact
on ecology and environment was expected to be
observed. Since the density of ponds differed in
the area it was expected that the impact on ecology
would also vary accordingly. To assess the impact
on these parameters, information on selected
indicators were gathered based on the perception
of the farmers and   presented in Table 5.

Almost 80 to 85 percent of farmers reported
decline in soil erosion on their farms after adopting
water harvesting farm ponds. The main reason
attributing to this   was   the year round green cover
on their farms that is, decline in fallow lands.
Groundwater table was also observed to have raised

Kumar et al.: Assessing Impact of Decentralized Rainwater Harvesting on Agriculture

Table 4: Impact on farm income, expenditure, and asset position with and without adoption of pondsin Rajasthan ( 000ha-1)
Details Karauli district Tonk district

With Without Change (%) With Without Change(%)
Livestock (Numbers)
Bullock 4 2 100.0 4 1 300.0
Cow 21 7 200.0 40 22 81.8
Buffalo 40 26 53.8 81 50 62.0
Machinery (Numbers)
Tractor 6 1 500.0 13 5 160.0
Sprayer 32 23 39.1 39 21 85.7
Irrigation pump 31 12 158.3 23 11 109.1
Plough 0 1 -100.0 0 0 0.0
FYM (tha-1) 3.2 1.5 113.3 3.6 1.6 125
Expenditure on fertilizer 2.9 5.3 82.7 3.3 5.9 78.7
Expenditure on seeds 1.4 0.8 75 1.7 0.8 52.9
Labour usage during harvesting 13.7 5.1 168.6 15.1 5.5 174.5
Farm income 48.7 13.1 271.7 51.5 16.4 214

Table 5: Farmers' perception on ecologicalparameters (Percent)
Indicators District

Karauli Tonk
Decline in soil erosion 80.0 84.5
Increase in groundwater availability 42.0 80.0
Increase in birds and mosquitoes 66.7 59.0
Increase in pest population 12.5 5.0
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due to the pond recharges. But in one of the blocks
of Karauli, where groundwater was having high
concentration of fluorides, showed no improvement
in quality till yet. There has been increase in
population of birds chirping on the farm. The birds
are considered as natural predators of insect pests.
On the other hand, increase in pests and mosquito
populations were reported by most of the farmers.

The results of this study are similar to some
other studies where 84 percent of the farmers
confirmed that population of wild animals increased
with the construction of water harvesting structures
but only 10 percent of them reported increased
mosquito incidences (Amha, 2008, Lairenjam et al.,
2014 and Malik et al., 2014). They concluded that
apart from increase in farm income the rain water
harvesting structures also allowed positive impact
on cropping pattern, decline fallow lands, enhanced
mechanization, increased inputs usage and also
ecological enrichment.
Financial feasibility of rainwater harvesting
structures

The financial feasibility is a systemized method
to compare and assess the flow of costs and benefits
throughout the investments. In the present study,
benefits coming out of per hectare farmland were
compared with the total costs involved per hectare
farm under two scenarios viz. farms with farm
ponds and those without farm ponds over a period
of five years (Table 6). The results showed that
the farmers with farm ponds had high B:C ratios of
1.9 and 2.3 as compared to non-adopters (1.2 and
1.3) in Karauli and Tonk districts, respectively. Also,
high NPW of 1, 19,372 and 1,25,948 was obtained
in case of adopters as against 43,451 and 47,376
for non-adopters in both the districts, respectively.
These values showed that adoption of farm ponds
are important criteria for overall profitability of the
farms. The farmers should be encouraged to adopt
these structures as higher benefits would help them
to save more and increase farm investments in
subsequent years. This would further intensify and

commercialize their farming. Moreover migration
of the farming population to non-agricultural sector
would reduce, which may lead to decline in rural as
well as urban poverty.

Similar to the present study, Desai (2005) and
Liang and Dijk (2011) also analyzed the financial
feasibility of various rainwater harvesting
structures. Their results too supported the financial
investments on these structures subject to high
values of B:C ratio and NPW.
CONCLUSIONS

Many useful implications can be concluded
from the study.
• The semi-arid regions are highly prone to

droughts and are characterized by low rainfall
and groundwater unavailability. Rainwater
harvesting structures can serve the purpose in
this context.

• With decrease in fallow land by almost two
times, area under mustard, cumin, wheat and
chickpea has also shown vast increase. This
gives us an insight on shifting of cropping pattern
from sustainable to commercial agriculture.

• Employment was also found to increase as the
number of labour usage for agriculture related
operations has increased.

• Sharp rise in cropping intensity as well as crop
diversification has resulted in increased farm
income of adopters by about three four times.

• Economical as well as ecological feasibility of
these structures implies that the adoption of the
decentralized water harvesting structures must
be enhanced with the help of institutional and
technical supports to remove the negative
externalities like increased pest incidences.

REFERENCES
Anonymous. 2011. Operational guidelines for

preparation and implementation of projects under
rainfed area development programme-A sub-
scheme under Rashtriya Krishi Vikas Yojana
(Annexure II), Department of Agriculture and
Cooperation Ministry of Agriculture, Government
of India.

Ahluwalia, M.S. 2004. Reducing poverty and hunger in
India: The role of agriculture. Annual Report. IFPRI,
Washington.

Amha, R. 2008. Impact assessment of rainwater
harvesting ponds: The case of Alaba Woreda,
Ethiopia. In: Awlachew, S.B., Loulseged, M., and
Yilma, A.D. (eds.) Impact of Irrigation on Poverty
and Environment in Ethiopia. International Water
Management Research Institute, Colombo. 223-258.

De, U.K. and Chattopadhyay, M. 2010. Crop

Table 6: Financial feasibility of water harvestingadopted and non-adopted farms in Rajasthan
Financial Indicators B:C Ratio NPW ( 000)
With farm ponds
Karauli district 1.9 119.37
Tonk district 2.3 125.95
Without farm ponds
Karauli district 1.2 43.45
Tonk district 1.3 47.38



31

diversification by poor peasants and role of
infrastructure: Evidence from West Bengal. Journal
of Development and Agricultural Economics. 2 (10):
340-350.

Desai, R. 2005. An economic study of rainwater
harvesting structures- A case study of farm ponds.
M.Sc (Agriculture) Thesis. University of Agricultural
Sciences, Dharwad.

Joshi, P.K., Tewari, L., Jha, A.K., and Shiyani, R.L. 2003.
Impact of watershed programme and peoples’
participation. In: Pal, S., Joshi, P.K., and Saxena, R.,
(eds.) Institutional Changes in Agriculture.
National Centre for Agricultural Economics and
Policy Research, New Delhi: 81-96.

Kishore, R., Singh, D.K., Singh, R.M., Singh, R., and
Bhandarkar D.M. 2005. Restructuring of water
harvesting ponds and ground-water recharge. In:
Sustainable Management of Water Resources,
Himanshu Publications, Udaipur: 208-214.

Kumar et al.: Assessing Impact of Decentralized Rainwater Harvesting on Agriculture
Lairenjam, C., Singh, R.K., Huidrom, S., and

Nongthombam, J. 2014. Economic analysis of
integrated farming system using jalkund and micro-
irrigation system to harvest rainwater in North East
India. Indian Journal of Agricultural Extension. 2
(3):  219-226.

Liang, C. and Dijk, M.P. 2011. Economic and financial
analysis on rainwater harvesting for agricultural
irrigation in the rural areas of Beijing. Resources,
Conservation and Recycling. 55: 1100-1108.

Malik, R.P.S, Giordano, M. and Sharma, V. 2014. Examining
farm-level perceptions, costs and benefits of small
water harvesting structures in Dewas, Madhya
Pradesh. Agricultural Water Management. 131:
204-211.

Sivanappan, R.K. 2006. Rain water harvesting,
conservation and management strategies for urban
and rural sectors. National Seminar on Rainwater
Harvesting and Water Management, Nagpur.



32

Indian J Econ Dev 12 (1): 2016 (January-March)



33

INTRODUCTION
Agricultural development is not pre-

determined but it is continuous process of
improvement of crop and livestock production. The
technology absorption in agriculture which is a
principal sector of economy of most of the countries
could be considered as a primary objective of any
developmental efforts. Agricultural developmental
programmes were initiated for enhancing the
productivity of various crops and thus improving
the social and economic status of the people.
Agriculture is expected to provide a bulk of
employment to the labor force. In the improved
practices of cultivation, emphasis is laid on irrigation,
multiple cropping system and adoption of high

yielding production techniques with creation of
greater employment avenues.

Punjab is predominantly rural and agrarian state
with about 62.51 percent rural population. Rural
development depends on progress and growth of
agriculture. Agriculture has always been Punjab’s
most important economic sector. The region is ideal
for wheat and rice growing. Though, Punjab is a
small state with 1.53 percent of country’s
geographical area but it produces 22.6, 10.8, and
12.9  percent of wheat, rice, and total food grains
of the country, respectively. State has earned a name
of granary of India through contributing 35-40 per
cent of rice and 40 to 75 percent of wheat to the
Central Pool in the past two decades. Even though
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the green revolution in agriculture sector has
increased the total crop production, remarkable
progress in agriculture through taking a big leap
forward in terms of irrigation facilities, use of
chemical fertilizer, pesticide, high yielding varieties,
mechanization etc. but these activities have not been
able to reduce the regional disparities of agricultural
development. Abhiman (1999) revealed that one of
the serious problems faced by Indian economy is
the alarming growth rate of regional differences
among India’s different states and territories in terms
of per capita income, availability of infrastructure,
agricultural development etc. Thaker and Shiyani
(2009) studied the factors responsible for socio-
economic development in Gujarat. Singh (2012)
reviewed that tremendous change in the agriculture
sector of Punjab just because of introducing new
innovative techniques and the agriculture in Punjab
were extremely intensive in terms of land, assets,
nutrients, water and agricultural components. Narian
et al. (2002, 2003, 2005, and 2009) estimated the
level of development for agricultural sector,
infrastructure facilities and inter-district variation
of socio-economic development for many states
such as Madhya Pradesh (2002), Karnataka (2003),
Jammu and Kashmir (2005), Orissa (2005) and
Andhra Pradesh (2009).  In the present study, an
attempt has been made to identify the factors
regarding agricultural development in Punjab and
also regional disparities associated with these
factors.
METHODOLOGY
Development indicators

 In the present study, twenty districts (district
of Pathankot and Fazilka in Punjab created in 2011,
were not considered as separate entities in the
study) of the state have been included in the analysis.
The district-wise secondary data in respect to the
nineteen indicators have been used for evaluating
the factors and regional disparities for agricultural
development.
1. Net sown area (NSA) as percentage to total

area
2. Area sown more than once
3. Yield of rice (kgha-1)
4. Rice production as percentage to state

production
5. Yield of wheat (kgha-1)
6. Wheat production as percentage to state

production
7. Average yield of total cereals (kgha-1)
8. Average yield of total pulses (kgha-1)

9. Oilseeds production as percentage to state
production

10. Fruit production as percentage to state
production

11. Area under total vegetables as  percentage to
total area of state

12. Consumption of chemical fertilizers per unit of
gross cropped area

13. Percentage of gross  irrigated area to gross
cropped area

14. Percentage of medium and large
holdings(>4ha) to total holdings

15. Consumption of power in agriculture (Million
kwh)

16. Tubwells (per ‘000 ha NSA)
17. Number of tractors per ‘000 ha NSA
18. Total live stocks per lakh population
19. Number of veterinary hospitals per 100 sq. km.

of area
These indicators may not form an all inclusive

list but these are major interacting components of
agricultural development.
Method of Analysis

Factor analysis is a multivariate technique to
reduce the dimensionality of the interrelated
complex structure involving large number of
variables. Although this technique has been widely
used in psychometric and econometric studies but
the same has been exploited in extracting the factors
responsible for the development in agriculture.
Factor analysis based on the hypothesis that a set
of related variables can be adequately described
by a set of factors less in number that the set of
original variables. The factor analysis model (in
matrix notation) is given by
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the net correlations between the variables Xi  and
the factor fj. It is assumed that error variables are
distributed independent of f and both f and e have
multivariate normal distribution with mean zero and
variance covariance matrixes given by
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Let )( ij be the variance covariance
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communality j =1 of ith variable and gives the
percentage variation within variable xi explained
jointly by all the factors.
Principal Axis Method

Principal axis method was employed in the
present study to get the factor loading’s which is
on the fact that matrix can be decomposed with
help of an orthogonal matrix as:
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Where Dx=diag (a1, a2......ap) and a1 > a2......> aP> 0

After examination of latent roots () of  only
those are retained which explain the largest
proportion of tr  - say m, the number of factors let
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  denotes the corresponding matrix of latent

vectors, than
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 The solution given in (7) is known as principal
factor solution. If is estimated by its sample value, the estimated principal factor solution is given
by:
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Where   and 

aD are the estimated values
obtained from  = Γ D Γ ’factorization by
appropriate deletions. In the present analysis sample
correlation matrix was used as an estimate of .
Factor Rotation

It can be seen that factorization given by (4)

of response correlation matrix is not unique, for post
multiplication of the loading matrix A by any
confirmable orthogonal matrix would yield an
equally valid factorization. Such orthogonal
transformations, amount to a rigid rotation or
reflection of coordinate axis of the m – dimensional
factor space and are referred to as rotation of factor
loadings. Factor loadings are rotated in order to have
a better explanation and interpretation of the new
factor of loading while a variety of rotation criterion
and methods are available in literature. The present
study uses Kaiser’s (1958) normal varimax criterion
for rotation. It consist of selection of an orthogonal
matrix whose elements are selected so as to
maximize   S* where
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Sk* is known as normalized simplicity of factor
k. Factor analysis computer programme that
incorporates normal varimax rotation criterion as a
final rotation after principal axis loading were
obtained and was used in the analysis.
RESULTS AND DISCUSSION
Correlation Analysis for Indicators Related to
Agriculture

The results for zero order correlation
coefficient for various indictors related to agriculture
in Table 1. The results indicated that production of
rice and wheat are highly positively correlated with
consumption of power in agriculture (0.85, 0.70),
the number of tubewells  energized/operated per
‘000 NSA (0.52, 0.50) and consumption of chemical
fertilizer per unit of gross cropped area (0.54, 0.45).
Therefore, one can infer that production of major
crops is almost equally affected by consumption of
power in agriculture, number of tubewells per ‘000
NSA and consumption of chemical fertilizer per unit
of gross cropped area. It is also found that net sown
area (NSA) as percentage to total area is
significantly positively correlated with percentage
of gross irrigated area to gross cropped area (0.76)
and percentage of medium and large land holdings
to total holdings (0.69) but moderately correlated
with area sown more than once (0.45). Further fruit
production was found to be significantly negatively
correlated with area under total vegetables as
percentage to total area (-0.46). Total livestock’s
and number of veterinary hospitals per 100 sq km

Singh et al.: Statistical Evaluation of Agricultural Development in Punjab
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of area are negatively correlated (-0.49) indicating
thereby that there is a need to increase the number
of veterinary hospitals in the state.
Factor Analysis for the Agriculture
Development

On the basis of correlation matrix for nineteen
variables it was decided to extract four  factors
through principal axis method and their rotated
factor loading after variance rotation and was
presented in Table 2. Each entry aij  indicates the
net correlation between the associated variable and
the factor. More specifically, the quantity aij2represent the proportion of total variance of variable
i which was explained by factor j after allowing for
contribution by other factors. From the first row of
the Table 2 it can be seen that 54.9 percent
[(0.741)2100] of the variation in Net sown area
(NSA) as percentage to total area explained by
factor 1 and 10.1 percent [(0.319)2x100] of variation
was explained by factor 2 and so on. The last column
of the Table 2 gives the communality of variableaij2 = h2 of each variable.

Communality of variable average yield of total
cereals was 0.926 meaning thereby that 92.6
percent of the variation present in average yield of
total cereals was explained with the help of four
factors which were extracted amongst variables
considered. The last column of the Table 2 revealed
that communality for various variables varied among
0.547 to 0.926. Therefore four factors were quite
sufficient to explain the variations of the agricultural
development. Last row of the Table 2 explain that
how much variation is explained by these four
factors. Factor 1 explains 22.9 percent of variation
whereas factor 2, 3, and 4 explained 19.8, 18.3,
and 12.5 percent variation, respectively.

Another important use of factor loading is that
it provides basis for grouping the variable in common
factors. Each variable can be assigned to that factor
with which it has closest linear relationship, that is,
that factor with which it has highest loadings. The
highest loadings are underlined in the Table 2, so as
to facilitate the above identification and to interpret
the factors as meaningfully as possible. Factors
were identified on the bases of loading given in the
Table 2 and then rotated factor scores were
evaluated for each district and presented in Table
3.
Factor1: Land resources Factor

Factor 1 has high loadings on Net sown area
as percentage to total area (0.741), area sown more
than once (0.618),  percentage of gross irrigated

area to gross cropped area (0.794), number of
veterinary hospitals per 100 sq km of area (0.751)
and percentage of medium and large holdings to
total holdings (0.704). Since, these variables attempt
to measure the utilization of land for agriculture, so
this factor has been named as land resources factor.
This factor may be basic factor for the agricultural
development. From the last row of the Table 2,  it
was seen that this factor alone accounts for 22.9
percent of the variation, which is the highest
variation explained by any factor.

Factor scores shown in Table 3 revealed that
Factor 1 emphasize the importance of land recourses
factor which was low in SAS Nagar, Roopnagar,
Hoshiarpur and Gurdaspur due to the fact that
percentage of Net Sown Area (NSA) to total area
in Roopnagar and Hoshiarpur were 57 percent and
59 percent, respectively, whereas it was more than
80 per cent in the other sixteen districts of the state.
Topographically, 53 percent of total geographical
area of Hoshiarpur district, known as kandi area, is
located at the foot of shivaliks and covers the
submountaneous undulating plain with a slope of
more than 16 meters per kilometer which
progressively decreases towards west side of the
district. There is acute shortage of water and this
area faces high incidence of soil erosion which is
caused by rivulets (choes) passing through this
region which are flooded during the rainy season.
Other reasons of least development in agriculture
may be the small intensive land holdings of districts
of Roopnagar (87.34 percent), Hoshiarpur (80.13
percent) and SAS Nagar (75.6 percent),
respectively.
Factor 2: Farm input and production factor

Identification of this factor stemmed from the
high negative loadings on rice production (-0.818),
wheat production (-0.731), consumption of chemical
fertilizers (-0.538), consumption of power in
agriculture (-0.729), and tubwells per ‘000NSA (-
0.731). Since this factor attempt to farm inputs which
ultimately had the impact on the production of the
crops. So this factor was called farm input and
production factor. It is evident that this factor
accounts for 19.8 percent of the variation. Thus
these two factors explained more than 40 percent
of the variation of the data.

Since, this factor has negative values for these
loadings so high negative factor scores in Table 3
indicate that the production of major crops in
Sangrur, Ludhiana, Firozepur, Patiala and Moga
were high whereas the production in SAS Nagar,
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Roopnagar and Hoshiarpur were quite low. In Kandi
area soils are poor and are flooded during the rainy
season.

Rainfall at the sowing time is a major factor
influencing decrease or increase in the area sown
of this belt and this is a major cause for low net
sown area and ultimately low production of crops
in the district. Further the consumption of chemical
fertilizer per unit of gross cropped area and
consumption of power in agriculture sector was
least in Hoshiarpur, SAS Nagar and Roopnagar.
Since the excessive dependence of wheat and rice
crop and growing the same crops over and over
again has led to sharp deterioration in the health of
soils, that is why higher dose of chemical fertilizers
have to be applied to achieve the same level of
production.
Factor 3: Productivity Factor

A close look at the 3rd column of Table 2
revealed that variables with high loading were yield
of rice (0.91), yield of wheat (0.715), average yield
of total cereals (0.935) and moderate loading of
total live stocks (0.481). Since these variables
attempts to measure the productivity of major crops,
so this factor has been termed as productivity factor.
The development of agriculture is mainly dependent

upon the productivity of the major crops. The last
row indicates that it accounts for 18.3 percent
variation in the agricultural development.

The factor scores for the third factor in Table
3 showed that high productivity of wheat, rice and
total cereals in Sangrur, Ludhiana, Moga, Barnala
and Bathinda whereas low productivity of these
crops in Hoshiarpur, Roopnagar,  Amritsar, Tarn
Tarn, and Gurdaspur. Productivity can be increased
in these districts by the adoption of improved specific
varieties and improved production and protection
technologies.
Factor 4: Diversification Factor

From the Table 2 it is clear that this factor has
high loading on oil seed production (0.675), fruit
production (0.714), high negative loading on area
under total vegetables (-0.672) and moderate
loading on average yield of pulses (0.482) and total
live stock per lakh population  (0.514). On the basis
of high loading for these variables it was termed as
diversification factor and this factor accounted for
12.5 percent of the variation present in the variables.

Since, this factor has positive and negative
values for these loadings so it is a bipolar factor.
The high positive score of factor 4 in Firozepur,
Hoshiarpur and Sri Mukatsar Sahib due to high fruit

Table 2: Factor loadings (aij) and Communality (h2) after varimax matrix rotation of various indictorsof agricultural development
Variables Factor1 Factor2 Factor3 Factor4 Communality
Net sown area (NSA) as percentage to total area 0.741 -0.319 0.259 -0.045 0.719
Area sown more than once 0.618 0.264 0.28 0.199 0.556
Yield of rice (kgha-1) 0.029 -0.023 0.911 -0.106 0.842
Rice production as percentage to state production 0.21 -0.818 0.27 0.18 0.819
Yield of wheat  (kgha-1) 0.54 -0.262 0.715 -0.082 0.878
Wheat Production as percentage to state production 0.39 -0.731 0.12 0.18 0.603
Average yield of total cereals  (kgha-1) 0.157 -0.13 0.935 -0.098 0.926
Average yield of total pulses  (kgha-1) 0.30 0.29 0.38 0.482 0.547
Oil seeds production as  percentage to state production -0.343 -0.026 -0.279 0.675 0.652
Fruit production as percentage to state production 0.14 0.013 0.088 0.714 0.563
Area under total vegetables as percentage to total area of state 0.374 -0.024 -0.099 -0.672 0.602
Consumption of chemical fertilizers per unit of gross cropped area 0.50 -0.588 0.21 0.036 0.632
Percentage of gross irrigated area to gross cropped area 0.794 -0.32 0.235 -0.088 0.795
Percentage of medium and large holdings (>4ha) to total holdings 0.704 -0.123 0.398 0.152 0.692
Consumption of power in agriculture (Million kwh) 0.176 -0.729 -0.011 0.033 0.563
Tube wells per ‘000 ha NSA 0.167 -0.731 -0.24 -0.145 0.641
Number of tractors per ‘000 ha NSA 0.441 -0.565 -0.115 -0.029 0.558
Total live stocks per lakh population 0.097 -0.327 0.481 0.514 0.608
Number of veterinary hospitals per 100 sq km of area 0.751 0.081 -0.051 -0.171 0.602
Variance 3.815 3.437 3.309 1.821 12.451
Percentage of variation explained 22.9 19.8 18.3 12.5 73.5
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production and high negative score in Kapurthala
is due the large area under vegetables. Thus
diversify the area to alternative crops depending
on soil health in each agro climatic region was urged
as the solution. Further agricultural production and
crop productivity in Punjab have nearly stagnated.
There is an urgent need to diversify the state’s
agrarian economy to not only in narrow sense of
diversification within crops, but also promote allied
agricultural sector, non-farm activities and agro-
processing units.

Finally these four factors together explained
about 73.5 percent of variation among nineteen
development indicators related to agriculture, which
means four factors were sufficient to explain the
variation in the agriculture development. It may also
be pointed out that communality for the variables
ranges from 54.7 per cent to 92.6 per cent which
further substantiates that four factors were quite
appropriate to explain variation in the agricultural
development. Other factors which may affect
agricultural development are physical factors like
climate, soil & topography and economic factors
like market, transport facilities, labour, capital and
government policies.
CONCLUSIONS

Four factors namely land resources, farm input

and production, productivity, and diversification
factor among the development indicators related to
agriculture together explained 73.5 per cent of the
variation was quite sufficient to explain the
agricultural development. Wide disparities among
different districts of Punjab were found in
agricultural development on the basis of these
factors. Low agricultural development in
Roopnagar, Hoshiarpur and SAS Nagar due to the
land recourses factor as it have low percentage of
Net sown area to total area and also the small
intensive land holdings in these districts. Further low
farm inputs and production factor was also a reason
for least agricultural development in these districts.
Thus, diversify the area to alternative crops
depending on soil health in each agro climatic region
was urged as the solution.
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INTRODUCTION
Rice is a major staple food and a mainstay for

rural population. It is central to the food security of
over half of the world population (Anonymous,
2003). India is one of the world’s largest producers
of rice accounting for 20 per cent of all world rice
production. The area under rice crop had increased
from 43.91 million hectares in 2005-06 crop year
(July-June) to 45.21 million hectares in 2008-09 crop
year due to increase in domestic as well as
international demand. The area under rice was
found to be 46.83 million hectares in 2010-11 crop
year. India’s rice production declined from record
99.18 million tonnes in the year 2008-09 to 89.13
million tonnes during 2009-10 due to severe drought
conditions that affected almost half of the country,
but again reached to a record high of 104.32 million

tonnes during the period 2011-12 (Anonymous,
2013).

West Bengal state of India is known as Bowl
of rice because it constitute major food item and is
being cultivated in major portions of agricultural
area. Rice grows in the state in three different
season viz. Aus (autumn rice), Aman (winter rice)
and Boro (summer rice). These three seasons are
named according to the season of harvest of the
crop. The winter or monsoon rice, known as Aman,
is grown from June to December. It accounts for
69 per cent of the total rice area, and is grown under
rainfed conditions in the flood free medium and
shallow low lands (mostly modern high yielding
varieties). Mainly during Aman, farmers still grow
some traditional as local rice varieties having special
features and it covers about 12 percent of the total
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rice area cultivated during this season. The
remaining 19 percent of the rice area is covered by
the summer or dry season rice popularly known as
Boro. This is a totally irrigated rice crop with the
entire area cropped with high yielding modern
varieties. The sowing time of summer rice is
November to February and harvesting time is March
to June.

Agriculture in West Bengal is the means of
livelihood and about 72 percent of the population of
the state living in the villages with over 90 percent
as small and marginal farmers. In the last three
decades, especially with land reforms and
associated structural changes there has been a
gradual and noticeable progress of agriculture in
the state’s economy, it is reflected by its contribution
of about 21 percent to the Net State Domestic
Product (Anonymous, 2009). In West Bengal, the
area and production under rice increased from 5.43
million hectares and 12.43 million tonnes during
2000-01 to 5.94 million hectares and 15.04 million
tonnes during 2008-09, respectively (Anonymous
2009). The improvement in the productivity of Aus
and Aman since 1947 to 2007 is almost parallel but
in the case of Boro it has jumped from 1449 kg per
ha during 1966-67 to 2016 kg per ha during 1967-
68, and attained 3004 kg per ha in 2002-03 (Samanta
and Mallik, 2004) and, thereafter, maintained steady
improvement till 2007-08 which is 3259 kg per ha
(Anonymous, 2009).

In today’s scenario, in West Bengal better
quality high yielding varieties are available, the area
under rice has gone up and production has also
increased accordingly. The farmer continues to
suffer today because he is not getting the correct
prices. Moreover, cereal yields are rising but at a
diminishing rate, ground water tables are plunging
and agricultural growth is also very slow. So, there
is a need to measure technical efficiency in the use
of inputs that is to extract maximum output from a
given level of input in rice cultivation and to
understand the factor which determine efficiency
(inefficiency) of rice growers in West Bengal.

Thus the present work was aimed at achieving
the specific objectives (1) to examine the socio-
economic characteristics of rice growers in the
study area. (2) To measure the technical efficiency
of resource use in winter and summer rice
cultivation and the factors determining it. (3) To
work out the economics of winter and summer rice
cultivation. (4) To examine the constraints faced
by rice growers in study area.

A number of empirical studies have been
undertaken to measure the technical efficiency by
using cross-section data with the help of both
parametric and non-parametric techniques (Rudra,
1968, Prabhakaran and Venugopalan ,1973, Rathore,
1984, Thakur and Singh, 1996, Dwivedi and Singh,
2000, Mitra, 2002, Jyothirmai, 2003, Rashid and
Anwar, 2004, Khattra and Kataria, 2005, Haque,
2006, Okon and Enete, 2009, Tambo and Gbemu,
2010, Lee, 2013). In this regard the deterministic
and stochastic frontier approaches were used very
commonly. Therefore, the present study uses the
parametric technique of stochastic frontier
production function to measure the technical
efficiency of rice cultivation in West Bengal during
the agricultural years 2012-13.
METHODOLOGY

The production function technique was used
to examine the effects of different inputs on rice
productivity. The production functions estimated for
the rice crop in this study were in fact the yield
functions. Thus, rice yield per hectare was
regressed on per hectare input level of various
resources used in its production. Both Cobb-Douglas
production function and Multi-Linear Regression
function [that is a linear regression model with two
predictor variables x1 and x2, (Y=b0+b1x1+b2x2+b)]
were tried. Finally, the Cobb-Douglas function was
retained on the basis of better Coefficient of Multiple
Determination (R2), logical signs of the parameters
and maximum number of parameters being
significant.

The production function model used and the
definition of variables considered are described as
under:
Y= a0

n

i
ubieXi

1

Log Y = log a +  n

i
ii uXb

1
log

Log Y = log a + b1logX1 + b2 log X2 + …+ bn log Xn+ u
where,

Y = Rice yield in quintals per hectare
X1 = Expenditure on seed ( ha-1)
X2 = Human labour (human hrha-1)
X3 = Tractor use (hrha-1)
X4 = Power used for irrigation with electric

motor/diesel engine/tractor (kWhha-1)
X5 = Quantity of urea applied (kgha-1)
X6 = Quantity of DAP applied (kgha-1)
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X7 = Expenditure on plant protection
chemicals ( ha-1)

ao = Constant term
u = Error term

b1 through b6 are the regression coefficients
for X1 through X6, respectively.

This function was fitted for each category of
rice growing farms as well as overall situations in
West Bengal for the year 2012-13.

According to Timmer (1971) Technical
efficiency is used as a measure of a farm’s ability
to produce maximum output from a given set of
inputs under certain production technology. It is a
relative concept in so far as the performance of
each production unit is usually compared to a
standard. The standard may be used on farm-
specific estimates of best practice techniques but
more usually by relating farm output to population
parameters based on production function analysis.
Data and Model

The primary cross-sectional data relating to
various inputs and output for rice cultivation in West
Bengal were collected. Multi-stage random
sampling technique was followed for the selection
of the study subjects. Keeping in view the major
rice growing districts, two districts were randomly
selected named Bankura and Burdwan for the
present study.  Further, three blocks from each of
these two districts were selected. At the third and
final stage, two villages from each of these six blocks
were randomly chosen. The names of the blocks
are Ranibandh, Raipur and Khatra selected from
Bankura district and Khandaghosh, Raina and
Memari are the blocks from Burdwan district. From
each district, using simple random sampling
technique, 10 farmers from each village were taken
for the study. Therefore, a total sample of 120
farmers covering 12 villages, 6 blocks and 2 districts
of rice belt of West Bengal was finally chosen for
the ultimate analysis. The farmers were divided into
two equal groups of 60 farmers each growing Aman
rice and Boro rice. The categorization of the farmers
was on the basis of the size of their operational
land holdings i.e. for small farmers up to 2 hectares,
for medium farmers 2 to 6 and for large farmers 6
hectares and above.The data were analysed by
using tabular method to show the extent of inputs
used for per hectare rice production on various farm
size categories.
RESULTS AND DISCUSSION
Socio-economic Characteristics

From Table 1, it has been observed that 28.33

percent of the selected rice growers in the study
area were between the ages of 31 to 40 years
followed by the 27.50 percent between the age
group of 41 to 50 years and 20.83 per cent below
the age of 30 years. The share of the farmers above
the age of 50 years was 23.33 percent.
Education

A perusal of Table 2 showed that as far as the
education is concerned, the majority of the rice
growers were illiterate (30.00 percent), while 29.16
percent rice growers were primary followed by the
17.50 percent middle level educated and 14.16
percent matric/10+2 level educated. Further, 7.50
percent rice growers were graduates and only 0.83
percent was post graduates.

The perusal of Table 3 revealed that 52.50
percent rice growers have small families with 5-7
members followed by 33.33 percent medium
families with 7-9 members and 14.16 percent large
families with more than 9 members in the family.

Sardar et al.: Technical Efficiency of Rice Cultivation in West Bengal
Table 1: Distribution of respondents accordingto their age (Percent)
Age (years) Small Medium Large Overall

(n1=40) (n2=40) (n3=40) (N=120)
21-30 20.00 22.5 20.00 20.83
31-40 27.50 32.5 25.00 28.33
41-50 30.00 25.00 27.5 27.50
>50 22.50 20.00 27.5 23.33

Table 3: Distribution of respondents accordingto the family size (Percent)
Family size (No.) Small(n1=40) Medium(n2=40) Large(n3=40) Overall(N=120)
5-7 55.00 57.50 45.00 52.50
7-9 32.50 30.00 37.50 33.33
>9 12.50 12.50 17.50 14.16

Table 2: Distribution of respondents accordingto the education (Percent)
Education Small(n1=40) Medium(n2=40) Large(n3=40) Overall(N=120)
Illiterate 27.50 32.50 30.00 30.00
Primary 32.50 30.00 25.00 29.16
Middle 17.50 17.50 17.50 17.50
Matric/10+2 15.00 12.50 15.00 14.16
Graduate 5.00 7.50 10.00 7.50
Post graduate - - 2.50 0.83
Technicaldiploma/degree 2.50 - - 0.83
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Material inputs use

The important material inputs used in rice
cultivation in the West Bengal were seed, farm yard
manure, chemical fertilizers, micronutrients,
weedicides and pesticides. There were many
formulations of the chemical fertilizers available in
the markets which were used by the sample
farmers to provide the major nutrients viz. nitrogen
(N), phosphorus (P2O5), and potash (K2O) to their
rice crop. The active ingredients present in fertilizers
applied to rice on small, medium and large farms
were worked out in the form of Urea, DAP and
MOP in kg per hectare. An attempt has been made
to examine the material input use pattern during
the study period on different size categories of farms
through tabular analysis and presented in Table 4.

It was found that the quantity of seed used of
rice per ha was almost the same on small (54.18
kg), medium (56.91 kg), and large farms (57.02 kg).
Total quantity of N, P and K used on small, medium
and large farms worked out to 129.24, 133.08 and
134.20 kg per hectare, respectively. The share of
nitrogenous fertilizers in total fertilizer use was
75.15, 74.18 and 73.95 percent on small, medium
and large farms, respectively. The share of
phosphatic fertilizers came to be 10.89 percent on
small, 11.53 percent on medium and 11.71 percent
of large farms. The use of potassic fertilizer was
13.95, 14.29 and 14.33 percent on small, medium
and large farms, respectively.

It may be said that the quantity of seed and
total fertilizers use in production was found to be in

direct relationship with the farm size. The larger
farms used fertilizers more intensively than the
smaller farms as they have the capacity and easy
access to fertilizers. The micronutrients which
include zinc sulphate were used to the extent of
24.03 kg on small farms, 23.32 kg on medium farms
and 23.07 kg on large farms. Thus, the use of
micronutrients depicted inverse trend with the farm
size.

The expenditure on plant protection measures
i.e. on herbicides, pesticides and weedicides was
found to be in direct relationship with the farm size.
It was 1682, 1754 and 1983 per hectare on
small, medium and large farms, respectively.
Estimates of the Frontier Production Function

The measures of technical efficiency in rice
cultivation during 2012-13 were based on estimated
parameters of stochastic frontier production
function. The parameters estimates are presented
in Table 5 and several observations found out. First,
the variance parameters, sigma square and gamma
for the three categories of farms were significantly
different from zero have positive coefficients and
statistically significant at one percent level. This
provides statistical confirmation that there were
differences in the technical efficiency among
farmers. For small, medium and large farms, the
value of gamma was estimated at 0.862, 0.954 and
0.872, respectively which indicated that the most
of the total variation in rice cultivation from the
observed (actual) and frontier (potential) were
attributed to technical efficiency and not chance
alone. Thus, the shortfall of realised productivity
from the frontier was largely due to technical
inefficiency and was mainly within the control of
individual farmers. However, a relative higher value
of gamma for medium farms, which was found to
be very close to one, indicated that dominance of
efficiency effect over random error was much
stronger for medium farms as compared to small
and large farms.

The perusal of Table 5 exhibits that the
estimated value of gamma for small farms is 0.862,
implying that about 86 percent of the difference
between the actual and potential outputs are
primarily due to technically inefficient performance
of the farms. This indicates that on an average, the
small farms tended to realise only 86 percent of
their technical abilities in rice cultivation during the
study period. It means that approximately 14
percent of technical potentials were not realised.
Similarly the estimated value of gamma 0.954 and

Table 4: Material inputs used in production ondifferent farm size categories (kgha-1)
Material inputs Small(n1=40) Medium(n2=40) Large(n3=40) Overall(N=120)
Seed 54.18 56.91 57.02 56.03
Fertilizers
N 97.13 98.72 99.24 98.36

(75.15) (74.18) (73.95) (74.42)
P 14.08 15.34 15.72 15.04

(10.89) (11.53) (11.71) (11.38)
K 18.03 19.02 19.24 18.76

(13.95) (14.29) (14.33) (14.19)
N+P+K 129.24 133.08 134.20 132.17

(100.00) (100.00) (100.00) (100.00)
Micro nutrients 24.03 23.32 23.07 23.47
Plant protection ( ha-1)
Winter crop 3895.86 3648.78 3801.13 3781.92
Summer crop 4376.67 4020.31 3640.17 4012.38
Figures in parentheses are percent to the total
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0.872 for medium and large farms, respectively,
indicated that these two categories of farms have
not fully realised their technical abilities. The lack
in the technical abilities was to the tune of about 5
and 13 percent for medium and large farms,
respectively.
Resource Use Efficiency in Rice: Regression
Analysis

The Table 6 depicts the regression analysis
results of the Cobb-Douglas production functions
fitted for yield on various farm size categories in
the study area. The analysis shows that productivity
of rice cultivation was positively related to the
human labour and electric motor use as the
regression coefficients of human labour and electric
motor use came to be positive and significant. On
small farms, the role of seed, plant protection
measures and human labour use was positive. On
medium farms the effect of nitrogen and human
labour of rice growers was significantly positive.
On large farm size category, the contribution of
human labour and machine use came to be
significantly positive while that of plant protection
measures it came to be significantly negative. The
independent variables included in the equation
explained 83.55, 85.72 and 89.33 percent of the

variation in production of rice on small, medium and
large farms respectively. Therefore, the fitted model
is powerful in explaining the variability in rice
productivity.
Technical Efficiency of Rice Growers

The technical efficiency evaluated the ability
of the farm to obtain the maximum possible output
from a given level of resource use. A technical
efficient farm operates on production frontier and
one that operates below frontier could operate on
frontier either by increasing output with same input
bundle or using less input to produce the same
output. The closer a farm gets to the frontier, the
more technically efficient it becomes.Technical
efficiency of farmers in utilizing farm size for
production of crop on different farm size categories
was calculated. It would help to find out the extent
of inefficiency in production of and suggest the
scope, if any, to enhance the crop production by
making better use of farm resources.

Table 7 showed the technical efficiency indices
for rice farmers. It can be seen from the Table that
17.50 percent of the small farmers achieved the
technical efficiency of more than 90 percent in rice
production, while the highest proportion i.e. 32.50
percent of them achieved the efficiency level of

Sardar et al.: Technical Efficiency of Rice Cultivation in West Bengal
Table 5: Estimates of the Stochastic FrontierProduction Function for rice cultivation, 2012-13
Input variables MLE-Frontier Functions

Small Medium Large
Intercept -0.557 3.443 1.795

(2.22) (2.89) (2.33)
Seed 0.23** 0.385** 0.37**

(2.16) (2.23) (2.38)
Nitrogen 0.52* -0.327* -0.428**

(2.80) (2.59) -2.372
Phosphorus -0.063* -0.087* -0.013**

(2.55) (2.73) (2.36)
Micro-nutrients -0.124** -0.178** -0.010**

(2.25) (0.35) (2.33)
Plant protection 0.235** 0.326* 0.411*

(2.32) (2.55) (2.66)
Human labour 0.378* 0.424* 0.456**

(2.65) (2.77) (2.76)
Machine use -0.035** -0.025** -0.165*

(2.26) (2.23) (2.55)
s2 (Sigma square) 0.04** 0.05** 0.041**

(3.21) (3.10) (3.64)
g (Gamma) 0.862** 0.954** 0.872**

(2.99) (2.60) (2.91)
Figures in parentheses are calculated t-values** and * significant at 1 and 5 percent level.

Table 6: Factors affecting rice productivity:Regression Analysis (kg)
Input variables Small Medium Large
Constant 4.1637 2.3672 2.6435

(1.02) (1.29) (1.50)
Seed 1.1172* -0.3935 -0.3865

(2.11) (1.19) (1.32)
Nitrogen 0.5128 0.2983 -0.5239

(1.62) (1.52) (0.93)
Phosphorus 0.0432 0.0932 -0.0108

(0.81) (1.42) (1.02)
Micro-nutrients 0.1154 0.0021 -0.0029

(0.83) (1.67) (0.91)
Plant protection 0.4127** 0.3125 -0.7731*

(2.55) (2.01) (2.16)
Human labour (hr) 0.4137* 0.2473** 0.2761*

(2.49) (2.78) (2.34)
Machine use (hr) 0.0396 0.2349* 0.3415

(1.03) (2.64) (2.13)
Electric motor (hr) 0.3120*** 0.2931*** 0.3238**

(3.37) (2.73) (2.78)
Diesel engine (hr) -0.0373 0.0829 0.0871

(0.60) (1.12) (0.79)
R2 0.8355 0.8572 0.8933
Figures in parentheses are calculated t-values***, ** and * significant at 1, 5 and 10 percent level
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71-80 percent. The overall mean level of technical
efficiency in utilizing farm resources came to be
75.69 percent. This shows that there is still a scope
of achieving about 24 percent more efficiency in
utilization of farm resources to enhance the
production of rice on small farms. The Table further
shows that 32.50 percent of the medium farmers
achieved the technical efficiency of 81-90 percent
in rice productivity, followed by 27.50 percent
operated at technical efficiency of more than 90
per cent. Only 17.50 percent of them could attain
the technical efficiency of less than or equal to 70
percent. The overall mean level of technical
efficiency came to be 74.38 percent. This shows
that there is still a scope of achieving about 26
percent more efficiency in utilization of farm
resources to enhance the production of rice on
medium farms.

In case of large farms, 47.00 percent of them
achieved the technical efficiency of above 90
percent in rice production, followed by 27.50
percent operated at technical efficiency of 81-90
percent. While there were 25.00 percent of them
who could attain the technical efficiency of less or
equal to 70 percent. The overall mean level of
technical efficiency in utilizing farm resources came
to be 78.75 percent. This shows that there is still a
scope of achieving 21.00 percent more efficiency
in utilization of farm resources to enhance the
production of rice on large farms. Overall, it can be
concluded that larger farmers are more efficient in
utilizing farm resources to enhance the production
of rice as compared to the smaller farmers. This
indicated that there is a direct relationship between
technical efficiency of utilization of farm resources
and the farm size itself. On an average farm, the
technical efficiency came to be 76.94 percent,

which revealed that there is a scope of enhancing
the technical efficiency of 23 percent more than
the existing.
Economics of Winter and Summer Rice

The data on per hectare cost of production of
rice cultivation is presented in Table 8. The table
shows that an amount of 24215.41, 24106.35 and

24187.42 was incurred on one hectare of winter
rice on small, medium and large farms respectively.

Table 7: Technical efficiency in rice productionusing Timmer's approach (Percent)
TechnicalEfficiency Farm category

Small Medium Large Overall
<=70 9 7 0 16

(22.50) (17.50) 0 (13.33)
71-80 13 9 10 28

(32.50) (22.50) (25.00) (23.33)
81-90 11 13 11 35

(27.50) (32.50) (27.50) (29.16)
>90 7 11 19 41

(17.50) (27.50) (47.00) (34.16)
Average 75.69 74.38 78.75 76.94
Figures in parentheses indicate percent to the total

Table 8: Cost structure on winter rice cropproduction 2012-13 ( ha-1)
Cost items Farm category

Small Medium Large Overall
Seed 1036.36 998.56 992.43 1009.12

(4.36) (4.22) (4.18) (4.25)
FYM and fertilizers 2614.67 2761.43 2830.08 2735.39

(11.00) (11.67) (11.92) (11.52)
Plant protection 3895.86 3648.78 3801.13 3781.92

(16.39) (15.42) (16.01) (15.94)
Irrigation 1083.9 1069.55 1061.28 1071.58

(4.56) (4.52) (4.47) (4.51)
Human uabour 10796.05 10811.26 10945.83 10851.05

(45.42) (45.68) (46.10) (45.74)
Tractor use 3094.82 3227.59 3328.66 3217.02

(13.02) (13.64) (14.02) (13.55)
Transportation 1247.91 1147.63 1258.34 1217.96

(5.25) (4.85) (5.30) (5.13)
Variable cost 23769.73 23662.68 23742.25 23724.88

(100.00) (100.00) (100.00) (100.00)
Interest* 445.68 443.67 445.17 444.84
Total variable cost 24215.41 24106.35 24187.42 24169.72
Figures in parentheses indicate percent to the total*Interest on variable cost @ 7.5% for three months

Human labour secured the highest proportion
of total variable cost which accounted for 45.42,
45.68 and 46.10 percent of variable cost on small,
medium and large farms respectively. This was
followed by plant protection measures, tractor use
and fertilizers on all the farm size categories. The
lowest share of total variable cost was found to be
on seed and irrigation which was 4.36 and 4.56
percent on small farms, 4.22 and 4.52 percent on
medium farms and 4.18 and 4.47 percent on large
farms. Human labour could secure the highest
proportion of variable cost as agronomic operations
of rice like nursery raising, transplanting, fertilization
and harvesting of paddy are labour intensive
operations. Per hectare cost on seed, fertilizers and
plant protection measures was found to be directly
related with the farm size. The per hectare cost on
irrigation, human labour and transportation
decreased with the farm size.
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Returns Structure of Winter Rice
A perusal of Table 9 shows that the gross

returns from one hectare of rice cultivation came
to be 51,933, 52,439 and 55,255 on small,
medium and large farms respectively. The variable
cost accounted for 46.63, 45.96 and 43.77 percent
of the gross returns respectively, which reveals that
proportion of variable cost to gross returns varied
inversely with the farm size.

hectare cost on irrigation, human labour and
transportation decreased with the farm size.
Returns Structure of Summer Rice Crop

A perusal of Table 11 shows that the gross
returns from one hectare of rice cultivation came
to be 51933, 52439, and 55255 on small, medium
and large farms respectively. The variable cost
accounted for 48.32, 47.89, and 48.25 percent of
the gross returns respectively, which reveals that
proportion of variable cost to gross returns varied
inversely with the farm size. The returns over
variable cost were 36897 on small farms, 37293
on medium farms and 36928 on large farms. As
far as per hectare net returns from rice cultivation
is concerned, it increased with the farm size.

Sardar et al.: Technical Efficiency of Rice Cultivation in West Bengal

The returns over variable cost were 27718
on small farms, 28333 on medium farms and

31068 on large farms. As far as per hectare net
returns from rice cultivation is concerned, it
increased with the farm size.
Cost Structure of Summer Rice

The perusal of Table 10 shows that an amount
of 34510.36, 34273.57 and 34432.88 was
incurred on one hectare of winter rice on small,
medium and large farms respectively. Irrigation
secured the highest proportion of total variable cost
i.e. 30.28, 31.28 and 31.85 percent of variable cost
on small, medium and large farms respectively. This
was followed by human labour, plant protection
measure and fertilizers on all the farm size
categories.

The lowest share of total variable cost was
found to be on seed and transportation which was
4.62 and 4.02 percent on small farms, 4.64 and 3.94
percent on medium farms and 4.44 and 3.90 percent
on large farms. Human labour could secure the
highest proportion of variable cost as agronomic
operations of rice like nursery raising, transplanting,
fertilization and harvesting of paddy are labour
intensive operations. Per hectare cost on seed,
fertilizers and plant protection measures was found
to be directly related with the farm size. The per

Table 10: Cost structure on summer rice cropproduction, 2012-13 ( ha-1)
Cost items Farm category

Small Medium Large Overall
Seed 1565.03 1561.02 1500.68 1542.34

(4.62) (4.64) (4.44) (4.56)
FYM and fertilizers 4999.97 5049.78 5147.61 5065.79

(14.76) (15.01) (15.23) (14.99)
Plant protection 4376.67 4020.31 3640.17 4012.38

(12.92) (11.95) (10.77) (11.88)
Irrigation 10257.41 10523.46 10765.03 10515.3

(30.28) (31.28) (31.85) (31.13)
Human labour 8976.93 9022.99 9132.53 9044.15

(26.50) (26.82) (27.02) (26.78)
Tractor use 2337.38 2169.96 2294.96 2267.43

(6.90) (6.45) (6.79) (6.72)
Transportation 1361.78 1325.52 1318.17 1335.16

(4.02) (3.94) (3.90) (3.95)
Variable cost 33875.20 33642.77 33,799.15 33772.38

(100.00) (100.00) (100.00) (100.00)
Interest* 635.16 630.8 633.73 632.3
Total variable cost 34510.36 34273.57 34432.88 34404.68
Figures in parentheses indicate percent to the total*Interest on variable cost @ 7.5% for three months

Table 11: Returns structure of summer rice cropon different farm size categories, 2012-13( ha-1)
Particulars Farm category

Small Medium Large Overall
Yield (qha-1) 33.54 33.98 34.58 34.03
Main product 68,901 68,988 68,775 68,888
By product 2,508 2,578 2,585 2,557
Gross returns 71,407 71,566 71,360 71,444
Variable cost 34,510 34,273 34,432 34,404

(48.32) (47.89) (48.25) (48.15)
Returns overVariable cost 36,897 37,293 36,928 37,040

(51.68) (52.11) (51.75) (51.85)
Figures in parentheses indicate percent to the gross return

Table 9: Returns structure of winter rice crop ondifferent farm size categories 2012-13 ( ha-1)
Particulars Farm category

Small Medium Large Overall
Yield (qha-1) 24.57 25.50 24.72 25.59
Main product 49,671 50,267 52,975 50,971
By product 2,262 2,172 2,280 2,238
Gross returns 51,933 52,439 55,255 53,209
Variable cost 24,215 24,106 24187 24,169

(46.63) (45.96) (43.77) (45.42)
Returns overVariable cost 27,718 28,333 31,068 29,040

(53.37) (54.04) (56.23) (54.58)
Figures in parentheses indicate percent to the gross return
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From this economic analysis, we can say that

though the production costs of Boro rice are higher
than that of Aman rice, the net return from the
produce is also higher during Boro season as
compared to the return from Aman season and that
is why people are more concentrating in rice
cultivation during dry season.
CONCLUSIONS  AND  POLICY
IMPLICATIONS

The study has clearly highlighted that there is
an indiscriminate use of some of the factors of
production in West Bengal at different levels of
farms. This necessitates proper management of
these inputs at all farm levels. The issue of irrational
use of some of the resources, particularly of
fertilizers and plant protection chemicals in rice
cultivation needs to be addressed seriously. This
calls for strengthening the existing extension
services to educate the farmers on proper utilization
of the inputs. Although there were high relative
frequencies of the technical efficiency, there were
also some farmers who were poor in their technical
efficiency performance. The mean level of technical
efficiency for the year 2012-13 ranged between
less than and equal to 0.70 to above 0.90 with overall
mean 75.69, 74.38 and 78.75, respectively. Thus
the study indicates that there is a scope to improve
crop productivity with the given level of inputs use
and technology. If the efficiency is improved,
farmers will gain considerably in terms of higher
profits.

There was a time when farmers needed to be
educated on the use of these inputs and then
usefulness in enhancing the production of the farms
to raise their farm income. Now they have crossed
the first stage of production which needed earlier
advice of more and more use of inputs. Now a stage
has come when they have passed into the third zone
of production where the production has started
declining. The presence of unexploited productivity
potential in rice suggested that rice productivity in
the state can be further increased by improving the
technical efficiency at micro level, without
increasing the area under the crop. Alternatively,
the same level of rice production in state can be
maintained by reducing the area under rice and by
improving the technical efficiency of farmers at the
same time.
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INTRODUCTION
Participation in major asset markets, especially

stock market represents important economic
outcomes. There can be substantial economic losses
from not participating in the stock market, as
exposure to equities, and hence to the equity
premium, could be an important determinant of the
long-term returns to individual savings (Cocco et
al., 2005). This assumes greater importance when
all over the world governments are gradually
withdrawing from welfare programmes and
individuals are being put more and more in control
of their financial well being. Yet there is a substantial
variation in stock market participation among
individuals, with many without any stock holdings
(Guiso et al., 2008). As the welfare loss resulting
from non-participation in stock market can be
enormous, it is worthwhile to understand why

individuals do not participate in such key asset
markets in order to guide economic policy.

Ideally speaking, participation in stock market
requires proper understanding of economic
concepts, interest rates, risk and return, and above
all an individual’s own disposition towards risks
involved in stock markets and his/her risk appetite.
Therefore, the question arises-whether individuals
are well-equipped to make financial decisions? Do
they possess adequate financial literacy and
knowledge to understand the dynamics of stock
markets to make sound investment/trading
decisions? This becomes especially important when
recent research has found financial literacy to be
positively correlated with stock market participation
(Christelis et al., 2010, Rooij et al., 2011, and
Balloch et al., 2014). In the absence of adequate
financial literacy, it would be impractical to expect
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individuals / households to weigh the risks and make
responsible choices in ever more sophisticated
financial markets. This is true even in countries
where consumers generally are familiar with
financial instruments such as credit cards, mortgage
loans and perhaps private saving to top up social
security plans (OECD, 2009).

The relevant literature reports a number of
determinants to participation in stock markets
including optimism (Puri and Robinson, 2007), trust
in financial markets (Guiso et al., 2008), intelligence
quotient (Grinblatt et al., 2011), genetics (Barnea
et al., 2010), political orientation (Kaustia and
Torstila, 2011), ability to understand investment
(Graham et al., 2009 and Christelis et al., 2010),
stock market return experience (Malmendier and
Nagel, 2011), educational attainment and financial
sophistication (Christelis et al., 2010), cognitive
ability (Benjamin et al., 2013), fixed participation
costs (Vissing-Jorgensen, 2003), lack of stock
market awareness and sociability (Hong et al., 2004
and Bonte and Filipiak, 2012), risk aversion and risk
aversion with narrow framing (thinking about stock
market risk in isolation from other risks) (Halko et
al., 2012), gender (Almenberg and Dreber, 2012)
and illiteracy (Campbell et al., 2006). It has also
been argued that young people cannot borrow and
thus do not have enough money to invest in stocks
(Constantinides et al., 2002). These life-cycle
considerations and the wedge between borrowing
and lending rates has also been proposed as a
potential explanation for lack of stock ownership
(Davis et al., 2006). However, in the absence of
any conclusive findings, it is still a puzzle why so
many individuals/households do not hold stocks
(Campbell, 2006).

Talking specifically about gender, literature
clearly highlights that on an average, women
participate less than men in the stock market (Rooij
et al., 2011 and Almenberg and Dreber, 2012).
However, when controlled for variables such as
education and wealth, this gender gap can be
reduced (Halko et al., 2012). At the same time,
women tend to be less financially literate than men
and prefer to take less risk than their male
counterparts (Lusardi, 2008) both of which correlate
negatively with participation in stock markets. In
this article, we have made an attempt to link financial
literacy and gender with participation in stock
market after controlling for externalities of
education and wealth in Indian conditions where
research on these aspects is nearly non-existent.

Specifically, we carried out a study on university
and college teachers (thus controlling for education
and wealth differences) to link financial literacy and
gender with stock market participation.
RESEARCH  METHODOLOGY

The basic focus of the study was on financial
literacy and participation in the stock markets with
special reference to gender of individuals. Literature
has often identified a strong positive relationship
between literacy and financial literacy of individuals
(Lusardi and Mitchell, 2008, Aggarwal et al., 2014,
and Lusardi, 2015). Therefore, even without any
reference to financial literacy, the literacy levels of
individuals is bound to have an impact on individuals
participation in stock markets. In order to control
the impact of literacy level as an extraneous variable,
the scope of the study was limited to only literate
people. Specifically, the study was carried out with
university and college teachers in Ludhiana district
of Punjab state. With the help of UGC website, list
of all universities and affiliated colleges in Ludhiana
was prepared and email addresses of the faculty
members (where available) in respective
universities and colleges were collected. A  non-
disguised, pre-tested structured questionnaire was
then emailed to them with a follow up reminder
after ten days. Personal visits were also paid to
teachers located at nearby places. Overall, 216
completed responses were finally available for
analysis; out of which 94 (43.5 percent) were from
female respondents and the rest 122 (56.5 percent)
from male respondents, leaving us with a fairly
gender balanced sample.
The Schedule

As mentioned earlier, a number of studies
covering financial literacy among households (Cole
et al., 2009), individuals (Lusardi, 2008, Aggarwal
et al., 2014), youngsters (Lusardi et al., 2009), old
age people (Finke et al., 2012), women (Almenberg
and Dreber, 2012) etc. have been conducted and
different measures of financial literacy have been
employed by them (Hung et al., 2009).

Among these, the measure developed by Rooij
et al. (2007) has been the most popular and most
frequently used (though in modified forms) in
different studies across different countries (Lusardi
and Mitchell, 2007 and  Almenberg and Dreber,
2012). This measure consists of two modules; the
first one measures basic financial literacy with
questions about interest rates, compounding, inflation
effects, time value of money and money illusion.
The second module captures advanced financial
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knowledge with focus on topics such as stocks and
bonds, working of stock markets, relationship
between interest rates and bond prices etc. The
original questionnaire was modified to adapt to
Indian conditions. Over all, there were five
statements for basic financial literacy and 11
statements for advanced financial literacy. Each
statement had three response categories: the correct
answer, do not know, and a wrong answer.

The second major component of the research
focused on stock market participation. Individuals
can participate in stock markets in a variety of ways
including direct subscription of company stock,
equity based mutual funds investments, pension
schemes or subscription to ULIPs (unit linked
insurance plans). As practiced in the literature
(Vestman, 2010), the stock market participation was
captured through individual’s approximate
percentage of their total wealth in above mentioned
categories.

Literature has often reported women being
typically more risk averse than men on average
(Eckel and Grossman 2008 and Croson and Gneezy
2009). At the same time, stock market participation
is related to risk aversion (Barsky et al., 1997,
Dohmen et al., 2011, and Rooij et al., 2011).
Though, risk preferences alone are not sufficient
to explain non-participation, standard economic
theory predicts that risk averse individuals will hold
less stocks, but not opt out completely. It is therefore,
important to control for risk preferences when
exploring the gender gap in stock market
participation. Therefore, the survey included a risk
appetite measure similar to that used in Dohmen et
al. (2011) and  Almenberg and Dreber  (2012). This
measure asks about an individual’s willingness to
take risk in general on a 1 to 10 scale.

The schedule was pre-tested with 20 teachers
before taking up the full scale survey. The
respondents were encouraged to pin-point anything
that they did not understand so that appropriate
modifications in the language could be carried out.
In addition, information related to demographics of
respondents such as age, gender, family income,
family size etc. was also collected.
Data  Analysis

In order to analyse the data, various response
categories for financial literacy statements were
assigned scores as follows:

Correct answer - 1
Do not know - 0
Wrong answer -              -1

We deliberately gave higher weight to do
not know because it has been observed that
individuals generally believe that they are far more
financially literate than they actually are (OECD,
2009) and are more likely to commit financial
mistakes. Therefore, admitting that I do not know
something is definitely less dangerous than not
knowing something but still claiming the
opposite.

With this scoring scheme, individuals could
have scores ranging from a maximum of +5 (all
correct answers) to a minimum of -5 (all wrong
answers) for basic financial literacy and a maximum
of +11 (all correct answers) to a minimum of -11
(all wrong answers) for advanced financial literacy.

As the main objective of the study was to see
if the gender, financial literacy, risk taking, other
demographics had any bearing on stock market
participation of the respondent university and college
teachers, we made of ordinary least square
regression (OLS) analysis. As most of the variables
in the analysis were measured on interval or ratio
scales, no transformations / alteration to the
variables were carried out. Only the gender of the
respondent (a nominally measured variable) was
used as dummy variable with “1” standing for a
male and “0” standing for a female. The regression
equation is presented below:
Y = a+b1x1+b2x2+b3x3+b4x4+b5x5+b6x6+u

where
Y = Stock market participation
x1 = Gender
x2 = Age
x3 = Family income
x4 = Basic financial literacy
x5 = Advanced financial literacy
x6 = Risk appetite
b1 to b6 = Regression co-efficients
a = Intercept
u = Random term with usual properties

RESULTS AND DISCUSSION
Table 1 presents the summary statistics

regarding selected demographics, basic and
advanced financial literacy, and tendency to take
risk by the respondent university and college
teachers. The mean age of the male teachers was
51.61 years while that for the female teachers was
48.54 years with statistically no significant
difference between the mean age of the two groups
(t = 0.67; non-significant).  The mean annual family
income in case of male teachers was 14.52 lakhs.
However, in case of female teachers same stood
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at 17.24 lakhs, which was significantly higher than
that of male counter parts (t = 4.57; p < 0.01). This
finding was in total contrast with what has been
reported in the extant literature on the subject.
However, the reason for the same could lie in the
fact that most of the female teachers belonged to
double income families, leading to a higher annual
income. We also could not find any significant
difference in the basic financial literacy of male
and female teachers as the mean score for male
teachers stood at 4.14 and 3.93 for female teachers
(t = 0.89; non-significant). However, the advanced
financial literacy for male teachers (mean score
5.26) was significantly higher (t = 9.47; p < 0.01)
than that of their female counterparts (mean score
2.14). Similarly, the tendency to take risk was also
significantly higher in male teachers as compared
to female teachers (t = 7.45; p < 0.01). As a result,
the male teachers’ participation in stock market
(37.45 percent of total investments in stock markets)
was also significantly higher than that of female
teachers (23.21 percent of total investments in stock
markets). Thus after controlling for externalities of
income and education, female respondents had
similar levels of basic financial literacy as the males.
However, they fell back on the fronts of advanced
financial literacy and risk taking, which lead to lower
degree of stock market participation.

These initial findings were then confirmed with
the help of ordinary least squares regression with
dummy variable; results of the same are presented
in Table 2.

As shown, the variables considered in the
model significantly explained stock market
participation (F = 20.14; p < 0.01) and accounted

for up to 74 percent variation in the stock market
participation of the sample respondent (R2 = 0.74).
Looking individually at these independent variables,
the results were in confirmation of the summary
statistics as the regression coefficients for age (b =
0.064) and basic financial literacy (b = 0.147) turned
out to be non-significant. Family income also did
not seem to have any impact on an individual
teacher’s stock market participation (b = 0.19; non-
significant).

However, a coefficient of (-16.172) for
females showed that female teachers participated
lesser in stock markets by 16.172 percent as
compared to their male counterparts (Gender of
the respondent was used as a dummy variable).
This difference arose from two factors namely,
‘advanced financial literacy’ and risk appetite of
the respondents. ‘Advanced financial literacy’ had
a positive significant impact on the stock market

Table 1: Summary statistics
Parameter Gender Mean Standard deviation t-value
Age (years) Male 51.61 3.41 0.67NS

Female 48.54 3.95
Annual family income (  lakhs) Male 14.52 2.51 4.57***

Female 17.24 1.84
Basic financial literacy (-5 to 5) Male 4.14 1.11 0.89NS

Female 3.93 1.38
Advanced financial literacy (-11 to 11) Male 5.26 2.06 9.47***

Female 2.14 1.78
Risk appetite (1-10) Male 5.98 1.48 7.45***

Female 3.26 1.56
Stock market participation (%) Male 37.45 7.45 4.58***

Female 23.21 4.45
*** Significant at one percent level.
NS: Non-significant

Table 2: Results of OLS regression betweenstock market participation and the selectedindependent variables
Parameter Regressioncoefficient t-value
Constant 22.16 4.41***
Female -16.71 5.84***
Age 0.06 -0.25NS
Family income 0.19 0.67NS
Basic financial literacy 0.15 0.54NS
Advanced financial literacy 1.84 3.72***
Risk appetite 0.85 1.86**
R2 0.74
F-statistics 20.14*
*** and ** Significant at one and five percent level.NS: Non-significant
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participation of the respondent teachers (b = 1.842;
p < 0.01). It was therefore, natural for the male
teachers to have a higher exposure to stocks as
they had significantly higher advanced financial
literacy as compared to female teachers (refer
Table 1). On the similar lines, risk appetite also had
a positive impact on stock market participation (b =
0.846; p < 0.05). Here also, the higher degree of
risk taking by the male teachers lead to their higher
participation in stock markets. However, between
these two driving forces, it’s the advanced
financial literacy that impacted the stock market
participation of the respondents to a larger extent.
These results are quite in line with the findings of
studies carried out in other countries (Almenberg
and Dreber, 2012) underscoring the fact that Indian
university and college teachers are  similar to those
overseas, at least when it comes to gender, financial
literacy and stock market participation.
CONCLUSIONS

This paper contributes to the growing literature
linking financial literacy to making important
economic decisions with reference to stock market
participation and gender. Extant literature on the
topic reports that women tend to have lower
financial literacy and they also have lower
participation in stock markets. However, this gap
in financial literacy reduces with increase in wealth
and education of the respondents; and therefore
should lead to an increase in stock market
participation. The findings show that there is no
significant difference in the basic financial literacy
of male and female teachers. However, female
teachers fall short on the front of advanced financial
literacy. They also have significantly lower risk
appetite and stock market participation. Further
investigation reveal that female teachers’
participation in stock market is lower by a margin
of 16.7 percent as compared to their male
counterparts and this difference comes into picture
because of their significantly lower advanced
financial literacy and risk appetite. Here the impact
of advanced financial literacy is much more
pronounced as compared to risk appetite.

The findings are similar to the studies
conducted in other economies underscoring the fact
that Indian university and college teachers are
similar to those overseas, at least when it comes to
gender, financial literacy and stock market
participation. As a policy measure, to increase stock
market participation, government agencies will have
to focus more and more on improving financial

literacy of citizens of the country as risk appetite is
far more difficult to change.
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INTRODUCTION
Despite Nigeria’s physical and human

resources, there had been progressively worsening
welfare conditions of it nationals (Etim et al., 2010).
Majority of the poor in Nigeria live in rural areas as
over 70percent of them derive their livelihood from
farming (Etim, 2007). Since, most of the poor who
engage in agriculture reside in rural communities,
the increase in agricultural production is necessary
for economic stability. One of such viable crops
that would stimulate growth in the economy and
redirect agricultural production for the rural poor is
maize.

Maize (Zea mays L.) is the most important

cereal crops in sub-Saharan Africa and is the
world’s most widely grown cereal crop as well as
essential food source for millions of the world’s poor.
Farmers grow conventional maize on an estimated
100 million hectares (250 million acres) throughout
the developing world (Nsikak and Sunday, 2013).
Maize is an important food in Africa, and main
ingredient in several well-known national dishes.
Examples are tuwon-masara and akamu in
northern Nigeria, koga in Cameroon, injera in
Ethiopia and ugali in Kenya (IITA, 2008). In sub-
Saharan Africa, maize is a staple food for an
estimated 50 percent of the population and an
important source of carbohydrate, protein, iron,
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Vitamin B, and minerals. The current production of
maize is about 8 million tonnes and its average yield
is 1.5 tonnes per hectare. The average yield was
lower as compared to the world average of 4.3
tonnes per ha and other African countries such as
South Africa with 2.5 tonnes per ha (FAO, 2009),
thus, there exist a wide gap between the demand
for maize and its supply. Nsikak and Sunday (2013)
noted that the strong force of demand for maize
relative to supply is evidenced in frequent rise in
price of maize and therefore, greatly implied for
the food security situation and development of the
economy. To reduce the problem of the current food
challenge, government at different levels have
embarked on various programmes aimed at
stimulating maize production particularly among the
resource poor farmers. Furthermore, considerable
efforts have been directed at examining productive
efficiency of farmers that is exclusively focused
on technical efficiency of the farmers in Nigeria
(Ajibefun et al, 2002a, Ojo, 2004, and Ogundari and
Ojo 2005), with little attention being given to
measuring profit and costs efficiency of farmers
even when the prices of output and input are known
in an attempt to examine the allocative efficiency
of the farmers.

Despite these efforts and the involvement of
farming families in maize production over the years,
the generality of their income and productivity has
remained low, thus, raising questions about the
efficiency of resources utilization by subsistence
maize farmers. There is paucity of information on
how efficient subsistence maize farmers utilize
resource inputs. Inspite of these numerous problems
plaguing maize production in the country, most
especially on resource allocation at the farm level,
there is the need for micro-economic production
function studies as a tool for examining the problems
of resource allocation, productivity and efficiency.

A more efficient use of production inputs would
ultimately impart positively on productivity and by
extension, farmers’ profitability, ceteris paribus.
Efficiency is a very important factor of productivity
growth especially in developing agrarian economies,
where resources are meagre and opportunities for
developing and adopting better technologies are
dwindling. Such economies can benefit from
efficiency studies which show that it is possible to
raise productivity by improving efficiency without
increasing the resource base or developing new
technologies. Raising efficiency of these small
farmers would not only increase their incomes and

food security, but also stimulate the rest of the
economy and contribute to broad-based food
security and poverty alleviation. These resource-
poor smallholder farmers who contribute more than
90 percent of agricultural output in Nigeria in
particular and Sub-Saharan Africa in general, must
be assisted to raise beyond the level of subsistence
to higher levels of profitability through more efficient
use of their production resources. A considerable
scope to expand output and also productivity by
increasing production efficiency at the relatively
inefficient farms and sustaining the efficiency of
those operating at or closer to the frontier is an
alternative to attaining this. Computing cost
efficiency therefore, constitutes a more important
source of information for policy makers than the
partial vision offered by analysing technical
efficiency.

In an attempt to fill this knowledge gap, this
research contribute towards better understanding
of small scale farmers’ production efficiency in
Nigeria with a view of predicting allocative
efficiencies (a measure of firms ability to produce
at a given level of output using cost minimization
input ratio) of maize farmers in Niger State, Nigeria
using stochastic frontier cost function, giving that
there is only few studies on cost efficiency in Nigeria
(Ogundari et al., 2006, Paudel and Matsuoka, 2009,
Dia et al., 2010, and Sadiq et al., 2013). In addition
this study investigates factors that determine the
cost efficiency of the farmers as well as economies
of scale of the farmers.
THEORETICAL FRAMEWORK OF
STOCHASTIC FRONTIER
Theoretical Framework: Farrell (1957)
distinguishes between technical and allocative
efficiency (price efficiency) as a measure of
production efficiency through the use of a frontier
production and cost function respectively. The
technical efficiency was defined as the ability of a
firm to produce a given level output with a minimum
quantity of inputs under certain technology and
allocative efficiency as ability of a firm to choose
optimal input levels for a given factor prices. In
Farrell’s framework, economic efficiency (EE) is
an overall performance measure and is equal to
the product of TE and AE (That is EE = TE x AE).
However, over the years, Farrell’s methodology had
been applied widely, while it undergoes many
refinement and improvement. Such improvement
is the development of stochastic frontier model that
enables one to measure firm level efficiency using
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maximum likelihood estimate. The stochastic
frontier model incorporates a composed error
structure with a two sided symmetry and one sided
component. The one sided component reflects
inefficiency while the two sided component capture
random effects outside the control of production
unit including measurement errors and other
statistical noise typical of empirical relationship.

An economic application of stochastic frontier
model for efficiency analysis include Aigner et al.
(1977) in which the model was applied to U.S.
agricultural data. Battese and Corra (1977) applied
the technique to the pastoral zone of eastern
Australia. More recently, Sadiq et al., (2013), Dia
et al., 2010, Paudel and Matsuoka, 2009, Ogundari
et al., 2006, and Ogundari and Ojo, 2005, in which
they offer a comprehensive review of the
application of the stochastic frontier model in
measuring of agricultural producers in developing
countries. The production technology can be
represented inform of cost of function. The cost
function represents the dual approach in that
technology is seen as a constant towards the
optimizing behavior of firms (Chambers, 1983). In
the context of cost function any error of optimization
is taken to translate into higher cost for the
producers. However, the stochastic nature of the
production frontier would still imply that the
theoretical minimum cost frontier would be
stochastic. The cost function can be used to
simultaneously predict both technical and allocative
efficiency of a firm (Coelli, 1995). Also, it can be
used to resurrect all the economically relevant
information about farm level technology as it is
generally positive, non-decreasing, concave,
continuous and homogenous to degree one to one
input prices (Chambers, 1983).
METHODOLOGY
Study Area

This study was based on the farm level data
on small scale maize farmers in Niger State, Nigeria.
Niger State is located in the Guinea Savannah zone
of Nigeria and lies between latitudes 8°20’N and
11°30’N of equator and longitude 3°30’E and
7°20’E of the Greenwich Meridian .The land area
is about 76,363 square kilometre with varying
physical features like hills, lowland and rivers. The
state enjoys luxuriant vegetation with vast Northern
Guinea savannah found in the North while the fringe
in mostly southern guinea savannah. The people
are predominantly peasant farmers cultivating
mainly food crops such as yam, maize, rice, millet

for family consumption, market, and cash .Farming
activities are usually carried out using hand tools
and other simple implements.
Sampling Technique

The data mainly from primary sources were
collected from one out of the three agricultural
zones, namely, Kuta zone which was purposively
selected given its conspicuous importance in maize
crop production. The second stage involved
purposive selection of three LGAs, namely, Shiroro,
Bosso and Paikoro LGAs, respectively based on
the preponderance of small-scale maize farmers’
in the areas using multistage sampling technique.
The third stage involved random selection of four
villages from each LGA. The final stage involved
simple random selection of 10 farmers from each
of the villages, thus, making 120 respondents. The
data were collected with the aid of pre-tested
questionnaire to collect input-output data of the
farmers defined within cost content. Both
descriptive and inferential statistics were used to
analyze the data collected.
Empirical Model

In this study, Battese and Coelli (1995) model
was used to specify a stochastic frontier cost
function with behavior inefficiency component and
to estimate all parameters together in one step
maximum likelihood estimation. This model is
implicitly expressed as:

In C = g (Pi, Yi; b) + (Vi - Ui) .................... (1)
Where Ci represents the total production cost,

g is a suitable functional form such as Cobb-
Douglas; Pi is a vector variable of input prices
(labour, seed, fertilizer, herbicides and depreciation
on capital items). Yi is the value of maize produced
in kg, b is the parameters to be estimated. The
systematic component, Vi represents random
disturbance costs due to factors outside the scope
farmers. It is assumed to be identically and normally
distributed mean zero and constant variance as N
(0, 2v) .Ui is the one-sided disturbance form used
to represent cost inefficiency and is independent of
Vi. Thus, Ui=0 for a farm whose costs lie on the
frontier, Ui >0 for farms whose cost is above the
frontier and Ui<0 for farm identically and
independently distributed as N(0, 2u.).The two
error terms are proceeded by positive signs because
inefficiencies are always assumed to increase cost.
Moreover, for the study the cost efficiency of an
individual farm is defined in terms of the ratio of
observed cost (Cb) to the corresponding minimum
cost (Cmin) given the available technology. That is:

Sanusi and Singh: Empirical Analysis of Economies of Scale and Cost Efficiency of Small-scale Maize
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Cost Efficiency (CEE)

Cb = g (Pi, Yi; b) + (Vi + Ui) = exp (Ui) ........ (2)
Cmin   g (Pi, Yi; b) + (Vi)Where the observed cost (Cb) represents the

actual total production cost while the minimum cost
(Cmin) represents the frontier total production cost
or least total production cost level.CEE takes value
1 or higher with 1 defining cost efficient farm.  And,
following the adoption of Battese and Coelli (1995)
framework for data analysis, the explicit Cobb-
Douglas function for the maize farms in the study
area is therefore specified as follows:

In C = 0+ 1InP1i + 2InP2i+ 3InP3i+ 4InP4i           + 5InP5i + 6InYi + (Vi+Ui)   ......... (3)
where;
C i = Total production cost in naira (Naira);
P 1 = Cost of labour (Naira);
P 2 = Cost of fertilizer (Naira);
P 3 = Cost of seed (Naira);
P 4 = Cost of herbicides (Naira)
P 5 = Annual depreciation cost of farm tools

(Naira); and,
Y i = Output of maize in (kg).0 = Constant co-efficient1-n = Co-efficients of parameters to be

estimated.
The choice of the Cobb-Douglas is based on

the fact that the methodology requires that the
function be self-dual as in the case of cost function
in which this analysis will be based on.

The inefficiency model (Ui) is defined by:
Ui = 0 + 1Z1i + 2Z2i + 3Z3i + 4Z4i + 5Z5i +6Z6i + 7Z7i ....... (4)

where;
Z1 = Age of the respondents (Years);
Z2 = Educational level of the respondents

(Formal =1, otherwise = 0);
Z3 = Farming experience of the respondents

(Years);
Z4 = Household size of the respondents

(in numbers);
Z5 = Co-operative membership (Yes=1,

otherwise= 0);
Z6 = Extension contact (Yes=1, otherwise=

0); and,
Z7 = Rainfall prediction (Ability=1,

otherwise= 0).0 to 7 = Scalar parameters to be estimated.
 These socioeconomic variables are included

in the model to indicate their possible influence on
the cost efficiency of the farmers. The 0 to 7 are
scalar parameters to be estimated. The variance

of the random error, 2v and that of the cost
inefficiency effects 2u and the overall variance of
the model 2u are related as follows: = u/  2v
+ 2u.The gamma () measures the total variation
of total cost of production from the frontier cost
which can be attributed to cost inefficiency (Battese
and Corra, 1977).

The test for the presence of cost inefficiency
using generalized likelihood-ratio statistics l defined
by: l =-2 In (H0/Ha), where, H0 is the value of the
likelihood function for the frontier model in which
parameters restriction specified by the null
hypothesis, H0 are imposed; and Ha is the value of
the likelihood function for general frontier model.
If the null hypothesis is true then  has
approximately a mixed chi-square distribution with
degree of freedom equal to the number of
parameters excluded in the unrestricted model.
Economies of Scale (Es): Economies of scale may
be defined in terms of elasticity of cost with respect
to output. However, in a multi-product setting,
economies of scale (Es) is defined as those
reduction in average cost when all output are
increased proportionally holding all other input prices
constant. Es mathematically is equivalent to the
inverse of all output with respect to the sum of all
the elasticities of total production cost. Economies
of scale prevail, if Es is greater than 1 and,
accordingly diseconomies of scale exist if Es is
below 1. In the case of Es=1 no economies of scale
or diseconomies of scale exist. Return to scale and
economies of scale are equivalent measures if and
only if the product is homothetic (Chamber, 1988).
If Cobb- Douglas function was used, this assumption
is imposed.
RESULTS AND DISCUSSION
Summary Statistics of the Variables in
Stochastic Cost Frontier Function

The summary statistics of the variables for the
frontier estimation is presented in Table 1. As such
it included the sample mean and the standard
deviation for each of the variables. The mean value
of N35154 as total cost of producing 1389.49 kg of
maize per cropping season was obtained from the
data analysis with a standard deviation of
N13043.25. The small size of the standard deviation
conforms to the fact that most farms operate at the
same scale of operation. Analysis of cost variables
of the farms shows that cost of labour accounts for
about 52.1 percent of the total cost due to the fact
that there is a reduction in the number of the
household participation in farm operation since most
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farmers send their children to city for proper
education. Hence, farmers depend heavily on hired
labour to do most of the farming operations, thus,
justify the high cost expended on hired labour. The
cost of fertilizer accounts for 19 percent of the total
cost, cost of seed accounts for 5.2  percent, cost of
herbicides account for 14.2 percent, while annual
depreciation cost accounts for 9.5 percent.

Variable representing the demographic
characteristics of the farmers employed in the
analysis of the determinant of cost efficiency
include; age of the farmers, educational level,
farming experience and household size. The
average age of the farmers was 42.44 years,
meaning that the farmers were relatively younger.
The average year of schooling was 9.1 years,
meaning that most of the farmers were relatively
educated. The average years of farming experience
was 7.27 years, meaning that most of the farmers
acquired reasonable farming experience in
allocation. The average household size was 5,
which implies that most of the households would
incur labour costs by employing hired labour.
Cobb-Douglas Empirical Stochastic Frontier
Cost Function Estimates and Factors
explaining Inefficiency

Maximum-likelihood estimates of the
parameters of the stochastic cost frontier model
are presented in Table 2. The result revealed that
all independent variables confirm with a prior
expectation as all the parameters estimate have the
expected sign with cost of labour, cost of fertilizer,
cost of seed, annual depreciation cost and maize
output are highly significant statistically, except cost
of herbicides. This implies that these factors were
significantly different from zero and thus were
important in maize production. The reason for the
cost of herbicides being insignificant factor is due

to its lesser contribution to the total cost of maize
production. The cost elasticities with respect to all
input variables use in the production analysis are
positive and imply that an increase in the cost of
labour, cost of fertilizer, cost of fertilizer, cost of
seed, annual depreciation cost and production
(maize output in kg) increases total production cost.
Hence 1percent increase in the cost of labour will
increase total production cost by approximately 0.04
percent, 1percent increase in the cost of fertilizer
will increase total production cost by approximately
0.24 percent,1percent increase in the cost of seed
will increase total production cost by approximately
0.26 percent, 1percent increase in the cost of
herbicides will increase total production cost by
approximately 0.001 percent, 1 percent increase in
capital depreciation cost will increase total
production cost by approximately 0.10 percent and
1percent increase in maize output will increase total
production cost by approximately 0.51 percent. This
implied that a unit increase in the prices of inputs
with positive coefficient will lead to increase in the
total cost of maize and vice versa. One naira
increase in these factor prices will bring about a
marginal increase in total production cost by 4kobo,
24kobo, 0kobo, 10kobo, and 51kobo respectively.
This result agrees with the previous works of Paudel
and Matsuoka (2009), Zalkuwi et al. (2010) and
Dia et al. (2010). However, labour cost and capital
cost (cost of fertilizer, cost of seed, cost of
herbicides, annual depreciation and cost of other
inputs) are positive, suggesting the conformity with
the assumption that the cost function monotonically
increases in input prices.

The result of the presence of economies of
scale among the maize farms computed as sum of
the coefficient of cost elasticities with respect to
the inverse coefficient of maize output in kg as the

Sanusi and Singh: Empirical Analysis of Economies of Scale and Cost Efficiency of Small-scale Maize
Table 1: Summary statistics of the variables in stochastic cost frontier model
Variables Mean Standard deviation Percent of total cost
Total production cost (N) 35,154.00 13,043.25
Cost of labour (N) 18,300.00 9,340.25 52.1
Cost of fertilizer (N) 6,692.86 3,435.71 19
Cost of seed (N) 1,821.26 1107.2 5.2
Cost of herbicides (N) 4,973.11 3437.59 14.2
Annual depreciation cost (N) 3,308.52 1567.77 9.5
Maize output (kg) 1,389.49 679.44
Age of farmers (years) 42.44 6.78
Educational level (years) 9.1 7.6
Farming experience (years) 7.27 3.26
Household  size (number) 5 1.92
Source: Field Survey, 2014
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only output in the analysis shows that economies of
scale prevail among the sampled farms, judging by
the fact that Es computed is greater than one, that
is Es =1.23. The economic implication of this value
is that the sample farms despite being small scale
in nature expand their production capacities in order
to decrease their cost to the lowest minimum in
course of production irrespective of their size of
operation which shows that the farms are
experiencing decreasing but positive return to scale
(Stage II of production surface: 0.64), since return
to scale and economies of scale are equivalent
measures (Chambers, 1983).This was further
confirmed the Ogundari’s poor-but-efficient
hypothesis that peasant farmers in traditional
agricultural setting are efficient in their resource
allocation behavior giving their operating
circumstances (Ogundari et al., 2006).

The estimated coefficient in the explanatory
variables for the inefficiency model is presented in
the lower part of Table 2 for the cost inefficiency
effects, their signs and significance are of interest
and have important implication on the cost efficiency
of maize production in the study area. The estimated
coefficient of the inefficiency function provides
some explanations for the relative efficiency levels

among individual farms. According to Simon et
al.(2013), since the dependent variable of the
inefficiency represents the mode of inefficiency, a
positive sign of an estimated parameter implies that
the associated variable has a negative effect on
efficiency and a negative sign indicates the reverse.

Educational level, farming experience, co-
operative membership, extension contact and rainfall
prediction carried the negative signs of -0.15, -0.26,
-0.021, -0.043 and -0.20, respectively, and were all
significant statistically, except rainfall prediction
which is not significant. The negative coefficient
of education indicates that farmers’ level of cost
efficiency tends to increase with education. The
positive relation indicates that farmers with formal
education are more economically efficient. The prior
expectation is that cost efficiency should increase
with the increase in the years of schooling since
education is expected to be positively correlated
with the adoption of the improved technology and
techniques of production (Ajibefun, 2002). In the
study area, formal education tends enhance the
knowledge, skill and attitude to adopt the more
efficient technology and to allocate the inputs of
production of the farms more efficiently.   This is in
consonant with the assumption that educational level

Table 2: Maximum-likelihood estimates of parameters of the Cobb-Douglas stochastic cost frontierfunction and cost inefficiency in small scale maize production in Niger state, Nigeria
Variable Parameters Coefficients t-ratios
General model
Constant 0 2.281*** 12.265
Cost of labour (N) 1 0.044*** 3.664
Cost of fertilizer (N) 2 0.236*** 13.867
Cost of seed (N) 3 0.256*** 11.645
Cost of herbicides (N) 4 0.001NS 0.687
Capital Depreciation cost ( N) 5 0.096*** 6.893
Maize output (kg) 6 0.515*** 3.004
Inefficiency model
Constant 0 0.104*** 1.693
Age (years) 1 0.027*** 2.547
Educational level 2 -0.152*** -8.342
Farming experience (years) 3 -0.257*** -8.912
Household size 4 0.707*** 14.454
Co-operative membership 5 -0.021** -1.997
Extension contact 6 -0.043** -2.304
Rainfall prediction 7 -0.020NS -0.109
Diagnostic statistic
Sigma-square     2 =2v +2u 0.004*** 6.933
Gamma         = 2u/2v + 2u 0.803*** 80.129
Log likelihood function 155.449
Source: Computer print-out of FRONTIER 4.1*** and ** significant at 1 and 5 percent levels.
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of the farmers will have positive effects on the level
of efficiency as they embody skill that can improve
their overall efficiency. This results contradicts
previous work by Zalkuwi et al. (2010). The
negative coefficient for a farming experience implies
that the most experienced farmers in the maize
production are more cost efficient than the
inexperienced ones meaning that as farming
experience of farmers increases in the study area
the cost inefficiency of the farmers decreases . This
is in conformity with the assumption that farmers’
experience affects the production efficiency since
farmers’ levels of experience enhance their ability
to obtain and process information. The results
conform with the findings of Dia et al. (2010), Ike
and Inoni (2004), Nwachukwu (2006), Ohajianya
et al.(2010). Co-operative membership had a
negative coefficient, implying that farmers’ that
belong to co-operative societies/farmers’
association have the opportunity of interacting with
others and thereby exchanging information on
improved technology,  that is, when farmers’ joins
self-help groups, that could assist in obtaining inputs
or marketing his produce,  he is rendered more
efficient. Furthermore, they serve as vehicles, via
which implementation of agricultural policies are
made more effective. This results conform to
findings of Ohajianya et al. (2010) and Adeyemo
et al. (2010).  The negative coefficient of extension
contact implies that increases in extension visits lead
to reduction in allocative efficiency level. This
contradicts previous findings of Ohajianya et al.
(2010). The negative coefficient of ability to predict
rainfall indicates that farmers’ level of cost efficiency
tends to increase with farmers’ instinct in rainfall
prediction. However, this variable is not significant
in influencing the level of cost efficiency.

On the other hand, farmer’s age and household
size with MLE estimates of 0.027 and 0.71 carried
positive signs and are all significant statistically. The
positive coefficient of farmer’s age implies that
farmers of older age tend to be less cost efficient,
that is, decrease in cost efficiency tends to increase
with farmer’s age in maize production in the study
area. This is in conformity with the assumption that
young age farmer’s have greater access to
extension services and have better knowledge about
the cost of production since they are comparatively
more educated than old age farmer’s. This finding
is in harmony with the report of Paudel and
Matsuoka (2009), and contradicts findings of
Ogundari et al. (2006), Dia et al. (2010), and

Zalkuwi et al. (2010). The coefficient for household
size is positive, indicating that larger household sizes
reduce the allocative efficiency level of farmers.
This is because the bid to provide numerous
household needs engenders reduction in the
magnitude of resources allocated to farming
activities. Meanwhile, large household size increases
the population pressure on the farmers’ limited
resources due to increases in household spending
(on health, food, education, clothing, etc.), thereby
reducing the cost efficiency. This result is similar
to the findings of Ohajianya et al. (2010).

The estimated gamma parameter () of 0.803
in the lower part of Table 2 was highly significant
at one percent level of the measurement error and
other random disturbance, thus indicating that about
81 percent of the variation in the total cost of
production among the sample farmers was due to
differences in their cost efficiencies. Estimated
Sigma-squared (2) is 0.0044 and is statistically
significant astatistically Since, the figure is
significantly different from zero, it indicates a good
fit and correctness of distributional form assumed
for the composite error term. Dia et al. (2010),
Ohajianya et al. (2010), Zalkuwi et al. (2010), and
Abu et al. (2012) obtained similar results in their
various investigations.
Cost Efficiency Score Estimates

The perusal of Table 3 shows summary of cost
efficiency scores for the maize farms in the sampled
area. the cost efficiency is estimated as CEE=exp
(Ui). The result of the frequency distribution of cost
efficiency estimates ranged from 0.90 to 1.00. The
distribution seemed to be skewed toward the
frontier. The least efficient farmer was found to
operate at 90percent efficiency level, while the most
efficient farmer operated at 100 percent efficiency
level. In other words minimum cost efficiency was
0.90, which indicated relatively fair efficiency in
resource allocation, while the maximum cost
efficiency score was 1.00, implying that the most
efficient farmer operated on the frontier. The mean
cost efficiency of the farms was estimated as 0.96,
that is, an average maize farm in the sample area
has costs that were about 96 percent below the
minimum defined by the frontier. In other words,
96 percent of their costs were not fairly efficiently
minimized (not wasted) relative to the frontier
operating farms producing the same output (maize)
and facing the same technology. Even with the mean
of 0.96, about 56.7 percent of the farmers are
frontier farmers since their efficiency scores are

Sanusi and Singh: Empirical Analysis of Economies of Scale and Cost Efficiency of Small-scale Maize
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above the mean. The average farmer needs a cost
savings of 4 percent [(1 – 0.96/1) x 100] to attain
the status of the most allocatively efficient farmer,
while the least efficient farmer needs a cost savings
of 10percent [(1 – 0.90/1) x 100] to attain the status
of the most allocatively efficient farmer. The higher
the value of CEE above the frontier, the more
inefficient the maize farm is. However, the
frequencies of occurrence of the predicted cost
efficiency between 0.96 and 1.0 representing 56.7
percent of the sampled farmers, implies that
majority of the farmers are highly efficient in
producing at a given level of output using cost
minimizing input ratios which reflects the farmers’
tendency to minimize resource wastage associated
with production process from cost perspective.
Ohajianya et al. (2010) obtained a similar result in
his investigation.
Test of Hypothesis and Diagnostic Statistics

 The perusal of Table 4 reveals the result of
generalized likelihood ratio test which is defined by
the chi-square distribution. The result of the
hypothesis which specifies that the inefficiency
effects are absent from the model is strongly
rejected, using generalized likelihood ratio test,
indicating that traditional response function (OLS)
is not an adequate representation of the data. This
is because the results reveal that the magnitudes of
the explanatory variables incorporated into the
inefficiency model are not equal to zero. In other
words the null hypothesis which specifies that
inefficiency effects in the stochastic frontier cost
function are not stochastic is rejected, since the2cal value (99.87) is greater than 2 critical (18.48)
at 0.010 probability level, hence the null hypothesis
of no allocative inefficiency in maize production is

rejected and the alternative accepted.
SUMMARY AND CONCLUSION

This empirical research is on economies of
scale and cost efficiency in small scale maize
production using stochastic frontier cost function.
A Cobb- Douglas functional form was used to
impose the assumption that return to scale and
economies of scale are equivalent measures if and
only if the production function is homothetic. The
empirical evidence indicates the existence of relative
economies of scale despite the fact that the farms
operate at small scale level. Relative economies of
scale in the sense that, the computed overall
economies of scale is slightly above one,  is an
indication that the small scale maize farmers are
currently expanding their present level of production,
which in the long run will enable them to experience
decrease in the cost of production per output.
Further, the outcome of this analysis shows that
about 56.7 percent of the farms included in the
sample operate close to the frontier level, achieving
scores of about 96 percent or lower in terms of
cost difference in relation to the best-practiced
technology.

However, the level of the observed cost
efficiency has been shown to be significantly
influenced by education, farming experience, co-
operative membership and extension. In conclusion,
the relative closeness of the computed overall
economies of scale (Es) of 1.23 and an average
cost efficiency (CEE) of 0.96 from unity, is an
indication that although the farmers are small scale
resource poor, but they are  efficient in the use of
their resources and that any expansion in their
present level of production would bring down the
cost of production per output, given the prevailing
economies of scale obtained for the study which is
in accordance with results from earlier studies that
indicate higher relative efficiency for small farms
(Ohajianya et al., 2010)

Table 3: Deciles frequency distribution of costefficiencies of maize farmers
Efficiency level Frequency Relative efficiency(percent)
0.900-0.920 2 1.7
0.921-0.940 14 11.7
0.941-0.960 36 30
0.961-0.980 39 32.5
0.981-1.000 29 24.2
Total 120
Minimum 0.9
Maximum 1
Mode 0.97
Mean 0.96
Standard deviation 0.2
Source: Computed from MLE Results

Table 4: Generalized likelihood ratio test ofhypothesis for parameters of the stochastic costfunction for small scale maize farmers in NigerState, Nigeria
Particulars Null hypothesisH0:g=0
Secision Rejected
Log Likelihood 155
Restrictioons (No.) 9
statistics 99.87
Crtical value 18.48
Source: Computed from MLE Results
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INTRODUCTION
After nineties of new approach joining of

sustainable production under biodiversity condition,
traditional and area specific having farm food
products to be flourished. Besides our national
heritage in the form of farm produce like such crop
(Kalanamak) must be saved. Kalanamak is one of
the most important scented local land races of India,
but its cultivation is limited to the Tarai Region of
Eastern Uttar Pradesh, Bihar and in the Himalayan
foothills bordering Nepal. Kalanamak rice requires
very precise climatic and environmental condition
to maintain its quality which it is famous for.
Kalanamak is in cultivation since Buddha period
(563 BC). Kalanamak grains were found during
1975 from excavation of Aligarhwa

(Siddharthnagar), located at Nepal Border. In this
regard Kalanamak variety of Siddharthnagar has
become utmost important and also contributed to a
large extent in increasing the production of rice per
farm and per unit of land. The volumes of marketed
and marketable surplus have also increased
considerably. The disposal of food grains is one of
the major problems of pertaining to food problem in
the country.

After the seminal work of Narain, 1961,
Dandekar, 1964, and Krishna, 1965, several studies
were carried out on the marketed surplus of food-
grains in India (Bardhan and Bardhan, 1969,
Bardhan, 1970, Patnaik, 1975, Gulati, 1980, Kumar,
1999, and Chauhan and Kumar, 2010). A direct and
indirect approach was used to estimate marketed

Nature, extent and determinants of marketed and
marketable surplus of traditional vis-à-vis improved
variety of paddy in Eastern Uttar Pradesh
Subhash Chandra*

Agricultural Economics Research Centre, Delhi University, New Delhi-110007
*Corresponding author’s email: dr_subhash78@rediffmail.com
Received: February 22, 2015    Accepted: December 11, 2015

Indian Journal of Economics and Development
Volume 12 (1): 65-70

January-March, 2016
DOI: 10.5958/2322-0430.2016.00008.1

ABSTRACT
This paper aims to examine the marketed and marketable surplus and its determinants based on field survey of100 farmers. The main findings revealed that the per farm  marketable  and marketed surplus of traditional paddywas observed 59.46 and 57.19 per cent, respectively whereas, per hectare was observed 47.60 and 45.75 per cent,respectively. The per farm, marketable and marketed surplus of improved paddy was observed 57.41 and 54.58per cent, respectively whereas; per hectare was observed 50.52 and 48.00, per cent respectively. Marketablesurplus and marketed surplus was lower due to higher quantity used as payment in kind, seed and familyconsumption. The regression coefficients were positive and statistically significant on different size of farms inboth crops indicating that the factors considered explain 84 to 99 percent of the variation in depndent variable.
KeywordsMarketable surplus, marketed surplus, regression coefficients
JEL CodesC81, Q01, Q12, Q18

www.soed.in



66

Indian J Econ Dev 12 (1): 2016 (January-March)
surplus in various states. The conclusions of earlier
studies suggest that marketed surplus of food grains
is influenced by farm size, price, production, cropped
area, yield, quantity retained for consumption, and
other purposes. Moreover, it is essential to have an
understanding of determinants of marketed surplus
of food grains by including these variables for policy
initiatives. This study provides current evidence on
marketed and marketable surplus of traditional vis-
a-vis  improved variety of paddy  and related issues.
In addition, it has also examined factors affecting
the marketed surplus of food grain crops. Looking
to the high importance of rice belt of Kalanamak
alongwith waterlogged based cropping in the district,
the proposed study has been undertaken with
following specific objectives:
i.     to study marketed and marketable surplus of

traditional vis-a vis improved variety of paddy,
ii.    to estimate the determinants of marketed and

marketable surplus of traditional vis-a-vis
improved variety of paddy.

METHODOLOGY
The study was undertaken in Siddharthnagar

district of Basti region of Eastern Uttar Pradesh in
order to avoid operational inconvenience of the
investigator. A multistage stratified random cum
purposive sampling technique was used for the
present study. Out of total blocks falling in
Siddharthnagar district, one block namely Birdpur
having highest concentration of traditional variety
Kalanamak paddy acreage was purposively
selected. A list of villages was prepared along with
acreage under paddy. Two villages were selected
randomly having higher concentration of acreage
under traditional variety of paddy crop. Each
selected village was treated as nucleus village.
Further, three villages nearby selected nucleus
village were selected randomly. Thus two clusters
consisting eight villages were selected for the
present study. A list of paddy growing farmers in
each cluster was prepared and arranged in
ascending according to their size of operational
holding. Subsequently, these farms were categorized
into four size groups viz., marginal (below 1 ha),
small (1-2 ha), medium (2-3 ha) and large (3 ha
and above).

Finally, 100 farmers from the different farm-
size categories were selected through proportional
probability sampling technique. The information
from the farmers were collected for the agricultural
year 2009-10 with the help of well structured and
pre-tested schedule through personal interview

method. The sample of the different categories of
farmers has been presented in Table 1.

Analytical tools
The marketable and marketed surpluses of

paddy crop generated by different categories have
been worked out by using the following formula:

MS = P – R
Where,

MS = Marketable surplus
P = Total production of crop
R = Total requirement or consumption

The marketed surplus which gives the actual
quantity of produce sold by the farmers has been
worked out as follows:
          MT = MS + OS-L

Where,
MT = Marketed surplus
MS = Marketable surplus
OS = Old stock sold out, if any
L = Losses during storage and transmit

marketable surplus left for sale
In order to determine the factors affecting the

marketed surplus of paddy crop and extent of actual
impact of each factors, multiple linear and log linear
regression function models have been fitted and tried
out. However, depending upon the higher value of
R2 showing the best fit or the goodness of fit as
well as the higher statistical significance of the
regression coefficients, the multiple linear regression
model has been finally found more suitable, retained
and used for the detailed analysis and discussion as
given below:
MT = b0 + b1 X1+ b2 X2+ b3 X3+ b4 X4+ b5 X5+ b6

Table 1:Village-wise farmers under different sizegroups
Village Size of group Total

Marginal Small Medium Large
Cluster I
Padri* 7 4 3 2 16
Jagdishpur 5 3 2 1 11
Gopalpur 6 2 1 1 10
Dhensa 5 5 2 1 13
Total 23 14 8 5 50
Cluster II
Basalatpur* 7 4 2 2 15
Madaripur 8 4 2 1 15
Mahgedia 5 3 1 1 10
Ledwa 6 2 1 1 10
Total 26 13 6 5 50
Grand total 49 27 14 10 100
* Denotes Nucleus village
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           X6 + b7X7 + b8 D1+ U
Where,

MT = Marketed surplus of the Ith crop in quintals
b0 = Constant term
X1 = Volume of production in quintal
X2 = Volume of consumption in quintal
X3 = Payment in kind and wages in quintal
X4 = Distance from market in km
X5 = Size of family in number of adult units
X6 = Area under crop in hectare
X7 = Price received by the grower ( q-1)
D1 = Dummy variable with the value 1 for large

and value 0 for small farmers
U = Random terms

The non-significant and highly correlated
independent variables were dropped from the
models and models were return to get the results.
RESULTS AND DISCUSSION

In this paper we examine marketed and
marketable surplus and its determinants.
Marketable and marketed surplus of
traditional vis-a-vis improved variety of paddy
per farm basis

The nature and extent of marketable and
marketed surplus of traditional paddy is presented
in Table 2. It was observed that marketable and
marketed surplus was increasing with size of sample
farms. Marketable surplus was observed to be
33.25, 57.78, 68.80 and 70.80 per cent under
marginal, small, medium and large size sample farm,
respectively with overall marketable surplus of
59.46 per cent. Marketed surplus was observed to
be 31.94, 55.20, 65.19 and 69.68 per cent under

marginal, small, medium and large size of farms,
respectively with an overall average of 57.19 per
cent.

The per farm marketable and marketed surplus
of improved paddy is presented in Table 2.
Marketable and marketed surplus was increasing
with size of sample farms. Marketable surplus was
observed to be 43.29, 51.50, 65.36 and 67.60 per
cent under marginal, small, medium and large size
of sample farms, respectively with overall
marketable surplus of 57.41 per cent. Marketed
surplus was observed to be 41.14, 48.79, 62.36 and
64.03 per cent under marginal, small, medium and
large size of sample farms, respectively with overall
marketed surplus of 54.58 per cent. It may be noted
that large and medium farmers contributed higher
percentage of the total in both the variety situations.
Nature and extent of marketable and
marketed surplus of traditional vis-a-vis
improved variety of paddy per hecatre basis

The per hectare marketable and marketed of
traditional paddy (Kalanamak variety) is presented
in Table 3. It was observed that marketable and
marketed surplus was increasing with size of sample
farms. The per hectare marketable surplus was
observed to be 33.26, 57.75, 68.79 and 70.82 per
cent under marginal, small, medium and large size
of sample farms, respectively with overall marketed
surplus of 47.60 per cent. Marketed surplus was
observed to be 31.96, 55.23, 65.25 and 9.90 per
cent under marginal, small, medium and large size
of sample farms, respectively with overall marketed
surplus of 45.75 percent.

Chandra: Nature, Extent  and Ddeterminants of Marketed and Marketable Surplus

Table 2: Nature and extent of marketable and marketed surplus on per farm basis of traditionaland improved paddy (Percent)
Particulars Farm size

Marginal Small Medium Large Overall
Traditional paddy (Kala Namak variety)
Total production (qfarm-1) 3.82 8.55 18.53 24.8 9.25
Payment in kind 2.36 5.15 5.02 7.78 5.19
Seed 3.66 3.62 3.29 3.43 3.46
Family consumption 60.73 33.45 2.88 17.98 31.89
Marketable surplus 33.25 57.78 68.8 70.8 59.46
Marketed surplus 31.94 55.2 65.19 69.68 57.19
Improved paddy
Total production (qfarm-1) 12.08 22.24 44.08 70.09 25.1
Payment in kind 4.88 8.86 9.28 11.19 8.69
Seed 2.48 1.93 1.86 2.03 2.07
Family consumption 49.34 37.81 23.5 19.18 31.38
Marketable surplus 43.29 51.5 65.36 67.6 57.41
Marketed surplus 41.14 48.79 62.36 64.03 54.38
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It was observed that marketable and marketed
surplus was increasing size of sample farms. The
perusal of Table 3 shows that marketable surplus
observed to be 43.32, 51.40, 65.38 and 67.61 per
cent under marginal, small, medium and large size
of sample farms, respectively with overall
marketable surplus 50.52 per cent. Marketed surplus
was observed to be 41.13, 48.78, 62.36, and 64.05
per cent under marginal, small, medium and large
size of sample farms, respectively with overall
marketed surplus of 48.00 per cent.

In a nutshell, a positive relationship emerged

between farm size and marketed surplus on
sampled farms irrespective of the type of food grain
(Patnaik, 1975, Sharma, 1972, and Gulati, 1980).
Like earlier studies which emphasized that size of
land holding is one of the main factors governing
marketed surplus of food grains in the country was
found true in this case study.
Determinants of marketed surplus of
traditional paddy (Kalanamak variety)

For the identification of determinants of
marketed surplus, the analysis was done separately
for each category of the farms as well as at the

Table 3: Nature and extent of marketable and marketed surplus on per hectare basis of traditionaland improved paddy (Percent)
Particulars Farm size

Marginal Small Medium Large Overall
Traditional paddy (Kala Namak variety)
Total production (qfarm-1) 23.03 20.64 20.03 19.84 21.64
Payment in kind 2.30 5.14 5.04 7.76 3.88
Seed 3.56 3.58 3.30 3.43 3.51
Family consumption 60.88 33.53 22.86 17.99 45.01
Marketable surplus 33.26 57.75 68.79 70.82 47.60
Marketed surplus 31.96 55.23 65.25 9.90 45.75
Improved paddy
Total production (qfarm-1) 50.21 44.03 44.66 43.81 47.12
Payment in kind 4.88 8.83 9.27 11.18 7.05
Seed 2.47 1.95 1.86 2.03 2.23
Family consumption 49.33 37.81 23.49 19.17 40.20
Marketable surplus 43.32 51.40 65.38 67.61 50.52
Marketed surplus 41.13 48.78 62.36 64.05 48.00

Table 4: Estimate of regression equation model of traditional paddy (Kala Namak variety) withrespect to factor affecting marketed surplus under different size group of farms (q)
Particulars Marginal Small Medium Large
Distance from market (Km) 0.0155NS -0.0563NS -0.0433NS -0.0443NS

(0.01) (0.25) (0.03) (0.09)
Size of family (No.) 0.0067NS 0.4020NS -0.0276NS 0.0506NS

(0.02) (0.19) (0.02) (0.10)
Area under crop (ha) 0.0517NS 8.4314NS 0.5515NS 0.1042NS

(0.08) (5.34) (0.48) (2.05)
Volume of production 0.9452** 0.6628* 1.0074** 0.9986**

(0.01) (0.24) (0.02) (0.07)
Volume of consumption 0.9700NS 0.8600NS 1.0000NS 0.9900NS

(0.04) (0.78) (0.03) (0.12)
Payment in kind wages -0.7399NS -0.9057NS -1.2172NS -1.2080NS

(0.13) (1.02) (0.09) (0.44)
Price received by grower ( q-1) 0.0002NS -0.0054NS 0.0001NS 0.0006NS

(0.0001) (0.0026) (0.0004) (0.0011)
R2 0.99 0.84 0.99 0.99
Figures in parentheses indicate standard error of regression coefficients.*, and ** Significant at 1 and 5 per cent level.NS: Non-significant
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segregate level. All the explanatory variables
retained in the model emerge out statistically
significant for traditional paddy (Kalanamak variety)
crop. It was evident from Table 4. That R2 value
reveals that 84 to 99 percent of the variation in the
marketed surplus of traditional paddy (Kalanamak
variety) was explained by the included variables.
The regression coefficients of the marketed surplus
were positive and statistically significant on different
size of farm in traditional paddy (Kalanamak
variety).

The regression coefficient of total production
(volume of production) was accounted for
traditional paddy (Kalanamak variety) 0.9452,
0.6628, 1.0074 and 0.9986 from first size group to
last size group, respectively and indicating as its
increase in quantity of production had direct impact
on marketed surplus. Further, the marketed surplus
increases with increase in the farms size and
increase in marketed surplus to production was
found to be more sensitive on medium farms
followed by large, marginal and small farms.

The regression coefficients on marketed
surplus in relation to size of family was non-
significant. It indicates for all size of farms, family
size had significant impact on total marketed surplus
of traditional paddy (Kalanamak variety) and
increase in the family size, affected the extent of
marketed surplus adversely. The most important
factor, which increased the marketed surplus
significantly corresponded increased production or

volume of production followed by other factors
which should be reduced to keep up the quantity of
marketed surplus of traditional paddy (Kalanamak
variety).
Determinants of Marketed Surplus of
Improved Paddy

The regression results presented in Table 5
show that the coefficient of multiple determinations
was above 98 per cent in all groups which implies
that given variables explained 98 to 99 per cent of
variation in the marketed surplus of improved paddy.
Regression coefficients of the marketed surplus
were positive and statistically significant at one per
cent level of different size of farms.

The regression coefficient of total production
(volume of production) was accounted for improved
paddy, 0.9823, 0.9405, 0.9623 and 0.9983 from first
size group to last size group, respectively and
indicating the total production of improved paddy,
its increase in quantity of production had direct
relationship marketed surplus. Further the marketed
surplus increased with the increasing in the farm
size and income in marketed surplus to production
was found to be more sensitive on large farms
followed by marginal, medium and small farms. The
regression coefficients on marketed surplus in
relation to size of family was non-significant on
different size of farms. It indicates that for all size
of farms, family size had significant impact on total
marketed surplus of improved paddy and increase
in the family size, affected the extent of marketed

Chandra: Nature, Extent  and Ddeterminants of Marketed and Marketable Surplus

Table 5: Estimate of regression equation model of improved paddy crop with respect to factoraffecting marketed surplus under different size group of farms (q)
Particulars Marginal Small Medium Large
Distance from market (km) 0.0291NS -0.0681NS -0.0050 -0.0908NS

(0.01) (0.28) (0.04) (0.07)
Size of family (No.) 0.0066NS -0.0809NS 0.0528 0.0686NS

(0.02) (0.21) (0.04) (0.05)
Area under crop (ha) 0.0189NS 2.3852NS 1.2015 0.1425NS

(0.31) (1.48) (0.95) (0.76)
Volume of production 0.9823** 0.9405** 0.9623** 0.9983**

(0.01) (0.04) (0.02) (0.01)
Volume of consumption -1.0217NS -0.8210NS -1.0559 -0.8950NS

(0.03) (0.28) (0.06) (0.07)
Payment in kind wages -0.9509NS 0.4333NS -1.0403 -1.1925NS

(0.04) (0.72) (0.07) (0.07)
Price received by grower ( q-1) -0.0002NS 0.0106NS -0.0003 -0.0091NS

(0.0004) (0.0080) (0.0014) (0.0089)
R2 0.99 0.98 0.99 0.99
Figures in parentheses indicate standard error of regression coefficients.* and ** Significant at 1 and 5 per cent level.NS: Non-significant
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surplus adversely. The most important factor, which
increased the marketed surplus significantly, is
increase in production or volume of production
followed by other factor which should be reduced
to keep up the quantity of marketed surplus of
improved paddy.
CONCLUSIONS

From the above discussion it has been clear
that per farm marketable surplus and marketed
surplus of traditional paddy (Kalanamak variety)
was observed at 59.46 and 57.19 percent
respectively however, it was observed per hectare
at 47.60  and 45.75 percent, respectively. The
marketable surplus was lower because of higher
family consumption. As far as marketable surplus
and marketed surplus of improved paddy was
concerned then it was observed  to be 57.41 and
54.58 percent, respectively whereas, it was
observed per hectare at 50.52 and 48.00,
respectively. Marketable surplus and marketed
surplus was lower due to higher quantity used as a
payment in kind, seed and family consumption.

The results of regression coefficients of
marketed surplus were found positive and
statistically significant at one per cent level on
different size of farms in both crops indicating that
the factors considered explain 84 to 99 percent of
the variation in the marketed surplus of traditional
paddy (Kalanamak variety) and improved paddy.
Further, the result shows that total production were
positive and statistically significant at one per cent
level on different size of farms in both crops
indicating that total production of traditional paddy
(Kalanamak variety) and improved paddy and its
increase in quantity of production had direct impact
on marketed surplus. The regression coefficient on
marketed surplus in relation to family was non-
significant on different size of farms in both crops
indicating that family size had significant impact on
total marketed surplus of both crop and increase in
family size affected the extent of marketed surplus
adversely. However, interestingly it was found that

other factors not statistically significant on marketed
surplus. The most important factor which increases
the marketed surplus significantly was total
production (volume of production) followed by other
factors which should be reduce to keep up the
quantity of marketed surplus of traditional paddy
(Kalanamak variey) and improved paddy.
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ABSTRACT
This paper attempts forecasting the sugarcane area, production and productivity and sugar production of Indiaand as well as major sugarcane growing states of India through fitting of univariate Auto Regressive IntegratedMoving Average (ARIMA) models. The data on sugarcane area, production and productivity and sugar productioncollected from 1950-2012 has been used for present study. For Uttar Pradesh, ARIMA(2,1,2) model is found bestfor area and Uttar Pradesh would grow sugarcane in an area of 2397.53 thousand in 2020. In case of Tamil Naduproductivity, ARIMA (2,1,2) is found appropriate and same would be 104.25 tons per hectare in 2020. ARIMA(3,1,3) model for sugarcane area; ARIMA(2,1,1) model is found appropriate for sugarcane production, productivityand sugar production in India. The performances of models are validated by comparing with actual values. Usingthe models developed, forecast values for sugarcane area, production, productivity and sugar production areworked out for subsequent years. These projections will help in making good policies with respect to the productionscenario the country.
Keywords
ARIMA, forecasting, production and sugarcane
JEL CodesC53, C81, Q01, Q11, Q18

INTRODUCTION
Sugarcane is a versatile crop. Sugarcane juice

is main raw material for sugar industries. By-
products of sugar industry are also playing important
role in the national economy. Molasses, the chief
by-product, is the main raw material for alcohol
and alcohol based industries in the country. Another
by-product Bagasse is used as fuel, for production
of fibre board, papers, plastics and furfural (Biswal,
2013). Only a fraction of its production is used in
small scale industry for making local Khandasri
and gur. Sugarcane products viz. sugar and
fermented products are very important in making
and preserving various kinds of medicines. Green
tops of cane are good source of fodder for cattle.

Also sugarcane stubbles are good sources of
manure in alkaline and saline soils. Because of its
diversified uses in different industries, this crop is
considered as wonder cane (Suresh and Krishna.
2011).

Cultivation of sugarcane in India dates back
to Vedic period. The earliest mention of sugarcane
cultivation in Indian literature is found during the
period 1400 to 1000 B.C. It is now widely accepted
that India is the original home of Saccharum
species. India is the second largest producer of
sugarcane, next to Brazil. Production of sugarcane
in India is about 339 million tons from an area of
5064 thousand hectare in 2012. Though, Indian
productivity (71.60 tonnes per ha) is higher than

www.soed.in
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average world productivity of 70.24 tonnes,  it stands
fortieth in world ranking against 127.81 tonnes per
ha of Peru, stands first and  is almost double than
of India. Working out the reason for such dismal
picture is most warranted to take up any sugarcane
improvement programme. The major producers of
sugarcane in the country during 2012 are Uttar
Pradesh (43 percent), Maharashtra (15 percent),
Tamil Nadu (10 percent), Karnataka (8 percent)
which together share about 76 percent of total
sugarcane production while remaining  24 percent
is contributed by Andhra Pradesh, Punjab, Haryana,
Gujarat etc.

The figure for the year 2012, indicted that there
are about 529 working sugar factories in India with
a production capacity of 26.34 million tonnes of
sugar. India exported about 4074.90 thousand
metric tonnes of sugar, worth Rs.129737.3 million
and imported about 119.661 thousand metric tonnes
of sugar of value 3746.7 million in 2012.

As sugarcane occupies a significant position
among the commercial crops in India, a proper
forecast of production of such important commercial
crops is very important in an economic system.
There is close association between crop productions
with prices. An unexpected decrease in production
reduces marketable surplus and income of the
farmers and leads to prices rise. A glut in production
can lead to a slump in prices and has adverse effect
on farmers’ incomes. Impact of price of an essential
commodity has a significant role in determining the
inflation rate, wages, salaries and various policies
in an economy. In case of commercial crops like
sugarcane, production level also affects raw
material cost of user industries and their competitive
advantages in the market. Thus, from these point
of view study of production and other behaviour
for the past and assessment of the same in future
play vital role. The present study focus on the
modelling and forecasting of area, production and
yield of sugarcane and sugar production for major
sugarcane growing states of India as well as India
as whole.

In the arena of time series modelling and
forecasting, Box-Jenkins ARIMA technique has
come in a great way. Sahu (2006) used ARIMA
methodology for modelling and forecasting of
irrigated crops like Potato, Mustard and Wheat.
Sahu and Mishra (2013) studied the production,
import-export and trade balance of total spices in
India and China along with world using ARIMA
model for time series data.  Vishwajith et al. (2014)

forcated pulses production in India using ARIMA
model upto 2020. In the contest of sugarcane,
Yaseen et al. (2005) used the Box-Jenkins
methodology to forecast the sugarcane yield in
Pakistan. Suresh and Krishna (2011) forecasted a
sugarcane yield of Tamil Nadu using ARIMA. In
this study an attempt has been made to model and
forecast the behaviour and future behaviour of
sugarcane and sugar production in India and major
contributing states using the above methodology.
MATERIALS  AND  METHODS

Based on their relative contributions to Indian
sugarcane basket, four major states viz. UP,
Maharashtra, TN and Karnataka, along with whole
India are considered for the present study. Data
related to area, production and yield of sugarcane
and sugar production in four major states could be
obtained for the period 1951 to 2012. To develop
models and subsequently to use the best fitted
models to forecast the series for the years to come,
data for the whole period excepting last four years
are used for model building, while data for last four
years are used for model validation purpose. Time
series data are often vulnerable to the presence of
outlier. The study starts with examination for the
existence of outlier. For our study, we employed
Grubb’s test.

Grubb’s test is the one of the most popular
ways to define outlier, also called as the ESD method
(extreme studentized deviate). To test the null
hypothesis H0:There are no outliers in the data set
against the alternative hypothesis Ha: There is
exactly one outlier in the data set, the test statistic

,
x

i
s

xxZ  where x is the variable, xi is the
value of the ith observation of the varibale x.

Since, 5 percent of the values in a Gaussian
population are more than 1.96 standard deviations
from the mean, our first thought might be to conclude
that the outlier comes from a different population if
Z is greater than 1.96.  Analysis has been carried
out using Graphpad Software.

Examination of behavior of the series under
consideration starts with randomness test. Test of
randomness is a technique to have an idea whether
the values of series under examination have changed
haphazardly or followed a definite pattern. Test for
randomness used here is a non-parametric test
based on the number of turning points. A turning
point in a sequence of observation of y is an
observation i for which yi-1 < yi > yi+1 or yi-1 > yi <
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yi+1. In an iid (independent and identically
distributed) sequence, the probability of a turning
point at ith time is 2/3, and the expected number of
turning points, ‘T’, in ‘n’ observation is m(T)=2x(n-
2)/3.  The variance of T is Var(T)=(16n-29)/90.
A large value of T-m(T) indicates that the series is
fluctuating more rapidly than expected for an iid
sequence, and vice verse. For large n, T is
approximately normally distributed and we can
derive a test of randomness based on the number
of turning points: if  2/1)(

)(



 ZTVar

TT , we reject
the iid hypothesis at the level a.

Descriptive statistics are useful to describe
patterns and general trends in a data set. It includes
numerical and graphic procedure to summarize a
set of data in a clear and understandable way. To
examine the nature of each series these have been
subjected to different descriptive measures.
Statistical measure used to describe the above series
are minimum, maximum, average, skewness,
kurtosis and simple growth rate.
Parametric trends model

To trace the path of production process
different parametric trend models as given in table
below are used. Among the competitive trend
models, the best models are selected based on
maximum value of R2 value, minimum value of
RMSE and significance of the parameters.
Different trend models used
1. Polynomial Model

Yt= b0+ b1 t + b2t2 + b2t3+…………+ bktk
2. Linear Model

Yt = b0+b1t3. Quadratic Model
Yt = b0+b1t+b2t2

4. Cubic Model
Yt= b0+ b1 t + b2t2 + b2t3

5. Exponential Model
Yt= b0 

t)(b1e
6. Logarithmic Model

Yt = b0 + b1ln(t)
7. Growth Model

Yt= (t)bb 10e 

After the evaluation of trend of each and every
series, our next task is to forecast the series for the
year to come. For this purpose the study adopted
the Box-Jenkins methodology. Data for the period
1951-2008 has been used for building forecast
model, while data for the years 2009-2012 are taken
for model validation. On the basis of the best fitted

model forecasting has been made up to 2020.
ARIMA model

ARIMA models, stands for Autoregressive
Integrated Moving Average models. Integrated
means the trends has been removed; if the series
has no significant trend, the models are known as
ARMA models. The notation AR (p) refers to the
autoregressive model of order p; the AR(p) model
is written

   p

1i titit μXαcX
where, a1, a2 ........ ap are the parameters

of the model, c is a constant and mt is white noise
i.e. mt   WN(0,s2). Sometimes the constant term is
omitted for simplicity.
Moving Average model (MA)

The notation MA (q) refers to the moving
average model of order q:

   q

1i titit εεθμX
where the q1, q2 ..., qq are the parameters of

the model, m is the expectation of Xt (often assumed
to equal 0), and the et is the error term.

Given a set of time series data, one can
calculate the mean, variance, autocorrelation
function (ACF), and partial autocorrelation function
(PACF) of the time series. Based on the nature of
ACF and PACF appropriate ARIMA models are
worked out, but the final decision is made once the
model is estimated and diagnosed. In this step one
can see whether the chosen model fits the data
reasonably well. One simple test of the chosen
model is to see if the residuals estimated from this
model are white noise; if they are, one can accept
the particular fit; if not, one start the process a fresh.
Models are compared according to the minimum
values of Root Mean Square Error (RMSE), Mean
Absolute Error (MAE), Mean Square Error (MSE)
and Mean Absolute Percentage Error (MAPE) and
maximum value of Coefficient of determination (R2)
and of course the significance of the coefficients
of the models. Best fitted models are put under
diagnostic checks through auto correlation function
(ACF) and partial autocorrelation function (PACF)
of the residuals. Once the model satisfy the
requirement, are used for forecasting purpose.
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where, Xi, X , iX̂  are the value of the ith

observation, mean and estimated value of the ith
observation of the variable X.

With the help of SPSS 16 computer package
ARIMA models were estimated for sugarcane and
sugar. On the basis of best fitted model forecasting
has been made up to 2020.

RESULTS AND DISCUSSION
The area under sugarcane in India has

increased from 1410 thousand hectare in 1951 to
5151 thousand hectare in 2012, registering a growth
of almost 3.53  percent per annum (Table 1); the
average area under sugarcane being 3166.22
thousand hectare. The effect of expansion of area
is clearly visible in the production scenario of
sugarcane. With a mere 53848 thousand tonnes of
production it has reached to 361037 thousand tonnes
and registering growth of almost 3.12  percent
during the same period. Kurtosis value (-1.104) of
production indicates the platykurtic nature, thereby
indicating a sustained effort in this front. Increased
production of sugarcane would not have been
possible without a substantial increase in per hectare
yield of the crop. Starting with only 35.80 t/ha
productivity has reached to 71.66 t/ha; may be due
to the expansion of irrigated land under agriculture
and use of improved varieties which were serially
released from the sugarcane breading institutes
(SBI). Thus, the joint effect of expansion of area

Table 1: Area, production and yield of sugarcane and sugar production performance of in India
 Particulars India Uttar Pradesh Maharastra Tamil Nadu Karnataka
Area
Mean 3166.2 1607.2 349.8 184.8 188.8
Minimum 1410 798 71 29 42
Maximum 5151 2247 1093 395 430
Kurtosis -0.797 -1.127 1.169 -1.021 -0.987
Skewness 0.312 -0.056 1.323 0.265 0.528
SGR percent 3.121 1.879 18.243 10.952 13.681
Production
Mean 187840.4 79604.1 28063.4 18403.3 15821.7
Minimum 53848 28586 4389 2280 1910
Maximum 361037 133949 88437 42221 42923
Kurtosis -1.109 -1.489 1.025 -1.069 -0.576
Skewness 0.344 0.21 1.222 0.335 0.73
SGR percent 6.084 3.588 17.581 16.236 19.914
Yield
Mean 55.9 47.6 78.6 93.7 79.2
Minimum 35.8 33.08 57.94 72.15 45.48
Maximum 71.66 65.12 96.9 111.49 102.93
Kurtosis -1.371 -1.459 -0.992 -1.544 0.511
Skewness -0.136 0.135 -0.23 -0.251 -0.589
SGR percent 0.999 0.785 -0.053 0.669 0.648
Sugar production
Mean 8954.2 2566.3 2752.9 778.7 568.9
Minimum 1001 569 123 28 11
Maximum 28361 8475 9100 2540 1943
Kurtosis 0.121 0.587 0.406 -0.429 0.293
Skewness 0.999 1.152 1.089 0.832 1.064
SGR percent 36.978 16.536 116.103 40.095 21.774



75

and yield has resulted in a comparatively better
production picture of sugarcane in India.

State wise figures show that in Uttar Pradesh,
area under sugarcane has increased 1449 thousand
hectare during the period from 798 thousand hectare
to 2247 thousand hectare; thereby registering a
simple growth rate of 1.87 percent during the period.
The platykurtic nature followed by slight negative
value of skewness (-0.056) indicate that there has
been marginal and consistent shift of area in favour
of sugarcane during the later phase of investigation.
In Maharashtra, the area has been increased from
71 thousand hectare to 1093 thousand hectare and
thereby registering a simple growth of almost 18.23
percent. Since 1951 the area under sugarcane in
Tamil Nadu has increased from 29.00 thousand
hectare to 395.00 thousand hectare, registering a
growth of almost 10.95  percent. The positive value

of skewness indicates that effort of expansion area
under sugarcane has been initiated just after the
independence and on the onset of five year planning
era.

Figures indicate that four major states
contribute more than 75 percent of the total
production in India from near about 73 percent of
the total area under sugarcane. State wise figures
show that in Uttar Pradesh production has increased
from 28586.00 thousand tonnes to 133949.00
thousand tonnes, registering a growth of almost 3.58
percent. Similarly Maharashtra has increased its
production to 88437 thousand tonnes with a growth
of almost 17.58 percent  during the period under
study. Next to Uttar Pradesh and Maharashtra,
Tamil Nadu and Karnataka are the major supplier
of sugarcane to Indian baskets. On an average
these states has supplied around 18402.33 and
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Table 2: Test of randomness and outliers of area, production and yield of sugarcane and sugar
production in India
 Particulars India Uttar Pradesh Maharastra Tamil Nadu Karnataka
Area
No. of observation 63 63 63 63 63
No. of turning Point (p) 25 24 25 30 27
E (P) 40.67 40.67 40.67 40.67 40.67
V(P) 10.88 10.88 10.88 10.88 10.88
tcal -4.75 -5.05 -4.75 -3.23 -4.14
Inference Trend Trend Trend Trend Trend
Outlier No No No No No
Production
No. of observation 63 63 63 63 63
No. of turning Point (p) 27 33 33 31 29
E (P) 40.67 40.67 40.67 40.67 40.67
V(P) 10.88 10.88 10.88 10.88 10.88
tcal -4.14 -2.32 -2.32 -2.93 -3.54
Inference Trend Trend Trend Trend Trend
Outlier No No No No No
Yield
No. of observation 63 63 63 63 63
No. of turning Point (p) 32 38 32 34 34
E (P) 40.67 40.67 40.67 40.67 40.67
V(P) 10.88 10.88 10.88 10.88 10.88
tcal -2.63 -0.81 -2.63 -2.02 -2.02
Inference Trend Random Trend Trend Trend
Outlier No No No No No
Sugar production
No. of observation 62 62 62 62 62
No. of turning Point (p) 26 32 33 30 29
E (P) 40.00 40.00 40.00 40.00 40.00
V(P) 10.70 10.70 10.70 10.70 10.70
tcal -4.28 -2.45 -2.14 -3.06 -3.36
Inference Trend Trend Trend Trend Trend
Outlier No No No No Yes
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15821.71 thousand tonnes respectively. Although
Uttar Pradesh has highest production of sugarcane
in country, growth rates is low both in production
and area as compared to other leading sugarcane
growing states. Among the major sugarcane
growing states in country, Tamil Nadu ranks first in
per hectare productivity of sugarcane with 93.65 t/
ha, which is almost double than the leading
sugarcane producing state Uttar Pradesh (47.60 t/
ha).

Coming to sugar production scenario,
Maharashtra ranks first with an average sugar
production of 2752.91 thousand tonnes per year.
Sugar production in Maharashtra has increased
from 123.00 thousand tonnes in 1951 to 9100.00
thousand tonnes in 2012, registering an annual
growth of almost 116.10  percent. Although, Uttar
Pradesh with a highest sugarcane production, ranks
second in sugar production with an average sugar
production of 2566.29 thousand tonnes per year
registering a growth rate of 16.53 percent per year
which is less than Tamil Nadu (40.09 percent) and
Karnataka (21.77 percent).

Table 2 presents the result of randomness test.
It is clear from the table that the series under
consideration have followed definite trends, except
for yield of sugarcane in Uttar Pradesh. The
hypotheses of randomness nature of the series are
rejected. The data (Table 2) further revealed that,
one can detect the outliers in case of sugar
production of Karnataka, which is replaced by
median of the respective series before further
analysis.

Knowing the above overall performance, path
of movement of the series was traced through
parametric trends models (Table 3). A wide range
of models has been explored, among the competitive
models the best fitted models are selected based
on the maximum R2 and minimum value of RMSE
along with significance of coefficients. Among the
competitive parametric models, most of the cases
cubic and exponential models are found to fit best;
thereby indicating that the movement of the series
were not uniform throughout the major sugarcane
states of India.

After the evaluation of trend of each and every

Table 3: Parametric trend models for area, production and yield of sugarcane and sugar production
in India
Particulars Equation b1 b2 b3 Intercept RMSE R2 F Sig(P)
India
Area Cubic 50.827 -0.403 0.007 1627 260.53627 0.929 256.424 0
Production Exponential 0.027 - - 68570 24194.445 0.946 1070 0
Yield Cubic -0.068 0.03 - 39.66 2.7456633 0.938 296.185 0
Sugar production Exponential 0.049 - - 1293 2372.7142 0.953 1216 0
Uttar Pradesh
Area Cubic 7.511 0.48 -0.005 1056.576 69.30422 0.962 487.209 0
Production Cubic -1448.911 114.094 -1.137 45979.469 5691.3124 0.966 540.963 0
Yield Cubic -0.787 0.049 - 40.113 2.0403389 0.945 325.536 0
Sugar Production Cubic -47.274 2.364 -0.001 1131.517 260.70836 0.955 404.438 0
Mahrasthra
Area Exponential 0.039 - - 80.406 61.583014 0.962 1483.7 0
Production Exponential 0.042 - - 5802.718 6124.8473 0.941 944.324 0
Yield Cubic 8.634 -0.254 0.002 - 6.8843286 0.957 429.826 0
Sugar Production Cubic 42.603 0.336 0.018 -34.819 444.89736 0.938 289.354 0
Karnataka
Area Exponential 0.038 - - 47.119 17.03126 0.938 895.941 0
Production Exponential 0.043 - - 3121.644 1849.841 0.912 609.234 0
Yield Cubic 8.943 -0.278 0.003 - 4.617642 0.971 658.6 0
Sugar Production Exponential 0.072 - - 44.813 129.0162 0.967 1729.811 0
Tamil Nadu
Area Cubic 2.635 0.105 -0.001 33.511 41.26944 0.955 406.215 0
Production Cubic 70.139 19.759 -0.202 2807.435 3104.611 0.947 337.586 0
Yield Cubic 9.205 -0.262 0.002 - 3.183441 0.962 489.326 0
Sugar Production Cubic -26.435 1.777 -0.014 169.879 188.1934 0.95 357.598 0
Area: '000 ha, Production of Sugarcane and Sugar: '000 t, Yield: t/ha
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Table 4: Best fitted ARIMA models for area, production, yield of sugarcane and sugar production
in India
Particulars Models R2 RMSE MAPE MAE MaxAPE MaxAE
India
Area ARIMA(3,1,3) 0.970 168.960 4.360 121.900 17.240 478.470
Production ARIMA(2,1,1) 0.970 15320.000 6.500 10190.000 28.590 59360.000
Yield ARIMA(2,1,1) 0.940 2.700 3.850 2.020 14.520 8.620
Sugar production ARIMA(2,1,1) 0.950 1484.000 13.250 909.570 66.040 6532.000
Uttar Pradesh
Area ARIMA(2,1,2) 0.992 31.774 1.633 22.855 8.994 91.974
Production ARIMA(2,1,2) 0.993 2573.973 2.878 1984.057 14.464 6027.045
Yield ARIMA(3,1,2) 0.983 1.165 2.095 0.952 5.688 2.153
Sugar Production ARIMA(3,1,2) 0.987 197.909 5.997 129.441 18.976 924.802
Mahrasthra
Area ARIMA(3,1,4) 0.989 21.658 3.736 11.913 15.526 84.136
Production ARIMA(3,1,1) 0.972 2764.900 5.614 1518.623 28.773 13225.810
Yield ARIMA(1,0,2) 0.745 3.594 3.252 2.458 16.505 10.748
Sugar Production ARIMA(2,1,1) 0.987 295.600 7.718 190.512 31.868 907.379
Karnataka
Area ARIMA(2,1,2) 0.993 10.461 3.478 6.666 13.084 41.016
Production ARIMA(2,1,2) 0.992 933.416 4.300 628.631 12.518 3608.440
Yield ARIMA(2,1,2) 0.972 1.472 1.420 1.025 7.955 4.182
Sugar Production ARIMA(3,1,1) 0.984 79.899 8.699 45.372 30.347 300.499
Tamil Nadu
Area ARIMA(3,1,2) 0.993 8.087 3.581 5.471 20.861 23.364
Production ARIMA(3,1,1) 0.990 1122.547 4.996 769.682 14.183 3123.621
Yield ARIMA(2,1,2) 0.962 2.343 1.831 1.732 6.511 6.020
Sugar Production ARIMA(3,1,1) 0.993 56.546 7.928 38.121 33.955 165.235

series, our next task is to forecast the series for the
year to come. For the purpose of forecasting, Box-
Jenkins methodology as discussed in the material
and method section is adopted. Data for the period
1951-2008 is used for model building, while data
for the years 2009 to 20012 are taken for model
validation. Each and every series is checked for
stationarity before developing the model, if not,
differencing or transformation technique are used
to make these stationary. Best fitted models are
used to forecast the series for the years to come.
Different series are found to be fitted with different
ARIMA models like ARIMA (3,1,3),
ARIMA(2,1,2), ARIMA(3,1,4), ARIMA (2,1,2) and
ARIMA (3,1,2) model respectively are found to be
best fitted model for sugarcane area in India, Uttar
Pradesh, Maharashtra, Tamil Nadu and Karnataka.
ARIMA (2,1,1), ARIMA(2,1,2), ARIMA(3,1,1),
ARIMA (2,1,2) and ARIMA (3,1,1) model are found
to be suitable for sugarcane production in India and
selected states. The ARIMA (2,1,1), ARIMA(3,1,2),
ARIMA(1,0,2), ARIMA (2,1,2) and ARIMA (2,1,2)
models are found to be suitable models for

sugarcane yield in India, Uttar Pradesh,
Maharashtra, Tamil Nadu and Karnataka
respectively. ARIMA (2,1,1), ARIMA(3,1,2),
ARIMA(2,1,1), ARIMA (3,1,1) and ARIMA (3,1,1)
models are found suitable for sugar production in
India, Uttar Pradesh, Maharashtra, Tamil Nadu and
Karnataka respectively. Using the models
developed, forecast values are worked out for
subsequent years.

It is clear from the observed and predicted
values (Table 5) that by and large the models have
adequately been identified. Forecasting figures
indicate that, India, Uttar Pradesh, Maharashtra,
Tamil Nadu and Karnataka are supposed to produce
393517.00, 139197.76, 105986.41, 52336.44 and
43781.71 thousand tons of sugarcane from
respective area of 5287, 2397.53, 857.87, 545.42
and 444.24 thousand hectare with yield of 76.00,
56.34, 75.90, 104.25 and 85.12 t/ha respectively in
2020. While the sugar production would be
30012.00, 10317.34, 10951.64, 2804.24 and 4756.54
thousand tons respectively in India, Uttar Pradesh,
Maharashtra, Tamil Nadu and Karnataka in 2020.
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Table 5: Model validation for area, production, yield of sugarcane and sugar production in India
Particulars Area Production Yield Sugar Production

Observed Predicted Observed Predicted Observed Predicted Observed Predicted
India
2009 4415.00 4356.05 285029.00 298391.35 64.56 68.22 17892.00 18394.19
2010 4175.00 4111.23 292302.00 286731.06 70.01 69.02 18912.00 17007.34
2011 4886.00 4703.10 342382.00 322386.63 70.07 70.28 24394.00 22873.18
2012 5038.00 5074.69 361037.00 358028.98 71.66 70.89 26343.00 28135.10
Uttar Pradesh
2009 2080.00 2229.41 116951.00 126200.41 56.26 56.65 6978.87 6833.26
2010 2062.00 2257.15 115577.67 128519.16 56.10 56.41 6584.43 7234.87
2011 2088.00 2231.62 122168.00 126010.54 58.52 55.91 6844.32 7598.57
2012 2166.33 2233.24 126624.00 125721.80 58.44 55.92 7456.76 7898.93
Mahrasthra
2009 872.33 798.76 71081.33 73453.86 81.58 82.62 7865.33 7044.26
2010 829.67 824.76 68901.00 74346.75 82.90 83.87 7858.33 7823.42
2011 914.33 823.52 77596.00 73760.41 84.87 76.23 8366.00 8630.21
2012 974.67 893.77 76373.00 80813.18 78.10 74.72 9015.50 9188.19
Karnataka
2009 318.67 328.32 33540.33 35643.47 101.52 99.34 1598.00 1665.13
2010 306.00 332.43 34252.00 37632.54 105.36 100.86 1898.00 1765.76
2011 318.33 346.78 38576.00 42071.54 107.13 103.49 1783.00 1867.31
2012 352.33 367.76 42221.00 42395.82 106.89 105.13 2379.00 2344.78
Tamil Nadu
2009 386.00 387.17 37064.67 37855.95 86.37 84.23 2370.67 2542.23
2010 423.00 423.90 38402.67 38220.94 89.03 84.37 2631.67 2932.43
2011 430.00 417.10 38808.00 38831.30 91.44 84.87 3371.00 3234.43
2012 404.00 406.28 38336.00 39585.62 92.10 84.49 3777.50 3323.43
Area: '000 ha, Production of Sugarcane and Sugar: '000 t, Yield: t/ha

Table 6: Forecasted values for area, production, yield of sugarcane and sugar production in India
Year India Uttar Pradesh Maharastra Tamil Nadu Karnataka
Area
2014 4728.00 2233.24 861.37 465.41 400.48
2016 5007.00 2329.50 881.62 491.32 415.18
2018 5187.00 2323.90 903.21 513.32 435.18
2020 5287.00 2397.53 957.87 545.42 444.24
Production
2014 338005.00 129762.43 82669.29 43519.64 40258.35
2016 367587.00 133149.90 83783.60 46931.36 41324.21
2018 375870.00 134702.37 94669.62 49216.41 42573.07
2020 393517.00 139197.76 105986.41 52336.44 43781.71
Yield
2014 73.00 56.19 75.09 100.70 84.03
2016 74.00 56.23 75.55 101.97 84.45
2018 75.00 56.32 75.78 102.81 84.73
2020 76.00 56.34 75.90 104.25 85.12
Sugar Production
2014 22566.00 8391.80 9064.45 2394.36 3589.65
2016 26284.00 9273.60 9710.77 2544.97 4265.92
2018 29285.00 9312.83 10538.05 2679.82 4534.23
2020 30012.00 10317.34 10951.64 2804.24 4756.54
Area: '000 ha, Production of Sugarcane and Sugar: '000 t, Yield: t/ha
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Forecasting figures in table 6 indicate that there
will be increase in area, production and yield of
sugarcane production and as well as sugar
production in India and major sugarcane growing
states of India. Similar results were reported by
Mandal (2006) in case sugarcane production in
India. In case of sugarcane production of India, from
the forecast available by using the developed model,
it can be seen that forecasted production for the
year 2014 is lower than 2012 but in later years the
production increases. The validity of the forecasted
values can be checked when the data for the lead
periods become available.
CONCLUSIONS AND POLICY
IMPLICATIONS

Even though the yield per hectare of sugarcane
in India increased substantially form 35.80 t/ha in
1951 to 71.60 in 2012 the productivity of sugarcane
in India is still lower when compared with that of
the several other countries like Peru (127.81
tonnes), Burundi (121.05 tonnes), Ethiopia (120.59
tonnes), Egypt (114.98 tonnes) and so on. Under
the given resource crunch scenario, per hectare
production from a piece of land using minimum
resources is the need of the hour. The study reveals
that there is ample scope for improvement in this
direction and only through technological
breakthrough India can achieve the same.
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INTRODUCTION
Indian society is known as rural society

because a big part of its population lives in the rural
areas. A little less than three fourth of Indian
population resides in about six lakh villages (Kumar,
2012). Uptill now the agriculture has been the main
occupation in Indian society but now there are
profound changes in the occupational structure of
the traditional Indian society due to a variety of
reasons. The occupational changes are felt more
severely in the last two decades largely due to the
percolation of technology and arrival of mass media
in human life (Sathe, 2014). Urbanization is a process
by which people instead of living in villages start
living in towns and cities. It involves a mode by
which agriculture-based habitat is transformed into
non-agricultural urban habitat. Increase in population

has been one of the biggest problem in India because
fast multiplying population is generating lot of other
problems in the society (Khanna and Chaturvedi,
2010). According to 2011 Census India’s population
stands 1.21 billion just next to China in the world.
Pressure of population has not only altered the
traditional way of life but is also becoming a big
source of consumption of natural resources coupled
with other socio economic and environmental
problems (Goral and Kalvire, 2012). Punjab, which
was having a strong agrarian base, has also been
under severe changes with regard to occupational
and land structure. Punjab is reported as one of the
highly populated state in India with 2.77 crore
population with density of 550 persons per sq.km.
(Census, 2011). Consequently, a lot of land around
the Ludhiana city is being taken for residential and
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Industrial purpose. Till now, around fifty villages has
came under Ludhiana city alone in Punjab in the
last forty years. Displacement of people from their
native villages and arrival of new population give
arise to many social, psychological and economic
problems (Ghuman, 2008).
METHODOLOGY

The Ludhiana district  of Punjab State was
purposively  selected  for study as this district in
general and city in particular has been attracting lot
of population  from other parts of the country.
Ludhiana city is expanding comparatively on a very
high pace and lot of villages near to it submerged in
the urban centre. One village named Threeke was
selected from semi-urban location of Ludhiana. A
sample of 150 farmers i.e. 50 each farmer small,
medium and large categories were selected to carry
out the study. Data were collected personally with
the help of a well structured and pre-tested interview
schedule. The study was planned with following
specific objectives.
i) to study the socio-economic status of

respondents and
ii) to examine the implications of an urbanising

villages.
RESULTS AND DISCUSSION
Socio-economic Characteristics

The socio-economic characteristics of the
respondents under study are given in Table 1. It
revealed that a large majority (66 percent) were of
more than 50 years of age while 15.33 percent of
the respondents were in the age group of 41-50
years and 18.67 percent of the respondents were
in the age group of 30-40 years.  As regards the
family type, that majority (56 per cent) of the
respondents were living in nuclear family where as
44 percent were in the joint family. Nearly half of
the respondents (46 per cent) had
family size of 5 to 6 members and only
few (6 percent) had family size
exceeding 8 members. Data indicates
that more than one third (34.67
percent) of the respondents were
educated upto middle level and 26.67
percent were matriculates whereas
18.67 percent were educated upto
senior secondary level and 14 percent
of the respondents were illiterate. A
large majority (81.33 percent) of the
respondents had income between 2-

4 lakhs. A few (8 percent) of the
respondents had income upto 2 lakhs

whereas 10.67 per cent had income more than 4
lakhs.
Reasons of selling land

An important issue of the present study has
been to find out the reasons of selling of the land by
respondents thereby paving the way for accelerating
the pace of urbanization. The data on this issue is
given in Table 2. A large majority (87.33 percent)
of the respondents sold their land due to increase in
the prices of land as the village came under the
urban setting. Further (76.67 percent) of the
respondents told that they sold their land due to
demonstration effects and  an equal percentage of
the respondents told that they sold their land as they
apprehended that there is no scope of agriculture
in this village now, because most of the land is

Table 1: Socio-economic characteristics of therespondents (n=150)
Attribute Category  Percentage
Age (years) 30-40 18.67

41-50 15.33
>50 66.00

Family type Joint 44.00
Nuclear 56.00

Family size (No.) Up to 4 34.00
5-6 46.00
7-8 14.00
>8 6.00

Educational level Illiterate 14.00
Middle 34.67
Matric 26.67
10+2 18.67
Graduate 6.00

Total annual income (  lakhs) Up to-2 8.00
2-4 81.33
>4 10.67

Table 2: Reasons of selling land (Percent)
Reasons Small Medium Large Total

(n1=50) (n2=50) (n3=50) (N=150)
Voluntary 98.00 64.00 44.00 68.67
Indebtedness 24.00 16.00 18.00 19.33
Fear of acquisition of land byGovernment/MC 62.00 72.00 78.00 70.67
Motivated by Private colonizers 96.00 68.00 58.00 74.00
Demonstration effect (friends) 88.00 78.00 64.00 76.67
Due to increase in prize of land 98.00 84.00 60.00 87.33
No scope of agriculture 92.00 74.00 62.00 76.00
Any other (Marriage, housing,education) 56.00 34.00 20.00 36.67
*Percentage exceeded 100 due to multiple responses
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acquired for some non agricultural activities.
Seventy four percent of the respondents told that
they were motivated by the private colonizers to
sell land and hence they did so. Further, 71 percent
of the respondents told that they sold their land out
of fear that the land will be acquired by Municipal
Corporation or some other government agencies.
About little more than one third (36.67 percent) of
the respondents maintained that they sold their land
for want of money to spend for marriage of their
wards, purchase of houses and education of their
children etc. On the whole the data indicated that
increase in price of land, demonstration effects,
motivation by colonizers, no scope of agriculture in
future and fear of acquisition of land by corporation
were the major reasons of selling of land under
study.
Buyers of land

The perusalof Table 3 showed the person to
whom the respondents sold their land. Data
indicated that three fourth (75.33 per cent) of the
respondents sold their land to colonizers, who
develop colonies after purchasing the land from
farmers.

During the course of study it was also seen
that colonizers were the big factor for motivating
people to sell their land and at comparatively high
price. Further, 12.67 per cent and 9.33 per cent of
the respondents sold their land to friends and
relatives respectively while 8.67 per cent told that
their land was purchase by some NRI’s.  On the
whole, colonizers turned out to be the major source
of buyers.

respondents sold their land before 1990 where as
very few (4.67 percent) of the respondents sold
their land 2010 onwards. Overall, the results
indicated that most of the farmers sold their land in
the year between 2000 and 2010, because in these
years, price of land increased at a tremendous pace
as there was a property boom.
Factors promoting urbanization

One of the important issues of the present
study has been to examine the  factors responsible
for  accelerating  the urbanization and data in this
regard is presented in Table 5. The data showed
that  majority (92.67 percent) of the respondents
cited that due to the nearness of village to the city,
the village merged into the city. So, the expansion
of city was the major factor expressed by
respondents. The other factor such as increase in
price of land was cited by 84.67 per cent of the
respondents, while 78 per cent of the respondents
told that they were persuade by colonizers, who
encourage them and told them that they can get
desired amount of money by selling their land to
them, whereas 70.67 percent of the respondents
expressed occupational shift is also the factor which
promoted urbanization in the village.

Data further indicated that 75.33 percent of
the respondents reported the division of property
among sons and land gets fragmented which
promoted land selling. Three fourth (73.33 percent)
of the respondents expressed that due to the bleak
future of agriculture in the village promoted the land
sale, while 71.33 percent of the respondents stated
that they wanted to buy more land at lower price
by selling land at their native village due to which
they sold their land and 58  pecent of the respondents
told that due to urge to have more money in less
time was also the factor which promoted
urbanization in village. So overall, the results
indicated that due to nearness of village to the city
and expansion of city led the village to be urbanized.
Satisfaction Level of Respondents

During field work efforts were made to garner

Table 3: Buyers of land (Percent)
Particulars Small Medium Large Total

(n1=50) (n2=50) (n3=50) (N=150)
Colonizers 96.00 62.00 68.00 75.33
Friend 2.00 14.00 22.00 12.67
Relative 10.00 18.00 9.33
Any other(outsider NRI’s) 2.00 14.00 10.00 8.67
*Percentage exceeded 100 due to multiple responses
Year of selling land

The results presented in Table 4 highlighted
the years in which the respondents sold their land
to various buyers. Data indicated that majority (76
percent) of the respondents sold their land in the
year between 2000-2010, while 10.67 per cent of
the respondents sold between the 1990-2000. Data
further revealed that 8.67 percent of the

Table 4: Year of selling land (Percent)
Particulars Small Medium Large Total

(n1=50) (n2=50) (n3=50) (N=150)
Before 1990 6.00 4.00 16.00 8.67
1990-2000 10.00 16.00 6.00 10.67
2000-2010 78.00 76.00 74.00 76.00
2010 onwards 6.00 4.00 4.00 4.67
*Percentage exceeded 100 due to multiple responses
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the views of respondents regarding their satisfaction
in the process of urbanization and data is shown in
Table 6. Urbanization provides many amenities such
as better sanitation facility, electricity, larger roads,
convenience of public transport, better educational
and health facilities. At the same time, further, there
were certain drawbacks such as overcrowding,
pollution, traffic and less social support. 21.33
percent of the respondents were found to be highly
satisfied towards urban life while 25.33 percent of
the respondents took a more moderate position
towards city life that is, was satisfied. As each
individual was different from another and each
household has different needs and desires, their likes
and dislikes will be different from the other
community members while 42 per cent of the
respondents were not satisfied towards urban life.

There were some people who
showed neutral attitude towards
benefits and drawbacks of
urbanizing village.
Problems of displacement

Data in Table 7 showed that
there was a mixed response
regarding the problems faced by
respondents after selling the land.
Quite high number (60 per ent)
face the problem of settlement at
new places after selling their land
and more than one third (38.67
percent) revealed that the
wastage of money during the
process of displacement. They
stated that some part of money
received was spent on luxurious
items like cars, mobiles etc and
their children also wasted lot of
money. Almost the equal number
i.e. 38 per cent stated that they

had a problem of adjustment at new places. They
revealed problems such as lack of cooperation, unity
and consensus among people at new places. Further,
18.67 percent of the respondents held lack of
security was also one of the major issue. They stated
that in their native village they were living in joint
families and felt secure but now in broken families
they lacked the feeling. A few (5.33 percent) also
revealed the problem of nostalgia. Other problems
such as depression and stress were also stated by
9.33 percent of the respondents and the respondents
who were left behind faced the old age problems in
their native village.
Views regarding urbanization

The views regarding the urbanization were also
noted. The data in the Table 8  indicated  that
majority (91.33 percent) of the respondents viewed
that proper arrangement should be made for
displaced persons while 73.33 percent of the
respondents stated that people should be made
aware about the displacement so that they could
get some time to think and make right decision. Also
most of them stated some training should be given
to displaced person so that they could enter into
new profession and could earn their livelihood.
Demographical Implications

One of the important issues of the present
study has been to highlight the demographical
implications of an urbanizing village under study and
data in this regard is presented in Table 9.  A large

Table 5: Factors promoting urbanization in village
Particulars Small Medium Large Total

(n1=50) (n2=50) (n3=50) (N=150)
Increase in price of land 45 42 40 127

(90.00) (84.00) (80.00) (84.67)
Will to purchase more land 26 38 43 107

(52.00) (76.00) (86.00) (71.33)
Urge to have more money 24 29 34 87

(48.00) (58.00) (68.00) (58.00)
Fragmentation of land holding 42 37 34 113

(84.00) (74.00) (68.00) (75.33)
Pursuance by Colonizers 43 39 35 117

(86.00) (78.00) (70.00) (78.00)
Expansion of city 46 45 48 139

(92.00) (90.00) (96.00) (92.67)
High/Desired price of land 35 40 42 117

(70.00) (80.00) (84.00) (78.00)
Bleak future of agriculture 44 36 30 110

(88.00) (72.00) (60.00) (73.33)
Occupational shift 39 44 23 106

(78.00) (88.00) (46.00) (70.67)
* Percentage exceeded 100 due to multipler responseFigures are percentages to the respective totals.

Table 6: Satisfaction level of respondents in theprocess of urbanization
Particulars Small M edium Large Total

(n1=50) (n2=50) (n3=50) (N=150)
Highly satisfied 9 12 11 32

(18.00) (24.00) (23.00) (21.33)
Satisfied 11 13 14 38

(22.00) (26.00) (28.00) (25.33)
Not satisfied 22 20 21 63

(44.00) (40.00) (42.00) (42.00)
No response 8 5 4 17

(36.00) (10.00) (8.00) (11.33)
* Percentage exceeded 100 due to multipler response.Figures are percentages to the respective totals.
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majority (86.67 percent) of the respondents held
that expansion of Ludhiana City had engulfed village
and hence the old village look had strongly changed.
The respondents further opined that due to
submerging of the village into city, lot of people have
changed occupation and family members had also
left for alternative earning. Around 80 per cent each
of the respondents expressed that due to the process
of urbanization, there was haphazard development
around the village and its setting was becoming very
congested and overcrowding as stated by 81 per

cent of the respondents, whereas three fourth
(74.67 percent) of the respondents told that even
slums were emerging near the village due to the
process of urbanization, while 60 per cent of the
respondents held that basic amenities were not align
with the increasing population around the village.
Social Implications

The intervention in the village has not only
changed the physical aspect of the village but also
generates social and other implications. During the
course of the study, efforts were made to highlight

Table 9: Demographical implications of an urbanizing village
Demographical implications Small M edium Large Total

(n1=50) (n2=50) (n3=50) (N=150)
Expansion of City had engulfed Village 41 43 46 130

(82.00) (86.00) (92.00) (86.67)
Congestion and overcrowding 39 41 42 122

(78.00) (82.00) (84.00) (81.33)
Difficult to provide amenities 32 30 28 90

(64.00) (60.00) (56.00) (60.00)
Haphazard development 38 40 42 120

(76.00) (80.00) (84.00) (80.00)
Rise in slums and squatters 35 38 39 112

(70.00) (76.00) (78.00) (74.67)
*Percentage exceeded 100 due to multiple responses .Figures are percentages to the respective totals.

Table 7: Problems faced after displacement
Particulars Small Medium Large Total

(n1=50) (n2=50) (n3=50) (N=150)
Problem of settlement after selling the land 36 32 22 90

(72.00) (64.00) (44.00) (60.00)
Loss of money on luxury items 17 18 20 55

(34.00) (36.00) (40.00) (38.67)
Social adjustment problem at new places 24 19 14 57

(48.00) (38.00) (28.00) (38.00)
Lack of security due to broken family 5 10 13 28

(10.00) (20.00) (26.00) (18.67)
Nostalgia 4 4 - 8

(8.00) (8.00) (5.33)
Depression, stress 6 3 5 14

(12.00) (6.00) (10.00) (9.33)
Old age problems 7 9 5 21

(14.00) (18.00) (10.00) (14.00)
* Percentage exceeded 100 due to multipler responseFigures are percentages to the respective totals.

Table 8: Views regarding urbanization
Particulars Small M edium Large Total

(n1=50) (n2=50) (n3=50) (N=150)
People should be made aware before displacement 41 37 32 110

(82.00) (74.00) (64.00) (73.33)
Proper arrangement should be made for displaced persons 48 46 43 137

(96.00) (92.00) (86.00) (91.33)
People should be trained in new business 43 42 37 122
*Percentage exceeded 100 due to multiple responses .Figures are percentages to the respective totals.
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the social implications of an urbanizing village under
study and data in this regard is presented in Table
10. One of the important social implications of the
process of urbanization was breakage of family life
as it had been opined by 82 percent of the
respondents, while 79 percent of the respondents
viewed that role and status of the women had
changed substantially. During data collection, many
people cited examples which indicated that
traditional role of women had undergone severe
changes like entering the service sector and thus
having role in the decision making of the family,
whereas 61 percent of the respondents told that
work culture had severely been undermined largely
due to following of urban life style. Many
respondents told the researcher in a pensive mode
that younger people of the family keep on moving
with modern technology and were not doing any
work for the family. This may be attributed to the
exposure of the people to various forms of mass
media particularly TV, internet, mobile.  24 per cent
of the respondents told that there was loss of
traditional pride in the process of urbanization.

The village community also witnesses changes
with regard to marriage. Although endogamy largely
prevails in the rural areas, what was novel and
interesting was that there was trend towards an
increase in love-marriages expressed by 22 percent
of the respondents.  Even cases of divorce were
visible in villages as affirmed by 20 percent of the
respondents. In the past, marriages were arranged
by the parents even today, they continue to dominate
the mate-choice. Now, the opinion of both boy and
girl were being given due consideration in the matter

of mate-selection. In the past, marriage was
regarded as a religious sacrament but now the
sacramental nature of marriage had been under
change. About one tenth (13 percent) of the
respondents also held that dowry and violence
against women was increasing. It can be concluded
that increasing process of urbanization has its
influence over the nearby villages. Thus,
urbanization could be considered as a powerful
factor in bringing about social change in villages in
India.
Cultural Implications

The results presented in Table 11 highlighted
the cultural implications of an urbanizing village.
Data revealed that majority (88 and 86 percent) of
the respondents expressed that mall culture was
increasing and there had been transmission of urban
culture in village life. Nearly every villager in village
had fairly easy access to cities, by means of new
paved roads and motorized vehicles. The eternal
fairs of shopping centres had rendered the seasonal
fairs and markets obsolete. Movies and television
had taken over from folk-song and storytelling as
media of entertainment and communication of
values and aspiration. As people were getting more
and more brand conscious, so they like to go to
mall.

Data further revealed that more than three
fourth (77.33 per cent) of the respondents told that
there was trend of going abroad. The mirage of a
better life in foreign land and hope of amassing huge
wealth in a short span of time, despite the
uncertainties, had become the fancy of many
Punjabis, whereas little less than three fourth (72.67

Table 10: Social implications of an urbanising village
Social implications Small Medium Large Total

(n1=50) (n2=50) (n3=50) (N=150)
Breakage of joint family 39 41 43 123

(78.00) (82.00) (86.00) (82.00)
Change in role and status of women 37 39 42 118

(74.00) (78.00) (84.00) (78.67)
Increase in love marriages 9 11 13 33

(18.00) (22.00) (26.00) (22.00)
Divorce rate is increasing 8 10 12 30

(16.00) (20.00) (24.00) (20.00)
Loss of traditional pride 10 12 13 35

(20.00) (24.00) (26.00) (23.33)
Loss of work culture 24 32 35 91

(48.00) (64.00) (70.00) (60.67)
Dowry, violence against women 8 11 - 19

(16.00) (22.00) (12.67)
*Percentage exceeded 100 due to multiple responses .Figures are percentages to the respective totals.
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percent) of the respondents told that hospitality was
decreasing now a day. More than half (68 per cent)
of the respondents expressed community
consciousness was decreasing steadily between
them. Earlier, people used to help each other in needs
but now a days it is decreasing, whereas a little
less than half (49.33 percent) of the respondents
revealed that there was increase in idealness, youth
of the village has adopted expensive life style, they
have no work to do they were sitting ideal.
Psychological Implications

Th eperusal of Table 12 revealed that the
psychological implications of an urbanizing Village.
Alcohol and drug abuse were the most serious
problems being faced by both rural and urban
societies. By now, it is substantially proved that drug
abuse does not take place over night. It is the
consequence of a large number of social, familial
and psychological factors, all combined together.
Data revealed that majority (90.67 percent) of the
respondents disclosed there has been alcoholism
and drug abuse. When respondents were questioned
about intake of alcohol, what is the reason behind
drinking, most of the respondents answered it for

relieving their tension while 85.33 percent of the
respondents expressed individualism is increasing
in the village. Increasing number of inhabitants in a
settlement beyond a certain limit affect the
relationship between them and the character of the
city. The greater the number of individuals
participating in a process of interaction, the greater
is the potential of differ-entiation between them
whereby the personal traits, the occupations, the
cultural life and the ideas, and beliefs and values
get widely separated.

As village was urbanizing, villagers were
becoming more individualistic, materialistic, and
rationalistic in their dealings. Data further revealed
more than three fourth (79.33 percent) of the
respondents told that they have been suffering with
stress, depression. Stress is the ‘wear and tear’ a
body experiences as it adjusts continually to the
changing environment. It has physical and emotional
effects on the people and can create positive or
negative feelings. Earlier, village life was considered
simple and people used to care and love each other.
About three fourth (72.67 percent) of the
respondents expressed that villagers now believed

Table 11: Cultural implications of an urbanising village
Cultural implications Small Medium Large Total

(n1=50) (n2=50) (n3=50) (N=150)
Community consciousness is decreasing 27 36 39 102

(54.00) (72.00) (78.00) (68.00)
Mall culture is increasing 43 44 45 132

(86.00) (88.00) (90.00) (88.00)
Transmission of urban culture 41 45 43 129

(82.00) (90.00) (86.00) (86.00)
Hospitality is decreasing 34 36 39 109

(68.00) (72.00) (78.00) (72.67)
Increase in idealness 21 25 28 74

(42.00) (50.00) (56.00) (49.33)
Trend of going abroad 33 39 44 116

(66.00) (78.00) (88.00) (77.33)
*Percentage exceeded 100 due to multiple responses .Figures are percentages to the respective totals.

Table 12: Psychological implications of an urbanizing village
Psychological implication Small Medium Large Total

(n1=50) (n2=50) (n3=50) (N=150)
Believe in show off 32 37 40 109

(64.00) (74.00) (80.00) (72.67)
Stress, depression 38 39 42 119

(76.00) (78.00) (84.00) (79.33)
Alcoholism, drug abuse 45 44 47 136

(90.00) (88.00) (94.00) (90.67)
Increase in individualism 41 42 45 128

(82.00) (84.00) (90.00) (85.33)
*Percentage exceeded 100 due to multiple responses .Figures are percentages to the respective totals.

Grewal and Singh: Implications of an Urbanising Village-A Study of Fringe Village



88

Indian J Econ Dev 12 (1): 2016 (January-March)
in more show off. So, it can be concluded
alcoholism and drug abuse are more in the villages
because people had no work to do especially today’s
young generation and other reason can be easy
availability of drugs in village which are destroying
future and as well as health of the young people.
Environmental Implications

During the field work, an effort was also made
to know about the environmental implications of an
urbanizing village and results are presented in Table
13 which revealed that majority (86.67 percent) of
the respondents expressed that as a village was
urbanizing in different spheres but still there was
no proper sewerage system in the village due to
which respondents face different kinds of sanitation
problems while 83.33 per cent told that air quality
was deteriorating as air pollution was increasing.

The results further revealed that more than
three fourth (76.67 percent) of the respondents
affirmed that there is no clean drinking water. Less
than three fourth (70.67 percent) of the respondents
told that today’s urban environment is not a natural
environment. It is an artificial environment created
by man while more than half (69.33 percent) of the
respondents expressed that the high density of

population and rapid industrialization has polluted
the environment to a great extent. The problem of
environmental pollution had become a serious threat
to the environment. Rural environment was much
cleaner and greener than the urban environment.
But at present due to several factors such as air
pollution, water pollution etc has posed severe
environmental problems in the village community.
Economic Implications

Punjab has experienced a fast growth of
agriculture and industry in the recent past. The main
occupation of rural people of Punjab has been
agriculture but now more and more people have
started adopting secondary and tertiary occupations
among other things. Punjab is also facing the
problem of uncontrolled haphazard growth of towns
and cities. During the course of study an effort was
made to know the economic implications of an
urbanizing village and data in this regard is presented
in Table 14 which showed that majority (89.33
percent) of the respondents told that agriculture
sector was less profitable and farmers have sold
their land and there was great occupational shift
while 80.67 percent of the respondents told that
due to nearness to city, there is increase in job

Table 13: Environmental implications of an urbanising village
Environmental  implication Small Medium Large Total

(n1=50) (n2=50) (n3=50) (N=150)
Artificial environment created by men 25 39 42 106

(50.00) (78.00) (84.00) (70.67)
Rapid industrialization 32 34 38 104

(64.00) (68.00) (76.00) (69.33)
 Air quality is deteriorating 39 42 44 125

(78.00) (84.00) (88.00) (83.33)
No clean drinking water 36 38 41 115

(72.00) (76.00) (82.00) (76.67)
Sanitation problem 40 44 46 130

(80.00) (88.00) (92.00) (86.67)
*Percentage exceeded 100 due to multiple responses .Figures are percentages to the respective totals.
Table 14: Economic implications of an urbanising village
Economic implications Small M edium Large Total

(n1=50) (n2=50) (n3=50) (N=150)
Agriculture sector is less profitable 47 44 43 134

(94.00) (88.00) (86.00) (89.33)
Shift towards secondary and tertiary sector 42 39 38 119

(84.00) (78.00) (76.00) (79.33)
Increase in job opportunities 44 40 37 121

(88.00) (80.00) (74.00) (80.67)
Increasing disparity between rich and poor 39 32 38 109

(78.00) (64.00) (76.00) (72.67)
*Percentage exceeded 100 due to multiple responses .Figures are percentages to the respective totals.
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opportunities.
During the data collection, it was observed that

due to the urban influence and industrialization, many
job opportunities came up which altered the
occupational structure of the village. Data further
revealed that 79.33 per cent of the respondents told
that there was shift towards secondary and tertiary
sector whereas nearly three fourth (72.67 per cent)
of the respondents told that urbanization caused
further rising disparity between rich and poor as
rich can only afford to built houses and arises division
in socio-economic status due to materialistic
possessions.
CONCLUSIONS

The study revealed that a majority (66 percent)
were of more than 50 years living in nuclear family
with average family 5.33 and educated upto middle
level with income between 2 to 4 lakhs. A large
majority (87.33 per cent) of the respondents sold
their land due to increase in the prices of land  and
fear of acquisition. Colonizers turned out to be the
major purchaser of land.   A large majority (92.67
percent) of the respondents told that due to the
nearness of village to the city most area of village
come under city. Less than half (42 percent) of the
respondents were not satisfied with the urban setting
as they felt it to be overcrowding, pollution and lack
of social support. Most respondents  (86.67 percent)
told that expansion of city had engulfed village
creating many hardships. As regard to social
implications majority of the respondents stated that
urbanization led to breakage of joint family. Alcohol
and drug abuse are the most serious problems being
faced by both rural and urban societies. Majority
of the respondents revealed that alcohol

consumption and individualism is in the rise in the
village. More than one third of the respondents stated
that they had a problem of adjustment at new places
while some of the respondents revealed that lack
of security was also the major issue. In data
regarding the cultural implications, majority (88 per
cent) stated that mall culture is increasing.  89.33
per cent of the respondents revealed that agriculture
is not a profitable business now hence to find
alternatives. Arrangements for the displaced
persons, training programmes to adjust the people
in new ventures were some of the suggestions given
by the respondents.
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INTRODUCTION
Universal coverage of healthcare includes

financial protection of the households from the unjust
payments. It focuses upon the proper access to
healthcare services for all the residents as per their
requirements. It is not that easy for the households
to cop up with the Out of Pocket Expenditure
(OOPE) as it can result into financial hardships and
poverty (Leive and Xu, 2008).

Financing for healthcare is one the most
important aspects to be looked in the developed
(Anderson and Hussey, 2000) and developing
countries. Financing directly or indirectly is
dependent upon the income sources of the population
(Abeysinghe and Lim, 2011). Health financing
systems such as degree of reliance on OOPE1 also
plays an important role in the process of financial

protection (Xu et al. 2003, 2007). Health financing
systems such as degree of reliance on OOPE also
plays an important role in the process of financial
protection (Xu et al., 2003 and Xu, 2005). OOPE
is the major health financing mechanisms across
most of the South East Asian and other developing
countries (Mills et al., 2012 and Carrin et al., 2005).
It often occurs, when publicly funded facilities are
unable to provide the required healthcare services
for free, subsidised or through insurance.

Micro level studies suggest that health
payments also differ with the certain specific
1OOPE are non-reimbursable fees which a patient or
family is responsible for paying directly to healthcare
providers or practitioners, without mediation of a third
party.
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characteristics of the households. Poorer
households face more financial risk and they need
more protection to benefit fully from the health care
services (Pal, 2010, Pal and Palacios, 2008).
Catastrophic health expenditure is a key measure
of the financial protection as it indicates to what
extent the households are protected from the unjust
payments (Xu et al. 2003).

Ageing is directly or indirectly associated with
increase in the prevalence of disease and health
problems. Increase in age causes several problems
related with the physical and mental wellbeing
(Paramo, 2013). There are evidences of
deterioration (Aliyar and Rajan, 2008 and Alam and
Karan, 2010) in the physical and mental health of
the elderly population in India. Health problems lead
to different types of disabilities among the elderly
population (Andrade, 2010). Vulnerable health is
the main cause of increase in the healthcare
spending. Therefore old age is the major
determinant of the increase in the spending on health
care.

Medical care of elderly population is more
expensive due to severity of disease and frequent
episodes of hospitalization (Reinhardt, 2003).
Chronically ill elderly, who are uninsured, have to
pay more from their own pockets and are five times
less likely to visit a doctor than their insured
counterparts (Abegunde and Stanciole, 2008 and
Lehnert et al., 2011). Lower socio-economic status
(SES) can cause chronic stress which may increase
the level of morbidity and mortality (Adler and
Newman, 2002). With increase in the elderly
population there will be increase in the health care
costs also (World Bank, 2005).

Like many developing countries, India is
undergoing rapid demographic and epidemiological
transition. By 2010, 17 of the 29 states have reached
the replacement level of fertility and the life
expectancy at birth is more than 65 years. On the
other-hand, the non-communicable diseases
(NCDs) account for 42 percent of total deaths in
2002 and likely to increase in future (Anonymous,
2009b). Owing to the twin challenges of
epidemiological transition (causing predominance of
NCDs) and changing age structure towards a
visible ageing population, the health care
implications are manifold.

Most of the literature is available from the
developed countries, which provides linkages of
population aging and health spending. These studies
recognized a higher per person expenditure among

elderly, increase in age-sex specific health care
expenditure and expected increase in health care
cost in coming decades (Cutler and Meera, 1997,
Fuchs, 1998, Mahal and Berman, 2001 and Fogel,
2003). There has been increased political
involvement and commitment to increase public
spending on health in India. The High Level
Committee Expert Group (HLEG) on health has
recommended increasing central government health
spending from 1.1 percent  of GDP in 2008-09 to 3
percent of GDP in 2020 (Anonymous, 2009).

Thus, the allocation of increased public
spending according to the health care needs of the
population is of prime significance. The pattern of
current health spending in India suggests that 71
percent of health expenditure is met by households,
20 percent by government (centre, state and local
bodies), 6 percent by firms and 2 percent by external
flows (MOHFW, 2009). While there has been an
increase in government health spending over the
years, the focus remains on maternal and child
health. On the other hand, out of 10.3 million deaths
in 2005, 53 percent were due to non-communicable
diseases (Reddy et al,. 2005). It is projected that
by 2030, 45 percent of India’s health burden will be
borne by older population (Anonymous, 2010).

Health spending differs significantly among
elderly population as they are not homogenous group
of population in India. The high health care
expenditure are attributed to the falling health among
elderly, higher disability in later life, higher prevalence
of chronic disease and co-morbidity among elderly
(Medhi and Mahanta, 2007, Schoenberg et al.,
2007, and Husain and Ghosh, 2011).A systematic
analysis on the household health expenditure on
elderly will help in formulating evidence based
policies. It’s very unfortunate that in India very less
attention has been paid on understanding the pattern
of health expenditure among the elderly population.
Only recently the consumption expenditure data are
explored to understand the health spending in India
(Pal, 2010, Garg and Karan, 2009, and Aishwarya
and Mohanty, 2011).

Household expenditure on health care, mainly
direct expenditure on health is directly related to
the public spending on health, that is direct
expenditure reduces with increase in public spending
on health. There are limited number of studies,
which focus upon the health-spending pattern
among the elderly in India by keeping in view the
severity of the nature and type of diseases. This
study is an attempt to fill this gap as it aims to



93

examine the health care spending and utilization
pattern among the elderly population in Bargarh
District in Odisha.
DATA  AND  METHODOLOGY

From the review of literature, it is evident that
the health spending on the elderly is higher than the
others are i.e. non-elderly in India (Chinnakali et
al.,2012, Srivastava and Mohanty, 2012). Very little
is known on the per capita health expenditure of
elderly households and how does it vary across the
socio-economic groups.

In the context of changing demographics,
economic development and epidemiological
transition, this paper takes into consideration health
spending as a dependent variable. We have used
independent variables like age, social group,
education, living arrangement, economic
independence, wealth index and income. Data on
Socio-economic and demographic profiles of
respondents, prevalence of morbidity by gender ,
income of the households, health  expenditure
including in -patient and out -patient were  obtained
from 310 consecutive participants aged above 65
years from Bargarh District of Odisha, India.

As per the questionnaire, self-assessed health
of an elderly is classified into three categories i.e.
excellent, good/fair and bad/poor. The data was
collected for both inpatient and outpatient care
among the elderly population in the district. Recall
period for inpatient care was for 365 days while
for outpatient care it was for 30 days. For the
calculation of average monthly healthcare
expenditure or OOPE, first inpatient care data was
converted in 30 days recall period. Later both
inpatient and outpatient care expenditure was added
at the household level. The implications of ageing
on the socio-economic aspects have been analysed
at the household level. We have used cross
tabulation method and monthly average healthcare
expenditure by using different variables, which
affects health care spending among the elderly
population.
Sample Size and Selection Procedure

A cross-sectional survey using multi-stage
random sampling procedure was conducted among
elderly (60+ years) in Bargarh District of Odisha
during October 2011-February 2012. The targeted
sample size was 320. Data were collected by face-
to-face interviews with a pre-tested structured
questionnaire. Ten respondents who were extremely
frail could not respond to the questionnaires. So,
finally 310 respondents were considered for analysis

resulting in a response rate of 97 percent. In order
to increase the efficiency of estimates, a multistage
sampling design was followed to select required
number of respondents for interview. Selection of
respondents involved three stages of sampling
procedure. Block was selected at the first stage.
Then village was selected at the second stage
followed by selection of target respondents at the
third stage.

As per Census 2011, there are 12 blocks in
Bargarh that is, Bargarh, Barpali, Attabira, Bheden,
Sohella, Bijepur, Padmpur, Gaisilet, Paikmal,
Jharbandh, Ambabhona and Bhatli. Two blocks
namely Sohella and Padmpur were selected
randomly.  Twenty respondents (10 Male and 10
Female) were selected from each village. So, 16
villages (10 from Sohela and 10 from Padampur)
were selected to get the required number of
respondents. Villages were selected using
probability proportion to sample size (PPS). At the
village level, a sampling framework was prepared
separately for male and female respondents. A
complete listing of the households in a selected
village was done. During the listing in each
household, all the members aged 60+ were listed.
Each member’s actual age and gender were noted.
Accordingly, 10 male and 10 female elderly were
selected randomly.
Data Collection Tool

At the village level, a sampling framework was
prepared separately for male and female
respondents. A complete listing of the households
was done in a selected village. During the listing in
each household all the members age 60+ were listed.
Each member’s actual age and gender were noted.
Using these details separate sampling frame was
developed for both male and female respondents.
From these lists target respondents were selected
using systematic random sampling procedure. All
efforts were made to interview all the selected
respondents.

As far as research knowledge and experience
in such type of surveys shows that around 10
percent respondents either are not available during
the survey period or refuse to participate in the
interview. In case of refusals and non-availability
of selected respondents, additional respondents
were selected using systematic random sampling
procedure. As the study was conducted in rural
Odisha the most important part was to get the
translation done of the questionnaire in the local
language of Oriya to make it more user-friendly.

Dwivedi et al.: Healthcare Utilization and Financing Pattern among the Rural Elderly
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After the translation pilot testing was done in a
nearby village to see the flow and consistency of
the questionnaire. Finally the required changes were
incorporated, pre testing was done and final data
was collected.
RESULTS

The detailed results of the study are presented
in the five sections: first, socio-economic and
demographic profiles of respondents; second,
prevalence of morbidity by gender; thirdly, health
care utilization pattern among elderly; fourth, and
mean health care expenditure by different socio-
economic covariates among the elderly.
Socio-economic and Demographic Profiles of
Respondents

Table 1 presents the socio-economic and
demographic characteristics of the sampled elderly
population. Total 310 respondents were interviewed
out of which 153 respondents were male and 157
respondents were female. The age of the
respondents shows that about 65 percent of elderly
belongs to the age group of 60-70 years, followed
by 65-70 years (35 percent), 70-75 years (20
percent) and 75 & above (14 percent). About 60
percent were married followed by widowed/
divorced or separated (39.7 percent). Results
shows that about 60.3 percent of the respondents
had no formal education, followed by less than
primary (27 percent),  primary school completed (7
percent) and secondary school and above (4
percent).

The wealth quintile was estimated by taking
the assets possess by the respondents and
categorized into five quintiles (namely poorest,
poorer, middle, richer and richest). The caste
category shows that about 57 percent belong to OBC
followed by SC/ST (32 percent) and general (11
percent). The analysis of state of economic
dependence shows that 46.5 percent were partially
dependent and about 11.3 percent were fully
dependent. About 25.5 percent elderly were found
to be living with their spouse/son/daughter and 12.3
percent living with spouse and unmarried son.
Prevalence of Morbidity by Gender

Table 2 presents percentage of respondents
having selected morbidities by gender. The
individuals were asked whether the doctor had ever
told them that they might be having any of the above-
mentioned chronic diseases. To verify the
responses, the test results / doctor’s prescriptions /
supporting documents were checked during the
interview session. This table clearly shows that the

most common disease in this rural setup is Arthritis
with total 52.9 percent and it is slightly higher for
females with 54.7 percent of the total sample.  A
high prevalence of arthritis / joint pain in the current
study especially among females was also reported
in other studies (Khokhar and Mehra, 2001) thus it
reflects the hard life faced by women who never
retire from household work unless totally disabled.

Table 1: Percentage distribution of respondentsby selected socio-economic characteristics
Covariates No. Percent
Sex
Male 153 49.40
Female 157 50.60
Age of the respondents
60-65 Years 95 30.60
65-70 Years 110 35.50
70-75 Years 62 20.00
75 & Above 43 13.90
Marital Status
Currently married 187 60.3
Widowed/Divorced or Separated 123 39.7
Education status of respondents
No formal education 187 60.30
Less than primary 86 27.7
Primary school completed 23 7.4
Secondary school and above 14 4.5
Wealth quintile
Poorest 61 19.7
Poorer 62 20
Middle 63 20.3
Richer 61.00 19.70
Richest 63 20.3
Caste
General 34 11
Scheduled Caste/ Scheduled Tribe 99.00 31.90
Other Backward Caste 177 57.1
State of economic dependence
Not dependent 131 42.3
Fully dependent 35.00 11.30
Partially dependent 144 46.5
Living arrangements
Living alone 24 7.7
Living with spouse 79.00 25.50
Living with spouse and unmarriedson/daughter 38 12.3
Living with spouse and married son 169.00 54.50
Place to sleep
Separate room 201 65
Kitchen /Veranda 93 30
Others 16 5
Total 310 100
Total number exceedes 300 due to multiple responses.
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About 20 percent of the elderly have reported
Chronic Obstructive Pulmonary Disease (COPD).
The reporting of COPD was comparatively higher
among the males (30 percent) than the females (10
percent). Globally, COPD is expected to rise to the
3rd position as a cause of death and at the 5th
position as the cause of loss of disability adjusted
life years (DALYs), according to the baseline
projections made in the Global Burden of Disease
Study (GBDS) by 2020 ( Murray et al.1997).
Tobacco smoking remains the most important risk
factor identified as the cause of COPD and chronic
respiratory morbidity (Jindal et al., 2006).  Tobacco
related mortality is estimated to be highest in India,
China and other Asian countries (Mafranetra et al.
2002). The third prevalent morbidity is high blood
pressure or hypertension. The result shows that
about 19.35 percent of respondents are suffering
from Hypertension. Studies from Karnataka and
Kolkata have also reported that the prevalence of
hypertension was about 30.5 percent and 40.5
percent respectively among males and females
(Chinnakali et al.,2012 and Lloyd et al.,2014).

The difference in prevalence levels may be
due to different geographical factors and may be
due to differences in dietary pattern.  Cataract is
also one of the important morbidities present in the
rural population in the studied villages i.e. 18.70

percent. It is more common in females compared
to their male counterparts. Cataract is found to be
more common in rural population, which may be
due to increased exposure to ultraviolet radiation
during long hours of work in open fields (Angra et
al., 1997). Eighty percent of this blindness is due to
cataract alone (Mohan and Jose, 1992). Skin
diseases, paralysis and accidental injury are also
the other forms of morbidities occurring among rural
elderly in Odisha.

While comparing the prevalence of disease
amongst males and females, it shows that arthritis
is more common among females than males,
whereas chronic lung disease and high blood
pressure are more common among males. Similarly,
dementia and Alzheimer’s disease are more
common among females and cataract amongst
males. For other diseases, both male and females
shared similar patterns with slight variations.
Health Care Utilization Pattern among Elderly

 It is well-mentioned fact that the elderly are
more prone to diseases due to physical and mental
health and in turn, it causes more expenditure on
the prevention of ailments. Proportion of elderly with
poor health is higher in the rural areas and females
are the most disadvantaged group. Given the
morbidity level of the elderly, it is imperative to know
the health seeking behaviour of the elderly population

Dwivedi et al.: Healthcare Utilization and Financing Pattern among the Rural Elderly
Table: 2 Percent of respondents having selected morbidities by gender
Morbidities Male(n1=153) Female(n2=157) Total(N=310)
Arthritis 50.9 54.70 52.90
Cerebral-embolism, stroke or Thrombosis 0.60 1.90 1.20
Heart disease 0.6 4.40 2.50
Diabetes 7.80 10.80 9.30
Chronic obstructive pulmonary disease 30 10.10 20.00
Asthma 9.10 10.10 9.60
Depression 7.10 4.40 5.80
High blood pressure 26.10 12.7 19.3
Alzheimer’s disease 3.90 9.50 6.60
Cancer 0.00 1.90 0.90
Dementia 4.50 7.60 6.10
Liver or gall bladder illness 4.50 3.10 3.80
Osteoporosis 1.90 3.10 2.50
Renal or Urinary tract infection 9.10 3.80 6.40
Cataract 21.50 15.90 18.70
Loss of all natural teeth’s 4.50 7.00 5.80
Accidental injury (in past one year) 11.70 6.30 9.00
Injury due to fall(in past one year) 3.90 2.50 3.20
Skin disease 6.50 7.00 6.60
Paralysis 8.40 4.40 6.40
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in the district. It is necessary to know that which
type of health care facilities are more accessed by
the elderly that is,private or public.

This has its own implications for the magnitude
of health care expenditure and cost.  If the elderly
are availing more public facilities, in that case there
health expenditure is less in comparison to those
who sought care from the private health care
providers. Table 3 shows that in the first episode of
illness first preference of the people regarding
choice of health care providers (Episode-I: 65
percent) as government hospitals. Reasons for
preferring public health care providers may be
financial or availability of the facility.

In the second episode of illness preference was
more for the other sources of treatment, which
includes missionary, NGO and Ayush hospitals.
Least preference was given to the private health
care providers in both episodes of illness (Episode
1: 7 percent and Episode II:  8 percent).

Th eperusal of Table 4 revealed the health care
needs of elderly population in the district are catered
by different sources like self-financing, spouse,
children (son, daughter, son in law/daughter in law)
and others.

Th eperusal of Table 5 shows the prevalence
of morbidity among the elderly population in
Bargarh district of Odisha. The prevalence of
morbidity may help in clarifying the present health
status among the elderly population. It can provide
an insight into the current health status of the
sampled elderly population that whether they are
suffering from any type of morbidity or not. Results
indicate that in terms of prevalence of morbidity by
gender and age among elderly, females in the age
group of  60-65 are having higher morbidity (49
percent) in comparison to male counter parts (28
percent). In the age group of 60-70 years males
have outnumbered females. Similar is the case  in
rest of the age groups (70 and above years) where,
males have higher morbidity status than females
(Banjare and Pradhan, 2014).

Mean health care expenditure by different
socio-economic covariates among the elderly

Pattern of health spending in Bargarh district
in Odisha shows that spending on health differs by
different socio-economic covariates taht is, age,
gender, social group, marital status, living
arrangement, income, risk behaviour education and
other factors (Table 6). Although, health care
spending generally increases with age, numerous
studies have shown that health care costs are driven
more by remaining life expectancy than by
chronologic age (Lubitz, 1995 and Brockmann,
2002). Our result also shows that mean health
spending among elderly in the age group of 60-70
years is maximum while least spending is among
the age group of 70 years and above. Medicare
spending in the last year of life universally declines
as age increases (Bird et al., 2002, Levinsky et al.,
2001, and Shugarman et al., 2004).

Gender is also an important determinant of
health care spending among elderly. As per our
findings, males are spending more ( 482.00) than
females ( 422.00). Unadjusted for age and other
characteristics, studies has also found that women’s

Table 4: Source of financing for treatment
Particulars Episode-I Episode-II
Self 14.00 1.00
Spouse 13.00 6.00
Son 46.00 13.00
Daughter 4.00 1.00
Son-in-law/daughter-in-law 6.00 6.00
Other 1.00 0.00

Table 3: Health care providers in Episode-I andII of illness
Particulars Episode-I Episode-II
Government hospital 65.00 42.00
Private hospital 7.00 8.00
Others 28.00 50.00

It is evident from the results that self-financing
for health care was more in the episode 1 of the
illness. Other sources have contributed least in the
financing of health care needs of elderly population.
Major source of financing for elderly population was
their son followed by their spouse and son in law/
daughter in law.

Table 5: Prevalence of morbidity among theelderly by age and gender (Percentage)
Age(Years) No morbidity Multi morbidity

Male Females Males Females
60-65 72.50 50.9 27.50 49.10
65-70 27.70 54.00 72.30 46.00
70-75 21.60 44.00 78.40 56.00
>75 21.60 35.70 79.30 64.30
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spending during the last year of life is either similar
or less than men’s (Bird et al., 2002, Levinsky et
al., 2001, and Shugarman et al., 2008). As per
marital status, results indicate higher spending on
health among currently married elderly than others
(Table 6).

Education also plays an important role in the
health care expenditure. Those people who are
illiterate spend less ( 401.00) while literate people
spends ( 531.00) more on the health care. We have
included people as literate who have completed at
least primary education or above.

Poor people spend less the health care
( 424.00) than others. Higher class spends
( 471.00) more than poor people. Literature also
shows the similar trends, where spending in the poor
income group is less, while higher among others
(Park et al., 2014).

The results presented in Table 6 revealed that
an elderly population who are living alone are
spending more ( 509.00) than those who are living

with their son/daughter/ son /daughter in law/
relatives ( 477.00). This may happen as elderly who
are living alone obtains less preventive care than
those living with their spouse, children or relatives
(Denys and James, 2009).

As per source of earning or income for the
economic needs of elderly is concerned, self-earning
elderly or with bank balance, are either spending
more than those who are pensioners or depending
upon others. State of economic dependence also
indicates that if elderly are not dependent upon
others in that case they spends more on the health
care, while their expenditure on health is low if they
are in any form are dependent upon others for health
care services. If elderly are dependent upon their
children or others in that case they are perceived
as an additional liability and causes anxiety among
children or others on whom they are dependent.

In the case of dependence, not their all health
needs are taken care properly and that causes less
spending on their health care (Walker, 2008). Health

Dwivedi et al.: Healthcare Utilization and Financing Pattern among the Rural Elderly

Table 6: Mean healthcare spending by different socio-economic covariates prevalence of morbidityamong the elderly by age and gender ( )
Socio-economic covariates Average meanhealth spending Socio-economic covariates Average meanhealth spending
Age Risk behaviours 1 (Tobacco)
60-70 years 555.00 Consuming Tobacco 544.00
70+ years 250.00 Not consuming Tobacco 398.00
Gender Risk behaviours 1 (Smoking)
Males 482.00 Smoking 627.00
Females 422.00 Not Smoking 373.00
Marital status Functionality
Currently married 463.00 Not functional 655.00
Widowed/separated/divorced 435.00 Functional 390.00
Education Cognitive health
Literate 531.00 Bad 482.00
Illiterate 401.00 Good 422.00
Wealth status Vision
Low 424.00 Bad 487.00
High 471.00 Good 405.00
Living arrangement Walking
Living alone 509.00 Problem 466.00
Living with son/daughter/son inlaw/daughter in law/relatives 447.00 No problem 425.00
Source of economic needs Hearing
Self-earning/ Bank balance/pension 509.00 Unable 628.00
Depending on Others 384.00 Able 391.00
State of economic dependence Multi-morbidity
Not depending on others 825.00 Multiple morbidities 645.00
Fully depending on others 373.00 Otherwise 198.00
Social group Total out of pocket expenditure (OOPE) 452.00
Other Backward Caste (OBC)/General 486.00 Others  (SC/ST) 379.00
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expenditure varies among elderly as per different
social groups. In our study the population
composition of Bargarh district in Odisha was
dominated by the OBC class and they were
economically well off people. As per our findings,
spending on health care was maximum among OBC
group. General category and SC/ST population was
spending less on the health care (Banjare and
Pradhan, 2014).

Risk behaviour is linked to adverse health
outcome. Risk behaviour directly or indirectly causes
increase in health care spending among the elderly
population and causes more morbidity (Matthews
et al., 2008). As per study, those elderly who are
consuming tobacco are spending more on the health
care ( 544.00) than non-tobacco consumers
( 398.00) are. Similar is the case when elderly are
involved in smoking ( 627.00), as they suffers from
different types of illnesses and this increases the
spending on health. Those elderly who are not
involved in smoking are spending less ( 373.00).
DISCUSSIONS AND CONCLUSION

The socio economic and demographic profile
of the respondents shows that the female population
is higher (51 percent) than males (49 percent).
Share of the elderly falls in 60-70 years (36 percent).
Maximum of the elderly are currently married (60
percent) and formally not educated. As per the
social group is concerned maximum of the
population belongs to OBC category (57 percent).
Majority of the population of elderly is either living
with their spouse or son. Risk behaviour of the
population is very high in terms of the consumption
of tobacco.

Prevalence and type of the morbidity by
gender shows that both males and females suffer
from arthritis. Males suffer more from chronic
obstructive pulmonary disease and cataract while
females suffer more from cataract and diabetes in
terms of second and third highest share of morbidity.
In terms of access to health care facilities maximum
of the elderly avails public health facilities in first
episode of illness. In the second episode of illness,
they prefer to go to other health care providers
Ayush hospitals, charitable hospitals or NGOs.

Mainly their sons or spouse or son/daughter
manage financing of the health care for the elderly
in laws. Our study indicates that as age of the elderly
increase the prevalence of morbidity also increases.
In the age group of 60-65 years majority of the
elderly have no morbidity (males = 72 percent,
females = 50 percent). As age increases episodes

of multi-morbidity also increases. In the age group
of 75 and above there is highest burden of multi-
morbidity (males = 79 percent, females = 64
percent).

If elderly are not depending upon others they
are spending more than others. Level of literacy
also results into higher spending on health care
(Hardie et al., 2011). As per the living arrangement
is concerned if elderly are married and living alone
then they spends more. Bank balance or savings
contributes for higher health care spending among
the elderly population. When elderly are in the age
group  of 60-70 years they use to spend more on
the health while this spending declines with increase
in the age (70 and above).

Males spend more on the health care than the
females due to social fabric of the society. As per
the social group is concerned the OBC, s spends
maximum on the health as they were the majority
population and were economically sound. Risk
behaviour also causes increase in health care
expenditure among the elderly population as if they
are consuming alcohol, chewing tobacco or involved
in the smoking behaviour than in that case there
are more chances to suffer from various diseases.
More episodes of illness and severity of morbidity
cause increase in the health care spending.

With the advancements in the health care
services the life expectancy has increased
tremendously over  i.e. 10 years and is expected to
be over 70 years by 2023 (Anonymous, 2006).
Increase in the longevity of life has been also
accompanied by increase in the economic insecurity,
decrease in family support, decline in deaths etc.
With the increase in the age of elderly people they
are more prone to frequent diseases as a result
episodes of morbidity also increases and brings
economic insecurity as they do not have any
permanent source of income.

Maximum of the households are forced to
meet their health care needs from their own pockets
as India public spending on health and insurance
coverage is very low. These factors results into
increased health spending by the households as they
have to sell their assets and resort to borrowings
for meeting their health care needs (Garg and Karan
2009 and Peter et al., 2001). In the changed world
demographic scenario, increase in the non-
communicable diseases and medical costs, the
health expenditure will increase in the coming time.
Increased health expenditure will force the
households and individuals into the trap of poverty
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(Anonymous, 2009a).
The health spending depends upon various

factors such as income of the households, nature
of illness, health facility and quality of care. With
the increase in the health spending by the
government and increase in the insurance coverage
can help in reducing the health spending over the
households. Elderly population needs better public
health facilities, more public spending and better
allocation of the resources to reduce the burden of
health spending on the elderly. There is need to
further increase the provision of the public health
facilities for the elderly population. There should
be promotion of Public Private Partnership (PPP)
of the health care providers. The local agencies
and government to educate the elderly regarding
the risk behaviour like use of tobacco and smoking
should adopt promotional strategies.

There is immediate need to relook at the existing
pension schemes especially in the rural areas to
manage the health care needs of elderly. Though
there are some social benefit and pension schemes,
which are available for elderly like old age pension
schemes, tax concessions and special laws enacted
for the elderly population, very low priority has been
given for providing geriatric care and other health
needs of elderly.
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INTRODUCTION
India faced two major problems at the time of

independence. The first one was the threat of
famine and the consequent acute starvation due to
low agricultural productivity. The other was chronic
energy deficiency due to low dietary intake because
of poverty and low purchasing power (Golait and
Pradhan, 2006). India achieved self-sufficiency in
food grains in the 1970s and has sustained it since
then. It improved its capacity to cope with year-to-
year fluctuations in food production. The
achievement of macro food grain security at the
national level did not percolate down to households
and the level of chronic food insecurity in India is
still high (Radhakrishna, 2005). While, India has
made considerable progress in poverty reduction,
the overall improvement in nutritional status has been

rather slow. Economic growth although resulted in
decline in income poverty but has not translated
into either commensurable increase in food energy
intake nor significant reduction in malnutrition. The
risk of malnutrition is high among poor households
where mothers have poor nutritional levels (Reddy
et al., 2004). The problem of food insecurity still
persists, as a large proportion of population is still
below poverty line (Singh et al., 2006). The
consumption expenditure pattern has close
association with income level and expenditure
increased when income increased (Velanganni,
2013).

The low and middle income groups have to
resort borrowings to meet their consumption
expenditure. The low income group spends a major
proportion of their income on food grains whereas
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the higher income group spends proportionately less
on food grains (Galgalikar et al., 1970). Food being
the foremost basic need gets the priority in the
pattern of expenditure of people especially poor
class (Nasurudeen et al., 2006). The rising prices
have adversely affected food consumption of the
poor, endangering their food security. There are
incidences of exacerbating poverty, hunger and
malnutrition. The rising prices are expected to
reduce the short-term income and consumption
levels by 25 and 20 percent respectively (Singh and
Vatta, 2013). The adoption of New Agricultural
Technology by the farmers among other things
affects their consumption expenditure. The benefits
of the New Agricultural Technology were exploited
more by the large farmers. The per capita and per
day consumption of all the food items by the
households on the large farms is considerably higher
than that by the households on the medium and small
farms. The nutritional problem among the farm
families is not one of the protein deficiency but that
of deficient calorie intake (Rai et al., 1972 and
Murlidharan et al., 1977).

While India has made significant progress in
the areas of science, technology and industrial
development, food security for the rural poor
continues to be a cause of serious concern.  This is
in spite of the successful Green Revolution,
launched in the sixties, which sustained its positive
impact for over three decades.  Subsequently, since
the mid- nineties, there has been stagnation in
agricultural production, resulting in food and
nutritional insecurity (Hegde, 2013).
METHODOLOGY

The present study attempts to analyse the
levels, pattern and distribution of consumption
expenditure of the different farm-size categories,
namely landless, marginal, small, medium and large
farmers. For the analysis of consumption
expenditure of the different farm-size categories,
the whole Punjab state on the basis of agro-climatic
criterion has been divided into three regions, the
Shivalik foothills region, the central plains region
and the south-west region. On the basis of this
criterion, Hoshiarpur district from the Shivalik
foothills region, Ludhiana district from the central
plains region and Bathinda district from the south-
west region has been selected. On the basis of
random sampling method one village from each
development block of the selected districts has been
selected. Thus, in all, thirty villages have been
selected for the survey. These include ten villages

from Hoshiarpur district, twelve villages from
Ludhiana district and eight villages from Bathinda
district. As many as 10 per cent farm households
consisting of landless, marginal, small, medium and
large farmers formed the sample for the survey.
Out of 30 villages, 631 households in all, 196 farm
households from Hoshiarpur district, 247 from
Ludhiana district and 188 from Bathinda district have
been selected. Out of 631 farm households, 43
landless, 173 marginal, 183 small, 186 medium and
46 large farm households have been selected for
the purpose of survey. The present study relates to
the agricultural year 2010-11.
RESULT  AND  DISCUSSION
Levels of Consumption Expenditure

 The mean values of consumption expenditure
of farmers are exhibited in Table 1. The table shows
that annual consumption expenditure of an average
farming household is 229492.81. However, there
are considerable differences in the levels of
consumption expenditure of different farm-size
categories. The consumption expenditure of the
landless, marginal, small, medium and large farmers
has been worked out as 60385.82, 89702.98,

144819.75, 329505.64, and 845742.74
respectively. These figures clearly indicated that
the average household consumption expenditure is
directly related to the farm-size.

The perusal of Table also shows that the
landless farmers have spent 41963.44 on non-
durable items. However, the corresponding figures
for the marginal, small, medium and large farmers
are 54334.29, 78397.90, 122540.98 and

217226.45 respectively. As far as expenditure on
durables is concerned, 4102.63 is accounted for
the landless farmers, whereas it is 8697.36,

17840.98, 73309.62 and 254761.74 for the
marginal, small, medium and large farmers
respectively. The landless, marginal, small, medium
and large farm-size categories have spent 8466.52,

12503.70, 20392.89, 57686.90 and 110660.85
on services respectively. The consumption
expenditure on marriages and other socio-religious
ceremonies is accounted 5853.23 for the landless
farmers, while the corresponding figures for the
marginal, small, medium and large farmers are
14167.63, 28187.98, 75968.14 and 263093.70

respectively. The table highlights that the amount
of consumption expenditure on non-durables,
durables, services, and marriages and other socio-
religious ceremonies is much higher in the case of
large farmers as compared to landless, marginal,
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Table 1: Levels of consumption expenditure of farmers

(Mean values in per annum)
Items of consumption Farm size categories

Landless Marginal Small Medium Large Total
Non-durables
Foodgrains
Cereals 8204.15 9348.73 12594.39 17922.69 29145.95 14183.42
Pulses 783.93 731.87 662.19 1583.88 2378.91 1086.43
Milk & milk products 8015.31 13322.94 18717.89 33018.87 58168.56 23600.89
Sugar/gur 2933.7 3053.84 3681.33 4662.83 6972.52 3987.79
Edible oils 964.44 1014.78 1207.61 1394.7 1941.7 1246.83
Vegetables 2434.21 2732.21 3353.9 3616.77 5868.54 3381.58
Fruits 205.58 320.84 703.12 2118.45 5083.22 1300.91
Condiments and spices 1915.86 1878.43 2145.25 2351.13 3106.07 2187.19
Pickles/ jams / juices 210.46 276.57 413.93 567.36 1313.26 473.19
Tea leaves 1449.58 1465.25 1576.94 1747.94 2994.06 1691.35
Meat/ mutton/fish 37.21 55 474.22 1327.23 3752.28 819.92
Eggs 79.07 95.84 222.46 603.92 1127.17 356.37
Biscuits/ bread/ sweets 243.72 332.01 681.19 1553.07 5106.3 1135.24
Intoxicants and drugs 2019.76 4008.15 9071.5 15054.35 27298.9 10295.09
Fuel  and electricity 4471.58 6141.52 8370.12 12451.35 22317 9713.20
Clothing and bedding 3689.35 4799.73 8457.4 14288.9 27168.48 10212.65
Footwear 1688.8 1908.05 2806.18 4568.76 8720.76 3434.53
Washing and toilet articles 2618.73 2848.53 3258.28 3708.78 4762.77 3349.70
Sub-total 41963.44 54334.29 78397.9 122540.98 217226.45 92451.09
Durables
House construction* 2348.84 5173.41 10956.28 52715.05 190434.78 34177.49
Radio/TV/ VCD/ LCD 504.65 288.12 289.62 1277.15 4608.7 909.82
Fans /coolers / ACs 453.49 270.81 377.87 888.71 2816.3 682.01
Sewing/washing machine 133.6 255.25 224.04 589.25 1136.74 400.62
Furniture 232.56 207.51 177.05 1061.02 3369.57 682.49
Utensils 217.44 153.29 215.3 788.66 1447.83 457.31
Bicycle 132.56 109.83 131.97 86.02 480.43 137.8
Car/motorcycle - 2178.45 5284.15 15733.87 49663.04 10388.07
Others** 79.49 60.69 184.7 169.89 804.35 184.34
Sub-total 4102.63 8697.36 17840.98 73309.62 254761.74 48019.95
Services
Education 1939.53 3499.16 6996.17 33463.71 65130.43 17732.65
Healthcare 2604.2 3614.62 5349.18 9567.31 18686.96 6902.26
Entertainment 778.3 917.06 1292.73 3834.5 7915.11 2386.7
Conveyance 1818.16 2720.85 4263.64 6818.85 11395.96 4947.15
Communication 1326.33 1752.01 2491.17 4002.53 7532.39 3022.15
Sub-total 8466.52 12503.7 20392.89 57686.9 110660.85 34990.91
Socio-religious ceremonies
Marriages 4883.72 11716.76 24321.86 66392.87 238535.48 47558.81
Other social ceremonies 481.39 1491.33 1778.69 5698.92 20449.52 4128.17
Religious ceremonies 488.12 959.54 2087.43 3876.35 4108.7 2343.88
Sub-total 5853.23 14167.63 28187.98 75968.14 263093.7 54030.86
Total 60385.82 89702.98 144819.75 329505.64 845742.74 229492.81
Source: Field Survey, 2010-11
*Addition of rooms and major repairs
**It includes expenditure on almirah, gas, geyser, inverter, etc.
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small and medium farmers. The large farmers spend
maximum amount on marriages and other socio-
religious ceremonies and durables.
Pattern of Consumption Expenditure

The remaining categories spend maximum
amount on non-durable items. The highest
expenditure on all the items in the case of large
farmers reveals their higher level of income due to
ownership of productive means of production which
have a significant role in determining the levels of
living. Table 2 demonstrates the relative shares of
different components of consumption expenditure
in the total consumption of different farm-size
categories. The table shows that for an average
farming household, non-durable consumption
expenditure accounts for a major proportion of the
total consumption expenditure followed by
marriages and other socio-religious ceremonies,
durables and services. The table further reveals that
an average farming household spends 40.29 per cent
on non-durable items. This proportion decreases
with an increase in the farm-size. Those who are
landless spend 69.49 percent of total consumption
expenditure on non-durables whereas the large
farm-size category spends only 25.68 percent on
these items, whereas this share is 60.57, 54.13 and
37.19 per cent for the marginal, small and medium
farm-size categories respectively. This implies that
the landless, marginal and small farm-size categories
spend most of their income on items essential to
merely for their survival.

For an average farming household, 20.91
percent of the total consumption expenditure is
incurred on durable items. This proportion increases
as the farm-size goes up. This proportion is as high
as 30.12 per cent for the large farm-size category
followed by the medium, small, marginal and landless
farm-size categories with their respective
percentages of 22.25, 12.32, 9.70 and 6.79. Among
the durables, major share is spent on house
construction, addition of rooms and major repairs
accounting 14.88 per cent for an average farming
household. This proportion is positively associated
with the farm-size. Other durable items have a
marginal share in the total consumption expenditure
of farming households.

The expenditure on services accounts for 15.26
per cent of total consumption expenditure for an
average farming household. This proportion is the
highest for the medium farm-size category,
followed by the small, landless, marginal and large
farm-size categories. Among the different services,

the percentage share of education is higher for the
medium and large farm-size categories as compared
to the landless, marginal and small farm-size
categories. The field survey has highlighted that
majority of the wards of large and medium farmers
are studying in private institutions for better
education.

As far as expenditure on marriages and other
socio-religious ceremonies is concerned, 23.54 per
cent is accounted for an average farming
household. This proportion is positively associated
with farm-size. An average farming household
spends 20.72 percent of total expenditure on
marriages, 1.80 percent on other social ceremonies
and 1.02 per cent on religious ceremonies.

The above analysis provides that in general,
there is much similarity in the consumption
expenditure pattern of the landless, marginal, small
and medium farm-size categories. However, the
large farm-size category has a different
consumption expenditure pattern. For the landless,
marginal and small farm-size categories, a large
share of total consumption expenditure is spent on
non-durable items, followed by marriages and other
socio-religious ceremonies, services and durables.
In the case of medium farmers consumption
expenditure on durable items appears at the third
rank. On the other hand, in the case of large farm-
size category, the highest proportion of expenditure
is accounted for by marriages and other socio-
religious ceremonies and durable items, closely
followed by non-durable items. This supports our
earlier contention that large farmers have the
highest expenditure on all the items because the
ownership of land provides them more means of
production which plays a significant role in
determining the levels of their living. On the other
hand, the landless, marginal and small farm-size
categories spend most of their income on items
essential to merely for their survival. The
consumption expenditure of these farmers exceeds
their estimated income by a substantial margin; and
presumably the deficits have to be plugged by
borrowing or other means.
Per Capita Consumption Expenditure of
Farmers

The average family-size is 4.88, 4.45, 4.77, 5.87
and 6.28 for the landless, marginal, small, medium
and large farm-size categories respectively. Since
the family size is different for the different farm-
size categories, it becomes relevant to study the
per capita consumption expenditure of the different
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Table 2: Pattern of consumption expenditure of farmers

(% of total consumption expenditure)
Items of consumption Farm size categories

Landless Marginal Small Medium Large Total
Non-durables
Foodgrains
  Cereals 13.59 10.42 8.70 5.44 3.45 6.18
  Pulses 1.30 0.81 0.46 0.48 0.28 0.47
Milk & milk products 13.27 14.85 12.92 10.02 6.88 10.28
Sugar/gur 4.86 3.41 2.55 1.41 0.82 1.74
Edible oils 1.60 1.13 0.83 0.42 0.23 0.54
Vegetables 4.03 3.05 2.32 1.10 0.70 1.47
Fruits 0.34 0.36 0.49 0.64 0.60 0.57
Condiments and spices 3.17 2.09 1.47 0.71 0.37 0.95
Pickles/ jams / juices 0.35 0.31 0.29 0.17 0.16 0.21
Tea leaves 2.40 1.63 1.09 0.53 0.35 0.74
Meat/ mutton/fish 0.06 0.06 0.33 0.40 0.44 0.36
Eggs 0.13 0.11 0.15 0.18 0.13 0.16
Biscuits/ bread/ sweets 0.40 0.37 0.47 0.47 0.60 0.49
Intoxicants and drugs 3.34 4.47 6.26 4.57 3.23 4.49
Fuel  and electricity 7.41 6.85 5.78 3.78 2.64 4.23
Clothing and bedding 6.11 5.35 5.84 4.34 3.21 4.45
Footwear 2.80 2.13 1.94 1.40 1.03 1.50
Washing and toilet articles 4.33 3.17 2.24 1.13 0.56 1.46
Sub-total 69.49 60.57 54.13 37.19 25.68 40.29
Durables
House construction* 3.89 5.77 7.57 16.00 22.52 14.89
Radio/TV/ VCD/ LCD 0.84 0.33 0.20 0.39 0.54 0.40
Fans /coolers / ACs 0.75 0.30 0.26 0.27 0.33 0.30
Sewing/washing machine 0.22 0.28 0.15 0.18 0.13 0.17
Furniture 0.39 0.23 0.12 0.32 0.40 0.30
Utensils 0.36 0.17 0.15 0.24 0.17 0.20
Bicycle 0.22 0.12 0.09 0.03 0.06 0.06
Car/motorcycle 0.00 2.43 3.65 4.77 5.87 4.52
Others** 0.12 0.07 0.13 0.05 0.10 0.07
Sub-total 6.79 9.70 12.32 22.25 30.12 20.91
Services
Education 3.21 3.90 4.83 10.16 7.70 7.73
Healthcare 4.31 4.03 3.70 2.90 2.21 3.01
Entertainment 1.29 1.02 0.89 1.16 0.94 1.04
Conveyance 3.01 3.04 2.94 2.07 1.35 2.16
Communication 2.20 1.95 1.72 1.21 0.89 1.32
Sub-total 14.02 13.94 14.08 17.50 13.09 15.26
Socio-religious ceremonies
Marriages 8.09 13.06 16.80 20.15 28.20 20.72
Other social ceremonies 0.80 1.66 1.23 1.73 2.42 1.80
Religious ceremonies 0.81 1.07 1.44 1.18 0.49 1.02
Sub-total 9.70 15.79 19.47 23.06 31.11 23.54
Total 100.00 100.00 100.00 100.00 100.00 100.00
Source: Worked out from Table 1
*Addition of rooms and major repairs
**It includes expenditure on almirah, gas, geyser, inverter, etc.
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Table 3: Per capita consumption expenditure of farmers

(  per annum)
Items of consumption Category of farmers

Landless Marginal Small Medium Large Total
Non-durables
Foodgrains
Cereals 1679.89 2101.11 2643.09 3398.18 4639.15 2866.67
Pulses 160.52 164.44 138.97 300.31 378.65 219.58
Milk & milk products 1641.23 2993.34 3928.18 6260.46 9258.66 4770.07
Sugar/gur 600.71 686.12 772.57 884.09 1109.82 805.95
Edible oils 197.48 228.00 253.43 264.44 309.06 252.00
Vegetables 498.43 613.86 703.86 685.75 934.09 683.47
Fruits 42.10 72.09 147.56 401.66 809.09 262.93
Condiments and spices 392.30 422.04 450.21 445.78 494.39 442.06
Pickles/ jams / juices 43.10 62.14 86.87 107.57 209.03 95.64
Tea leaves 296.82 329.21 330.94 331.41 476.56 341.85
Meat/ mutton/fish 7.62 12.36 99.52 251.65 597.25 165.72
Eggs 16.19 21.53 46.69 114.51 179.41 72.03
Biscuits/ bread/ sweets 49.90 74.59 142.96 294.47 812.77 229.45
Intoxicants and drugs 413.57 900.53 1903.77 2854.34 4345.15 2080.78
Fuel  and electricity 915.61 1379.85 1756.57 2360.81 3552.19 1963.17
Clothing and bedding 755.44 1078.38 1774.89 2709.21 4324.39 2064.12
Footwear 345.80 428.69 588.91 866.25 1388.08 694.17
Washing and toilet articles 535.81 639.99 683.79 703.19 758.09 676.01
Sub-total 8592.52 12208.27 16452.78 23234.07 34575.84 18685.67
Durables
House construction* 480.95 1162.34 2299.31 9994.90 30311.42 6907.75
Radio/TV/ VCD/ LCD 103.33 64.73 60.78 242.15 733.56 183.89
Fans /coolers / ACs 92.86 60.84 79.30 168.50 448.27 137.84
Sewing/washing machine 27.36 57.35 47.02 111.72 180.93 80.97
Furniture 47.62 46.62 37.16 201.17 536.33 137.94
Utensils 44.52 34.44 45.18 149.53 230.45 92.43
Bicycle 27.14 24.68 27.69 16.31 76.47 27.85
Car/motorcycle 0.00 489.44 1108.94 2983.18 7904.84 2099.57
Others** 16.28 13.64 38.76 32.21 128.03 37.26
Sub-total 840.06 1954.08 3744.14 13899.67 40550.30 9705.50
Services
Education 397.14 786.17 1468.23 6344.80 10366.78 3584.02
Healthcare 533.24 812.12 1122.59 1813.98 2974.39 1395.04
Entertainment 159.37 206.04 271.29 727.03 1259.84 482.39
Conveyance 372.29 611.31 894.78 1292.87 1813.89 999.89
Communication 271.58 393.63 522.80 758.89 1198.93 610.82
Sub-total 1733.62 2809.27 4279.69 10937.57 17613.83 7072.16
Socio-religious ceremonies
Marriages 1000.00 2632.47 5104.24 12588.25 37967.59 9612.30
Other social ceremonies 98.57 335.06 373.28 1080.53 3254.94 834.36
Religious ceremonies 99.95 215.58 438.07 734.97 653.98 473.73
Sub-total 1198.52 3183.11 5915.59 14403.75 41876.51 10920.39
Total 12364.72 20154.73 30392.20 62475.06 134616.48 46383.72
Source: Worked out from Table 1
*Addition of rooms and major repairs
**It includes expenditure on almirah, gas, geyser, inverter, etc.
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farm-size categories. Table 3 manifests that per
capita consumption expenditure of an average
farming household is 46383.72. However, there
are considerable variations in the per capita
consumption expenditure across the different farm-
size categories. For instance, the per capita
consumption expenditure is the highest for the large
farm-size category which spends 134616.48
followed by the medium ( 62475.06), small
( 30392.20), marginal ( 20154.73) and landless
( 12364.72) farm-size categories.

Like household consumption expenditure, per
capita consumption expenditure is also positively
associated with the farm-size. The table highlights
that the per capita consumption expenditure on non-
durables, durables, services and marriages and other
socio-religious ceremonies follows the trend starting
with the landless farmers and ending with the large
farmers. The per capita consumption expenditure
of the individual items follows a more or less the
average pattern.

The analysis of per capita expenditure is closely
related to the household consumption expenditure
pattern across the different farm-size categories.
Since the family-size varies in all the categories,
there are some variations in the range of per capita
and per household consumption expenditure. The
per capita expenditure of large farmers is 10.88
times and per household consumption expenditure
is 14 times of the landless farm-size category. The
analysis clearly shows that the large and medium
farm-size categories are maintaining relatively
better levels of living than the other three categories.
The landless farm-size category is placed at the
lowest ebb.
Average Propensity to Consume

Average propensity to consume (APC) is
defined as the proportion of income spent on
consumption. The average propensity to consume
comes to 1.05 for an average farming household in
rural Punjab (Table 4). It is the highest for the

marginal farm-size category and the lowest for the
large farm-size category. Since the average
propensity to consume is greater than one for the
landless, marginal, small and medium farm-size
categories, this shows that an average household
in the sample incurs an annual deficit of 10445.72.
This deficit increases as farm-size goes up except
for the large farm-size category.

This category has a surplus of 119315.56. It
appears that the landless, marginal, small and
medium farming households try to maintain a
minimum level of consumption whether they can
afford it or not. The farm business income is
insufficient to meet the customary household
requirements of these farmers. The field survey
has highlighted the fact that to meet the deficit
between their minimum consumption level and
income they have to borrow money mainly from
money-lenders, large farmers, traders, commission
agents and others. The field survey has brought
out another disgusting fact that in the case of non-
repayment of the loans and interest, in certain cases
the landless farmers are even kept as bonded labour;
and the marginal and small farmers are made to
sell their small landholdings. Compelled by their
circumstances in some cases, these poor farmers
have committed suicides also.
Distribution of Household Consumption
Expenditure

The data showing distribution of consumption
expenditure among the farming households in rural
areas of Punjab is presented in Table 5. The table
reveals that the bottom 10 percent farming
households share only 2.63 percent of the total
consumption expenditure and on the other hand, the
top 10 percent farming households share 42.06
percent of the total consumption expenditure. This
is 15.99 times more the consumption expenditure
of the bottom 10 percent farming households.
Almost a similar position lies among the different
farm-size categories. The bottom 10 percent of the

Kaur et al. : Levels, Pattern and Distribution of Consumption Expenditure among Farmers in Rural Punjab

Table 4: Average propensity to consume of farmers
( )

Farm-size categories Average consumption Average income APC
Landless 60385.82 53074.93 1.14
Marginal 89705.98 70965.48 1.26
Small 144819.75 123530.41 1.17
Medium 329505.64 304627.53 1.08
Large 845742.74 965058.3 0.88
Total 229,492.81 219047.09 1.05
Source: Field Survey, 2010-11
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landless farm households claim 6.32 per cent of
the total consumption expenditure, while the
corresponding figures for the marginal, small,
medium and large farm-size categories are 5.94,
5.39, 4.47 and 4.02 per cent respectively. The top
10 per cent of the landless farm households claim
17.95 per cent of the consumption expenditure,
while the corresponding figures for the marginal,
small, medium and large farm households are 27.52,
29.70, 31.99 and 36.37 per cent respectively. This
analysis shows that the concentration of
consumption expenditure concentration is greater
among the large and medium farm- size categories
in comparison to the small, marginal and landless
farm-size categories.

The values of Gini coefficient of the large and
medium farm-size categories also indicate a worse
pattern of distribution. The values of Gini coefficient

against the landless, marginal and small farm-size
categories depict some sort of fair distribution. The
value of Gini coefficient is the highest (0.3970) for
the large farm-size category, followed by the
medium, small, marginal and landless farm-size
categories. The value of Gini coefficient for all the
categories taken together is 0.4961 which indicates
a worse pattern of distribution than within the
individual categories.
Distribution of Per Capita Consumption
Expenditure

The distribution of per capita consumption
expenditure is provided in Table 6 which shows that
the bottom 10 per cent of the farm households share
2.21 percent of the total per capita consumption
expenditure. On the other hand, the top 10 percent
farm households share 40.80 percent of the total
per capita consumption expenditure.

Table 5: Distribution of household consumption expenditure of farmers
(Cumulative percentage)

Persons     Farm size categories
Landless Marginal Small Medium Large Total

10 6.32 5.94 5.39 4.47 4.02 2.63
20 15.35 12.93 11.72 9.18 7.71 5.54
30 22.95 19.91 18.07 14.59 13.13 8.94
40 30.91 27.16 24.8 20.17 18.09 12.93
50 41.34 35.17 32.2 26.6 24.58 17.63
60 50.05 43.18 39.5 34.04 31.8 23.62
70 58.85 51.67 47.4 42.98 38.64 31.22
80 68.13 60.72 56.52 52.65 49.91 41.48
90 82.05 72.48 70.3 68.01 63.63 57.94
100 100 100 100 100 100 100
Gini coefficient 0.1481 0.2417 0.2882 0.3546 0.397 0.4961
Source: Field Survey, 2010-11

Table 6: Distribution of per capita consumption expenditure of farmers
(Cumulative percentage)

Persons     Farm size categories
Landless Marginal Small Medium Large Total

10 5.58 4.04 4.15 3.15 2.74 2.21
20 11.77 9.03 9.60 7.31 5.95 5.30
30 18.87 14.62 15.65 12.23 9.72 9.18
40 27.01 20.79 22.09 17.83 14.49 13.75
50 35.92 28.35 29.10 24.29 20.18 19.12
60 45.29 36.91 36.67 31.83 26.33 24.86
70 55.47 47.25 45.04 40.37 34.19 33.72
80 66.56 59.57 54.61 51.05 43.71 43.99
90 78.61 74.45 67.39 66.71 62.83 59.20
100 100.00 100.00 100.00 100.00 100.00 100.00
Gini coefficient 0.2098 0.3100 0.3314 0.3905 0.4597 0.4773
Source: Field Survey, 2010-11
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The results further explained that the bottom
60 percent farm households account for only 24.86
percent of the total per capita consumption
expenditure, whereas the top 10 percent farm
households share 40.80 per cent of the total per
capita consumption expenditure of all the farming
households. A similar scene can be witnessed in all
other farm-size categories. The bottom 10 percent
of the landless farmers share 5.58 percent of the
total per capita consumption expenditure. However,
the corresponding figures for the marginal, small,
medium and large farmers are 4.04, 4.15, 3.15 and
2.74 percent respectively.

The top 10 per cent of the landless farmers
share 21.39 per cent of the total per capita
consumption expenditure, whereas the
corresponding figures for the marginal, small,
medium and large farmers are 25.55, 32.61, 33.29
and 37.17 percent respectively. The concentration
of per capita consumption expenditure is greater
among the large and medium farm-size categories
in comparison to the small, marginal and landless
farm-size categories. The Gini coefficient values
of the large and medium farm-size categories also
indicate a worse pattern of distribution, whereas
the landless, marginal and small farm-size categories
depict a relatively fair distribution of consumption
expenditure. The value of Gini coefficient is the
highest, (0.4597) for the large farm-size category,
followed by the medium, small, marginal and landless
farm-size categories. This is because of the
difference in land owned by these categories which
determines their levels of income. The value of Gini
coefficient is 0.4773 for all the farm-size categories
taken together. This figure shows that the
concentration of consumption expenditure is more
for all the categories taken together than within each
category.
CONCLUSIONS

The analysis of consumption pattern of farmers
in rural Punjab reveals that the large farmers give
priority to marriages and other socio-religious
ceremonies and durables while the other farming
categories give the priority to non-durable items.
The expenditure made by the large farmers on these
items is reflective of their better economic condition
due to ownership land. The per capita consumption
expenditure analysis clearly shows that the farmers
belonging to large and medium farm-size categories
are maintaining a relatively better standard of living
than those the other three categories. The average
propensity to consume is greater than one for all

farm-size categories except the large farm-size
categories. This shows that these categories try to
maintain a minimum consumption level whether they
can afford it or not. They spend most of their income
on food grains. Their consumption expenditure on
fruits, vegetables, meat, mutton and juice etc., is
very low as compared to the large farm-size
category. So the social security measures have to
be implemented particularly for the benefit of these
low income farmers. Moreover, distribution of
essential goods particularly cereals and pulses at
subsidized rates may be undertaken for the benefit
of poor peasants. A mass campaign should be
launched against intoxicants and the conservative
social values which impose unbearable expenditure
on unproductive purposes such as marriages and
other socio-religious ceremonies. Further, the
implementations of land reforms in the favour of
landless, marginal and small farmers will result in
increasing their farm business income and
consumption levels. These poor farmers also need
to be educated to manage their consumption
expenditure within their means.
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INTRODUCTION
Agriculture plays an important role in the

development of an economy by providing food grains
for consumption and raw materials for industries.
In India, a large proportion of population is
dependent on agriculture for its livelihood. It is in
this context that a productive and efficient
agricultural sector is extremely crucial. Finance is
considered as the basic ingredient for each and every
economic activity including agriculture. Especially
in India where about 58.4 percent of population

derive their means of livelihood from agriculture
and provide employment to about 52 percent of
countries workforce (Anonymous, 2010-11). This
sector is looked as a way for economic development
since it has a potential of generating employment
opportunities, food security, encourage agro-
industrialization and rural development. After the
emergence of green revolution, use of capital and
adaptation of new techniques of production have
become major sources of growth of agricultural
output which necessitate access to credit markets
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for financing their use. Therefore, the responsibility
of formal credit agencies in disbursing credit to
agriculture sector becomes important. The flow of
institutional credit to agriculture has been increasing
from the past four decades. However, different
patterns in the growth of agricultural credit have
been observed among different regions. Inequity in
the distribution of institutional credit across different
categories of farmers also persists (Kumar et al.,
2010). Credit is one of the important supply side
factors which contribute to increase in agricultural
production. An efficient and effective rural credit
delivery system is imperative for providing timely,
adequate and equitable access to credit for raising
agricultural productivity (Rangarajan, 1969).
Access to agricultural credit not only increases
management efficiency but also affects the
resource allocation and profitability (Carter, 1989).
But credit delivery to the agriculture sector continues
to be inadequate it appeared that the institutional
credit agencies are still hesitant on various grounds
to supply credit to small and marginal landholding
farmers (Golait, 2007).

Credit is an important instrument of acquiring
command over the use of other inputs for
agricultural practices but its access is not equitable
and eduquate among different categories of farmers
small, marginal, medium and large on the bases of
landholding size (Satyasai, 2010). Small and
marginal farmers account for more than 86 percent
of total ownership holdings in India (Anonymous,
2011). The share of smallholders in both food grain
and non-food grain production have increased in
India over the years.  These farmers with a limited
ability to finance for investment have become the
logical target group for loans advanced by the credit
institutions. Various policy measures were initiated
in successive five years plans to meet the real
challenge of reaching the needy farmers with credit.
However, the rural banking system in India made
tremendous quantitative achievement by neglecting
the qualitative aspects of the credit delivery system
(Shrivastava and Saxena, 2007).

The credit needs in agriculture sector are met
from two sources in India, Institutional sources and
Non-Institutional sources. Credit flow from
Institutional sources consists of Cooperatives,
Commercial Banks, and Regional Rural Banks and
Non-Institutional sources include friends, relatives,
traders, commission agents and moneylenders.
According to the All India Debt and Investment
Survey the share of non-institutional credit for

agriculture sector was around 92.7 percent during
year 1950-51 which decreased to 38.9 percent
during 2001-02 and the share of Institutional credit
increased from 7.3 percent during 1950-51 to 61.1
percent during 2001-02. However from 1969
onwards there has been a gradual improvement in
this share but is not sufficient. As per NSSO data,
45.9 million farmer households in the country (51.4
percent), out of a total of 89.3 million households
still do not have access to credit, either from
institutional or non-institutional sources. Only 27
percent of total farm households are indebted to
formal sources (of which one-third also borrow from
informal sources). In other words, 73 percent of
farm households do not have access to formal credit
sources. For the purpose of this analysis,
financially excluded households will be defined
as those not having any debt to formal credit sources.
The proportion of non-indebted farmer households
was most pronounced in Jammu & Kashmir (J&K)
(68.2 percent) and Himachal Pradesh (66.6 percent)
in the Northern Region.
Formal Credit Disbursment to Agriculture
sector in J&K

Agriculture sector has got enough scope for
generating many employment opportunities as
around 70 percent of the population of the state
derives their income directly or indirectly from this
sector. Agriculture absorbs 49 percent of the total
working force of the State with 42 percent as
cultivators and 7 percent as agriculture labourers
depending directly on agriculture for their livelihood
(Agricultural Census, 2007-08). Bisides, the
contribution of agriculture and its allied sectors
towards GSDP has decreased from 51.05 percent
in 1980-81 to 27 percent in 2007-08 (Anonymous,
2008-09). The share of agricultural credit
outstanding in J&K state to total bank credit ranges
between 4 to 15.5 percent during 2002-06 which
shows inconsistency in advances to agricultural
sector. In the year 2003, the share of agriculture
advances to total credit was 4.1 percent whereas
in the year 2004 it increased up to 15.5 percent. It
also reveals that bank credit in J&K state has been
on decline since 2003 whereas a reverse trend can
be seen at the national level. In J&K state it come
down to 8.0 percent in 2006 from 15.5 percent in
2004 whereas at the national level it increased from
11.1 percent in 2004 to 12.7 percent in 2006
(Anonymous, 2008). Against the above backdrop it
is important to study the relationship between
institutional credit and the process of agricultural
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growth. This sector was getting a meagre share of
credit from commercial banks before
nationalisation. But now the agricultural sector is
getting sizable share in the increasing commercial
bank credit. As the number of agricultural accounts
has increased from 62533 in 2008 to 65209 in 2009
and the amount outstanding has increased from

98845 in 2008 to 100043 lakh in 2009.
The commercial banks, Regional Rural Banks

(RRBs) and Co-operative Banks play a vital role in
extending institutional credit for development of the
State. The performance of most of the financial
institutions has improved during the review period
(1975-2010). There were 944 bank branches of All
Scheduled Commercial Banks in J&K in 2008.
Major chunk of 400 bank branches is under the
ownership of bank group categorised as Other
Scheduled Commercial Banks accounting for
42.37 percent. Nationalized Banks have a network
of 164 branches sharing 17.37 percent and only
14.30 percent share of All Scheduled Commercial
Banks goes to State Bank of India and its
Associates with a number of 135 branches that is,
the lowest number (Anonymous, 2008-09). The
network profile of All Scheduled Commercial Banks
further indicates that bank branches located in rural
areas account for major share (55.30 percent) with
a count of 522 branches, followed by 246 and 176
branches located in Urban and Semi Urban areas

sharing 26.06 and 18.64 percent, respectively
(Anonymous, 2008-09). All financial institutions have
been steadily increasing their credit flow to
agriculture sector. The effort is on expanding the
outreach of the formal credit delivery mechanism
to the rural population and to provide adequate,
timely, and hassle free credit. The flow of both direct
and indirect credit to griculture has shown an
increasing trend in the state.

Figure I shows the trends of direct and indirect
institutional credit to agriculture sector during the
reference period by taking the data from 1975 to
2010. The direct credit to agriculture sector has
significantly increased during the post-reform period
especially after the year 2004 as compared to its
pre-reform period. The trend of indirect credit to
agriculture sector has increased moderately during
the post-reform period (but after the year 1999-00
it has increased) there is a continuous increasing
trend as compared to its pre-reform period. The
trend of total credit to agriculture sector shows that
there has been massive expansion during the post-
reform period especially after the year 2004. The
policy approach of doubling the credit flow to
agriculture in 2004-05 adopted in the country has
been multi-dimensional one. It has been developed
gradually and implemented in disbursement of
agricultural credit. The data presented in the Fig.1
revealed that the total credit increased from 10095
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Figure I: Trends of institutional credit to agriculture sector
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lakhs in 1991 to 126767 lakhs in 2010 and after
2004 it witnessed a significant increase. From the
perspective of economic development, financial
inclusion is highly desirable both from equity and
efficiency angles. It has been observed that the
credit flow to the agricultural sector has been
improving over the years with the rise being more
pronounced after 1998-99.

This paper has been organised into five
sections. Following the introduction and overview
of the study area the 2nd Section discusses review
of literature, research questions and objectives of
the study. The data and methodology are described
in Section III. The results/findings are explained in
Section IV. In the last Section-V conclusions and
policy implications are presented.
REVIEW OF LITERATURE

A review of some of the studies relating to
various features of institutional credit agencies and
its impact on agricultural development is presented.
India has systematically pursued a supply side
approach to increase agricultural credit. The
objectives have been to replace moneylenders,
reduce farmer’s indebtedness and to achieve higher
levels of agricultural credit, investment and
agricultural output (Golait, 2007).

Das et al. (2009) examine the impact of
agricultural credit on agricultural production in India
and showed that Over the years there has been a
significant increase in the access of rural cultivators
to institutional credit and simultaneously, the role of
informal agencies has declined. But there are
regional disparities in the disbursement of agricultural
credit by scheduled commercial banks. At the same
time the share of agricultural GDP is falling in total
GDP. Under taking this issue they examine the role
of direct and indirect agriculture credit in the
agriculture production taking care of the regional
disparities in agriculture, credit disbursement and
agriculture production in an econometric framework
using Dynamic Panel Data Analysis with
Instrumental Variables using Arellano-Bond
Regression using district level data for 2007 from
four selected states namely Maharashtra, Andhra
Pradesh, Punjab and West Bengal belonging to four
different climatic regions in India. The analysis
revealed that the direct agriculture credit amount
has a positive and statistically significant impact on
agriculture output. The study also found that the
log elasticity of bank credit to GDP of agriculture
were highly significant for the states Andhra
Pradesh, Assam, Bihar, Chhattisgarh, Jharkhand,

Madhya Pradesh, Maharashtra, Orissa, Rajasthan,
Tamil Nadu, Uttar Pradesh and Uttaranchal at one
per cent level. Extension of formal credit to
agriculture plays a significant role on the agriculture
output in these states. On the other hand, bank credit
does not seem to play a major role on the agriculture
output in Haryana, J&K, Karnataka and Kerala.

A study by Ahmad and Tariq (2009), attempts
to assess the impact of institutional credit on
agriculture production by estimating Cobb Douglas
agricultural production function for the pre reform
(1972-91) and post reform (1992-2005) period in
India using time series data. The study found that
Institutional credit as percentage of agricultural
gross domestic product increased more rapidly
during the post reform period. Institutional credit
per hectare also increased over the period since
the total cultivated area remains more or less same
over the period. During pre reform period the
estimated results revealed that the institutional credit
was one of the important determinants of the
agricultural production and the relationship between
institutional credit and aggregate agricultural
production was also significant, during post reform
period Institutional credit does not affects
agricultural production.

There is an indirect relationship between
agriculture credit and productiion because credit is
not directly used as an input but the inputs used in
agriculture are being purchased by it Sriram (2007).
The study illustrated that increased supply and
administered pricing of credit help in the increase
in agricultural productiion and the well being of
agriculturists as credit is a sub-component of the
total investments made in agriculture. The study
also stated that the diversity in cropping patterns,
holding sizes, productiion, regional variations make
it difficult to establish such a causality for
agriculture or rural sector as a whole. Finally, he
argued that mere increase in supply of credit is not
going to address the problem of productiion, unless
it is accompanied by investments in other support
services.

Burgess and Pande (2005) studied the
expansion of rural banking in India and explains  how
the branch expansions are the integral part of India’s
nationalisation of banking experiment which sought
to improve the access to cheap formal credit to
rural poor. The estimated results exposed that one
percent increase in the number of rural banked
locations reduced rural poverty by roughly 0.4
percent and increases total output by 0.30 percent.
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The study also found that increased financial
intermediation in rural India aided output and
employment diversification out of agriculture. And
the share of bank credit and savings which was
accounted for by rural branches rose from 1.5 and
3 percent, respectively to 15 percent each. Further,
the study showed that, however, the impacts on
poverty seem to come from non-primary sectors
like enterprise and the resultant wage employment
that these enterprises generate. They also argue
that since banks provide a complete suite of financial
products  including savings  they are more effective
than pure micro credit institutions.

From the experience of other countries there
are some studies regarding the aspect of agricultural
credit and agricultural production in Pakistan by
Waqar Akram and Zakir Hussain et al., Bashir et
al., Iqbal et al. and Sohail et al. examine the impact
of agricultural credit on agricultural production,
agricultural development and poverty in Pakistan,
All these studies found that there is positive
relationship between institutional credit and
agricultural development in terms of production,
yield, poverty reduction.  The relationship is also
significant. The econometric techniques and Cobb
Douglas production function was used for the
analysis. It was found that in less developed
countries like Pakistan where savings are negligible
especially among the small farmers; agricultural
credit appears to be an essential input along with
modern technology for higher productiion.

Binswanger and Khandker (1992) estimate the
impact of formal credit using district-level panel data
from India and found that formal credit increases
rural income and productiion, and that benefits
exceed the cost of the formal system by at least 13
percent. The study also found that the output and
employment effect of expanded rural finance has
been much smaller than in the nonfarm sector. The
effect on crop output is not large, despite the fact
that credit to agriculture has strongly increased
fertilizer use and private investment in machines
and livestock. High impact on inputs and modest
impact on output clearly mean that the additional
capital investment has been more important in
substituting for agricultural labour than in increasing
crop output.

Most of the reviewed studies are case and
context specific wherein the inferences cannot be
generalised for rest of the regions with different
social, economical, and geographical makeup. In
the agricultural sector the institutional credit coupled

with geographical factors like climate, rainfall,
topography, cropping pattern are equally important
determinants of the agricultural production. The
state of Jammu and Kashmir bearing tough and
mountainous terrain with just 31 percent of its area
under cultivation and the institutional credit could
have played an important role in bringing more land
under cultivation and increasing the production with
better inputs. Though the state witnessed the
increase in institutional credit but little is known
about:

1. Whether this increase in the institutional credit
has lead to the increase in the agricultural
production?

2. Do institutional credit agencies provide
equitable access to credit to all categories of
farmers?

3. Does institutional credit increases the
investment on agricultural inputs?
There is need to provide an informed answer

to these context-specific question. Against this
background, the present study will attempt to
analyze the trends in institutional credit in Jammu
& Kashmir and focus will be on the impact of
institutional credit on agriculture production. The
spacific objectives are.
Objectives of the study
i. to explore the nature and extent of credit by

institutional sources and its impact on
agricultural production,

ii. to analyse the trends and composition of  direct,
indirect and total institutional credit  disburement
to agriculture sector in Jammu and Kashmir,

iii. to review the agricultural credit policy of the
government in relation to farmers and to assess
the significance of institutional sources of
finance, and

iv. in the light of the main conclusion deduce
polices implications.

METHODOLOGY
The study is based on the secondary data

compiled from diverse sources for the period of
(1975-2010). The data on agricultural gross
domestic product (AGDP), gross cropped area
(GCA), fertilizers (FR), irrigated area (IR),
agricultural workers (labours) (LBR) and Number
of tractors (UT) were compiled from various issues
of the Digest of Statistics, Economic Survey
(2008-09), Performance Review of J&K
Economy (2009), published by the Directrate of
Economics and Statistics, Planning and
Development, Government of J&K (GoJ&K). The

Bhat: Emprical Analysis of Institutional Credit Supply and Agricultural Production
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data on institutional credit were collected from the
Banking Statistics Basic Statistical Returns,
published by Reserve Bank of India (RBI).
Besides, the study also used the unit level data of
Debt and Investment Survey carried out by National
Sample Survey Organisation (NSSO) during 1992
(48th round) and 2003 (59th round).

To study the impact of institutional credit on
aggregate agricultural production by employing Log
Linear Regression Model (based on the theoritic
framework of Cobb-Douglas production function)
with agricultural production measured in terms of
Agricultural Gross Domestic Product (AGDP) as
dependent variable and Institutional credit (IC) for
agriculture sector as one of the independent variable.
Institutional credit includes direct credit and indirect
credit to agriculture sector. Besides institutional
credit other explanatory variables included in the
study are percentage of cultivated area (CA),
irrigation intensity (IR), consumption of fertilizers
(FR), agricultural workers (LBR) and Number of
tractors (NT). To avoid the problem of
multicolinearity and to overcome the problem of
degree of freedom, all the variables are transformed
to per cultivated hectare. This paper explores a
linear relationship between agricultural production
and institutional credit. Following the standard
literature, the model is based on the following
equation (Gujarati, 1995):

  n

i
iii XbaY

1


where
Y = Agricultural production
Xi = Relative input
i to n = Various inputs
ei = Error term

So the generalized functional form of the model
was as under;

AP= b 0 + b 1IC+ b 2CA+ b 3IR + b 4FR +
b5LBR +b6TR + eiIn order to assess the elasticity of each factor

contributing to agriculture production all the
variables are transformed to logarithmic form. So
the final form of equation in this case was as under:

LnAP = b0 + b1LnICt+ b2LnCAt + b3LnIRt +
b4LnFRt + b5LnLBRt +b6LnTRt + e

where
AP = Agricultural gross domestic

product year t
IC = Amount of credit disbursed by

various institutions in year t

CA = Cultivated area in year t
IR = Area under irrigation in year t
FR = Use of chemical fertilizer in year t
LBR = Number of agricultural workers

(Labours) in year t
 TR = Number of tractors in year t
e = Error term
b1 to b6 = Co-effeient of parameters

Unit Root Tests
The preliminary investigation commenced with

confirmation of the order of integration of the series,
where the series is confirmed to be order 1, then,
multiple cointegration can then be performed. Time
series analysis involving stochastic trends,
Augmented Dickey-Fuller and Philip Perron unit
root tests are calculated for individual series to
provide evidence as to whether the variables are
integrated. This is followed by a multivariate
cointegration analysis. Augmented Dickey-Fuller
(ADF) and Philip Perron (PP) tests involve the
estimation one of the following equations
respectively:

   n

1i
i1ti1tt εΔXδβXΔX

   n

1i
i1ti1t0t εΔXδβXαΔX

   n

1i
i1ti1t10t εΔXδβXtααΔX

The additional lagged terms are included to
ensure that the errors are uncorrelated. The
maximum lag length begins with 3 lags and proceeds
down to the appropriate lag by examining the Akaike
Information Criterion (AIC) and Schwarz Criterion
(SC) information criteria.
Johansen Cointegration Analysis

Since, it has been determined that the variables
under examination are integrated of order 1, then
the cointegrated test is performed. The testing
hypothesis is the null of non-cointegration against
the alternative that is the existence of co-integrated
using the Johansen maximum likelihood procedure.
The Johansen method applies the maximum
likelihood procedure to determine the presence of
co-integrated vectors in non-stationary time series.
After testing for unit roots, we proceed to test for
cointegration (long run relationship between
variables). This paper uses Johansen (1991)
definition of cointegration. Johansen’s cointegration
procedure was used to test for the possibility of at
least one cointegrating vector between variables in
the models developed for the J&K economy in this
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paper. After the above testing established, the study
adopts cobb douglas production function using
Ordinary Least Square (OLS) to know the impact
of institutional credit on agricultural production in
the economy.
RESULTS  AND DISCUSSION

We perform a unit root test on each variable
in our model using the Augmented Dickey-Fuller
(ADF) and Phillips Perron (PP) tests. The Table 1
below shows the result of the unit root tests for the
variables. With evidence of unit roots, the series
are said to be integrated of order one -I (1), meaning
that they must be modelled in first difference (Dyt =yt - yt-1) to make them stationary. A time series is
stationary if it does not change overtime, which
implies that its values have constant variability. This
enables us to avoid the problems of spurious
regressions that are associated with non-stationary
time series models. The series under estimation are

agricultural gross domestid product (AGDP),
institutional credit (IC), cultivated area (CA),
irrigation (IR), fertilizers (FR), agricultural workers
(LBR) and number of tractors (NT). The results
show that all the variables have a unit root except
Irrigation at their level and all the variable series
are stationary at first difference I (1) with intercept
and trend.

The results of the cointegration test are
reported in Table 2. The result shows that there
was at least one cointegration relationship among
the variables in the model. The evidence of
multivariate cointegration test advocates that
institutional credit and agricultural production are
cointegrated. That is, these variables move together
in the long run.

To assess the relative importance of the
determinants of agricultural production results from
two set of estimations are presented in the Table 3.

Table 1: Augmented Dicky-Fuller and Phillips-Perron Unit Root Tests
Series Augmented Dicky-Fuller Philip Perron

Level First difference Level First difference
AGDP -1.655 -5.577** -1.584 -5.626**
IR -3.554** -4.015** -5.064** -7.039***
CR 3.73 -5.078** 3.735 -5.234**
AC -2.09 -5.241** -2.09 -6.027**
FR -1.326 -6.656** -0.88 -8.699**
LBR -3.04 -4.231** -2.04 -5.037**
NT -1.256 -2.997** -0.452 -3.154**
** indicates the level of significance at 5 percent

Table 2: Cointegration Tests for the series: (AGDP) (IR) (CR) (AC) (FR) (LBR) (NT)
Hypothesized Trace 0.05
No. of CE(s) Eigen value Statistic Critical Value Prob.**
None*  0.731626  121.1546  95.75366  0.0003
At most 1*  0.603650  76.43182  69.81889  0.0135
At most 2  0.459368  44.96622  47.85613  0.0911
At most 3  0.388171  24.05566  29.79707  0.1981
At most 4  0.194397  7.351368  15.49471  0.5371
At most 5  5.19E-05  0.001764  3.841466  0.9638
At most 6  0.274397  8.721368  18.45471  0.6351
Hypothesized Max-Eigen 0.05
No. of CE(s) Eigen value Statistic Critical Value Prob.**
None*  0.731626  44.72275  40.07757  0.0140
At most 1  0.603650  31.46560  33.87687  0.0944
At most 2  0.459368  20.91057  27.58434  0.2817
At most 3  0.388171  16.70429  21.13162  0.1864
At most 4  0.194397  7.349604  14.26460  0.4486
At most 5  5.19E-05  0.001764  3.841466  0.9638
At most 6  0.294397  7.549604  18.26460  0.5686
* indicates level of significance at 5 percent
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Two runs of regression analysis with varying number
of variables were done for each relationship so as
to eliminate the non significant variable from the
equation. In the Model 1 the relationship between
the dependent variable (Agricultural productiion)
with the various input variables Fertilizer, percentage
of Area, intensity of irrigation, agricultural labours,
institutional credit and Tractor services, giving
confusing results because of high multicollinearity
between some of the variables. So in order to
eliminate this high multicollinearity one of the input
variable Tractor service is dropped for the second
run. When faced with severe multicollinearity, one
of the simplest things to do is to drop one of the
collinear variables.1 In the Table 3 the Model 1
shows that the relationship between agricultural
productiion and some of the input variables, the
coefficient of institutional credit with the dependent
variable (productiion) is negative because of the
high multicolinearity with the Tractor service. As
institutional credit is the main focused input for
getting the positive coefficient, the collinear variable
tractor service is dropped in the 2nd Model.

In the Model 2 the results of estimated
regression model are presented in Table 3. The
value of intercept a is -46.196; this represents the
natural log of the expected agricultural productiion
when the input use level of all inputs is zero. Its t-
value is -1.545 which is highly insignificant. This
unexpected sign of constant may be because of
assuming linear relationship between output and
inputs. This negative sign simply means that the
expected value of output is less than zero when all
inputs were set to be zero. Further, the estimated
results showed that there is positive relationship

between fertilizers and agricultural production but
the relationship is not significant. The coefficient
of Fertilizer variable (LnF) is 0.200, with a t-value
of .744, which means that an increase of one
percent in the use of fertilizes will bring 0.20  percent
increase in the productiion. The inferences from
these estimated results leads towards inappropriate
use of this input of paramount importance in the
context of maintenance of fertility in soil.
Undoubtedly its use could be considered universal,
since every farmer is using certain doze of chemical
fertilizer in his field, but this use is illogical without
analyzing the texture of the soil, which is essential
requirement.

There is  positive and significat relationship
between intensity of irrigation and agricultural
production. The coefficient of intensity of irrigation
variable (ln IR) is 0.615, with a t-value of 2.408
which is statistically significant at 5 percent of
significance level, implies that an increase of 1
percent in intensity of irrigation induces 0.61 percent
increase in the agricultural production. The area
under cultivation (ln CA) is also having positive
relationship with agricultural production (0.707),
with t-value 2.473 which is significant at 5 percent
level of significance. This indicates that the
agricultural productiion will increase by 0.70 percent
with an increase in the area use by one percent.
Credit has showed a positive and significant
relationship with agricultural production. The
coefficient of Credit (ln IC) is 0.275, with a t-value
of 2.47 which is sattisticaly significant at 5 percent.
This explains that with one percent increase in the
credit amount increases the agricultural production
by 0.27 percent. Similar results were found by

Table 3: Summary of the regression of agricultural production with yearly use of some agricultural
input variables
Variables Model 1 Model 2

coefficients t-test Sig. coefficients t-test Sig.
Constant -61.33 -3.425 0.002 -46.196 -1.545 0.018
Fertilizers 0.105 0.422 0.677 0.2 0.744 0.465
Intensity of irrigation 0.709 2.978 0.003 0.615 2.408 0.021
Area under cultivation 0.975 3.398 0.007 0.707 2.473 0.024
Institutional credit -0.615 -1.299 0.207 0.275 0.919 0.048
labour -0.092 -0.177 0.861 -2.319 -1.354 0.186
Tractor services 1.161 2.305 0.031 - - -
Number of observations 35 35
R2 (Coefficient of Multiple Determination) 0.942 0.859
Adjusted R2 0.93 0.835
Computed F-value 3.786 2.866
Source: Author Estimates
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Binswanger and Khandker (1992) they formal credit
increases rural income and productiion, and that
benefits exceed the cost of the formal system by at
least 13 percent. (Das et al., 2009) studied the
impact of institutional credit on agricultural
production, they found that there is positive
relationship bewteen institutional credit and
agricultural production but the relationship was not
significant for the states like Gujarat, Haryana,
Himachal Pradesh, Jammu & Kashmir, Karnataka,
Kerala, Madhya Pradesh and Punjab. Our results
contrducts with it in case of Jammu & Kashmir.
The calculated results in this study found that
institutional credit has a positive and significant
relationship with agricultural production in Jammu
and Kashmir. In this study the labour (LBR) input
contributed negatively, though insignificant in both
the models. This supports the concept of disguised
unemployment in agricultural sector. Labour use
pattern in agricultural sector is of great importance
due to seasonality. Moreover, a critical issue of
disguised unemployment of rural labour in
agricultural sector has become crucial. The
estimated results confirm this disguised
unemployment of rural labour in agricultural sector
in the state.

The value of F-statistics 2.866 shows that the
explanatory variables included in the model
collectively had significant impact on agricultural
production. The overall significance of the models
can also be judged from the value of coefficient of
multiple determination i.e. R-square. The data in
the table indicate the good fitness of the both models
with estimated determination of the co-efficient (R2)
with explained variability to the extent to 94.2 percent
and 85.9 percent respectivly by considered
explanatory variables in dependent variable i.e.
agricultural production in terms of AGDP
contribution.
CONCLUSIONS

This study explores the relationship between
institutional credit and agricultural production in J&K
using Log Linear Regression Model within the
framework of Cobb-Douglas production function.
The estimated results illustrate that the institutional
credit has positive and significant impact on
agricultural production with one percent increase
in the institutional credit the agricultuural production
will increases by 0.27 percent. The study also
quantifies the trends of institutional credit
disburesment in the state. At the national level the
number of agricultural accounts has increased from

62533 in 2008 to 65209 in 2009 and the amount
outstanding has increased from Rs. 98845 in 2008
to Rs. 100043 lakh in 2009 (RBI 2009). Although
within the priority sector lending, the share of
agriculture had been highest with 35.8 percent as
of March 2004 and 28.8 percent as of March 2005.
But still as per the loan advance given by scheduled
commercial banks, the agricultural credit constitutes
only 4 percent of their total bank credit. The share
of agriculture outstanding in Jammu & Kashmir
state to total bank credit ranged between 4 to 15.5
percent during 2002-06 which shows inconsistency
in loan advances to agricultural sector. In the year
2003, the share of agriculture advances to total credit
was 4.1 percent whereas in the year 2004 it
increased up to 15.5 percent. However after 2007
it shows an increased trend. Despite constant
increasing trend in loan disbursement in nominal
term, the loan was not expanded in qualitative term,
so this is a challenging issue for the policy makers
to develop measures to improve efficiency of
agricultural credit delivary system by providing it to
the needy  small and marginal farmers.

Therefore, the following policies are
recommended based on the findings of this study:
The monetary authority in J&K should task the
institutional credit agencies to concentrate the
resources of the rural areas in their domain in order
to improve economic activities of the sector of the
economy. They should urge the institutional credit
agencies to promote small and medium farmers in
their domain so as to serve as an engine of
development in agriculture sector. To ensure use
of credit for agriculture there is a need to involve
the agricultural extension services in loan
disbursement and recovery. Moreover, of
involvement extension services at grass root level
may help in assessing loan requirements and
identification of the needy farmers. The rural
dwellers should be further encouraged to deposit
more of their funds with the commercial banks in
order to strengthen the commercial banks to create
more credits/wealth in the rural areas. Agriculture
should be further developed with appropriate policy
in J&K because it is one of the key determinants
that could contribute to the growth of rural areas.
REFERENCES
Ahmad  I., and Tariq, M. 2009. Impact of institutional

credit on aggregate agricultural production in India
during post reform period. MPRA Paper No. 17075.
Aligarh Muslim University, Aligarh, India. Retrieved
from www.mpra.ub.uni-muenchen.de

Bhat: Emprical Analysis of Institutional Credit Supply and Agricultural Production



122

Indian J Econ Dev 12 (1): 2016 (January-March)
Anonymous. 1954. All-India Rural Credit Survey

Report of the Committee of Direction, 2. General
Report, Reserve Bank of India, Bombay.

Anonymous. 1962.  All-India Rural Debt and Investment
Survey, Bombay.

Anonymous. 2004. Report of the Advisory Committee
on Flow of Credit to Agriculture and Related
Activities from the Banking System. Reserve Bank
of India, Bombay.

Anonymous. 2005. Situational assessment survey of
farmers: Income expenditure, productive assets of
farmer households. Ministry of Statistics and
Programme Implementation, New Delhi.

Anonymous. 2007-08. Digest of Statistics. Directorate
of Economic and Statistics Planning and
Development Department, Government of Jammu
& Kashmir, Jammu & Kashmir

Anonymous. 2007-08a. Economic Survey. Directorate of
Economic and Statistics Planning and Development
Department, Government of Jammu & Kashmir,
Jammu & Kashmir

Anonymous. 2008-09. Performance review of Jammu &
Kashmir economy. Directorate of Economics and
Statistics Planning and Development Department,
Government of Jammu & Kashmir, Jammu & Kashmir.

Anonymous. 2010-11. Economic Survey. Ministry of
Finance, Government of India, New Delhi.

Bashir, M.H., Gill, Z.A., Hassan, S., Adil, S.A., and
Bakhsh, K. 2007. Impact of credit disbursed by
commercial banks on the productivity of sugarcane
in Faisalabad district.  The Pakistan  Journal of
Agriculture Science. 44 (2): 1-12.

Binswanger, H. and Khandker, S. 1992. The impact of
formal finance on rural economy of India. World
Bank. Working Paper No. 949.

Burgess, R. and Pandey, R. 2005. Do rural banks matter?
Evidence from the Indian social banking experiment.
American Economic Review. 95: 780-795.

Carter, M.R. 1989. The impact of credit on peasant
productiion and differentiation in Nicaragua.
Journal of Development Economics. 103: 13-36.

Das, A., Senapati, M., and John, J. 2009. Impact of
agricultural credit on agriculture production: An
empirical analysis in India. Reserve Bank of India
Occasional Papers. 30 (2): 75-107.

Golait, R. 2007. Current issues in agriculture credit in
India. Reserve Bank of India Occasional Papers.
28: 1-14.

Gujarati, D.N. 1995. Basic Econometrics. McGraw-Hill,
Singapore: 365

Iqbal, M., Ahmad, M., and  Abbas, K. 2003. The impact
of institutional credit on agricultural production in
Pakistan. The Pakistan Development Review. 42
(4): 469-485.

Iqbal, M., Ahmad, M., and Abbas, K. 2007. The impact of
institutional credit on agricultural production in
Pakistan. MPRA Paper No. 3673. Online at
www.mpra.ub.uni-muenchen.de.

Johansen S. 1991. Estimation and hypothesis testing of
cointegration vectors in Gaussian Vector
Autoregressive Models. Econometrica. 59 (6):
1551-1580.

Kumar, A., Singh, K.M., and Shradhajali, S. 2010.
Institutional credit to agriculture sector in India:
Status, performance and determinants. Agricultural
Economics Research Review. 23: 253-264.

Malik, S.J., Mushtaq, M., and Gill, M.A. 1991.  The role
of institutional credit in the Agricultural
development of Pakistan. The Pakistan
Development Review. 30 (4): 1039-1048.

Mohan R. 2006. Agricultural credit in India: Status, issues
and future agenda. Economic and Political Weekly.
41: 1013-1021.

Rangarajan, C. 1969. Rural India: The role of credit.
Reserve Bank of India Bulletin. RBI, Bombay.

Ruston, A.A. 2004. Impact of financing by Rajshahi
Krishi Unnayan Bank of Agricultural Development
of Bangladesh - A case study of selected branches
in Nilphamari district.  Atlantic Publishers, New
Delhi.

Satyasai, K.J.S. 2010. Equity in Indian agricultural credit
delivery National Bank for Agriculture and Rural
Development (NABARD), Mumbai.

Shrivastava K.K. and Saxena, P. 2007. Institutional credit
and farm sector evidence from rural India. Indian
Journal of Agricultural Economics. 62 (3): 381-393.

Sriram, M.S. 2007. Productivity of rural credit: A review
of issues and some recent literature. Working Paper
No.2007-06-01. Indian Institute of Management,
Ahmedabad.



123

 INTRODUCTION
India is largely a country of small and marginal

farmers who own 88 per cent of the total number
of holdings. These farmers operate around 44.3 per
cent of the total operational area of the country as
per 2010-11 census statistics (Anonymous, 2012).
Rising population coupled with high economic
growth have tremendously increased the demand
for food in India (Kumar, 1998 and Mittal, 2006).
Given this, there is limited possibility to bring
additional land under cultivation, the rate of growth
of agricultural productivity is stagnant and
agriculture today faces severe challenges from
climatic variability and change therefore, managing
climate risks through adaptive measures is critical.

Diversification in general is defined as
movement from mono cropping to multiple cropping

or movement away from the traditional cropping
systems to high value crops. Crop diversification
can be seen as an appropriate response to many of
these challenges. It can also provide a common
solution for income and resource sustainability and
this is more in the present time when climate
variability adds to the risk of crop failure.  This is
because there is a growing consensus among the
agricultural scientists that crop diversification leads
to sustainable productivity growth by increasing
cropping intensity (Bobojonov et al., 2012), by
reducing risk of pests and diseases that may attack
in the mono-cropping systems (Lin, 2011) and
minimizing the risk of crop failure (Pandey et al.,
2007). Crop diversification is one strategy that small
farmers can apply to reduce their vulnerability due
to increasing challenge of climate change (McCord,
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2015). Satyasai and Premi (2015) have shown that
better off districts have higher level of diversification
than the other states which are resource poor.

Conventionally, diversification is seen as
movement away from cereal crops to the high value
crops like fruits and vegetables. But these crops
are prone to higher risks along with higher prices
(Kumar et al., 2012). Thus, cereal based system
diversification is also crucial for sustainable
productivity growth as well as for the adaptation to
climate risk. In India, mainly the North Western
parts of the country, the traditional rice-wheat
cropping system is becoming unstable due to climatic
change and degradation of natural resources as this
has been a water intensive cropping system.
Diversification towards water efficient or water
saving crops can reduce pressure on the acquifer.
Thus, there is a need to modify the on-going farm
practices to adapt agriculture to climate change
(Smit and  Skinner, 2002). Government of India
policy to allocate funds for crop diversification in
the North Western India, where natural resources
like water used in excess for rice wheat cropping
system, is a policy move in this direction of
sustainability. Despite the fact that diversification
is considered as one of the potential responses to
climatic variability and change (Kelly and Adger,
2000 and Mendelsohn et al., 2000), we still need a
deeper understanding on whether or not
diversification is adopted by the farmers in response
to current or anticipated climate risk (Bradshaw et
al., 2004). Assessing this is important because crop
diversification can serve to buffer overall farm risk,
no matter whether it is associated with climate
variability or price risk due to changing conditions
of commodity markets (Hardaker et al., 2004).

The main objective of the paper is to examine
if there is long term production trend in crop
diversification that differs across agro-ecological
zones (AEZs) and irrigation types? The AEZs and
type of irrigation are seen as representative of the
climatic variability across different districts and
zones in India. The paper also analyzes the factors
that are contributing to diversification. The crop
diversification is discussed primarily from the
production side. This paper adds to knowledge on
diversification by doing the analysis based on districts
that have similar climatic conditions and are not
divided by the physical boundaries of states.
DATA  AND  METHODOLOGY
Data

For the purpose of the study, district level meso

data are compiled from VDSA (Village Dynamics
in South Asia) Database of ICRISAT for 331
districts of India covering the period from 1966 to
2007. The classifications of AEZs and irrigation
types by districts are separately provided by
ICRISAT which is used to classify each district
under four AEZs namely, humid, semi-arid
temperate, semi-arid tropics, and arid and three types
of irrigation based classification such as high-
irrigated, medium-irrigated and low-irrigated. Thus,
in total the data are presented in 12 sub-groups,
namely, humid high irrigated, humid medium
irrigated, humid low irrigated, semi-arid temperate
high irrigated, semi-arid temperate medium irrigated,
semi-arid temperate low irrigated, semi-arid tropical
high irrigated, semi-arid tropical medium irrigated,
semi-arid tropical low irrigated, arid high irrigated,
arid medium irrigated and arid low irrigated (Table
1). Only 318 districts are re-classify from the total
of 331 under these agro climatic and irrigated
categories. Thus for the purpose of analysis data
of 318 districts are used. The various rounds of
consumer expenditure data of national sample
survey organization (NSSO) are also used to present
the consumption side diversification.
Empirical estimation of crop diversification

As a measure of crop diversification, we
applied Simpson Index and Herfindahl Index (Culas
and Mahendrarajah, 2005, Singh et al., 2006,
Bhattacharyya, 2008, and Mukherjee, 2010)

Simpson Index (SI) is a measure of crop
diversification on acreage proportion. The index is
given by:
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In the above equations, Pi and Ai refer to
proportion of the ith crop and area under ith crop
(ha) respectively. Simpson’s Index ranges between
0 and 1; value 0 indicates complete specialization
whereas 1 indicates perfect diversification.

The Herfindahl index (HI) is a sum of the
square of the proportion of individual crops in a
cropping system. Thus with an increase in crop
diversification, the sum of the square of the
proportion decreases and value of the index also
declines. The Herfindahl Index ranges between 0
and 1 where a value closer to 0 signifies higher
level of diversification.  The index is given by:
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AP   is the proportion of the ‘i’th
activity in acreage.

In order to know whether there is a difference
in the extent of crop diversification across AEZs
and status of irrigation facilities and also to test if
the trend in diversification changed over decades,
the indices are calculated for these 12 AEZs
classifications, for every ten year period interval
starting from 1968.
RESULTS AND DISCUSSION
Patterns of Diversification

Overall in most of the South Asian countries,
diversification is happening towards high value crops
which are strongly influenced by development of
infrastructure, increasing awareness, price policies,
urbanization and technological advancements (Joshi
et al, 2003, Kumar et al., 2006, and Rahman 2009).
The perusal of Table 2 presents the percentage
share of area in gross cropped area for different

crops, by AEZs and irrigation types. It is clear that
in all AEZs the share of cereals has declined over
the last four decades while, that of non-cereal high
crops increased. This trend is uniform across all
the zones. This might be due to the fact that the
district level data do not cover the agro-ecological
variations within the same district. In all AEZs, of
the total gross cropped area, rice has the highest
share, followed by wheat, maize, pulses, and cotton.
Some variations can be seen in the share of the
same crop between these zones and also over the
decades. For example, share of total pulses and
cotton, is relatively higher in low irrigated zones,
while that of total cereals is higher in humid zones
relative to the arid. It is clear that, on the production
front in India, cropping pattern is diversifying away
from staple crops and there is evident shift in
cropped area away from total cereals, pulses and
coarse cereals towards cotton, onion, potato and
fruits and vegetables.

Mittal and Hariharan: Crop Diversification by Agro-climatic Zones of India-Trends and Drivers
Table 1: State and district classification under each agro-ecological zones on the basis of irrigation
AEZ/ Irrigation type High Irrigated Medium Irrigated Low Irrigated
Humid Andhra Pradesh (4)Bihar (3)Karnataka (1)Maharashtra (1)Tamil Nadu (2)Uttar Pradesh (5)West Bengal (4)Uttarakhand (2)Himachal Pradesh (1)and Kerala (1)

Andhra Pradesh (1)Bihar (2)Karnataka (1)Madhya Pradesh (2)Orissa (4)Uttar Pradesh (2)West Bengal (2)Himachal Pradesh (4)and Kerala (2)

Bihar (5)Karnataka (4)Madhya Pradesh (3)Maharashtra (5)Orissa (6)Tamil Nadu (1)Uttar Pradesh (4)West Bengal (8)Chhattisgarh (1)Jharkhand (5)Uttarakhand (4)Assam (10)Himachal Pradesh (5)and Kerala (7)
Semi-Arid Temperate Bihar (1)Haryana (5)Madhya Pradesh (4)Punjab (8)Rajasthan (1)and Uttar Pradesh (38)

Bihar (1)Madhya Pradesh (2)Rajasthan (4)and Uttar Pradesh (3)

Madhya Pradesh (3)

Semi-Arid Tropical Andhra Pradesh (9)Bihar (4)Gujarat (3)Karnataka (1)Madhya Pradesh (1)Rajasthan (3)and Tamil Nadu (7)

Andhra Pradesh (3)Bihar (1)Gujarat (4)Karnataka (3)Madhya Pradesh (13)Maharashtra (1)Rajasthan (7)Tamil Nadu (2)Chhattisgarh (4)and Jharkhand (1)

Andhra Pradesh (2)Gujarat (7)Karnataka (6)Madhya Pradesh (13)Maharashtra (18)Orissa (1)and Chhattisgarh (1)

Arid Haryana (2)Punjab (3)and Rajasthan (1)
Karnataka (1)and Rajasthan (1) Andhra Pradesh (1)Gujarat (1)Rajasthan (7)Uttar Pradesh (2)and Uttarakhand (2)

Note: Total number of districts is 331 of which 13 could not be classified under any of these zones and thus have notbeen incorporated in the data.Figures in parenthesis are number of districts in each state.
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Table 2:  Zone wise per cent share area of crops in gross cropped area
Crops Year Humid Semi-Arid Temperate Semi-arid Tropical Arid

HI MI LI HI MI LI HI MI LI HI MI LI
TE 70 53.3 57.9 57.5 41.7 34.5 94.8 48.0 44.8 40.4 19.4 38.2 26.0

Rice TE 80 9.8 10.0 13.4 5.3 9.1 24.7 12.8 13.1 11.5 1.6 8.9 9.3
TE 90 14.3 13.4 18.1 14.8 12.4 45.8 13.4 10.8 10.3 3.6 6.1 3.9
TE 00 29.1 25.7 40.8 33.9 28.0 33.3 24.3 24.3 19.8 10.9 24.8 32.5
TE 07 13.6 21.6 23.7 11.6 11.3 20.3 16.5 13.0 11.0 6.4 13.4 5.9

Wheat TE 70 19.7 25.3 32.6 15.5 18.0 46.7 20.2 19.6 13.6 3.7 17.4 12.4
TE 80 17.4 22.0 36.4 19.7 17.5 36.2 17.1 16.3 16.5 7.4 13.3 10.5
TE 90 39.1 45.7 43.3 29.9 21.5 51.1 26.1 22.4 21.2 9.2 10.8 8.3
TE 00 26.8 28.7 37.8 35.4 27.0 37.4 23.0 25.7 20.8 15.1 26.7 25.2
TE 07 2.3 1.0 2.9 7.2 4.3 0.3 2.4 1.7 2.0 1.7 1.3 1.1

Maize TE 70 12.4 17.2 18.8 10.5 8.2 8.4 9.1 8.0 6.4 6.7 7.8 8.5
TE 80 5.3 8.1 12.0 3.3 2.6 0.9 3.0 2.9 1.8 1.3 2.4 16.4
TE 90 8.6 5.5 11.0 7.4 4.2 0.7 8.4 5.8 6.0 6.4 4.8 3.3
TE 00 7.6 6.2 4.9 5.3 5.0 15.3 3.2 5.3 4.3 2.5 1.6 1.8
TE 07 1.9 1.1 3.0 5.8 3.6 0.0 2.6 1.3 1.6 1.4 1.7 2.3

Total cereals TE 70 72.6 75.9 62.0 65.8 69.9 NA 62.7 64.9 57.2 41.1 73.9 52.8
TE 80 42.5 48.1 50.9 43.4 40.0 64.1 50.8 47.8 44.6 20.2 35.1 28.1
TE 90 66.7 58.3 70.3 58.3 64.4 97.4 54.2 52.2 47.4 23.3 38.2 37.2
TE 00 47.6 57.8 53.5 64.8 49.4 65.0 48.3 53.0 47.2 31.0 58.8 39.6
TE 07 18.2 24.1 25.7 24.1 19.7 20.6 21.6 16.5 14.9 10.5 16.9 9.0

Total pulses TE 70 13.1 15.2 20.8 16.0 11.3 21.1 12.3 13.0 10.6 6.5 11.4 20.4
TE 80 7.5 10.1 17.3 8.0 6.2 8.9 7.1 6.2 5.7 2.2 6.1 4.9
TE 90 9.1 12.2 13.9 13.9 14.2 24.4 8.7 10.8 8.0 3.6 9.5 20.3
TE 00 3.4 7.4 7.8 4.3 4.3 4.3 4.5 4.1 3.5 1.7 3.8 3.3
TE 07 1.5 3.6 2.3 1.1 0.9 1.4 1.0 0.8 0.7 0.8 0.7 1.7

Total oilseeds TE 70 0.2 0.6 0.4 0.2 0.3 0.0 0.1 0.2 0.3 0.0 0.1 0.1
TE 80 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TE 90 0.4 0.1 0.2 0.1 0.2 0.0 0.1 0.1 0.2 0.0 0.2 0.1
TE 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TE 07 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Sugarcane TE 70 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TE 80 9.4 11.0 12.8 12.2 13.5 4.0 2.7 4.6 6.2 3.5 1.7 14.9
TE 90 0.6 0.1 0.5 0.2 0.0 0.0 0.4 0.8 1.2 0.1 0.4 0.0
TE 00 0.0 0.8 0.2 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TE 07 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Cotton TE 70 7.7 8.8 11.8 8.2 8.6 24.2 6.3 9.7 7.4 2.9 4.8 7.5
TE 80 20.6 22.4 29.3 22.3 21.2 19.9 13.2 15.3 14.4 7.2 9.4 7.2
TE 90 14.9 18.2 25.3 4.9 6.9 5.2 8.8 8.1 8.3 1.7 4.8 12.1
TE 00 3.4 2.7 3.5 3.8 2.8 3.0 2.1 2.5 1.6 1.9 2.6 6.9
TE 07 11.8 14.2 19.2 6.1 5.1 7.6 8.0 5.2 4.3 1.6 4.7 11.3

Onion TE 70 8.1 7.9 12.5 4.1 4.1 8.3 4.2 4.1 3.9 1.4 2.6 6.1
TE 80 2.1 5.2 1.8 0.7 0.7 0.8 0.6 0.6 0.7 0.3 0.4 1.2
TE 90 4.8 2.3 3.9 1.0 0.8 1.1 1.6 1.0 1.0 0.2 0.8 3.7
TE 00 3.4 4.1 6.2 2.5 2.9 4.6 3.1 2.6 2.0 1.1 2.5 6.4
TE 07 9.2 13.1 16.4 7.0 5.2 4.8 6.4 4.4 3.7 1.8 3.0 10.5

Potato TE 70 5.6 5.2 8.4 3.0 2.6 4.1 2.7 2.4 2.3 1.0 2.0 4.1
TE 80 1.5 2.0 1.2 0.6 0.6 0.6 0.5 0.5 0.6 0.3 0.2 1.1
TE 90 2.7 5.8 2.3 0.5 0.6 0.8 1.3 0.9 0.8 0.2 0.6 1.2
TE 00 5.3 2.7 3.8 1.5 1.7 2.3 2.0 1.6 1.2 0.7 1.5 2.9
TE 07 6.5 3.5 5.4 4.2 2.6 1.5 2.9 2.0 1.6 0.7 1.0 4.0

Total fruits and vegetables TE 70 2.5 5.3 4.0 1.1 1.5 4.1 1.4 1.7 1.7 0.4 0.7 2.0
TE 80 0.7 3.2 0.6 0.1 0.1 0.2 0.1 0.1 0.1 0.0 0.1 0.2
TE 90 2.1 4.0 1.7 0.5 0.2 0.4 0.3 0.2 0.3 0.1 0.2 2.5
TE 00 2.5 4.5 2.4 1.0 1.2 2.3 1.1 1.0 0.9 0.4 1.0 3.5
TE 07 5.6 9.6 11.0 2.9 2.5 3.3 3.5 2.4 2.1 1.1 2.0 6.5

Note: Calculated using the VSDA data.
NA: Not Available; TE: Triennium Ending averages
HI: High irrigated, MI: Medium Irrigated, and LI: Low  irrigated
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A sharp decline in the share of cropped area
is observed in the case of rice, wheat, total cereals,
and pulses over the last three decades. Decline in
the share of maize area is minimal in the semi arid
high irrigated region. In India the traditional rice-
wheat cropping system is diversified by the
introduction of maize in states like Karnataka, Tamil
Nadu, Maharashtra, Gujarat and Odisha (Orissa)
and also high value commodities like potato and onion
are gaining popularity in all the states. At a quick
glance the summary table shows that the overall
diversification is towards onion, potato and mainly
fruits and vegetables. They are gaining popularity
rapidly and the percentage share of onion and potato
has increased in almost all zones. It is only in the
arid low irrigated area that share of sugarcane area
has increased despite the observed reduction in its
cropped area in 7 out of 14 states in India (Shiferaw
et al., 2012).

To supplement the macro level scenario on
crop diversification in India the micro level data study
carried out under CSISA (Cereal Systems Initiative
in South Asia) project indicates that the degree of
crop diversification differs from season to season
and is particularly higher in Rabi season (Pede et
al., 2013). On Rabi season, farmers grow more
wheat followed by pulses, green fodder, and
vegetables/fruits while in the Kharif season farmers
grow rice and sugarcane followed by maize, pulses
and other commercial crops (Krishna et al., 2012).
From CSISA household survey it is also revealed
that level of crop diversification differs across

geographical, agro-ecologies and countries
depending on agro-climatic factors, crop suitability
and market access and social preferences.
Diversification Index

The perusal of results in Table 3 shows the
calculations from the two diversification indices
calculated at ten year time interval for all the zone
classifications, the numbers show trend of crop
diversification across all the agro ecological zones
and by irrigation types between the periods 1968-
78 and 1998-2007. It is observed that there is a
sharp rise in diversification in the last decade of
1998-2007 compared to 1988-97. This might be due
to the new economic policy reforms in the 1990s
as crop diversification is often associated with the
process of structural transformation of the economy.
Also, this was a period when there was observed
changes in consumption preferences towards non
staple commodities. In 1968-77 period the arid
zones were relatively better diversified than the
other AEZs. This may be the strategy adopted by
farmers to reduce the risk of relying on one crop as
in this zone there is limited assured irrigation
facilities and reduce the change of crop failure. The
farmers seem to mitigate their climate and irrigation
linked risk by choosing diversification.

While, comparing the crop diversification index
for every ten year period, it was observe that in all
periods diversification is higher in arid zone with
irrigation facility. This indicate that crop
diversification is usually higher in arid AEZ as
compared to other ecological zones. This might also
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Table 3: Decadel diversification index from 1968 to 2007
Agro ecological zones Simpson's Index Herfindahl Index

1968-77 1978-87 1988-97 1998-2007 1968-77 1978-87 1988-97 1998-2007
Humid
High irrigated 0.674 0.664 0.685 0.837 0.326 0.336 0.315 0.163
Medium irrigated 0.655 0.667 0.666 0.820 0.345 0.333 0.334 0.18
Low irrigated 0.646 0.533 0.613 0.801 0.354 0.467 0.387 0.199
Semi-Arid Temperate
High irrigated 0.624 0.644 0.636 0.756 0.376 0.356 0.364 0.244
Medium irrigated 0.698 0.717 0.700 0.804 0.302 0.283 0.300 0.196
Low irrigated 0.604 0.398 0.523 0.770 0.396 0.602 0.477 0.230
Semi-Arid Tropical
High irrigated 0.737 0.700 0.759 0.820 0.263 0.300 0.241 0.180
Medium irrigated 0.715 0.697 0.773 0.849 0.285 0.303 0.227 0.151
Low irrigated 0.752 0.715 0.822 0.877 0.248 0.285 0.178 0.123
Arid
High irrigated 0.888 0.896 0.913 0.916 0.112 0.104 0.087 0.084
Medium irrigated 0.786 0.804 0.851 0.745 0.214 0.196 0.149 0.255
Low irrigated 0.854 0.831 0.836 0.876 0.146 0.169 0.164 0.124
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be because there is less risk in humid regions and
irrigated regions. Thus, the farmers tend to
concentrate more on small number of crops both
for self-consumption and marketing. Lower level
of crop diversification is also found in semi-arid
temperate ecological zone in initial years, but later
we see a major shift in crop diversification in the
last period. Interestingly, comparing within each ten
year period, it was observed that crop diversification
is much higher even in low irrigated areas of arid
AEZ as compared to high irrigated areas in all other
AEZs. This further indicates that agro-ecological
differences and climatic risk associated with it, may
explain a large part of crop diversification. However,
this is also an interesting area of future research.
Drivers of diversification

The increased consumption of high value
commodities, livestock and milk products is
influenced by factors like urbanization, and higher
real incomes that stimulate changes in dietary
patterns and consumption choices and preferences
(Kumar, 1998 and Mittal, 2006). This change in
demand preference towards high value commodities
has created an opportunity for the farmers to
diversify their production base and potentially
increase their farm incomes (Birthal et al., 2007).
Additionally, introduction of new technology
contributed to crop diversification in India as this
enabled shifts in cropping choices from cereal
production to high value cash crop production (De
and Chattopadhyay, 2010).
Changing land pattern

As evident from Table 4 the share of non-
agricultural area in the net cropped area is
increasing over the decades and also shares of non-
agricultural area in the total geographical area is
increasing over time. This increase is mainly due to
urbanization, development of infrastructure, etc.
Thus this acts as pressure of growing more from
the decreasing available area. The total share of
fallow land in the net cropped area is also slowly
increasing. Due to multiple cropping, inter cropping,

relay cropping and crop rotation, farmers are still
able to produce enough to meet the demand. This
acts as a push factor or driver for diversification.
Diversified food basket

With high economic growth rate of India in
last couple of years averaging more than 6 percent.
GDP growth for India in 2010 was around 9.6
percent (WB, 2010). Along with an increasing rate
of growth in the agricultural sector in India, there is
evidence of high per capita income growth. The
high growth path has led to diversification in the
consumption basket of the households and even of
those at lower income quantile (Mittal, 2007).
Although, cereals still remain the main component
in total food basket, its share in total food expenditure
was declining and that of high value commodities,
mainly fruits, vegetables, milk, meat, egg and fish
was increased in South Asia (Kumar et al., 2006).
This consumption diversification is mainly towards
an increase in the share of per capita food
consumption of non-cereal products (Table 5).

An increasing trend has also been observed
for vegetables, meat, fish, eggs and milk. Although
there are differences in consumption pattern
between rural and urban areas, the per-capita cereal
consumption per annum is declining while that of
high value commodity is increasing in both rural and
urban areas. Table 5 presents the change in the
composition of annual per capita food-consumption
in India during the last 3 decades.

In the last three decades between 1983/84 and
2009/10 the per capita cereal consumption in India
has declined by 20 per cent, while the annual per
capita consumption for fruits has increased almost
five folds (Table 5). This diversifying consumption
basket is also driving the diversification in
production.
What more about diversification?

Despite the importance of the intensive cereal
based cropping systems for enhancing food security
and reducing poverty in South Asia, the system of
diversification can face serious challenges of natural

Table 4: Change in land pattern (Percent share)
Year Non-agricultural land in Fallow land in Net cropped area

 Net cropped area Total geographical area
1970 13.11 6.52 7.48
1980 14.23 7.01 11.38
1990 13.42 7.41 9.03
2000 16.58 8.13 10.05
2007 19.07 8.88 11.20
Source: Calculated using the VSDA data
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resource management, inefficient use of chemicals
and emerging or worsening pest and disease
problems (Jat et al., 2006, Wall, 2007, and De and
Chattopadhyay, 2010). Over time, the traditional
rice-wheat cropping systems may become unstable
due to climatic change, degradation of natural
resources e.g. rice-wheat cropping system has been
highly water intensive. Thus, it is also important to
think about diversification of technology in use
towards more sustainable technologies. For
example, diversification towards water efficient or
water saving crops can reduce pressure on the
water resources. In addition, there is a need to
modify on-going farm practices in order to adapt
agriculture to climate change (Smit and Skinner,
2002). Interventions, like conservation agriculture,
have also enhanced the diversification of the
traditional cereal system by extensive on station and
on farm testing and adaptation of innovations for
cropping systems e.g. legumes intercropping and
rotations. This includes technologies like zero tillage,
land laser levelers and direct seeding of cereal crops
(Jat et al., 2006). These technologies are also more
resilient to climate change with management
practices like minimum soil disturbance, inter-
cropping and crop residue management and thus
able to address the issues of declining soil health
and pest and weed management. Land laser levelers
help to reduce use of water and zero tillage has
helped in better crop residue management and
improved soil moisture and crop productivity
(Krishna et al., 2012).
CONCLUSIONS  AND  WAY  FORWARD

While the patterns of cropping systems
diversification vary widely across different zones
in India, shifting demand patterns, climate change
and change in land use pattern has generally

triggered agricultural diversification. This process
of change is closely linked with income growth,
urbanization, and access to irrigation, market
incentives and population growth.  Diversification
can help farmers to broaden their income base, and
better  manage production risk, market risk and
enhance ability to adapt to climate variability and
change (Akanda, 2010). In many cases, past
policies of focusing more on food security without
due attention to sustainability and climate change
effects have worsened the problem. For example,
intensive irrigated cereal crop production with the
expansion of ground water irrigation has
substantially reduced the water table, leading to
depletion of aquifers in several intensively cultivated
cereal systems.

Policies like the minimum support price
implemented on selected cereal crops support
increased production of major cereal staples has
constrained diversification away from cereal based
system (Mitra and Sareen, 2006). To meet the
growing food security challenge and increasingly
diversified consumption requirements for a fast
growing population under changing climates, it will
require new ways of thinking and organizing
agricultural production. Agricultural diversification,
especially in the intensively cultivated cereal
systems of the region, by supporting expansion of
new cropping patterns (cereal-legume rotations)
could help farmers reduce soil degradation and
improve nutrition levels and also increse their
sources of income.Therefore, future policy needs
to address the problem of food and nutritional
security by stimulating and tailoring shifts in cropping
patterns towards more sustainable, diversified,
stress-tolerant and resource-saving options.

Expansion in irrigation infrastructure, access
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Table 5: Change in land pattern
Crops/Groups Percentage change

1983-93 1993-04 1999-09 1983-09
Wheat -16.54 3.29 -12.67 -15.10
Rice -10.55 16.2 -3.46 -1.60
Total cereals -20.42 6.18 -9.10 -20.56
Pulses -33.72 14.81 -32.26 -28.79
Edible oil 22.88 19.36 -17.39 85.36
Veg 28.58 9.77 15.34 81.84
Fruit 192.12 10.26 26.65 364.55
Milk 31.17 3.27 -12.85 41.67
Sugar -5.75 -10.76 -35.38 -19.63
Meat, fish and egg 13.69 14.22 29.49 85.99
Source: Computed from various NSSO HH Survey rounds
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to productive technologies, extension efforts and
market access have fueled diversification of
production away from the traditional cereals into
high value food and industrial crops (Hazra, 2001
and Mitra and Sareen, 2006). On the demand side,
this process of transformation and diversification
of production has been driven by increasing per
income, urbanization and employment opportunities
for men and women that tend to change the
opportunity cost of labor time and stimulate changes
in dietary behavior and diversification of
consumption of certain products. Agricultural
diversification when complemented with sustainable
intensification creates opportunities for poverty
reduction and climate resilience by boosting
agricultural productivity, reducing risks, and
increasing market participation and incomes for the
poor.

Evidences show that diversification contributes
to sustainable intensification by reducing mono-
cropping and increasing multiple-cropping that
reduces the risk of pests and diseases and system
resilience. It also minimizes the risk of crop failure
contributing to climate adaptation in vulnerable
regions.  Diversification towards water efficient or
water saving crops can reduce pressure on the
water table while reduced risk of pests and diseases
cuts excessive use of chemicals. This aspect needs
to be further tested and analyzed. Conservation
agriculture has enhanced diversification of the
traditional cereal system by extensive on station and
on farm testing and adaptation of innovations for
cropping systems e.g. legumes intercropping and
rotations. Technologies like zero tillage, land laser
levellers and direct seeding of cereal crops, are more
resilient to climate change with management
practices like minimum soil disturbance, inter-
cropping and crop residue management and thus
able to address the issues of declining soil health
and pest and weed management. Soil and water
conservation in the intensively cultivated cereal
systems could help farmers reduce soil degradation
and improve soil fertility

While crop diversification by itself is not
climate-smart, if complemented with options for
sustainable intensification strategies, could
contribute to improving resilience and adaptation to
climate change. It can also create opportunities for
climate resilience by boosting agricultural
productivity, reducing risks, and increasing market
participation and incomes for the poor. Macro level
diversification of production did not always lead to

diversification of traditional cereal systems.  Better
policies and technology options such as conservation
agriculture and legume rotations are urgently
needed. Future policy needs to address the problem
of food security by stimulating shifts towards more
sustainable, diversified, stress-tolerant, and
resource-saving options.
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ABSTRACT
Majority of the indigenous dairy products use three major milk based ingredients namely Khoa, Channa andPaneer in their manufacturing which have been termed as intermediate dairy products. The important wholesalemarkets of intermediate dairy products are Paneer market in Rohtak, Khoa market in Delhi, and Channa marketin Kolkata. The present study determines their market structure, conduct and performance. Based on theconcentration ration, the study concluded that overall structure of these markets was oligopolistic. The lowprofit margin and perishability were the major barriers of entry. The open auction method was practiced only inkhoa market. All products were sold unpacked and quality was determined subjectively. The market margincharged was higher and producer’s share in consumer’s rupee was lower. The study concluded that marketingefficiency can still be improved by increasing the competition and specialization of the functions.
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INTRODUCTION
In a predominantly vegetarian population of

India, milk and milk products form an essential
component of the human diet and no other single
natural food meets the nutritional requirement better
than milk and milk products. In India, per capita
consumption of protein from all sources is about 59
gm per day. Out of this total protein, milk and milk
products contribute 22 percent of protein
(Anonymous, 2009-10). The preferences for
consumption of milk and milk products pulled up
the milk production of India to emerge as world’s
largest milk producer with an annual production of
132.4 million tons in year 2012-13 (Anonymous,
2014). From the consumption pattern point of view,

around 46 percent of total milk is consumed in the
form of liquid milk, 47 percent as indigenous dairy
products and 7 percent as western dairy products.
The indigenous dairy products comprised on milk
based sweats (burfi, peda, gulab jammun, sandesh,
etc.), curd, paneer, etc. are the largest selling and
most profitable segment. Nevertheless, its
production, processing and marketing is limited to
unorganized sector with nil or negligible share in
the organized sector.

Their large scale production presents a unique
opportunity to the organized sector. The operational
margins in these dairy products are also much
higher than those for modern/western dairy
products. Their demand peaks during winter

www.soed.in
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months, that is, festival season as well as during
weddings. Many sweet shopkeepers record as
much as 40 percent of their annual turnover during
October-November festival season. Also hotels,
dhabas, restaurants need large quantities of milk
products like Paneer for their daily usage. There is
huge potential for processing and value addition in
these dairy products in India and abroad, which are
largely sold unbranded in the market. The dairy
companies in organized sector are conscious of
extent of market and profitability in the production
of indigenous dairy products. To capitalize it, more
and more dairy plants in public, private and
cooperative sector has started production of some
of these products on commercial scale. The trend
will help them in getting a better procurement price
for the milk marketed. Majority of these indigenous
dairy products use three major milk based
ingredients namely Khoa, Channa and Paneer in
their manufacturing and hence, termed intermediate
dairy products because these are not the final
products but used as raw material in the production
of final products (Sood, 1991).

Khoa is ingredient for burfi, peda, gulab
jamun, kalakand, etc. and channa is used in the
preparation of sandesh, rasogolla, cham cham,
channa mudki, etc. whereas various vegetable
dishes are prepared from paneer. With the increase
in demand for these indigenous dairy products, their
producers are increasingly outsourcing supply of
intermediate dairy products namely khoa, channa
and paneer. This has led to the development of
their wholesale markets where these products
(intermediate) are produced and marketed in large
scale. The reasons for outsourcing may be the
production of these ingredients is a specialized and
time consuming process and they could be
transported in bulk. About 5 to 7 percent of milk
produced in India is converted into paneer and
khoa. (Aneja et al., 2002 and Joshi, 2007).

The area specific  demand for different
intermediate dairy products led to crop up of their

wholesale markets. These are also the reason for
development of wholesale markets of these
ingredients in a cluster form or place specific. The
important intermediate dairy product markets in the
country are namely Paneer market in Rohtak, Khoa
market in Delhi, and channa market in Kolkata.
These markets are located in towns or cities. Such
markets provide both producers and consumers a
convenient and affordable marketing outlet to meet
their requirements. These markets if adequately
structured and conducted, may prove to be
beneficial to the producer and consumer in terms
of price efficiency and meeting food quality
standards. The present study was targeted at these
markets with specific objectives (1) to determine
the market structure of important intermediate dairy
product markets; (2) to analyze the conduct of
intermediate dairy product markets; (3) to estimate
the performance of important intermediate dairy
product markets, and (4) to examine the major
problems of wholesale markets of intermediate dairy
products.
METHODOLOGY
Selection of Markets and Data Collection

The markets selected for the study were-
Paneer market in Rohtak (Haryana), Channa market
in Kolkata (West Bengal) and Khoa market in Delhi.
These markets were selected purposively on the
basis of size of business, co-existence of wholesalers
and coverage of area in terms of supply and
demand. The data were collected by personal
interview method on pretested schedules separately
from producer/ supplier, commission agents,
wholesalers and retailers of each selected market.
Table 1 shows the general profile of these markets.
Fifteen retailers purchasing dairy products from
each of these markets were selected for data
collection. The commission agents were there only
in khoa market and therefore seven of them were
selected. There were no commission agents in other
two wholesale markets namely panner (Rohtak)
and Channa (Kolkata).

Table 1: General profile of selected markets
Particulars Paneer Channa Khoa
Wholesalers (No.) 9 14 27
Quantituy sold per year (Quintals) 715 5785 7628
Mean sale (kg/day/seller) 25 93 79
Village of supply Produced at the location Phulia, Karna, Shantiput,Duttapur, Ranaghat, Mednipur.(West Bengal)

Bagpat andBulandsahar(U.P)
Area of demand Rohtak Kolkata Delhi
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Market structure analysis
 Market structure was studies from the point

of view of number of firms in the market and
distribution of trade among them. In other words,
to have competitive price, the trade should not be
concentrated in the hands of few sellers to avoid
collusive tactics. Three widely used measures viz.,
Lorenz curve, Gini coefficient and Concentration
ratio were used to analyze competitiveness.

The Gini coefficient (GC) was calculated using
the formula: GC = 1-pi(Qi + Qi-1), where ‘pi’ was
proportion of wholesalers in the ith class interval,
‘Qi’ was cumulative proportionate sale of ith class
interval and ‘Qi-1’ was taken as cumulative
proportionate sale of preceding class interval. The
class intervals were the ranges of product quantity
sold per day by a firm. GC ranges from 0 to 1
showing perfect inequality if equal to one. Higher
the value of GC, higher is the extent of inequality in
the distribution of volume of business.

The market structure was determined by
concentration ratio (CR) on the criterion followed
in Bain (1959). It is based on percentage of the
industry’s size accounted by few of the largest firms
usually four and is denoted by (CR4). In the
calculation of CR, firms were arranged in
descending order on the basis of quantity of product
handled. CR was calculated as CR4 = ;
where ‘Pi’ stands for the same as notated above.
CR also varies from 0 and 1; higher the value of
CR, greater will be the market concentration or
monopoly power in the industry. On the extent of
the total quantity of business controlled by the top
four firms, a given market was classified into four
categories (Bain, 1959) as given in Table 2.

behaviour of firms, especially in relation to pricing
and their practices in adapting and adjusting to the
market in which they perform (Acharya and
Agarwal, 2009). The important parameters studied
to assess the market conduct of selected wholesale
markets of intermediate dairy products were
exchange functions, methods of price determination,
product differentiation and promotion, and market
information. Information on these parameters were
collected through personal observation or personal
interview method from the wholesaler/ producer.

The pertinent question put to the traders to
determine the exchange function was whether the
product was sold or purchase on cash payment or
credit. Similarly, whether price is determine by open
auction or based on cost of production or following
the leader or the market trend. Product
differentiation is in the form of taste, texture, colour,
appearance, moisture, grade, and packaging. The
producers/suppliers, wholesalers/ producers and
retailers were asked which one or combination of
more than one of the above criteria were used to
determine the product differentiation. The method
used for product promotion and sale could be
newspaper, television, radio, exhibition or pamphlet.
Market information is a crucial market function for
its smooth and efficient operation. Correct,
appropriate and timely information about the
demand, supply, prices and government policies,
facilitate producers to take right decision. In this
study, collection of information by the wholesaler,
retailer and producer about the price, demand and
supply were studied by putting direct question.
Market Performance and Efficiency analysis

The market performance has been analyzed
in terms of market margins and producers’ share in
consumers’ rupee in different marketing channels.
The marketing efficiency was estimated using
Shepherd’s approach (Shepherd, 1965).

In order to identify different marketing
channels, the various routes traversed by products
from producer till it reaches ultimate buyer were
traced and recorded. In each market channel,
market margins of each middleman were calculated
using formula given by Acharya and Agarwal, 2009.

100P
)C(PPP

ir
mipiir

mi 
Where Pmi= Percentage margin of i th

middleman; Pri= Total value receipts per unit (sale
price); Ppi= Purchase value of goods per unit
(purchase price of the ith middleman), and Cmi= Cost
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Table 2: Market structure classified on the basisof CR
Nature of market Percentage ofbusiness controlled(CR)
Highly concentrated oligopoly 75-100
Moderately concentrated oligopoly 50-75
Slightly concentrated oligopoly 25-50
Atomistically competitive Less than 25
Bain, 1959
CR: Concentration ratio

Besides this, the barriers to entry of firms were
also identified and their importance was adjudged
using Garrett’s ranking technique.
Market conduct analysis

 The market conduct refers to the patterns of
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incurred on marketing per unit.

After calculating the market margins and total
marketing cost, price received by the farmer
expressed as a percentage of the retail price (the
price paid by consumer) to determine producer’s
share in consumer’s rupee [Ps= (Pf/Pr) 100]
Where Ps= Producer’s share in consumer’s rupee,
Pf= Producers price, and Pr= Retailers price.

In the measure of efficiency, ratio of the total
value of goods marketed to the total marketing costs
is used as per Shepherd’s approach [MEI= (V/I) –
1], Where,  MEI= Marketing efficiency index; V=
Value of product at ultimate buyer’s level, and  I=
Total marketing cost.
Constraint analysis

To improve the structure, conduct and
performance, the information on constraints faced
by marketing agencies in these markets were
collected and analyzed for its severity using
Garrett’s ranking technique as percent position =
100 (Rij-0.5)/Nij

Where,
Ri j=Rank given for the ith  factor by the jth
       individual;
Ni j= Number of factor ranked by the jth individual.

The percent position was converted into scores
by referring to the tabulated values given by Garett
and Woodworth (1969). Then, for each constraint
the scores of the individual respondents were added
together and divided by the total number of
respondents for whom scores were added. The
mean scores for all the constraints were arranged
in descending order and the most influencing
constraints were identified through the ranks
assigned.
RESULTS AND DISCUSSION
Market Structure

The market structures of selected wholesale
markets were determined using Bain’s classification
(Bain, 1965) based on four firm concentration ratio
and the results are presented in Table 3. The four
firm concentration ratio (CR4) worked out in the
Paneer, Channa and Khoa markets were 63 per
cent, 40 per cent and 27 per cent, respectively. The
concentration ratio in paneer market shows that

63 per cent of the total sale was handled by four
largest firms/ wholesalers. Accordingly, the paneer
market was having moderately concentrated
oligopoly structure and the structure of channa and
khoa markets was found to be slightly concentrated
oligopoly.

In literature, many reasons have been cited
for the emergence of oligopoly. These are historical
factors, economies of scale, superior entrepreneurs,
patent rights, control of indispensable resources and
difficulty of entry. Among these, in case of
intermediate dairy product market, the main reason
for existence of oligopoly seems to be emergence
of wholesale markets, perishability and vertical
linkages. Vertical relationships between the suppliers
of inputs (milk or product) and manufacturers
(wholesaler/producer) becomes critical under
imperfect competition like oligopoly. Consumers pay
high prices under this type of market structure.
There is a need to encourage more firms to take
the business and increase the scale of production
of existing firms.

Still the inequality among wholesalers in the
distribution of quantity sold per day was
comparatively less shown by the Gini Coefficient
The Gini coefficient between the quantity sold per
day and the number of wholesalers was found to
be 0.25, 0.14 and 0.23 in the Paneer, Channa and
Khoa markets, respectively. The possible reasons
for lower inequality were the perishability and
market linkages. The large wholesalers were able
to operate above breakeven point and were having
their own retail shops in the market to whom they
were supplying the product. This is also apparent
from the barrier of entry studied in the ensuing
section.
Barriers of entry

Barriers of entry as revealed by the
wholesalers in the market and their order of merit
transmuted following Garret ranking are given in
Table 4.  As apparent from the Table 4, limited profit
margin to the wholesalers was the major barrier of
entry in all intermediate dairy product markets
followed by perishability or spoilage of the products.
Also there was requirement of substantial amount

Table 3: Market structure based on Concentration Ratio and Gini Coefficient in selected wholesalemarkets
Name of markets Concentration Ratio (CR4) Market Structure Gini Coefficient
Paneer Market, Rohtak 63 Moderately concentrated oligopoly 0.25
Channa Market, Kolkata 40 Slightly  concentrated oligopoly 0.14
Khoa Market, Delhi 27 Slightly  concentrated oligopoly 0.23
Bain, 1959
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of capital which was considered the third important
barrier of entry in the wholesale markets of paneer
and channa.  The initial capital requirement was
more due to perishability of the products. All
wholesalers were to keep refrigerator to store the
products. In case of khoa market, the next major
barriers of entry were severe competition and initial
capital requirement as wholesalers were operating
with limited space and equipments. Limited market
information and severe competition were the
barriers of entry which were ranked the last in
paneer and channa markets.
Market Conduct

The market conduct was subjectively analyzed
on the basis of exchange function, price
determination, product differentiation, product
promotion and market information and the results
are summarized in Table 5.
Exchange function

In paneer market, exchange function takes
place between wholesaler cum producer and

retailer/consumer as wholesaler was producer
himself. Consumers were generally household
keepers, dhabawalas (roadside restaurants) and
hotels. While in channa market, producer brought
channa to the wholesalers shop and payment was
made weekly to the producer and the product was
directly sold to retailer and consumer from the
wholesale shop. Consumers here were generally
household keepers and sweets shop owners.

Generally spot sale takes place in the paneer
and channa wholesale market on the basis of cash
and carry condition as well as on credit. Most of
the wholesalers that sell on credit had regular
buyers. It was only in Khoa market that producers
bring khoa to the khoa market and it was sold
through open auction to wholesalers. The payment
was made daily to the producer. The commission
agent charges commission at the rate of 3 percent.
The wholesaler sells product directly to the retailer
and consumer on the basis of cash and carry
condition and on credit. Buyers in the khoa market

Sharma and Chandel: Structure, Conduct and Performance of Selected Wholesale Markets
Table 4: Barriers of entry and exit in the markets of intermediate dairy products
Barriers to entry Paneer market, Rohtak Channa market, Kolkata Khoa market, Delhi

Mean score Rank Mean score Rank Mean score Rank
Limited profit margin 70.5 1 62.5 1 63.5 1
Perishability of product 62.5 2 60.5 2 59.5 2
Initial capital requirement 46.5 3 58.5 3 41.5 4
Limited market information 40.5 4 39.5 4 35.5 5
Severe competition 29.5 5 24.5 5 49.5 3

Table 5: Market conduct information in selected markets of intermediate dairy products
Market conductparameters Paneer market, Rohtak Channa market, Kolkata Khoa market, Delhi
Exchange function between
Wholesaler and producer     - Cash and carry conditionand on credit Cash and carry conditionand on credit
Wholesaler and retailer Cash and carry conditionand on credit Cash and carry conditionand on credit Cash and carry conditionand on credit
Wholesaler and consumer Cash and carry conditionand on credit Cash and carry conditionand on credit Cash and carry conditionand on credit
Price determination between
Wholesaler and producer    - Direct  negotiation Open auction
Wholesaler and retailer Direct negotiation Direct negotiation Direct negotiation
Wholesaler and consumer Direct negotiation Direct negotiation Direct negotiation
Product differentiation
Quality Good quality paneer doesnot break into pieces oncutting

Good quality channashould be greasy andgranular
Three grades (pindi, dhapand danedar). Pindi was best

Colour White White Yellow
Flavor Milky and sweetish Milky and sweetish Milky and weetish
Packaging No packaging No packaging No packaging
Product promotion Personal contact Personal contact Personal contact
Market information Personal contact Personal contact Personal contact
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were generally sweets shop owners.
Price determination

The perusal of Table 5 shows that the price
determination in all markets generally take place
on the basis of direct negotiation except in khoa
market where there was the open auction sale
between producer and wholesaler. Other methods
of price determination were the cost of production
and marketing, and follow the leader in the market.
During festival season and other special occasions
like marriages, the increased demand result in
increase in price of all dairy products.
Product differentiation

Product differentiation was studied with
respect to quality, colour, flavour and packaging. It
was observed that no special packing was done in
all the three markets and the products were directly
sold to buyers in loose packing. According to buyers
and wholesalers, the quality of the paneer was
judged by cutting. A good quality paneer does not
break in to pieces on cutting. The superior quality
Channa was granular and greasy.  Other criteria
for product differentiation were colour and flavour.
White colour of paneer and channa were
considered to be superior. Nevertheless, there were
three grades of Khoa (PINDI, DHAP and
DANEDAR) and the best grade was pindi which
was sold in large quantities. Yellow colour of Khoa
was rated best. The other colours of khoa were
while and creamish. The preferred flavour for all
the three products was milky and sweetish.
Product promotion

Since, there was no packing and grading done
in all the three markets, no product promotion

activities were carried in either of the dairy product
markets to promote sale. The personal contact and
perceived quality were the only ways available with
the wholesalers to promote sale of their products.
The packaging on scientific lines especially that of
channa (Kumar, 1981) will improve product
promotion.
Market information

The information on demand, supply and price
of product was gathered only on basis of personal
contacts in all the three markets.
Market Performance

The parameters of market performance
studied were marketing channels, efficiency,
margins and producer’s share in consumer’s rupee
as shown in the Table 6.
Marketing channels

In the paneer market, there were only two
marketing Channels-I:  Producer cum wholesaler-
Consumer, and Channel-II: Producer cum
wholesaler- Retailer- Consumer. About 30 per cent
of wholesalers were having their own retail outlet
in the city. The Channel-II was the important
channel as about 70 per cent of the paneer was
sold through this channel. Producer price and
consumer price of paneer was 90 per kg and 110
per kg, respectively in Channel-II. In channa
market, the prevalent marketing Channel-III:
Producer- Wholesaler- Consumer, and Channel IV:
Producer- Wholesaler- Retailer- Consumer.  The
Channel-IV was the important channel in the sale
of channa as 80 percent of the total produce was
marketed through this channel. Producer price and
consumer price of channa was 90 per kg and

Table 6: Market performance of selected wholesale markets of intermediate dairy products
Particulars Paneer market,Rohtak Channa market,Kolkata Khoa market,Delhi

MC-I MC-II MC-III MC-IV MC-III MC-IV MC-V
Percent of produce sold 30 70 20 80 10 70 20
Producer’s price ( kg-1) 100 90 90 90 115 115 115
Consumer’s price ( kg-1) 100 110 102 115 125 140 145
Marketing margin (Percent of consumer’s rupee)
Retailer - 18.18 - 13.04 10.71 10.34
Wholesaler - - 14.28 8.69 8 7.14 6.89
Commission agent - - - - - - 3.44
Producer’s share in consumer’s rupee (Percent) 100 81.81 85.71 78.26 92 82.14 79.31
Marketing efficiency (Ratio) - 4.5 6 3.6 11.5 5.6 4.83
MC: Marketing channel
MC-I: Producer cum wholesaler- consumer
MC-II: Producer cum wholesaler- Retailer-consumer
MC-III: Producer-Wholesaler-consumer
MC-IV: Producer-Wholesaler- Retailer-Consumer, and
MC-V: Producer-Commission agent-Wholesaler-Retailer-Consumer.
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115 per kg, respectively in Channel-IV.
In khoa market, there were three important

Channel-III: Producer- Wholesaler-Consumer,
Channel-IV Producer- Wholesaler- Retailer-
Consumer, and Channel-V: Producer-Commission
agent- Wholesaler- Retailer- Consumer. The
Channel-IV was the important channel in the sale
of khoa channelizing 70 percent of the produce.
Producer price and consumer price of khoa was

115 and 140 per kg, respectively in Channel-IV.
Marketing margins

Marketing margin is the profit that
intermediaries or middlemen make to remain in the
business. It was calculated on a constant price i.e.,
consumer’s price. In paneer market, marketing
margin for retailer was 18.18 percent (percentage
of consumer’s rupee) in Channel-II. The retailers
usually fix their profits at a higher level due to low
turnover as well as high spoilage risk. In channa
market, marketing margin for retailer in Channel-
IV was found to be 13.04 percent and that of
wholesaler, it was 14.28 and 8.69 percent in Channel-
III and IV, respectively. The margins for wholesaler
were comparatively lower than retailer’s margin
due to lesser risk of spoilage. Uncertainty on the
part of electricity in the area added to charging
higher margin.

In khoa market, marketing margins for retailer
in Channel-IV and V were found to be 10.71 and
10.34 percent, respectively. While the marketing
margins for wholesaler in Channel-III, IV, and V
were found out to be 8.0, 7.14, and 6.89 percent,
respectively. The margin of commission agent was
worked out to be 3.44 percent in the consumer’s
rupee in Channel-IV. Arora and Patel (1976)
observed that marketing margin of 17.56 percent
was distributed among wholesalers, retailers and
brokers in khoa market.
Producer’s share in consumer’s rupee

The producer’s share in consumer’s rupee was
obviously 100 percent when sold directly to the
consumer but consumer pay less price in this case.
So the benefits accrue to the consumer and not to
the producer.  Whereas in Channel-II of the paneer
marketing, consumer paid higher price but the share
of producer was only 81.81 percent in consumer’s
rupee. Accordingly, the producer’s share realized
was 85.71 percent and 78.26 percent in Channel-
III and IV, respectively in Channa market.  The
producer’s share in consumer’s rupee decreased
with the increase of intermediaries. The same could
be observed from similar studies by Harriss (1979),

Devraj (2001), Gandhi and Namboodiri (2002),
Vedamurthy, and Chauhan (2005). Similar trend was
observed in Khoa marketing too. Nevertheless,
there were lesser variations in actual price received
by the producer as compare to the price paid by
consumer in channels involving more intermediaries.
Marketing efficiency

Marketing efficiency also tends to reduce with
the increase of intermediaries in the channel. Similar
trend was observed in marketing efficiency of
different channels of all the three intermediate dairy
products. But while comparing the marketing
efficiency of marketing channels among products,
the Khoa marketing channels were found to be the
most efficient followed by paneer and channa.
The Channel-IV was the prominent marketing
channel (transporting more than 70 percent of the
produce) of channa and khoa markets. The
efficiency index for this channel was 5.6 and 3.6,
respectively. One of the reasons for Khoa
marketing to be more efficient is that there were
more number of buyers and sellers and open auction
system of price determination was practiced. While
involvement of intermediaries could not be avoided
to some extent, the marketing efficiency can still
be improved by increasing the competition and
specialization of the functions.
Constraints of wholesale markets

The ranking of constraints in paneer, channa
and khoa wholesale markets transmuted in order
of merit following Garret table is given in Table 7.
These were the constraints restricting the scale of
operation, entry of new operators and profit. In
paneer market, the major constraint was availability
and cost of raw material (milk). The producer
purchases milk of about 300 litres daily from nearby
dairies.

There was uncertain supply of milk throughout
the year resulting in poor planning in production and
marketing of product. During lean season, the
problem of unsure supply was more sever leading
to increase in cost and decrease in profit. The other
constraints were non-availability and high cost of
fuel, followed by lack of adequate market space
and proper sanitation facilities in market area. The
latter constraints also ranked very high in all markets
of intermediate dairy products. Many of the
wholesalers cited lack of government initiatives
towards improving the infrastructure, sanitation
conditions and other support. Besides these, lack
of financial support like credit was the important
constraint of these markets.

Sharma and Chandel: Structure, Conduct and Performance of Selected Wholesale Markets



140

Indian J Econ Dev 12 (1): 2016 (January-March)

CONCLUSIONS AND POLICY
IMPLICATIONS

The existence of intermediate dairy product
wholesale markets exhibits the growing business
of final indigenous dairy products. Paneer, channa
and khoa are intermediary to many dishes/sweets
made from these products for final consumption
like rasogulla, burfi, milk cake, other dishes
containing paneer, etc. The production and
marketing of these so called intermediate dairy
products is although evenly distributed in urban areas
all over the country but their concentration in few
areas qualify them to be the wholesale markets and
these markets have become popular by the name
of the dairy product being sold. Among these
markets, the most popular are the paneer market,
Rohtak, the Khoa market, Delhi and the Channa
market, Kolkata and the same were selected to
study the structure, conduct and performance of
these markets with the aim to come out with policy
implications to improve their lot so that indigenous
dairy product business can get a boost. The general
profile of these markets revealed limited number
of firms (wholesalers) operating in the market. The
four firm concentration ratio (CR4) worked out in
the Paneer, Channa and Khoa markets were 63
per cent, 40 per cent and 27 per cent, respectively.
Accordingly, the paneer market was having
moderately concentrated oligopoly structure and the
structure of channa and khoa markets was found
to be slightly concentrated oligopoly. The overall
inequality in the sale of product per day was found
lesser than any agriculture commodity markets but
it was comparatively more in case of paneer market
than channa and khoa.

These markets are not registered under any
regulating body except the khoa market. Therefore,
there were lack of any regulation, monitoring and
infrastructure in the markets. Even in the khoa
market, the situation was not found better than other
markets.

Many elements of market conduct were

missing like no packing and grading. This made
marketing functions like product promotion, price
determination, etc. more difficult. In such a situation,
price incentives were not going in favour of quality
product or there was little incentive to sell quality
produce in these markets. In the absence of perfect
competition, the marketing margin charged was
higher than other similar products and producer’s
share in consumer’s rupee was lesser.

 The measures required to improve the
efficiency need necessary adoption of open auction,
increase presence of sellers in the market and
improvements in market infrastructure. The study
hints at following government intervention to
promote wholesale markets of these intermediate
dairy products.
1. Infrastructural improvement of the markets in

terms of electricity, sanitation, cold storage
facilities and most importantly proper buildings
so that these markets do not run in open areas.

2. Due to uncertainty in supply of raw material,
demand for final products and highly perishable
nature of products, there is a need for
developing forward and backward linkages with
the help of a group or Market Committee
working for common interests of the producer/
wholesales. This Committee will regulate
market practices and attain transparency in
transactions.

3. Standardize package of practices in production,
transportation, storage and sale of these
products to improve quality and make the
product more hygienic and safe for
consumption enabling sellers to get a higher
price for their quality products.

4. Encourage more firms to join the business by
providing credit, training and space facilities.
Proper training will improve handling and
marketing of the product.
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ABSTRACT
This study analyzed the effect of cash conversion cycle on financial performance of coconut oil mills in WesternTamil Nadu. The data were collected from 40 coconut oil mills in western Tamil Nadu for five-year period from2009-10 to 2013-14. Based on the Overall Working Capital Management Efficiency Index, the coconut oil millswere classified as efficient (70 per cent) and inefficient (30 per cent) category. Regression results revealed thatthere was a significant influence of cash conversion cycle, liquidity of firm and capital structure on financialperformance of coconut oil mills in Western Tamil Nadu.
Keywords
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INTRODUCTION
Cash or finance is considered as the lifeblood

of business and a proper cash management and
the firm’s liquid resources is vital to the firm’s
profitability, survival and the ultimate growth. One
can never expect a smooth working of any business
unit unless and until its precious resources are used
in an optimal way. The firms face with Working
capital mamangement (WCM) management
problems and liquidity shortages always  and find it
extremely difficult to cope with the issues relating
to their survival and eventual growth. So
investigating the optimal combination of the
components of WCM is of paramount academic
as well as practical importance, and that especially
in the context of the developed as well as the
developing countries, in the context of the larger
companies as well as the small and medium sized

enterprises (SMEs).
Both academic studies and management

surveys indicated the importance of managing the
firm’s cash conversion cycle. The process through
which profitability of the firm is influenced by the
changes in cash conversion cycle (CCC) in recent
years has gained much attention among the
researchers in different parts of the world. Studies
have been predominantly focused on a linear
relationship between CCC and different profitability
indicators in the study firms, and mostly suggested
a shorter CCC (or adoption of an aggressive
working capital management policy) for increase
of profitability in these firms. Considering the
importance of CCC in financial performance, the
present study was taken up to assess the influence
of CCC on financial performance of coconut oil
mills in western Tamil Nadu.
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REVIEW OF LITERATURE

A review of the literature is an essential part
of the academic research. The review is a careful
examination of a body of literature pointing towards
the answer to the research problem. Hence, the
literature on concepts, analytical techniques and
results pertaining to the study were reviewed and
presented as follows:

Uyar (2009) studied the relationship of Cash
Conversion Cycle (CCC) with firm size and
profitability in Turkey. He set out industry
benchmarks for CCC of merchandising and
manufacturing companies and examined the
relationship between the length of the CCC and
the size of the firms and profitability. The author
collected the data from the financial statements of
the corporations, listed on the Istanbul Stock
Exchange (ISE) for 2007. The author utilized
ANOVA and Pearson correlation analysis for
empirical investigation. Their results showed that
there was a significant negative correlation between
the CCCC and the firm size and profitability.

Ebben and Johnson (2011) investigated the
relationship between CCC and levels of liquidity,
invested capital, and performance in small firms over
time. In a sample of 879 small U.S. manufacturing
firms and 833 small U.S. retail firms, the cash
conversion cycle was found to be significantly
related. Firms with more efficient CCC were more
liquid, required less debt and equity financing, and
had higher returns. The results also indicated that
small firms could be reactive in managing cash
conversion cycle.

Attari and Raza (2012) analyzed the
relationship of cash conversion cycle with the size
and profitability of the firms in the four specific
manufacturing sectors listed at Karachi Stock
Exchange namely Automobile and Parts, Cement,
Chemical, and Food Producers. The results revealed
that the cement industry had the lowest CCC length
and the highest mean value of the CCC was found
with Automobiles industry, with an average of 73.72
days. There was a significant negative correlation
between the CCC and the firm size in terms of
total assets, and was found a negative correlation
between CCC and profitability in terms of return
on total assets with the values of -0.415 and -0.131
respectively.

Al-Shubiri and Aburumman (2013) investigated
the relationship between CCC and financial
characteristics. Sample consisted of 11 different
Jordanian industrial sector covering the period 2005-

2011 listed on the Amman Stock Exchange (ASE).
The results of the study indicated that there was a
statistically significant and positive relationship
between cash conversion cycle and independent
variables, such as: debt, market, productivity, liquidity
and dividends indicator at different significant level
one and 5 percent, and the size indicator had no
significant relationship with CCC. They concluded
that companies should balance their internal policies
like collection, inventory and payment and should
update those measures depending on market
conditions and competition.

Anser and Malik (2013) investigated the role
of CCC in enhancing return on assets and equity of
the companies and measured the impact of CCC
on profitability of the manufacturing companies
listed at Karachi stock exchange of Pakistan for
the period 2007 to 2011. They measured the
profitability through return on equity and return on
assets, which represented the dependent variables
and they considered firm size and debt ratio as
control variables. Results showed that
manufacturing companies had low average return
on asset and high average return on equity with
reasonable average cash conversion cycle.

Lin et al. (2014) chosen two Taiwan
companies in food industries: a listed company (Uni-
President) and a delisted company (Tsin Tsin) and
compared the performance based liquidity
indicators. They examined financial data of the two
companies from 1996 to 2005 and calculated the
current ratio, quick ratio and cash conversion cycles.
The research results showed that CCC indicators
better reflected the company’s actual short-term
debt-paying ability and liquidity. They concluded that
enhancement of CCC indicators would improve the
ability to understand a company’s liquidity.

Oladele (2014) examined the relationship
between CCC and profitability in the Nigerian
manufacturing firms. Correlation and regression
analysis revealed a positive and significant
relationship between CCC and return on equity
(RoE) on one hand and a non-significant negative
relationship between CCC and return on assets
(RoA) on the other side.
METHODOLOGY
Sampling Design and Data Collection

The list of coconut oil mill for Western Zone
(Tiruppur and Coimbatore) of Tamil Nadu was
collected from Coconut Oil Mill Association,
Kankeyam, Tiruppur District and District Industries
Centre (DIC). The list comprised of 126 coconut



145

oil mills in Tiruppur and 15 oil mills in Coimbatore
districts. From that list, 40 coconut oil mills were
selected by simple random sampling method.

Five year period from 2009-10 to 2013-14 was
considered for evaluating the financial performance
and efficiency of coconut oil mills in Western Tamil
Nadu. The study profoundly relied on secondary
data (balance sheet, income statement and cash
flow statement) from the annual reports of the
coconut oil mills.
Operating Cycle and CCC

Operating cycle and CCC are the important
components of liquidity management. While the
operating cycle is made up of two components viz.,
days in receivables and days in inventory, the cash
conversion cycle requires one more component that
is, days in accounts payables. Operating cycle is
obtained by adding days in inventory with days in
accounts payable, where as cash conversion cycle
is calculated by subtracting days in accounts payable
(days) from the operating cycle. The CCC is equal
to operating cycle minus accounts payable in days.
Inventory Conversion Period

Days in inventory denote the average time
taken for clearing stocks. This ratio may be
unfavorable if it is either too high or too low.
Calculation of days in inventory is the first step in
measuring the cash conversion cycle followed by
days in sales outstanding and day’s payable
outstanding. The period is calculated by multiplying
the number of days by inventory turnover ratio. Days
Inventory Outstanding (DIO) is calculated as:

365Sales
sInventorieDIO 

Days Sales Outstanding (DSO)
Average collection period indicates the

efficiency of the credit collection by the company,
and it directly affects the liquidity position of the
company. This ratio represents the average number
of days the company has to wait to converts
receivables into cash. It measures the quality of
the debtors. The shorter average collection period,
better the quality of the debtors. A higher collection
period implies an inefficient collection performance,
which in turn adversely affects the short-term paying
capacity of a company.

100Sales
sReceivableDSO 

Average Payment Period of Creditors or Days
in Accounts Payable

Average payment period means the average

period taken by the company in making payments
to its creditors. It indicates the efficiency of the
company in utilizing its credit period. The lower ratio
indicates the better liquidity position of the company
and the higher ratio indicates the poor liquidity
position of the company.

The Days Payable Outstanding (DPO) is
calculated as;

365Sales
PayablesDPO 

RESULTS AND DISCUSSION
Classification of Coconut oil Mills

Based on the Overall Working Capital
Management Efficiency Index (EI WCM), the
coconut oil mills were classified as efficient and
inefficient category (Afza and Nazir, 2011). Oil mills
having EI WCM more than one (EI WCM > 1) were
classified as efficient category and less than one
(EI WCM < 1) were under inefficient category. The
results are presented in Table 1. Among the 40
coconut oil mills, majority (70 per cent) of them
belonged to efficient category with an Overall
Working Capital Efficiency Index (EI WCM) of 2.51.
About 30 percent of them were in inefficient
category and had an EI WCM of 0.76. The results of
t-test revealed that there was a significant
difference in average efficiency index between
efficient and inefficient category oil mills.

Operating Cycle and Cash Conversion Cycle
of the Selected Oil Mills

Attari and Raza (2012) opined that money tied
up with inventory until it sold. As a result, cash
invested in the inventory is not available for
alternative uses. Maintaining a shorter operating

Deepa et al.: Influence of Cash Conversion Cycle on Financial Performance

Calculation Methods of Variables
Current Ratio or Liquidity Current assets / Currentliability
Debt-Equity Ratio orCapital Structure Debt / Equity
Return on Investment (RoI) Net profit / Total Assets
Size of the firms Natural log of Sales

Table 1: Classification of coconut oil mills
Category Numbers Percentage EI WCMEfficient category 28 70 2.51
Inefficient category 12 30 0.76
Overall 40 100 1.63
t-value  = 7.63;      p = 2.08E-08 < 0.01
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cycle and cash conversion cycle were the ways,
which minimized inventory storage and depreciation
costs and kept their liquidity at higher level. The
result of this study was in line with that of Moss
et.al., (1993) and cautioned the smaller firms for
better management of their CCC turnover days.
Days Inventory Outstanding (DIO)

The data for DIO were collected from balance
sheet and income statement. Value of DIO varied
from industry and company. In general, a lower DIO
was better. The DIO of coconut oil mills was
analyzed and the results are presented in Table 2.

It could be seen from the Table 2 that the DIO
of the coconut oil mills in efficient category was
nearly 71 days, which indicated accumulation of
funds in inventory for about 71 days. The DIO of
oil mills in inefficient category was about 85 days,
which was at the highest level. It indicated that those
mills spent more on inventory, which would
ultimately affect the profitability.

The annual average DIO improved over years
from 2010 to 2014. The cash needed to maintain
the inventory was lesser over years, which might
have improved the return on investment in current
assets. It revealed the efficient utilization of
inventory by the oil mills.

Attari and Raza (2012) reported that there was
a significant negative correlation between the CCC
and the firm size in terms of total assets (-0.415). It
meant that the larger the firm size, the shorter was
the CCC in terms of days. The smaller firms
confronted with the problems in the areas of working
capital management and liquidity management. The
smaller firms have to be cautioned to manage their
inventory and receivable turnover in terms of days.
Days Sales Outstanding (DSO)

The DSO of selected coconut oil mills was
calculated and the results are presented in Table 3.

The results revealed that between the two
categories, efficient category oil mills have the
lowest DSO of nearly 23 days. It indicated that
they allowed on an average of 23 days credit to
customers. They were actively maintaining and
monitoring accounts receivable to ensure that
customers settled their outstanding in a timely
manner. The DSO of inefficient category oil mills
was around 33 days, which reflected that working
capital was tied up in large amounts with inventory
and they had to wait long to collect their receivables.

The annual average DSO started declining,
which indicated that the oil mills had improved the
collection of receivables from their customers. The
t-test revealed that the DSO of efficient and
inefficient category oil mills were statistically
different. Hence, the receivables and DSO was
significantly associated with performance of the oil
mills.

Vural et al., (2012) analyzed the relationship
between accounts receivables and profitability
through regression analysis. Their analysis revealed
that the coefficient of accounts receivable was
negative, which indicated that an increase in average
collection period would adversely affect the firm’s
profitability. They used the total liabilities / total
assets ratio as a proxy of leverage; it showed
negative relationship with the dependent variable,
which meant that leverage of the firm would
positively affect its profitability.
Days Payables Outstanding (DPO)

Extend of the payment cycle allowed the firm
to hold cash for longer time, which resulted in
improved liquidity (Stewart, 1995). However, when
a firm extended its payment cycle, it had to forgo
early payment discounts and possibly harmed its
relationships with suppliers (Fawcett et al., 2010).
The DPO was calculated and the results are
presented in Table 4. The DPO of oil mills in

Table 2: Days inventory outstanding (DIO) ofcoconut oil mills (Number of days)
Year Category

Efficient(n1=28) Inefficient(N2=12) AnnualAverage
2009-10 85.56 123.28 104.42
2010-11 73.75 81.26 77.50
2011-12 68.12 56.95 62.54
2012-13 63.27 84.31 73.79
2013-14 64.14 77.31 70.72
Average 70.97 84.62 77.79

Table 3: Days sales outs tanding (DSO) ofcoconut oil mills (Number of days)
Year Category

Efficient(n1=28) Inefficient(N2=12) AnnualAverage
2009-10 33.56 44.42 38.99
2010-11 25.01 30.53 27.77
2011-12 20.08 33.82 26.95
2012-13 17.87 32.44 25.15
2013-14 17.97 26.24 22.11
Average 22.9 33.49 28.19
t-value = -2.51;  p = 0.0366 < 0.05
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efficient category was about 25 days.  It indicated
the prompt payment and lower liquidity position,
which leads to better relationship with the vendors.
The DPO of inefficient category oil mills was about
42 days. They had higher payable outstanding
period, which would be good for working capital
but not good for supplier relationship. Hence, it
concluded that oil mills should maintain DPO in such
a way that it should strike a balance between
preserving its cash and keeping vendors happy.
Operating Cycle of Coconut Oil Mills

Coconut oil mills’ operating cycle was analyzed
and the results are presented in Table 5.

The oil mills in inefficient category has the
highest operating cycle of about 118 days.  The
highest operating cycle indicated that those mills
took longer time to process raw material and collect
the cash from customers, which led to lower liquidity.
Oil mills in efficient category had enough liquidity
to pay for its customers. Hence, the oil mills in
inefficient category have to reduce the accumulation
of funds in inventory, which might reduce their DIO.
From 2009-10 to 2013-14, length of operating cycle
reduced over years. It indicated improvement in
return on investment on current assets. Overall
operating cycle of coconut oil mill industry is about
105 days, hence, it is suggested to reduce the
investments in inventory to reduce their DSO.

Gill et.al. (2010) also reported a very strong
relationship between slow recoveries and low
profitability. Mathuva (2009) also analyzed the
impact of working capital management practices
with the same conclusion that there existed a strong
relationships between average collection period
(ACP) and profitability, between the inventory
turnover period and profitability, and between
payables turnover period (APP) and the firm’s
profitability.
CCC of Sample Oil Mills

Moss et al. (1993) revealed that management
of CCC in micro and small enterprises had vital
importance as those firms operated with a low
financial base. The reduced CCC was invariably a
valuable source of finance for small firm. They also
concluded that those firms who maintained and
ensured efficient cash management practices got
the maximum return on its capital investment in the
business. The cash conversion cycle of coconut oil
mills was analyzed and the results are furnished in
the Table 6.

The highest CCC (76.37 days) was seen in
inefficient category mills, which indicated that those
mills took more time to collect cash from the
customer in payment for finished goods and paying
for inventory. The oil mills in efficient category had
a CCC of about 68 days. It is better than inefficient
category by eight days. It showed the promptness
in payment to suppliers and timely receivables from
customers. Also, inferred that year after year CCC
has reduced, which reflected the performance of
coconut oil mills. Hence, it could be concluded that
oil mills in inefficient category should reduce their
cash conversion cycle because of greater need for
interim financing to pay for oil mills materials needs,
which in turn increase the liquidity and profitability.
Overall length of CCC of the selected samples

Deepa et al.: Influence of Cash Conversion Cycle on Financial Performance
Table 4: Days payables outstanding (DPO) ofcoconut oil mills (Number of days)
Year Category

Efficient(n1=28) Inefficient(N2=12) AnnualAverage
2009-10 29.93 30.25 24.36
2010-11 18.29 24.33 25.43
2011-12 58.59 41.62 31.61
2012-13 42.29 34.60 41.74
2013-14 44.26 35.94 27.99
Average 30.29 29.46 33.59

Table 5: Operating cycle of coconut oil mills(Number of days)
Year Category

Efficient(n1=28) Inefficient(N2=12) AnnualAverage
2009-10 118.81 167.7 143.25
2010-11 99.05 111.79 105.42
2011-12 88.14 90.78 89.46
2012-13 79.99 116.75 98.37
2013-14 79.50 103.55 91.53
Average 93.10 118.11 105.60

Table 6: Cas h conve rs ion cycle (CCC) ofcoconut oil mills (Number of days)
Year Category

Efficient(n1=28) Inefficient(N2=12) AnnualAverage
2009-10 88.87 109.11 98.99
2010-11 68.79 70.17 69.48
2011-12 63.78 59.16 61.47
2012-13 61.7 74.46 68.08
2013-14 55.17 68.95 62.06
Average 67.66 76.37 72.02
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should be reduced by maintaining timely
receivables, evidenced from the CCC of about 72
days.

Schilling (1996) segregated the capital
employed between the current assets and fixed
assets and both the returns on investment in current
assets and fixed assets. He proved that there was
a significant positive relationship between CCC and
liquidity. He also argued that the return on total
capital employed turned out to be lesser than the
return on fixed assets. Investment in current assets
must be done very cautiously by maintaining a
minimum of liquidity.

Shin and Soenen (1998) also pointed out the
impact of efficient management of CCC turnover.
They showed that, while the Wal-Mart and Kmart
were almost similar with respect to their debt equity
ratios, the CCC period of Kmart was of about sixty-
one days, and that of Wal-Mart was forty days.
This resulted in an additional annual financing cost
of $198.3 million to Kmart and later on its inefficient
WCM practices, contributed to its bankruptcy.
Ratio Analysis

The results of ratio analysis of coconut oil mills
are presented in Table 7. The analysis on liquidity
ratios revealed that both category oil mills were
maintaining above standard level of 2:1. Hence, it
is suggested that the oil mills should go for short-
term investments especially oil mills in inefficient
category to bring down their liquid assets to the
required level.

The debt-equity ratio of efficient category oil
mills was 3.12, which indicated that oil mills were
depending more on outsiders’ fund (3.12 times)
rather than owners’ capital. Debt-equity ratio of
inefficient category oil mills were 4.02, which
showed higher debt equity ratio and revealed the
risky financial position.  These oil mills have to
reduce its debt equity ratio to protect their long-
term lenders.  Between two categories, inefficient
category oil mills depended i.e. 4.02 times more on
outsiders’ fund rather than owners’ fund, which
would affects the long-term solvency position.

The average annual return on investment of
coconut oil mill was 0.38, which indicated that those
oil mills were receiving 38 per cent of return for
their investment as a whole. It showed the efficiency
of the coconut oil industry in utilizing their resources.
Effect of CCC on Financial Performance

The effect of CCC on financial performance
was analyzed using multiple regression analysis. The
results are presented in Table 8. The Coefficient
Multiple  of Determination (R2) indicated that 46.1
per cent of the variations in financial performance
was explained by the independent variables included
in the model. The value of Durbin-Watson (1.801)
revealed that there was no auto correlation in the
sample. The Variable Inflation Factor (VIF) of all
variables was adequately low hence; the possibility
of multicollinearity did not exist.

The liquidity of the firm, capital structure, and
CCC were significantly influenced the financial
performance of the coconut oil mills. This
conclusively established that CCC influence the
financial performance of the coconut oil mills in
Western Tamil Nadu
CONCLUSIONS

It concluded that majority of the coconut oil
mills selected for the study belonged to efficient
category.  The oil mills in efficient category had a
CCC of about 68 days. It is better than inefficient
category by eight days. It showed the promptness
in payment to suppliers and timely receivables from
customers. The Coefficient of Multiple
Determination (R2) indicated that 46.1 per cent of
the variations in financial performance was
explained by the independent variables included in
the model.

The regression results revealed that there was
a significant influence of cash conversion cycle,

Table 7: Ratio analysis of sample oil mills
Categories Currentratio Debt-Equityratio Interestrate
Efficient (n1=28) 2.59 3.12 0.49
Inefficient (n2=12) 3.41 4.02 0.27
Annual average 3.00 3.57 0.38

Table 8: Effect of CCC on financial performanceof coconut oil mills
Variables Unstandardizedcoefficients(b)

SE Standardizedcoefficients(b)
VIF

Constant -0.566 0.835
Liquidity 0.063* 0.026 0.327 1.148
Capstru 0.043* 0.016 0.358 1.172
Size    0 .067NS 0.048 0.191 1.235
CCC -0.002** 0.001 -0.461 1.133
R2: 0.461 Durbin Watson : 1.801
SE: Standard error
* and ** significat at 5 and 10 percent level.
NS: Non-significant
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liquidity of firm and capital structure on financial
performance of coconut oil mills in Western Tamil
Nadu.
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INTRODUCTION
Cassava (Manihot esculenta) is crucial to the

food security of millions of people in the sub-
Saharan Africa, although historically it hasn’t had
adequate level of attention or research that maize,
rice and wheat have. According to FAO (2011)
estimate, Africa produces more cassava than many
other crops; it produced 140 million metric tonnes,
compared to 65 million tonnes of maize. Easy to
grow in poor soils, with little inputs application, for
long it has been very important and cheaper source
of food. According to Kenton (2011), cassava
provides a source of livelihood to about 300 million
people in sub-Saharan Africa. It is produced mainly
by small and marginal farmers, who are women

and usually households’ heads, and who generally
use traditional farming techniques. It is
comparatively tolerant of poor soils and seasonal
drought and can be safely left in the ground for
seven months to two years after planting and then
harvested as needed.

Cassava production is vital to the economy of
Nigeria as the country is the world’s largest
producer of the commodity. It is produced in 24 out
of the country’s 36 states.

In Nigeria, cassava production is well-
developed as an organized root and tuber crop. It
has well-established multiplication and processing
techniques for food products and livestock feed.
There exist more than 40 cassava varieties in use,
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its high carbohydrate content and low expenditure
elasticities; cassava provides greater proportion of
energy for low-income households than any other
food item. It was further shown that cassava is
used in the preparation of several household foods
and derivatives, such as paste, biscuits, bread sago’s
and sauce. Cassava starch is also industrially
modified to provide products with physical and
chemical properties for specific applications,
including the preparation of baby food, jelly,
thickening agents, gravies, custard powders,
glucose, and confectioneries. To make cassava
more relevant for maternal and infant feeding
(Echebiri, 2008).

Although important, cassava has well known
disadvantages: improperly treated roots and leaves
can contain cyanide, causing ill health in people who
might already be malnourished. Moreover, while
been a good carbohydrate source, the root of the
ordinary cassava crop has relatively low nutritional
benefit, which is deficient when populations depend
on it as a staple as the case in Nigeria (IITA, 2008).

The development of agriculture in Nigeria has
been slow in spite of the various agricultural policies.
In fact, the government recognized the unhealthy
condition of Nigerian agricultural sector from 1970,
and has initiated and introduced different
programmes and strategies aimed at remedying this
situation. In a bid to increase food production in
Nigeria over the years, various policy measures
have been put in place by successive governments
and one of such policy reforms in time past is the
Structural Adjustment Programme (SAP)
introduced in July 1986. By the end of the second
half of 1986 it was clear that Nigeria had fully
adopted the International Monetary Fund (IMF)
induced structural economic reforms whose main
focus is liberalization among others. The adoption
was premised on the believed that the weaknesses
of economics of control trade will prevent the
enjoyment of the benefit of openness (Usman,
2005).

The major issue inherent in the SAP is a
reasonable measure of openness to be perceived
through liberalization of external sector and
deregulation. Although, the policy was targeted at
restructuring the economy away from over
dependence on the oil sector (among others) for
government revenue and foreign exchange earnings,
the spilling-out effect of this economic measure can
be traced to the major contending sectors in the
economy (Usman and Abdulgafar, 2010). The SAP

aimed at facilitating economic growth as a means
of jump-starting the economy towards sustainable
economic growth and development. The principal
objectives of the programme targeted to
reconstructing and diversifying the productive base
of the economy, by reducing the dependence on oil
and imports, laying a basis for sustaining non-
inflationary growth, making substantial progress
towards fiscal and balance of payment viability,
enhancing efficient contribution from private
sector’s to economic growth, via trade liberalization
and privatization of public sector enterprises,
devaluing the national currency and cutting down
government deficits and these translated into
specific policy measures in the agricultural sector
such as abolition of commodity boards,
commercialization and privatization of agro-
industrial and agricultural enterprises (Mesike et al.,
2008), the removal of all government subsidies on
food and other agricultural products, promotion of
the production and export of non-traditional
agricultural products, importation control measures
on food and other locally produced agriculturally
based raw materials, increasing budget allocation
to the system of agricultural development projects
as a major instrument for agricultural
development(Kajisa et al., 1997).

The main objective of implementing structural
adjustment in the agricultural sector was to increase
agricultural production and export of agricultural
products and because of the relative importance of
agriculture to the economy, this was meant to
promote improvement in the growth of the economy.
Inspite of these measures, the development of the
agricultural sector has been slow and the impact of
this sector on economic growth and development
has been minimal (Child, 2008). This slow growth
of agricultural production has procreated some
issues, among which include, the role of agriculture
in providing food for the population; its role in
supplying adequate raw materials to a growing
industrial sector, its roles as a major source of foreign
exchange earner. The policy reforms in existence
prior to the introduction of SAP and after the SAP
period differs and therefore, the growth in
agricultural production is expected to vary in the
pre-SAP, SAP and post-SAP periods in Nigeria.

With regards to the aforementioned, this study
was designed to provide empirical comparative
information on the growth rates of cassava
production in Nigeria in the pre-SAP, SAP and post-
SAP periods which would be relevant for future
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policy formulation, implementation and evaluation
in Nigeria.
METHODOLOGY
Conceptual Framework

The model employed in this study for the
estimation of growth trend in crop output in Nigeria
is the growth rate model adopted from (Gujarati
and Porter, 2007). This model is a semi log model
whose regressand is in logarithm form and the
regressor is time variable which can take values
from one, two, and three to infinity. For descriptive
purposes, the growth rate model is called a log – lin
model and the slope coefficient of the model
measures the constant proportional or relative
change in the regressand for a given absolute change
in the value of the regressor. This model has been
used by Sadiq (2014).
Data

This study made use of secondary data which
were principally elicited from the database of
Statistical Bulletins and Annual Reports of the food
and Agricultural organisation (FAO) and also journal
articles. The secondary data used for analysis were
extending from 1970 to 1985(Pre-SAP period), 1986
to 1994 (SAP period) and 1995 to 2013(Post-SAP
period) and therefore, data on three sub-periods
were utilized in this study. Both descriptive statistics
(co-efficient of variability) and inferential statistical
tools (compound growth rate model; quadratic time
trend model) were used to analyse the data.
Model Specification

The compound growth rate formula is adopted
for developing the model and is expressed as:
Yt = Y0 (1+ r)t             …………………….. (1)

where:
Y = Output of cassava (‘000 tonnes)
Y = Initial value of cassava output (‘000 tonnes)
r = Compound rate of growth of cassava output

over time
t = Time trend (1970 to 1985, 1986 to 1994 and

1995 to 2014)
Taking the natural logarithm of equation (1),

equation (2) was derived as:
lnY  =  ln Y0 (1 + r)t             ………………… (2)

where:
b0 = lnY0b1 = ln (1+ r)

Equation (2) is rewritten as:
lnYt = b0 + b1t ……………………… (3)

Adding disturbance term to equation (3), the
explicit form of the model employed was derived
as:

lnYt = b0 + b1t + U …………. (4)
where:
Yt = Output of cassava (‘000 tonnes)
b0 = Constant term
b1 = Coefficient of time variable
u = Random term

After the estimation of equation (1), the
compound rate of growth was computed as follows:
r = (b1- 1) …………………… (5)

where:
r = compound rate of growth
b1 = estimated coefficient from equation (1)

The coefficient of variability (CV) which
measure instability is a normalized measure of
dispersion and is the ratio of standard deviation ()
to the mean (ì):
Algebraically, CV = /……………….. (6)

Following Marchenko (2009), a quadratic
equation in time variable was fitted to the data to
confirm the existence of acceleration, deceleration
or stagnation during the same period and it was
given as follows:

Log Y = 0 + it + ct2 ……………(7)
Where c is the regression coefficient used to

depict acceleration, deceleration or stagnation. In
the Equation 5 above, the linear and quadratic time
terms gives the circular path in the dependent
variable (Y). The quadratic time term (t2) allows
for the possibility of acceleration, deceleration or
stagnation during the period. A significant positive
value of the coefficient of t2 indicates acceleration
in growth; significant negative values of t2 indicate
deceleration in growth; while non-significance of
the coefficients indicates stagnation in the growth
process.
RESULTS AND DISCUSSION
Growth Trend of Cassava Production

The results presented in Table 1 shows that
time variable was significant statistically and
influencing production and area of cassava in the
pre-SAP, SAP and post-SAP periods respectively.
While yield is only significant statistically during
post-SAP and non-significant in both pre-SAP and
SAP period. Compound growth rates (r) were
estimated from the instantaneous rates of growth,
in that production revealed 63.1, 571 and 122.6
percent; area 87.7, 610, 6.96 percent and;
productivity -24.3, -887.8 and 55.3 percent
respectively, are the rate of growth of cassava in
terms of production, area and productivity in Nigeria
over the periods 1970-1985, 1986-1994 and 1995-
2014 (compound rates of growth). It was observed

Ahmad et al.: Empirical Analysis of Cassava Production in Nigeria
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that the compounded growth rate of cassava
production and area in Nigeria during the SAP era
was higher than during the pre-SAP and post -SAP
eras. This agrees with findings of Sadiq (2014) who
reported significant compound growth rate in rice
production in Nigeria during the SAP era as against
the pre-SAP and post-SAP eras. The implication
of the higher compound growth rate of cassava
being higher in the SAP era as compared to the
pre-SAP era and post-SAP era is that the policy
reform of the SAP era was stemmed by structural
deregulation of the economy.
Instability Analysis of Cassava Production

The perusal of results presented in Table 2
indicated that there has been fluctuations in
production, area and productivity of cassava
production in Nigeria during the pre-SAP, SAP and
post-SAP period. The variability in terms of
production and area during the SAP period where

relatively higher as compared to pre-SAP and post-
SAP period. This suggests that the production of
cassava experienced relatively higher instability
during the periods of SAP. However, productivity
was stable in the period of post-SAP when
compared to pre-SAP and SAP period respectively.
Acceleration, Deceleration and Stagnation in
Cassava Production

To investigate for the existence of acceleration
or deceleration or stagnation in growth of cassava
production, the quadratic equation in the time trend
variable were fitted according to the equation. The
results presented in Tables 3 show the estimated
quadratic equation in time trend variable for
production, area and productivity of Cassava during
the pre-SAP, SAP and post-SAP period. The
quadratic term t2 allows for the possibility of
acceleration, deceleration and stagnation in the
growth process. The perusal of Table 3 shows that

Table1: Estimated trend and growth analysis of cassava production in Nigeria
Statistical tools Production Area Productivity
Pre-SAP period
Regression coefficient (1) 0.00629 0.008734 -0.00244
R2 0.5249 0.7327 0.12617
Compound growth rate (%) 63.1*** 87.7*** -24.3NS
SAP period
Regression coefficient (1) 0.0555 0.0592 -0.0929
R2 0.962 0.9367 0.2697
Compound growth rate (%) 571.0*** 610.0*** -887.84NS
Post- SAP period
Regression coefficient  (1) 0.0122 0.0066 0.0055
R2 0.7759 0.5386 0.4042
Compound growth rate (%) 122.64*** 6.69*** 55.29***
Source: Computed from time-series data, 1970-2014***, *** and * significant at 0.01, 0.05 and 0.10 percent levelsNS: Non-significant

Table 2: Instability analysis of Cassava production in Nigeria
Statistical tools Production Area Productivity
Pre-SAP period
Arithmetic mean (‘000 tonnes) 53934 5391 10.05
Standard deviation 5069502 594057 0.78
Coefficient of variability (%) 9 11 7.75
SAP period
Arithmetic mean (‘000 tonnes) 108039 10045 10.87
Standard deviation 37279191 3733532 0.49
Coefficient of variability (%) 35 37 4.51
Post- SAP period
Arithmetic mean (‘000 tonnes) 108039 10045 10.87
Standard deviation 37279191 3733532 0.49
Coefficient of variability (%) 35 37 4.51
Source: Authors computation from time-series data, 1970-2014
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the values of the coefficients of t2 variable for pre-
SAP are 0.0003, 0.0004 and -0.00010 for
production, area and productivity, all being significant
statistically with the exception of productivity which
was non-significant. The significance of the
coefficients of the t2 variable is a confirmation of
significant accelerative growth in production and
area, and stagnant growth in for yield. Furthermore,
the results in Table 3 revealed the coefficients of t2variable for SAP are 0.0052, 0.0056 and -0.0004
for production and area being significant at 0.001
probability level and productivity not significant. The
significance of the coefficients of the t2 variable is
a confirmation of significant accelerative growth in
production and area whereasnone significance
indicates stagnationin productivity. Lastly, the results
presented in Table 3 show the coefficients of time
trend variable for  post- SAP are 0.0006, 0.0003
and 0.0004 for production, area and productivity,
all being significant statistically. The significance
of the coefficients of the time trend variable is a
confirmation of significant accelerative growth in
production, area and productivity.

Stagnation was only observed in productivity
of cassava in Nigeria during the pre-SAP and SAP
economic reform phases. This result agrees with
findings of Onyenweaku (2004) where stagnation
in output was confirmed for rice in pre-SAP period,
and also to the findings of Tanko et al. (2010) where

significant decelerative in production, area and
productivity was observed for rice in SAP period.
The economic policies towards cassava sub-sector
during pre-SAP, SAP and post-SAP period
respectively, are healthy and favourable, except for
productivity in pre-SAP and SAP which are
unfavourable. This may be attributable to the
agrarian focused initiatives and programmes to
promote and expand the production of cassava for
export and industrial utilisation during post-SAP
period and observed intervention policies by the
federal government geared at improving the cassava
production in the country. The stagnant trend
observed in cassava during the pre-SAP and SAP
period was stemmed by probably improper utilization
of improved inputs; seeds, fertilizer and pesticide
during the era of structural deregulation of the
economy.
CONCLUSIONS

The compound growth rates of cassava
production in the pre-SAP, SAP and post-SAP
periods in Nigeria were estimated using a growth
rate model. The estimated functions in time trend
variable pointed to positive trends. There were also
marked stagnations in cassava productivity during
pre-SAP and SAP, but relative acceleration during
post-SAP period. Furthermore, cassava production
experienced significant acceleration in growth of
production within the three economic reform

Ahmad et al.: Empirical Analysis of Cassava Production in Nigeria
Table 3: Estimates of quadratic equation in time trend variable for the period 1970-2014
Statistical tools Production Area Productivity
Pre-SAP period
Constant (0) 7.6996 6.6888 1.0107
Time trend (1) 0.0003*** 0.0004*** -0.00010NS
R2 0.429 0.5376 0.0716
F-ratio 10.51938*** 16.28186*** 1.0801NS
Status Acceleration Acceleration Stagnation
SAP period
Constant (0) 7.8443 6.7976 1.0467
Time trend (1) 0.0052*** 0.0056*** -0.0004NS
R2 0.8923 0.8697 0.2579
F-ratio 57.92*** 46.76*** 2.43NS
Status Acceleration Acceleration Stagnation
Post- SAP period
Constant (0) 8.2007 7.1957 1.005
Time trend (1) 0.0006*** 0.0003*** 0.0004***
R2 0.7725 0.3853 0.5644
F-ratio 50.94*** 9.4*** 19.43***
Status Acceleration Acceleration Acceleration
Source: Computed from time-series data, 1970-2014***, *** and * significant at 0.01, 0.05 and 0.10 levels respectivelyNS: Non-significant
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periods. However, the growth rate of cassava being
higher in the SAP era as compared to the pre- SAP
era and post-SAP era.

The study revealed that significant growth in
both production and productivity of cassava was
witnessed during the post-SAP period and this can
be linked with the presidential initiatives and various
programmes aimed towards the expansion; 5
percent compulsory inclusion of cassava flour for
all bakery and flour millers industries among others
stemmed up the increased in the production of
cassava in Nigeria. By economic implication despite
the policy measures in the SAP period, the
production of cassava sector did not register
significant overall growth. On a final note, as
consensus continues to grow with regard to the
appropriate strategies for combating food insecurity
in Nigeria and Sub-Saharan Africa in general, it
becomes necessary to evaluate trends of production
of major staple that provide cheaper source of
dietary requirement that is affordable among poor
food in-secured populace. Government should put
in place cost effective processing technology,
storage facilities, built multi-disciplinary research
and development programmes on cassava
production and processing in Nigeria.
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INTRODUCTION
Migration is the process of social change,

whereby an individual moves from one cultural
setting to another for the purpose of settling down,
either permanently or for a prolonged period. Such
a shift can be for any number of reasons, commonly
economic, political or educational betterment.
Economic distress is the major factor that forces
the migration of people from one place to another.
The critical issues concerning migrants, their socio-
economic background and factors influencing
migration of labour to Punjab remained the area of
interest of researchers (Gill, 1990).

The feudal  exploitation  and  acute poverty
were  the  main  factors  for  distress  migration.  It
was a survival strategy for people of landless
families . The major factors behind migration were

underemployment, low wages and low earnings in
their native places (Sidhu et al., 1997).

The principle cause of migration was poverty,
indebtedness and better employment outside village
(Chakrvati, 2001). The major factor motivating the
labour to migrate to Punjab for employment in the
agricultural sector was the economic distress faced
by them at native place due to unemployment, under
employment and relatively low wages. Contrary to
this, Punjab provided better employment
opportunities (Sidhu et al., 2009). The demographic
pressure coupled with famine, flood and starvation
occurring due to failure of monsoon, is the potent
cause of migration. This forced the weaker sections
of society, mostly from neighbouring states,
especially the eastern states of the country, to move
along with other known persons already engaged
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in job, being motivated by the desire to seek freedom
from life of incessant toil and shameful exploitation
(Narain, 2012).

Migration is not a recent phenomenon. For
centuries, even during pre-historic times, there are
evidences of people moving from one region to
other. People moved across length and breadth of
a country at times, across borders for social
economic and political reasons. Migration occurs
for various reasons such as exodus during ethnic
conflict, natural disaster, political instability,
economic hardships as well as in search of
economic and social betterment. The developing
areas create a demand for labourers and the rural
and backward areas become the supplier of labour
force. Most of the migration of labour depends upon
agriculture for work and income. The seasonal or
non-seasonal labour migration flows from the areas
of limited economic opportunities and retarded social
development to fast developing areas providing
higher wages to improve their socio-economic status
(Wani et al., 2011).

Migrant labour made significant contribution
in terms of increasing the production of different
farm enterprises by participating in the agricultural
operations. For maintaining even the present levels
of production, dependence on migrant labour
persists. The phenomenon of migration has proved
useful to Punjab as well as states of Bihar, Uttar
Pradesh, Orissa and even Nepal, from where
majority of the labourers migrate (Sidhu et al., 1997).

Thus, it seems imperative to have a look on
the socio-economic profile of migrant labourers.
Therefore, the present study has been undertaken
with the following objectives:
i. to study the socio-economic profile of migrant

labourers in agriculture in Punjab and
ii. to examine the source of employment, type of

labour and reasons for migration.
METHODOLOGY

The study was conducted in three agro-climatic
zones namely sub-mountainous, central plain and
south west zone of Punjab. Four-stage random
sampling technique was adopted. One district each
with maximum number of migrant agricultural
labour was randomly selected from the three agro-
climatic zones namely, Hoshiarpur district from sub-
mountainous zone, Ludhiana district from central
plain zone and Ferozepur district from south west
zone were selected for the purpose of study. Further,
one block from each district i.e. Dasuya from
Hoshiarpur district, Ludhiana-I from Ludhiana

district and Ghall khurd from Ferozepur district were
selected randomly in the second stage. In the third
stage, four villages from each selected block were
selected at random. These were Dulmiwal,
Kallowal, Chak mehra and Dugri from Dasuya
block of Hoshiarpur district in sub-mountainous
zone; Birmi, Phagla, Malakpur and Rajjowal from
Ludhiana-I block of district Ludhiana in central plain
zone, and Gill, Bajidpur, Jhanjian and Ghallkhurd
from Ghallkhurd block of district Ferozepur in south
west zone. A sample of 15 migrant agricultural
labourers was selected randomly from each village.
Thus, from all the 12 villages, a total number of 180
migrant agricultural labourers were selected.
Primary data was collected through specially
designed and pre-tested schedule through personnel
interview method. The information relating to socio-
economic profile was collected. Statistical tools such
as percentages and mean, along with the chi-square,
test of significance were used for analysis in the
study.
RESULTS AND DISCUSSION
Socio-Economic Features

The study revealed that in Punjab, the majority
of migrant agricultural labourers  i.e. 37.78 percent
belonged to the age group of 30-40 years, followed
by 37.22 percent in the 20-30 years of age group
(Table 1). The lowest proportions (1.11 percent) of
them were above 60 years of age. In Zone-III , 40
per cent  belonged to 20-30 years of age group
while majority of them in Zone-II (45 per cent)
belonged to 30-40 years of age group. It was found
that among the migrants of zone-III, 33.33 percent
were of the 30 to 40 years of age. Similarly, 26.67,
21.67, and 18.34 percent of migrant agricultural
labourers were in the age group of 40 to 50 years
in the Zone-I, II and III, respectively. The study
also showed that lowest proportion of migrant
agricultural labourers (3.33 percent) in Zone-III
were of above 60 years of age while none of the
migrant labourers from the zone I and II belonged
to that age group. The mean age of migrant
agricultural labourers in Punjab came out to be
32.56, 34.83, and 32.78 years in Zone-I, II, and III,
respectively, while overall in Punjab, it was 33.39
years. The chi-square test, non-significant at 5
percent level of significance, showed that the age
pattern was not similar in the three zones of Punjab.

The study revealed that in Punjab, a majority
of migrant agricultural labourers (66.67 percent)
were from scheduled castes such as Baiswar,
Bansphor, Balahar, etc, followed by backward
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classes (19.44 percent) such as Yadav, Dhanuk,
Dhamin, Chanou etc. while remaining 13.89 percent
of migrants were from general category such as
Brahman, Bania, Rajput, etc. As far as the three
zones were concerned, the proportion of migrants
belonging to the Scheduled Castes worked out to
be 56.67 percent in Zone-I, 66.67 percent in Zone-
II and 76.67 percent in Zone-III, while the migrant
agricultural labourers belonging to the Backward
Classes were 28.33, 33.33, and 16.66 percent in
Zone-I, II, and III, respectively. In the case of
general category, there were 15, 30, and 6.67
percent of migrant agricultural labourers in Zone-I,
II,  and III, respectively.

The caste pattern of migrant agricultural
labourers was found significantly different in the
three zones as indicated by the chi-square value of
9.54. The study revealed that a majority (57.22
percent) of migrant agricultural labourers was
illiterate and 27.78 percent of them had education
up to primary level. About 12.22 percent of migrant
agricultural labourers had education up to middle

standard and 2.78 percent had education up to high
school level.

The study indicated that overall the majority
of migrant agricultural labourers i.e. 86.11 percent
were Hindus and 13.89 per cent were Muslims in
Punjab. No Christian or Sikh migrant agricultural
labour was found under the study. About 83, 85,
and 90 percent of migrant agricultural labourers in
Zone-I, II,  and III, respectively were Hindus. The
study found that 16.67, 15, and 10 percent of migrant
agricultural labourers were Muslims in Zone-I, II,
and III, respectively. As per Census 2011, the total
population of Hindus, Muslims, Sikhs, and Christians
in Bihar was 82.69, 16.87, 0.20, and 0.12 percent,
respectively whereas, respective figures in Uttar
Pradesh were 79.73, 19.26, 0.32, and 0.18 percent.

It was found that  in Punjab, 46.11 percent of
migrant agricultural labourers had their annual
family income less than 50000 per annum (Table
2). About 45 percent of the migrant agricultural
labourers were having a family income from

50000- 70000 per annum, followed by 8.89

Mand and Goyal: Socio-economic Conditions of Migrant Agricultural Labourers
Table 1: Age, caste, religion and education wise distribution of migrant agricultural labourers inPunjab
Variables Zone-I Zone-II Zone-III Overall

No. Percentage No. Percentage No. Percentage No. Percentage
Age (Years)
20-30 23 38.33 20 33.33 24 40.00 67 37.22
30-40 21 35.00 27 45.00 20 33.33 68 37.78
40-50 16 26.67 13 21.67 11 18.34 40 22.22
50-60 - - - - 3 5.00 3 1.67
Above 60 - - - - 2 3.33 2 1.11
Mean age 32.56 34.83 32.78 33.39
Chi-square 12.64NS d.f.=8
Caste
General 9 15.00 12 30.00 4 6.67 25 13.89
Scheduled Castes 34 56.67 40 66.67 46 76.67 120 66.67
Backward Classes 17 28.33 8 3.33 10 16.66 35 19.44
Chi-square 9.54* d.f.=4
Religion
Hindu 50 83.33 51 85.00 54 90.00 155 86.11
Muslim 10 16.67 9 15.00 6 10.00 25 13.89
Chi-square 1.29NS d.f.=2
Education
Illiterate 36 60.00 30 50.00 37 61.67 103 57.22
Primary 20 33.33 16 26.67 14 23.33 50 27.78
Middle 4 6.67 10 16.67 8 13.33 22 12.22
High School - - 4 6.66 1 1.67 5 2.78
Total 60 100.00 60 100.00 60 100.00 180 100.00
Chi-square 9.69 NSd.f.=6
** Significant at five percent level.NS: Non-significantd.f.: Degree of freedon
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percent having an annual family income of more
than 75000. In Zone-I, the highest proportion
(53.33 percent) of respondents were having an
income less than 50000 per annum while  40 and
6.67 per cent were enjoying an annual family income
from 50000 to 75000 and more than 75000 per
annum respectively. In Zone-II, the highest
proportion of migrant agricultural labourers  (46.66
percent) were having a per annum  family income
of 50000 to 75000, whereas in Zone-III, 48.33
percent of migrant workers were enjoying an annual
family income from 50000 to 75000. The mean
annual family income in Punjab came out to be
52149.66, 67019.67, and 66554.33 in Zone-I,

II, and III, respectively, while an overall figure came
out to be 61907.66.

An effort was made to find out monthly per
capita income of the migrant agricultural workers
in Punjab and the study revealed that a majority of
migrant agricultural labourers (47.78 percent) were
having per capita monthly income between 500-
1000 while 45 percent were having per capita

monthly income between 1000- 1500 and the
remaining 7.22 percent were having per capita
monthly income between 1500- 2000. The per
capita monthly income was found to be 48.33, 43.34,

and 51.67 percent between 500- 1000 in Zone-I,
II, and III, respectively. The respective figures for

1000- 1500 group was 43.34, 51.66, and 40.00
percent.

The study showed that a majority of migrant
agricultural labourers (42.78 percent) were not
under debt in Punjab. Similarly, 46.67, 40, and 41.66
percent of migrant agricultural labourers had no debt
on family in Zone-I, II,  and III, respectively. The
mean debt was at 9718.75 in Zone-I, 9233.33 in
Zone-II and  8648.58 in Zone-III, while overall
figure was estimated to be 9200.22.

In order to find out the number and percentage
of migrant agricultural labourers belonging to families
living above or below poverty line, the term poverty
line was defined and used as a cut of which a person
who’s per day consumption expenditure on goods
and services was less than 47 in cities and 32 in
villages (Singh, 2014). Further, the number of migrant
agricultural labourers living above or below poverty
line was considered under the study which revealed
that overall in Punjab, 65.55 percent of the migrant
agricultural labourers belonged to the families living
above poverty line while 34.45 percent of the migrant
agricultural labourers belonged to the families living
below poverty line (Table 3) .

Table 2: Distribution of family income, per capita income and magnitude of debt of migrantagricultural labourers in Punjab
Variables Zone-I Zone-II Zone-III Overall

No. Percentage No. Percentage No. Percentage No. Percentage
Family income ( per annum)
< 50000 32 53.33 25 41.67 26 43.34 83 46.11
50000-75000 24 40.00 28 46.66 29 48.33 81 45.00
>75000 4 6.67 7 11.67 5 8.33 16 8.89
Total 60 100 60 100 60 100 180 100
Mean 52149.66 67019.67 66554.33 61907.66
Per capita income ( per month)
500-1000 29 48.33 26 43.34 31 51.67 86 47.78
1000-1500 26 43.34 31 51.66 24 40.00 81 45.00
1500-2000 5 8.33 3 5.00 5 8.33 13 7.22
Total 60 100.00 60 100.00 60 100.00 180 100
Magnitude of debt (` )
No Debt 28 46.67 24 40.00 25 41.66 77 42.78
<5000 8 13.33 10 16.67 10 16.67 28 15.56
5000-10000 13 21.67 12 20.00 15 25.00 40 22.22
10000-15000 0 0.00 3 5.00 2 3.33 5 2.78
15000-20000 4 6.67 6 10.00 4 6.67 14 7.77
20000-25000 5 8.33 3 5.00 3 5.00 11 6.11
>25000 2 3.33 2 3.33 1 1.67 5 2.78
Total 60 100 60 100 60 100 180 100
Mean debt 9718.75 9233.33 8648.58 9200.22
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to Punjab. All the reasons given by migrant
agricultural labourers are shown in the Table 5.The
study revealed that overall in Punjab, all the migrant
agricultural labourers (100 percent) had migrated
to Punjab for the better employment.

The same result was found in all the three
zones of Punjab. As many as 61.67 percent of
migrant labourers had migrated to Punjab due to
high wage rates in Punjab as compared to their
native place. About 29.44 percent of migrant
agricultural labourers had migrated to Punjab due
to better living standard. The study revealed that
about 56.67, 66.66, and 61.67 percent of migrant
labourers had migrated due to high wage rates in
Punjab in Zone-I, II, and III, respectively. It was
found that 33.33, 25.00, and 30 percent of migrant
workers had migrated to have better living standard
in Zone-I, II, and III, respectively.
CONCLUSIONS

It was found that majority of the migrant
agricultural labourers belonged to Uttar Pradesh,
while the remaining migrants had come from Bihar.
The mean age of migrant agricultural labourers in
Punjab was 33.39 years and most of them belonged
to Scheduled Castes. Majority of them were
married, illiterate, owned and pucca house and had
medium sized nuclear families. The mean income
of the families of migrant agricultural labourers was
61907.66 per annum. The mean debt on the family

of the respondents was 9200.22 and was mainly
taken from non-institutional sources.
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The zone-wise analysis showed that 36.67,
25.00, and 41.67 per cent of the migrant agricultural
labourers belonged to the families living below
poverty line in Zone-I, II, and III, respectively. In
other words, 63.33, 75.00, and 58.33 percent of the
migrant agricultural labourers belonged to the
families living above poverty line in Zone-I, II, and
III, respectively (Table 3) .
Type of Labour

It was found from the study that overall, a
majority of migrant agricultural labourers (52.78
percent) were casually employed while the
remaining 41.67 per cent of them were permanent
labour in Punjab. It was noticed that 41.67, 50.00,
and 66.67 percent of the migrant agricultural
labourers were casual labour in Zone-I, II, and III,
respectively. The results revealed that 58.33, 50.00,
and 33.33 percent were permanent labour in Zone-
I, II, and III in Punjab (Table 4) .

The highest proportion (66.67 percent) of the
migrants were working as casual labour in zone-
III because most of migrants worked in groups for
paddy transplantation as well as sowing and
harvesting of cotton. The zone wise distribution of
type of labour was found to be statistically
significantly different in all the three zones of Punjab
as conveyed by the chi-square value of 7.80, which
was found significant statistically.
Reasons for Migration

All the migrant agricultural labourers under the
study were asked about the reasons for migration

Mand and Goyal: Socio-economic Conditions of Migrant Agricultural Labourers
Table 3:  Distribution of migrant agriculturallabour living above and below poverty line inPunjab
Zone Above povertyline Below povertyline Total
I 63.33 36.67 100.00
II 75.00 25.00 100.00
III 58.33 41.67 100.00
Overall 65.55 34.45 100.00

Table 4: D is tribution o f migrant labouraccording to type of labour
Zone Type of labour

Permanentlabourer Casuallabour Total
I 58.33 41.67 100.00
II 50.00 50.00 100.00
III 33.33 66.67 100.00
Overall 47.22 52.78 100.00
Chi-square 7.80* (d.f. 2)
*Significant at 5 per cent level

Table 5: Distribution of migrant agriculturallabour according to their reasons for migrationin Punjab
Zone Type of labour

Betteremployment High wagerate Better standardliving
I 100.00 56.67 33.33
II 100.00 66.66 25.00
III 100.00 51.67 30.00
Overall 100.00 61.67 29.99
Per cent exceeds 100 due to multiple responses
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INTRODUCTION
Agricultural development strategy needs to be

geared towards increasing the productivity of land
under cultivation, with reduced cost, higher
efficiency use of inputs with little or no harm to
both human as well as environment. A new strategy
of promoting eco-friendly farming is through the
modification of the present systems of farming by
encouraging the use of organic materials, termed
organic farming. The development of organic
agriculture as a farming system is specifically aimed
at producing food in a more environmentally
friendly way. The various research studies evidence
that on a per unit area basis, organic agriculture
has shown several environmental benefits as
compared to conventional agriculture.

Organic agriculture provides an opportunity to
invest in sustainable agricultural development and

thus promotes the integration of environmental,
economic and social sustainability. Organic
agriculture provides a variety of development
benefits, including increased productivity in low-
input agriculture, decreases exposure to pesticides,
improves soil fertility in areas where land degradation
is an issue, and reduces vulnerability of farmers to
market price fluctuations. In recent years with the
increasing awareness towards health, organic
agriculture has been gaining considerable
importance. The popularity of organic farming is
gradually increasing and nowadays organic
agriculture is being practiced in most of the
countries. The market for organic products is
growing world-wide and the demand for organic
food is steadily increasing with nearly annual
average growth rate of more than 20 percent
(Yadav and Rai, 2001). Organic farming system
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relies on crop rotation, crop residues, animal manure,
legumes, green manures and farm organic wastes
(Kuo et al., 2004). Organic food might be in fashion
among the more health conscious consumers but
the appetite for it is not increasing rapidly and the
snail’s pace of organic food’s acceptance is due to
its higher price (Singh et al., 2012). Organic farming
requires 15 percent  more labour than traditional
farming thus involves more cost (Pimental et al.,
2005). The various factors and constraints that
impede the farmers’ efforts in the adoption of
organic paddy farming practices justified the need
and importance of the present study.
METHODOLOGY

The state of Haryana comprises of 21 districts.
Out of which, three districts viz., Kaithal, Karnal
and Kurukshetra were purposively selected since
these districts have maximum area as well as
production of rice. At the next stage Siwan, Karnal
and Pehowa blocks were randomly selected from
Kaithal, Karnal and Kurukshetra districts,
respectively. From each selected block two villages
were selected randomly. The six villages namely
Siwan and Kangthali from Siwan, Kachchwa and
Kunjpura from Karnal, Seonsar and Kamoda from
the Pehowa block were selected randomly. Further,
from each village, 25 farmers were selected
randomly and in this way a total number of 150
farmer respondents were selected.

The data were collected through personal
interview technique using a pretested well-
structured interview schedule. The respondents
were asked to state the constraints faced by them
in organic paddy growing. Frequencies of the
constraints were measured with the help of three
point continuum as ‘very serious’, ‘serious’ and ‘not
so serious’ and the scores were allotted as 3, 2, and
1, respectively. The frequency in each response
category was multiplied with the score assigned to
that category and then the scores were added up
and divided by total number of respondents to arrive
at mean weighted score of a constraint and
accordingly rank order was assigned to each
constraint, respectively.
RESULTS AND DISCUSSION

Farmers’ perception regarding agronomic
constraints in organic paddy growing was recorded,
analyzed and discussed under the following
subheads:
a. Technological and  production constraints
b. Manures and bio-fertilizers constraints
c. Plant protection management constraints

Technological and Production Constraints
 The perusal of Table 1 depicts that among

the major constraints related to the technological
and production, faced by the farmers, problem
about human labour was ranked first with
weighted mean score of 2.93. A big majority (93.33
percent) of the farmers had perceived it as a very
serious constraint, 6.67 percent of them perceived
it as a serious constraint in adoption of organic
farming and none of the farmers took this problem
as not so serious. The findings of the study with
regard to problem about labour is supported by Bray
et al. (2002) as they mentioned that high labour
requirement has often been identified as an
important barrier in the adoption of organic
management. Moreover, organic rice farming needs
more labour (Mendoza, 2004).

According to Setboonsarng et al. (2008) the
labour input in organic rice production is much higher
than in conventional rice production because organic
farming tends to replace inputs with labour. The
main reasons for the increased labour input in
organic rice production is because of the spreading
of the bulkier organic fertilizers such as compost
and more frequent hand weeding because of the
less effectiveness of organic herbicides. The
increased labour requirements, especially during the
periods of peak labour demands, can often not be
met by household resources and thus require
additional cash expenditure. This is particularly
problematic in areas where availability of
agricultural labour is limited due to emigration of
workmen or due to movement of labour to non-
agricultural sectors (Bachmann, 2011). On the other
hand, the higher labour requirement of organic
production can also be an asset by creating
employment in rural areas with limited job
opportunities (Goldberger, 2008).

Low production of organic paddy was
ranked second with a weighted mean score of 2.87.
Further, the study revealed that 86.67 and 13.33
percent of the respondent-farmers perceived it as
a very serious and serious constraint, respectively.
The findings related to low production of organic
paddy are in congruent with the findings of Baker
(2012), Biswas et al. (2011), and Lawanprasert et
al. (2006) as they also reported that average yield
of conventional rice even after three years of
conversion period was still higher than organic rice.
The findings are also supported by Reddy (2010)
who described that yield may go down during the
conversion period from conventional to organic
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farming because the crop yields are boosted by
artificial fertilizers and it takes time for the soil
fertility to get boosted. Narayanan (2005) clearly
mentioned that small and marginal farmers cannot
take the risk of low yields for the initial 2-3 years of
conversion from conventional to organic farming.
There are no schemes to compensate the monetary
losses during the conversion period. Thus, organic
farming is unlikely to achieve as high yields as are
attainable in high-input conventional agriculture.
However, farmers who have transformed four
years back are now getting almost same yield as
that of conventional farming.

Lack of knowledge of recommended
package of practices on organic paddy growing
as a constraint ranked third with weighted mean
score of 2.79. More than three-fourth of

respondents (78.67 percent) reported it a very
serious constraint while remaining 21.33 percent
of the farmers perceived it as a serious constraint.
Baker (2012) and Naik et al. (2009) mentioned in
a similar way that non availability of package of
practices about organic farming technology was a
major constraint.

Lack of knowledge about organic plant
protection management and organic farming is
a slow process ranked fourth and fifth among
fifteen constraints with weighted mean scores of
2.77 and 2.73, respectively. Brodt and  Schug (2008)
also mentioned that bio-pesticides such as Bt break
down quickly, especially in high temperatures,
making rural distribution problematic. In addition,
quality control is lacking in India’s bio-pesticide
industry, often resulting in ineffective products

Table 1: Farmers' perception about technological and production constraints (n=150)
Constraint Constraint  frequency Totalweightedscore

Meanweightedscore
Rank

Veryserious Serious Not soserious
Problem about human labour 140 10 0 440 2.93 I

(93.33) (6.67)
Low production of organic paddy 130 20 0 430 2.87 II

(86.67) (13.33)
Lack of knowledge of recommended package of practiceson organic paddy growing 118 32 0 418 2.79 III

(78.67) (21.33)
Lack of knowledge about organic plant protectionmanagement 115 35 0 415 2.77 IV

(76.67) (23.33)
Organic farming is a slow process 110 40 0 410 2.73 V

(73.33) (26.67)
Lack of proper trainings by Government personnel/NGOs/ research institutes 112 35 3 409 2.72 VI

(74.67) (23.33) (2.00)
Unavailability of organic inputs 105 40 5 400 2.67 VII

(70.00) (26.67) (3.33)
Lack of knowledge about organic weed management 98 50 2 396 2.64 VIII

(65.33) (33.33) (1.33)
Lack of knowledge about crop residue  management 102 41 7 395 2.63 IX

(68.00) (27.33) (4.67)
Limited amount of information and research available 93 50 7 386 2.57 X

(62.00) (33.33) (4.67)
Lack of capital 90 50 10 380 2.53 XI

(60.00) (33.33) (6.67)
Predominance of the inorganic farmers in the locality. 80 55 15 365 2.43 XII

(53.33) (36.67) (10.00)
Knowledge about seed variety, seed rate, seed treatmentand right time of sowing 70 60 30 360 2.40 XIII

(46.67) (40.00) (20.00)
Proper irrigation facilities 55 70 25 330 2.20 XIV

(36.67) (46.67) (16.67)
Lack of technical know how to get organic paddy certifiedfrom authorised agencies 41 86 23 318 2.12 XV

(27.33) (57.33) (15.33)
Figures in parentheses are percent to the total.
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(Narayanan, 2005 and Singh, 2002).

Lack of proper trainings by Government
personnel/NGOs/research institutes was ranked
sixth important constraint in the present study with
weighted mean score of 2.72. Sarker and Yoshihito
(2010) also confirmed the similar results, they
revealed that both public and NGO extension
services are important in terms of farmers’ decisions
regarding the adoption of organic farming, whereas
Brodt and Schug (2008) mentioned that NGOs
themselves have difficulty in finding relevant
information on organic methods at local level. These
studies are corrugated with Saha and Bahal (2012)
who underlined the need and placement of grass
root workers having missionary zeal, providing
technical assistance, training and incentive to
farmers so as to get motivated to diversification
activities and planning of programmes should be as
per the need of the farmer.

Unavailability of organic inputs, lack of
knowledge about organic weed management,
lack of knowledge about crop residue
management, limited amount of information and
research available, lack of capital and
predominance of the inorganic farmers in the
locality ranked 7th, 8th, 9th,10th, 11th, and 12th  position
with weighted mean scores of 2.67, 2.64, 2.63, 2.57,
2.53 and 2.43, respectively. Soni et al. (2012) felt
that non-availability of loans in time was most
serious problem as experienced by the beneficiaries.
Reddy (2010) concluded that there is lack of
government subsidies/support to make conversion
to organic status easier or cheaper. Organic
agriculture has been neglected in the national
agricultural policy, and there is less government
assistance for the promotion of organic agriculture,
and it exists only for the conventional agriculture in
the form of subsidies, agricultural extension services
and official research.

Knowledge about seed variety, seed rate,
seed treatment and right time of sowing, proper
irrigation facilities and lack of technical
knowhow to get organic paddy certified from
authorised agencies were ranked 13th, 14th and
15th with weighted mean score of 2.40, 2.20 and
2.12, respectively. The findings get support from
the findings of Kennvidy (2008), they reported that
organic farmer plants resistant variety to reduce
the risk of damage through pests and disease.
However, the last constraint that is, lack of
technical knowhow to get organic paddy
certified from authorised agencies was perceived

as a very serious by almost one-fourth of the
farmers (27.33 percent) and as a serious constraint
by more than half (57.33 percent), whereas still
15.33 percent of organic paddy growers perceived
it as a not so serious constraint. The probable reason
for low perceived constraint of lack of technical
knowhow to get organic paddy certified from
authorised agencies may be that majority of the
farmers have grown organic paddy for the first time
and yet might not have felt the requirement of the
certification process. However, identification of
organic produce by different way of certification
and labelling is necessary so that the customer can
trust in terms of quality of the products (Halberg et
al., 2006).
Manures and Bio-fertilizers Constraints

The data contained in Table 2 regarding
farmers’ perception about manures and bio-
fertilizers constraints in organic paddy growing
reveals that inadequacy of required manures and
bio-fertilizers was ranked first with highest
weighted mean score of 2.56, further analysis of
the constraint revealed that almost two-third (65.33
percent) of farmers had perceived it as a very
serious and one-fourth of them (25.33 percent)
perceived it as a serious constraint whereas,
approximately one-tenth (9.33 percent) respondents
reported it as a not so serious constraint.  Similar
findings were reported by Biswas et al. (2011) and
Namdev et al. (2011), who concluded that the
constraints like unavailability of organic inputs were
found to be the major constraints.

Long process of organic manure
preparation was ranked second with weighted
mean score of 2.35 whereas an in-depth analysis
of this constraint indicated that 44.67 per cent of
farmers had perceived it as a very serious constraint
in the adoption of organic paddy farming. These
findings of the study get support from the findings
that manure preparation is a difficult method and is
a slow process (Namdev et al., 2011).

Costly manures and bio-fertilizers and
knowledge about type and recommended doses
were ranked as 3rd and 4th with a weighted mean
score of 2.05 and 1.90, respectively. The present
study is in line with the findings of Slathia et al.
(2013). The last ranked constraint among manures
and bio-fertilizers constraints was supply agencies
at long distance with a weighted mean score of
1.75. The further analysis of last constraint showed
that slightly less than half of the respondents (48.67
percent) stated it as a not so serious constraint



167

whereas 28.00 and 23.33 per cent farmers stated it
as a serious and very serious constraint.  Hence it
is suggested that manures, bio-fertilizers and other
organic inputs must be made available through
primary agriculture cooperative societies (PACS)
and other distribution centres at village level and it
should ensure for supply of quality inputs to the
farmers. Here, it is to be said that with the exclusive
focus on chemical fertilizers, use of age-old practice
of organic manures got side tracked. It was clear
indication that use of organic manures did not
receive that much prominence as was accorded to
chemical fertilizers. There are several factors, which
affect the proper adoption of organic manures.
There are competitive usages of organic material
such as dung cakes for domestic cooking fuel.
Organic materials are scattered resources and have
to be collected. The production of organic manure
involves labour for collection of material, their
processing with appropriate technology to obtain
good quality compost with minimum nutrient losses,
transportation to field and incorporation into soils
(Katyal, 2015).

Despite the Indian government’s efforts to
promote the production and use of bio-fertilisers,
the study found that bio-fertilisers have found low
acceptance among farmers in Haryana. The
problems of unavailability of bio-fertilisers and their
poor quality are linked. On the one hand, we find
that both the state agriculture department and
shopkeepers are unwilling to stock and sell bio-
fertilisers as they feel that their quality is unreliable.
On the other hand, the low demand for bio-fertilisers
has prevented large investment in advanced
production and storage facilities, which are required

for improving the quality. The present government
policy of promoting bio-fertilisers without ensuring
good quality and performance has actually harmed
their cause, creating a widespread feeling among
farmers and extension workers that bio-fertilisers
do not work.
Plant Protection Management Constraints

As far as plant protection management
constraints are concerned, inclination of farmers
towards use of chemical pesticides’ was ranked
first with highest weighted score of 2.59. Further
analysis of first ranked constraint revealed that
68.67 percent farmers perceived it as a very serious,
21.33 percent farmers perceived it as a serious and
rest of the farmers (10.00 percent )  perceived it as
a not so serious. This high inclination towards
chemical pesticides may be because of the heavy
promotional campaigns run by chemical pesticides
promoters and satisfactory performance of chemical
pesticides on various pests.

Lack of knowledge about bio-pesticides,
application time, method and proper dose ranked
second with weighted mean score of 2.45.  Here it
is important to note that though farmers want to
get rid of chemical pesticides but have no sufficient
knowledge on bio pesticides and at the same time
are not sure about their control on various pests. In
this context, it is imperative for agricultural extension
to play vital role by designing effective strategies
for promotion of organic farming. It is the need for
providing proper education regarding pest
identification, their life cycle and proper stage at
which bio pesticide should be applied for a better
control. Unavailability of bio-pesticides, lack of
supply centre, difficult method for preparation

Bhatia et al.: An Empirical Analysis of Constraints Faced by the Organic Paddy Farmers of Haryana
Table 2:   Farmers' perception about manures and bio-fertilizers constraints (n=150)
Constraint Constraint  frequency Totalweightedscore

Meanweightedscore
Rank

Veryserious Serious Not soserious
Inadequacy of required manures and bio-fertilizers 98 38 14 384 2.56 I

(65.33) (25.33) (9.33)
Long process of organic manure preparation 67 68 15 352 2.35 II

(44.67) (45.33) (10.00)
Costly manures and bio-fertilizers 47 64 39 308 2.05 III

(31.33) (42.67) (26.00)
Knowledge about type and recommended doses 38 59 53 285 1.90 IV

(25.33) (39.33) (35.33)
Supply agencies at long distance 35 42 73 262 1.75 V

(23.33) (28.00) (48.67)
Figures in paraentheses are percentages to the total.
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of bio-pesticides and lack of skilled labour
ranked 3rd, 4th, 5th and sixth constraints with
weighted mean scores  of 2.18, 1.99, 1.89 and 1.61,
respectively. Further analysis indicated that 56.67,
25.33, and 18.00 percent of respondents perceived
sixth constraint lack of skilled labour as a not so
serious, serious and very serious, respectively.
Slathia et al. (2013) concluded that lack of
awareness (92.67 percent) and lack of knowledge
about bio-pesticides (90.67 percent) were assigned
2nd and 3rd ranks, respectively by the respondents.
CONCLUSIONS

On the basis of above findings regarding
constraints in organic paddy farming it may be
concluded that human labour, non-availability of
package of practices on organic paddy growing
technology, lack of knowledge about bio-pesticides,
low yield of crop, inadequate availability of bio-
insecticide, bio-pesticides and bio-herbicides,
inadequate attention and efforts by various
organizations for the promotion of organic paddy
growing were the main constraints as perceived by
the majority of the farmers. To overcome the above
discussed constraints it is suggested that State
Agricultural University should recommend package
of practices for organic paddy cultivation. Sincere
efforts should be made by all the extension
personnel working under existing extension set up
of State Agricultural University as well as the State
Govt. to motivate the farmers about organic paddy
growing so as to minimize ill effects of chemicals.
Krishi Vigyan Kendra should identify the problems
and solution of constraints be provided in time to
the farmers.
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INTRODUCTION
Agriculture is the mainstay of Indian economy.

Agriculture and its allied sectors contribute nearly
22 percent of Gross Domestic Product (GDP) of
India, while about 65 -70 percent of population
depends on agriculture for livelihood (Sachdeva,
2007). The scenario of Indian agriculture has
changed drastically after first green revolution in
1960. Agricultural production in India increased
dramatically during the last four decades leading to
an era of food self-sufficiency through newer
technologies in the form of high yielding crop
varieties, chemical fertilizers and pesticides, as well
as from the expansion of cropped area. India’s
population has been growing at an annual rate of

1.8 percent and is expected to touch 1.3 billion marks
by 2020. At this rate of population growth, the
country would require an additional food grain of
about 2 million tonnes a year (Paroda, 1999). A vast
majority of the population in India is engaged in
agriculture and is therefore, exposed to the
pesticides used in agriculture. Indian farmer is using
wide range of chemical pesticides to limit the losses
from pests and diseases, in which insecticides
account for 73 percent, herbicides14 percent,
fungicides 11 percent and others 2 percent (Grace
et al., 2007). The promotion of High Yielding
Varieties (HYV) that marked the green revolution
has led to large scale use of chemicals as pesticides.
Indian pesticide industry is the 4th largest in the
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world. Of the total market, around 73 per cent is
accounted by insecticides. At present, India is the
largest producer of pesticides in Asia and ranks 12th
in the world for the use of pesticides with an annual
production of 90,000 tonnes (Government of India,
2007). India ranks 10th in the world in pesticides
consumption as its total consumption amounts to
about 500 million tonnes (Hundal et al., 2006). In
India, 90,000 MT of technical grade pesticides are
used annually to control pests and plant diseases.
Majority of these pesticides are beneficial when
used for specific purposes, handled properly and
applied as per the recommendations of the
manufacturer.

However, over the years, there has been a
mounting fear and concern that indiscriminate and
disproportionate use of pesticides may lead to their
residues in food chain which may exert their harmful
effects in human beings and animals. Pesticides can
be used safely and effectively, but if proper care is
not taken, pesticides can harm the environment by
contaminating soil, surface and ground water and
ultimately kill wildlife. Also, the modern human
beings are constantly exposed to a variety of toxic
chemicals primarily due to changes in life style. The
food we eat, the water we drink, the air we breathe,
and the environment we live in are contaminated
with toxic chemicals and xenobiotics. Humans are
exposed to such chemicals and even the mother’s
milk was found to be contaminated (Maurya et al.,
2013, Lederman, 1996). Therefore, human life
would be threatened not only directly by pesticides
in environment, but indirectly by contaminated food
chain.
Pesticide Product

One can normally think of a pesticide as the
product that can be purchased in the store - the
insecticide, the weed killer or the fungicide. But,
unfortunately, there is much more to it than that.
The product that one can buy or exposed to is
actually a pesticide formulation that contains a
number of different materials, including active and
inert ingredients, as well as contaminants and
impurities. In addition, pesticides, when subject to
various environmental conditions, break down to
other materials known as metabolites, which are
sometimes more toxic than the parent material (Eerd
et al., 2003).
History

Since before 2000 BC, humans have
utilized pesticides to protect their crops. Greeks and
Romans used oil sprays, ash and sulfur ointments

and lime to protect themselves and their crops. The
first known pesticide was elemental sulfur dusting
used in ancient Sumer about 4,500 years ago in
ancient Mesopotamia. By the 15th century, toxic
chemicals such as arsenic, mercury and lead were
being applied to crops to kill pests. In the 17thcentury,
nicotine sulfate was extracted from tobacco leaves
for use as an insecticide. The 19th century saw the
introduction of two more natural pesticides,
pyrethrum, derived from chrysanthemum and
rotenone derived from the roots of tropical
vegetables. Until the 1950s, arsenic-based
pesticides were dominant. Paul Muller discovered
that DDT was a very effective insecticide. Organo
chlorines such as DDT were dominant, but they
were replaced in the U.S. by organophosphates and
carbamates by 1975. Since then, pyrethrin
compounds have become the dominant insecticide.
Herbicides became common in the 1960s, led by
triazine and other nitrogen-based compounds,
carboxylic acids such as 2,4-dichlorophenoxyacetic
acid, and glyphosate.

The first legislation providing federal authority
for regulating pesticides was enacted in 1910;
however, decades later during the 1940s
manufacturers began to produce large amounts of
synthetic pesticides and their use became
widespread. Some sources consider the 1940s and
1950s to have been the start of the pesticide era.
Although the U.S. Environmental Protection
Agency (EPA) was established in 1970 and
amendments to the pesticide law in 1972, pesticide
use has increased 50-fold since 1950 and 2.3 million
tonnes (2.5 million short tons) of industrial pesticides
are now used each year. Seventy-five percent of
all pesticides in the world are used in developed
countries, but use in developing countries is
increasing. In 2001, the EPA stopped reporting
yearly pesticide use statistics. A study of USA
pesticide use trends through 1997 was published in
2003 by the National Science Foundation’s Center
for Integrated Pest Management (Ware and
Whitacre, 2004).

In the 1960s, it was discovered that DDT was
preventing many fish-eating birds from reproducing,
which was a serious threat to biodiversity. Rachel
Carson wrote the best-selling book Silent Spring
about biological magnification. With the publication
of Rachel Carson’s book Silent Spring  in 1962,
public confidence in pesticide use was shaken
(Carson, 1962).The agricultural use of DDT is now
banned under the Stockholm Convention on
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Persistent Organic Pollutants, but it is still used in
some developing nations to prevent malaria and
other tropical diseases by spraying on interior walls
to kill or repel mosquitoes or protect wheat and other
grains from pest during storage (Guler et al., 2010).
Pesticides in Agriculture

The main use of pesticides in India is in
agriculture and public health sector to combat the
various pests and diseases that affect man. To
achieve this goal, the production of basic pesticides
commenced in 1952 with the manufacture of
hexachlorocyclohexane (HCH), followed by DDT.
Since then, the production of pesticides has
increased tremendously. In 1958, India produced
over 5000 metric tonnes of pesticides, especially
insecticides like DDT and HCH. In the mid-nineties,
about 145 pesticides were registered and the
production was approximately 85,000 metric tonnes.
Even today, the bulk of pesticide production is
insecticides (Anonymous, 2002).

India is presently the second largest
manufacturer of basic pesticides in Asia. It ranks
12th globally. The green revolution during mid 60’s
has enabled the country to expand the cultivable
area to increase the crop production and
productivity. Intensive District Agriculture
Development Programme was introduced initially
and expanded this to other areas where the
resource endowments were storing. The results
were: irrigated area increased; HYV seeds were
introduced; chemical inputs were applied; intensity
of land use increased; credit network has been
extended and extension activities have been
strengthened. All these were responsible for
increasing the agriculture production and
productivity at least in some pockets like Punjab,
Haryana, Western Uttar Pradesh and some parts
of South India. The desired results were being
witnessed. At least the production and productivity
of fine cereals increased significantly.

Currently, the consumption of pesticide is
showing a slight declining trend, probably due to
shift of farmers toward bio-pesticides, natural plant
sources and other alternative methods (Das et al.,
2002, Gupta, 2003 and Gupta, 2004). Despite such
a large consumption of pesticides, it is estimated
that crop losses vary between 10-30 percent due
to pests alone. In monetary terms, these losses
amount to 2,90,000 million per year (Agnihotri,
1999). Various studies have been conducted on the
consumption and impact of pesticides on agriculture.
Singh et al. (1986)  revealed that the price index of

inputs such as labour wages, machinery charges,
water rates except for fertilizers and pesticides
increased at a much faster rate than the price index
of selected crops. Singh and Sidhu (2006) in their
study examined the cost of environmental change
for fall in water table, soil fertility and pesticide-use
at constant (2002-03) prices. The cost on other
pesticides also went up and new types of herbicides
and pesticides were introduced which put together
raised the annual cost of production by 99 per ha
in paddy and 69 per ha in wheat.

A rough estimate shows that about one third
of the world’s agricultural production is lost every
year due to pests despite the pesticide consumption
which totalled more than 2 million tons. In India
pests cause crop loss of more than 6000 crores
annually, of which 33 percent is due to weeds, 26
per cent by diseases, 20 per cent by insects, 10
percent by birds and rodents and the remaining (11
percent) is due to other factors.

The magnitude of the problem would accelerate
further as more and more (newer) pests and
diseases are likely to attack crops and the need to
use pesticides in different forms will be necessary
in the years to come. In India, during the mid-sixties,
when the new and high yielding (HYV) crop
varieties, mainly cereals, were introduced among
farmers, the synthetic inputs covering fertilizers (as
nutrient) and pesticides (as insecticides) were
recommended to increase production and
productivity. The agricultural scientists, policy
makers and extension officials had to work hard to
educate and convince the farming community to
use chemicals without carefully looking into their
adverse effects (Rajendran, 2003).
Harmful Effects of Pesticides

The worst industrial disaster in the history of
the world is related to pesticide production. This
occurred in Bhopal, India on the early hours of Dec,
3, 1984. In this incident, methyl isocyanate an
ingredient in the production of the insecticide
carbaryl and stored in the union Carbide plant,
escaped into the atmosphere killing more than 3,000
people within a few hours. The tragedy occur due
to lack of adequate safeguards in the storing the
chemicals and lack of adequate warning to the
public.

Pesticides can cause three types of harmful
effects: acute, delayed, and allergic.
1. Acute Effects:  Acute effects are illnesses or

injuries that may appear immediately after
exposure to a pesticide (usually within 24 hours).

Chahal et al.: Dynamics of Demand and Consumption of Pesticides in Agriculture-An Overview
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2. Delayed Effects: Delayed effects are

illnesses or injuries that do not appear
immediately (within 24 hours) after exposure
to a pesticide or combination of pesticides.
Delayed effects may be caused by: repeated
exposures to a pesticide, a pesticide group, or
a combination of pesticides over a long period
of time, or a single exposure to a pesticide (or
combination of pesticides) that causes a harmful
reaction that does not become apparent until
much later.

3. Allergic Effects- These are harmful effects
that some people develop in reaction to
substances that do not cause the same reaction
in other people. Allergic reactions are not
thought to occur during a person’s first exposure
to a substance. The first exposure causes the
body to develop repelling response chemicals
to that substance. Later exposures result in the
allergic response. This process is called
sensitization and substances that cause people
to become allergic to them are known as
sensitizers.

Banned Pesticides
In our country most of the banned pesticides

are available in market and are used in various
agricultural operations. This is primary because of
the failure of Government to formulate and
implement effective policies regarding the use of
pesticides. Secondly, the socioeconomic condition
of farmers does not allow to strictly monitoring the
use of dangerous pesticides in agriculture and animal
husbandry. These pesticides have been banned
because of their acute/chronic harmful effects on
the animal/ human health. Thus their use adds to
the misery and poor health of farmers and
consumers. In spite of ban, DDT and BHC are still
produced in India and we have 77 percent DDT
and 95 percent BHC in India out of their total
production in world.
Pesticides/formulations banned in India  (As
on 31st December, 2012)
Pesticides banned for manufacture, import and
use

1. Aldicarb
2. Aldrin
3. Benzene hexachloride
4. Calcium cyanide
5. Chlorbenzilate
6. Chlordane
7. Chlorofenvinphos
8. Copper acetoarsenite

9. Dibromochloropropane
10. Dieldrin
11. Endrin
12. Ethyl mercury chloride
13. Ethyl parathion
14. Ethylene dibromide
15. Heptachlor
16. Lindane (Gamma-HCH)
17. Maleic hydrazide
18. Menazon
19. Metoxuron
20. Nitrofen
21. Paraquat dimethyl sulfate
22. Pentachloro nitrobenzene
23. Pentachlorophenol
24. Phenyl mercury acetate
25. Sodium methane arsonate
26. Trichloro acetic acid (TCA)
27. Tetradifon
28. Toxaphene

Pesticide formulations banned for import,
manufacture and use

1. Carbofuron 50 percent SP
2. Methomyl 12.5 percent L
3. Methomyl 24 percent formulation
4. Phosphamidon 85 percent SL

Pesticide/Pesticide formulations banned for use
but continued to manufacture for export

1. Captafol 80 percent powder
2. Nicotin sulfate

Pesticides withdrawn [S.O 915(E) dated 15th
Jun, 2006]

1. Dalapon
2. Ferbam
3. Formothion
4. Simazine
5. Nickel chloride
6. Paradichlorobenzene (PDCB)
7. Warfarin

Import and Export of Pesticides in India
The indigenous capacity in pesticide sector is

adequate to meet the domestic requirement of
demand and exports. India is a net exporter of
pesticides. The export destination markets are
USA, UK, France, Netherlands, South Africa,
Bangladesh, Malaysia and Singapore, etc. Some of
the pesticides exported over the years include
parathion (methyl), cypermethrin, endosulfan, DDT,
etc. Exports consist mostly of patent products. The
major manufacturers in the pesticide sector include
M/s United Phosphorus Ltd., M/s Syngenta, M/s
Rallis India and M/s Hindustan Insecticides Ltd., a
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Public Sector Undertaking under the Government
of India. The value of exports and imports from
2010-11 to 2012-13 is presented in Table 1.
Production and consumption of pesticides in
different countries

The production of pesticides started in India
in 1952 with the establishment of a plant for the
production of HCH near Calcutta, and India is now
the second largest manufacturer of pesticides in
Asia after China and ranks twelfth globally
(Mathur1999). There has been a steady growth in
the production of technical grade pesticides in India,
from 5,000 metric tonnes in 1958 to 102,240 metric
tonnes in 1998. In 1996-97 the demand for pesticides
in terms of value was estimated to be around Rs.
22 billion ($0.5 billion), which is about 2 percent of
the total world market. The total value of annual
production of pesticides in the country is about Rs.
8000 crore, out of which pesticides worth 6000
crore is consumed in the country and the rest is
exported. Technical pesticides are produced in the
country by about 60 companies and their
formulations are produced by about 500 units. The

production figures of pesticides (Technical) for
2010-11 and 2011-12 are 1,11,000 and 1,20,000
whereas for 2012-13 (up to September, 2012), the
production is 60,000 tonnes.

The amount of pesticides used in India is very
low (only 500 gha-1) as compared to other developed
countries even then we have much higher pesticide
residues in food of our country (Table 2). The
average per hectare consumption of pesticides in
Indian agriculture was only 1.2 gha-1 in 1953-54, it
increased to 377 gha-1 in 1985-86 and further to
431 gha-1in 1992-93. However, thereafter the
fertilizer consumption has gradually declined to 288
gha-1 in 1999-2000 (Agnihotri, 2000).

The gradual increase in production and
consumption of pesticides during last few decades

Chahal et al.: Dynamics of Demand and Consumption of Pesticides in Agriculture-An Overview
Table 1: Export and Import of different pesticides during 2010-11, 2011-12 and 2012-13

( crores)
Name of Pesticide Export Import

2010-11 2011-12 2012-13 2010-11 2011-12 2012-13
Aldrin 3552.19 1,017.47 408.26 1,053.10 1,034.18 687.97
Aluminium phosphate 2157.61 1969.32 1785.93 187.21 30.7 21.66
D.D.V.P 929.17 1128.68 364.96 44.62 23.5 -
Methyl bromide 14 155.48 79.02 447.73 655.06 569.53
Dimethoate technical 359 4.1 - 58.4 151.6 130
Other insecticides 37,925.30 42,939.68 30,464.40 17,256.91 18,388.41 13,820.87
Other fungicides 21,383.05 36,025.21 36,553.97 3,957.76 3,975.72 2,526.93
Plant-growth regulators 1,108.73 1,720.49 1,290.92 337.11 192.21 263.48
Weedicides and weed killing agents 4,632.24 4,222.37 2589.95 25.92 38.99 22.28
Other herbicides-anti-sprouting products 10,535.31 14,971.12 10,048.73 3,775.36 4,689.01 5,739.84
Disinfectants 1,305.27 8,768.64 6,097.92 144.1 98.15 747.58
Pesticides, not elsewhere specified or INC 22,282.81 27,282.76 23,763.73 650.79 2,339.74 876.48
Total 106184.68 140205.32 13447.79 27939.01 31617.27 25406.62

Table 2: Consumption of pesticides in different
countries
Country Consumption (kgha-1)
India 0.5
Korea 6.6
USA 7.0
Germany 3.0
Japan 12.0
Europe 2.5
Mexico 0.75

Table 3: Consumption of pesticides in Punjab
and India

(MT Technical Grade)
Year Punjab India
1996-97 7300 56114
1997-98 7150 52239
1998-99 6760 49157
1999-2000 6972 46195
2000-01 7005 43584
2001-02 7200 47020
2002-03 6400 48350
2003-04 6900 41020
2004-05 6487 40672
2005-06 5970 39773
2006-07 5975 41515
2007-08 6080 43630
2008-09 5900 43860
Source: Ministry of Statistics and Programme Planning
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is presented in Table 3. The pesticides consumption
increased from 2353 MT during 1955 to 75033 MT
(technical grade) in the year 1991-1992 and which
is again in the decline phase with the adoption of
integrated pest management practices and the
pesticides consumption level declined to the level
of 43020 MT (technical grade) in the year 2003-
2004. About 20 percent of Indian food products
contain pesticide residues above tolerance level
compared to only 2 percent globally. No detectable
residues are found in 49 percent Indian food
products compared to 80 percent globally.

In the United States, pesticides are used on
900,000 farms and in 70 million households.
Herbicides are the most widely used type of
pesticide. Agriculture uses 75 percent of all
pesticides (Aspelin et al 1991), but 85 percent of
all U.S. households have at least one pesticide and
63 percent have one to five in storage (Whitmore
et al., 1992). A Minnesota survey (Creason and
Runge, 1992) found that on a per-acre basis urban
dwellers use herbicides for lawn care at rates equal
to those used by farmers for food production.

The perusal of Table 4 presents the top ten
prominent states in respect of pesticide demanded

during the past eight years. The results revealed
that overall demand of pesticides in country was
increased with the compound growth rate of 4.57
percent which is statistically significant.

The highest rate of increase in pesticide
demand was observed in Andhra Pradesh with the
CGR of 35.33 percent followed by Maharashtra
with 15.37 percent of compound growth rate.
Whereas, Karnataka shows the significant decrease
in pesticide demanded with the CGR of -4.55
percent during the 2005-06 to 2012-13. Other states
showing the decrease in demand of pesticide were
Tamil Nadu, Rajasthan, Gujarat, West Bengal,
Haryana and Punjab.

The perusal of Table 5 gives the overview of
the categorical demand of pesticides during the last
five years. The results revealed that during 2005-
06, the highest proportion was embraced by the
insecticides which estimated to be about 75 percent
of the total pesticide demanded, whereas, in 2009-
10 the share of fungicides and herbicides increased,
which resulted in the decline of insecticide share
(about 55 percent) in  the total pesticide demanded.
CONCLUSIONS

The main use of pesticides in India is in
Table 4: State-wise demand of pesticides during the years 2005-06 to 2012-13

(MT Technical Grade)
States/UTs 2005-06 2006-07 2007-08 2008-09 2009-10 2010-11 2011-12 2012-13 CGR
Andhra Pradesh 2045 1500 1300 1400 1350 10,000 9000 9000 35.33*
Gujarat 3400 3000 2750 2730 2850 2700 2850 2600 -2.52
Haryana 4500 4650 4650 4405 4185 4120 4085 4200 -1.82
Karnataka 2400 2200 1975 1900 1700 1700 1750 1750 -4.55*
Maharashtra 3200 3188 3200 3000 2700 4315 8554 7855 15.37*
Punjab 7050 6450 6600 6500 6500 6500 6500 6300 -0.94
Rajasthan 3250 3250 3050 3575 2925 2875 2775 2725 -2.82
Tamil Nadu 2634 2369 2155 3984 3313 2472 2088 1970 -2.86
Uttar Pradesh 6700 6675 7075 7100 9500 8372 8571 8510 4.52*
West Bengal 4200 4400 4200 4250 4000 3550 3550 4000 -2.32
Total 44324 43718 42827 45180 42264 54637 59046 55590 4.57*
Source: www.indiastat.com
*Significant at one percent level of significance
Table 5: Categorical demand of pesticide during 2005-06 to 2009-10

(MT Technical Grade)
Category 2005-06 2006-07 2007-08 2008-09 2009-10
Insecticides 21449.26 15565.82 17834.8 22494.69 19278.07
Fungicides 5645.79 4584.122 6916.526 8152.066 10069.01
Herbicides 1911.58 2844.42 3444.47 4773.76 5238.42
Rodenticides 68.02 243.022 199.08 358.95 278.87
Fumigants 0.004 9.125 19.11 17 8.3
PGRs* 51.1 39.14 142.41 107.4 54.36
Others 146 287.02 326.04 311.01 76
Total 29271.76 23572.67 28882.44 36214.87 35003.03
*Plant growth regulators
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agriculture and public health sector to combat the
various pests and diseases that affect man. The
use of chemical pesticides in India has increased
by more than seventeen times since 1955. The
major manufacturers in the pesticide sector include
M/s United Phosphorus Ltd., M/s Syngenta, M/s
Rallis India and M/s Hindustan Insecticides Ltd., a
Public Sector Undertaking under the Government
of India. There has been a steady growth in the
production of technical grade pesticides in India,
from 5,000 metric tonnes in 1958 to 102,240 metric
tonnes in 1998. The amount of pesticides used in
India is very low (only 0.5 kg/ha) as compared to
other developed countries even then we have much
higher pesticide residues in food of our country. The
overall demand of pesticides in country increased
with the compound growth rate of 4.57 percent.
The highest rate of increase in pesticide demand
was observed in Andhra Pradesh followed by
Maharashtra, whereas, Karnataka showed the
significant decrease in pesticide demanded with the
CGR of -4.55 percent during the 2005-06 to 2012-
13.
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INTRODUCTION
India has a wide variety of climate and soils

on which large number of horticultural crops such
as fruits, vegetables, ornamentals, medicinal and
aromatic plants, plantation crops and spices are
grown. After attaining independence in 1947, the
Government of India assigned a major emphasis
on achieving self-sufficiency in food production
especially in cereals. After the Green Revolution
of the 1960’s, it was realized that Indian topography
and agro-climatic conditions are well suited for
horticultural crops also and these crops would help
in achieving sustainability of small holdings.
However, the need for diversification was
acknowledged by Government of India only in mid
1980’s to make agriculture more profitable, through
efficient land use creating gainful employment for
rural masses and women and optimizing the
utilization of natural resources. Past efforts have

been rewarding in terms of increased production
and productivity of horticultural crops (Anonymous,
2007). Horticulture sector is fast emerging as the
most remunerative sector for changing the age old
subsistence farming specially in the rainfed dry
lands, hills, arid and coastal agro-ecosystems.
Horticultural crops are characterized by high
productivity, higher returns, higher potential for
employment generation and exports, comparatively
lower requirement of water and easy adaptability
to adverse soil and waste land situations. The input-
output ratio in most of the horticultural crops is much
higher than that in the field crops and their role in
improving the environment is an added advantage
(Chadha and Pareek, 1993).

Horticultural crops not only provide nutritional
and healthy foods, but also generate cash income
to growers. They have full potential to become
alternative cash crops for sugarcane, cotton and
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oilseeds. On the one hand, all countries are moving
towards self-reliance in food grains, on the other,
the demand for fruits and vegetables is steadily
increasing. This trend may lead to gradual reduction
in food grain exports. India has the unique distinction
of being able to grow almost all fruits and vegetables.
However, export-oriented production is still at the
planning stage and most Indian producers are yet
to adopt world standards of quality (Maini et al.,
2000). So far as the contribution of horticultural
crops to Indian economy is concerned, fruits and
vegetables are grown only on 7-8 percent of gross
cropped area but contribute more than 18.8 percent
to the gross value of agricultural output and they
share 52 percent of export earnings of total
agricultural produce (Anonymous, 2003). Though,
huge employment and export potential of
horticulture has been fully recognized by the
successive governments, still it is not getting the
kind of priority it actually deserves. The Tenth Five
Year Plan draft acknowledges that the horticulture
sector contributes about 24.5 percent towards
agriculture GDP from only about 8 percent of the
cultivated area. It further says, besides, providing
nutritional and livelihood security and helping
poverty alleviation and employment generation,
this sub-sector sustains a large number of agro-
industries, which generate huge additional
non–farming employment opportunities. Despite
all these admissions, in practice while 22467 crore
was allocated to agricultural sector in Eighth Plan,
only 1000 crore was earmarked, out of that for
horticulture. In Ninth Plan also the situation did not
change; while the total allocation to agriculture
sector was almost doubled from 22467 to 42462
crore, out of which, amount allocated to horticulture
sector was raised from 1000 crore to meagre

1400 crore (Anonymous, 2007). Fruits and
vegetables have been shown to earn 20-30 times
more foreign exchange per unit area than cereals
due to higher yields and higher price available in
the international market (Anonymous, 2003). In spite
of the large-scale production, India’s fresh
horticultural produce has not made major dent in
the international trade so far except in spices,
cashew nut and recently grapes. This is primarily
due to the fact that horticultural crops were treated
as one of the several means of land use of
secondary importance, with food grain crops
receiving primary attention and also because of
heavy investments in horticulture. The average
labour requirement for fruit production is 860 man

days per hectare per annum as against 143 mandays
for cereal crops. Crops like grapes, banana and
pineapple generate much larger employment roughly
from 1000-2500 man-days per hectare per annum
(Anonymous, 2003). Hence, present study was
conducted with the objective to analyse the
determinants of post-harvest losses of fruits and
vegetables in Karnataka State.
MATERIAL  AND METHODS

 The present study aims at estimation of post-
harvest losses in major fruits and vegetables. The
state of Karnataka is blessed with varied agro-
climatic conditions making it possible to grow a good
number of fruits and vegetables. The present study
is based on a sample of 150 farmers cultivating fruits
andd vegetables each were selected using random
startified sampling technique. The necessary
primary data were obtained from the selected
sample fruits and vegetables producers and various
market  intermediaries through personal interview
with the help of pre-tested and structured schedule.
The data so collected pertained to the agricultural
year 2009-10.
Functional Analysis

A step-wise analysis was used to find out
factors affecting post-harvest losses in fruits and
vegetables. Post-harvest loss was defined as a
function of age of the farmer, education of the
farmer, type of family, percentage area under
selected crops etc. to study the influence of these
factors on post-harvest losses. The following linear
function was specified.
Yi=a0+a1X1i+a2X2i+a3X3i +………+a9X9iwhere,
Y i = Post-harvest loss (qtls) at farm level
a0 = Intercept
X1i = Age of ith respondent
X1 = Age of the respondents in years
X2 = Education of the respondents in years
X3 = Type of family dummy (value ‘0’ for joint

family and ‘1’ for nucleur family)
X4 = Proportion of area under fruits/vegetables in

percentage
X5 = Production of fruits / vegetables in quintals

per ha
X6 = Weather condition dummy (value ‘0’ if the

response was no and otherwise ‘1’)
X7 = Labour inadequate dummy (value ‘0’ if the

response was no and otherwise ‘1’)
X8 = Storage inadequacy dummy (value ‘0’ if

the response was no and otherwise ‘1’)
X9 = Transportation inadequacy dummy (value
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‘0’ if the response was no and otherwise ‘1’)
a1 to a9 are coefficients

Measurement of Dependent and Independent
Variables used in Functional Analysis

The following section describes the rationale
for selection of dependent and independent variables
to be included in the model along with their
measurement. Post-harvest loss at farm level (but
not the total post-harvest losses) has been considered
as the dependent variable for functional analysis in
the present study on the ground that farm level post-
harvest loss is the major component of total post-
harvest loss. The post-harvest loss at farm level is
measured in terms of quintals of output lost per farm.
Age of the farmers is considered as one of the
independent variables to have influence on post-
harvest loss at farm level. It is anticipated that this
variable is likely to have an indirect association with
post-harvest loss. It is assumed those as the age of
the farmer increases his experience in post-harvest
handling also increase and in turn helps to reduce
post-harvest loss. The age of the farmer is measured
in terms of number of years. Education is another
variable which can exert influence on post-harvest
loss and is expected to have a negative association
with post-harvest loss. The educated farmers would
be in a better position to have access to the post-
harvest handling knowledge and adopt the same.
The number of years of formal education of the
farmer has been recorded and included as a variable
in the model. The type of family is another variable
likely to influence post-harvest loss at farm level.
Higher the involvement of family members in farm
operations lower would be the post-harvest loss.
The influence of this variable on dependent variable
was done by including this as a dummy variable.
Value ‘0’ was assigned to joint family and value ‘1’
for nuclear family. Therefore, the coefficient of this
dummy was anticipated to be positive indicating a
higher post-harvest loss for the nuclear families.
The proportion of area under the crop and the
quantity of output produced are likely to exert a
positive influence on post-harvest loss. It is expected
that a farmer is not likely to pay full attention for
post-harvest operations when more output is
produced as his managerial skills would become a
limiting factor and lead to higher post-harvest losses.
The production is measured in terms of quantity of
output produced per ha and area variable is
measured in terms of proportion of crop area
expressed in percentage. Weather conditions
prevailing at the time of post-harvest operation is

another variable likely to have some association with
post-harvest loss. Therefore, to capture the
influence of weather on post-harvest loss, this
variable was included. In view of lack of exact
weather data, it was decided to include this variable
as dummy variable. The opinion of the farmer with
respect to prevalence of good or bad weather
condition at the time of harvest was obtained and
was included. The value ‘0’ was assigned if the
response of the farmer was that there was no
adverse weather condition at the time of harvesting.
Therefore, this variable is expected to have positive
coefficient implying lower level of post-harvest
losses during favorable weather conditions.
Availability of labour at the time of harvest is
another variable, which is likely to influence the
extent of post-harvest loss. The adequacy of labor
was measured in terms of dummy variable. Value
‘0’ was assigned if labour availability was adequate.
Therefore, this variable is likely to have a positive
association with post-harvest loss implying higher
post-harvest loss for inadequate labour availability.
The storage facility available at farm level is another
important factor which is likely to influence the post-
harvest loss at farm level. This variable is also
included as dummy variable assigning value ‘0’ for
adequate storage facility. Therefore, this variable
is likely to have a positive association with post-
harvest loss implying higher post-harvest loss for
inadequate storage facilities.  Often it is reported
that improper transportation facility lead to higher
post-harvest loss. To study the influence of improper
transportation facility on post-harvest loss, this
variable was included as dummy assigning value
‘0’ for good transportation facilities. Therefore, this
variable is likely to have a positive association with
post-harvest loss implying high post-harvest loss for
inadequate transportation facilities. To isolate most
important socio-economic factors influencing the
post-harvest losses, step-wise regression was also
carried out. This facilitated to retain only those
factors, which significantly influence the post-
harvest losses in the regression model.
RESULTS AND DISCUSSION

The Socio-economic profile of the sample
farmers is presented in Table 1. The study covered
150 growers for mango, banana, citrus, guava, and
sapota among fruits and 150 growers for potato,
tomato, brinjal, beans, and onion among vegetable
crops spread over fourteen districts of Karnataka.
Majority (53.33 percent) of the fruits cultivation
belonged to middle age group, about one-third of

Mitrannavar and Yeledhalli: Determinants of Post-harvest Losses of Fruits and Vegetables
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the respondents (30.00 percent) belonged to old age
group and only a few farmers (16.67 percent)
belonged to younger age group. Similarly, among
the vegetable farmers, 48.33 percent belonged to
middle age groups, respectively. About 30 percent
of fruits farmers studied up to the secondary school,
while 26.67 percent each of farmers were educated
up to primary and collegiate level. The remaining
16.67 percent of the fruits farmers were illiterate.
In the case of vegetable, 41.67 percent of them
had primary education while 21.67 percent of the
growers were illiterate and 18.33 percent each had
secondary and graduate and above. Majority of the
fruits growing farmers (73.33 percent) and
vegetable growing farmers (76.67 percent)
belonged to nuclear family and the rest of the fruits
farmers (26.67 percent) and vegetable farmers
(23.33 percent) belonged to joint family. Majority
(38.33 percent) of fruit cultivators belonged to
medium land holding category while 30.00,  21.60,
8.33, and 1.67 percent of the farmers belonged to
large, semi-medium, small and marginal land holding
categories, respectively. Nearly more than one third
(31.67 percent) of the vegetables respondents were
having land holdings between 2 and 4 ha of land
while 28.33, 26.67, 8.33, and 5.00 percent of them
belonged to medium, small, marginal and large

holdings, respectively. The average land holding of
fruits and vegetables growers was 8.88 and 3.60
ha, respectively. The average area under fruits was
2.55 ha accounting for 28.72 percent of the total
land holding, where as the average area under
vegetable was 1.57 ha, which worked out to 43.61
percent of the land holding of the sample farmers.
The analysis of general features of sample
respondents revealed that middle aged farmers with
fair amount of education belonging to nuclear type
of families opted for the cultivation for the these
fruits and vegetables on a substantial proportion of
their land holdings.The regression model explains
nearly 66 percent variation in farm level post harvest
loss due to variation in all the factors considered.
The F-ratio was also significant.  The results step
down regression analysis presented in Table 2
showed that the factors like production per ha
(0.0249), adverse weather condition (0.4900),
inadequate storage facilities (0.7913), inadequate
transportation facilities (0.5844) and type of family
(0.3173) exerted a significant and positive influence
on post harvest losses. The variation in the nine
independent variables included in regression model
explained nearly 68 percent variation in total post-
harvest losses of fruits. The F-ratio was significant
thereby indicating the good fit of the function. The

Table 1: Socio-economic profile of the respondents (Percent)
Particulars Fruit growers(n1=150) Vegetable growers(n2=150)
Age group
Young (<35 year) 16.67 20.00
Middle (35-50 year) 53.33 48.33
Old (>50 year) 30.00 31.67
Education level
Illiterate (0) 16.67 21.67
Primary (1-7) 26.67 41.67
Secondary (8-10) 30.00 18.33
Graduate and above 26.66 18.33
Type of family
Nuclear 73.33 76.67
Joint 26.67 23.33
Land holdings
Marginal (<1 ha) 1.67 8.33
Small (1-2 ha) 8.33 26.67
Semi-medium (2-4 ha) 21.67 31.67
Medium (4-10 ha) 38.33 28.33
Large (>10 ha) 30.00 5.00
Average land holding (ha) 8.88 3.60
Area under selected crop (ha) 2.55 1.57
Percentage of fruits/vegetables area to average landholding 28.72 43.61
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coefficient of age of respondents was negative
indicating that the increase in age of the farmer
post-harvest losses decreased. This was because
as the age increased up to a limit experience also
increased and helped to reduce loss at the field level
with improved knowledge on post-harvest
practices.The fitted regression equation showed that
in Table 3 the variation in the variables included in
the regression equation explained nearly 80 percent
variation in post harvest losses at farm level. The
F-ratio was significant. The variable like production
per ha (0.0504), adverse weather conditions
(1.3386) and inadequate storage facilities (0.8132)
exerted significant and positive influence on post
harvest losses as indicated by step down regression
analysis.

In the case of vegetables nearly 81 percent
variation in total post-harvest losses was explained
due to variation in nine independent variables
included in the model. The F-ratio was significant
statistically which indicated the good fit of the model.
The coefficients of age of the respondents were
negative. This indicated that as the age of the
farmers increased post-harvest losses decreased.
This is because as the age increased experience
also increased and helped in reducing post-harvest
losses at field level.
CONCLUSIONS

The coefficient of age of respondents was
negative indicating that the increase in age of the
farmer post-harvest losses decreased. This was
because as the age increased up to a limit
experience also increased and helped to reduce loss
at the field level with improved knowledge on post-
harvest practices. In the case of education, the
coefficient was positive indicated that education had
positive impact on post-harvest losses. However,
these coefficients were non-significant statistically.
The post-harvest losses appeared too increased with
the increased in nuclear family, percentage area
under crop and increase in output. In the present
study it is assumed that the post-harvest losses would
be lower for the families with more family members,
which is seen in the case of joint families. The
participation family members in harvesting and post-
harvest activities, will reduce post-harvest losses.
The policy measures need to be directed towards
creating infrastructure conducive to transport of
delicate fruits and vegetables appropriate transport
protocols adaptable for Indian fruits and vegetables,
develop inter-model transportation system with
complementary roles between road and railways
network. The losses during harvesting and handling
can be overcome by development of high-tech
mechanical methods coupled with handling devices
for better quality produce. Some manipulation of
harvesting dates are possible by precarious use one
of irrigation late in the growing season developing
ripening to inhibit ageing and control of pest and
diseases. There is also need to build and develop
organized markets specially for fruits and vegetable
looking to the geographical concentration, markets,
consumption hubs, etc. to facilitate procurement
storage, transportation and processing of fruits and
vegetables can go a long way in promoter healthy
market and economy for growers.
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INTRODUCTION
In India, agriculture sector dominates the

economy by providing livelihood to majority of the
population and credit plays an imperative role in
boosting agriculture production. The flow of credit
from institutional sources is of great importance
more than ever to small and marginal farmers which
is limited by availability and access, timely and low
cost. In addition to other inputs, credit is
indispensable for long run profit and sustainable
production unit of farming. In general, majority of
farmers are small and marginal farmers who are
engaged in agricultural activities with different
potentials. Many studies on agriculture credit such
as Chauhan and Agarwal (1969), Desai (1969),

Goswamy and Saikia (1972), and Gulati and Bathla,
(2002) reveals that trouble-free access to financial
services at reasonable cost will have positive
influence on income, productivity, asset creation and
food security of the rural population.

In the present context, agricultural
development is very vital for the Indian economy,
where area of cultivation has been increasing by
converting sub-marginal land into cultivation
(Vivekananda, 1999). Efficient use of resources can
be obtained by augmenting the productivity of local
resources through improved technical knowhow can
influence use of modernization of agriculture with
advanced technology. This will result in constant
capital growth and again it is capital intensive activity
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in agricultural production system (Banarjee, 1996
and Bansal, 1965).

The adoption of new technology in agriculture
always demands credit, which has major influence
on the development of agriculture (Aroutselvam and
Zeaudeen, 2000). Thus, it’s a prerequisite for
comprehensive economic growth, which is based
on credit facilities available in time and sufficient
volumes.  Hence, it is inevitable to know the
structure of agricultural credit system and impacts
of drought in the study area before dealing with
core objectives of this research paper. Thus the
present paper makes an attempt to highlight the
significance of credit in agriculture and impact of
drought on agriculture.
Structure of Agriculture Credit system

The indigenous credit system in India has to
develop as an outcome of seasonal requirements

and fluctuations in consumption pattern of farmers
over the years. This largely depends on good
monsoons and other factors of production. In
farming activities, there exists a greater intrinsic
risk coupled with the incidence of high interest rates
in non institutional lending’s. Further most
fascinating fact is that Indian agriculture is always
characterized by rural indebtedness as serious and
constant problem which affects in capital formation
and management for both marginal and large
farmers (Karmakar, 1998).This change has resulted
in formation of agricultural credit system (Figure
1) which is product of both development and
interference and represents the financial system’s
response to the reason from continuing
dissatisfaction with credit delivery (Rakesh Mohan,
2004). Green revolution has created both diversified
and enhanced type of credit requirements for

Government of India-Reserve Bank of India 

Commercial Banks Regional Rural Banks 

Long-term Credit Structure Short-term Credit Structure 

Rural Co-operative Credit 
Institutions 

State Co-operative Agriculture and Rural 
Development Banks State Co-operative Banks 

Primary Co-operative Agriculture and Rural 
Development Banks 

Depositors and Borrowers 

NABARD   

District Central Co-operative Banks Central  
Co-operative Banks 

Primary Agricultural Credit Societies 

Figure 1: Structure of agricultural credit system in India
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agricultural production apart from creating buffer
stocks.

The main factors behind poor financial
functioning of the Institutional agencies are
characterized by non-performing assets or
devastating over dues, high transaction cost,
regulated interest rates and less financial margins
(Singh and Singh, 2005). As a result of these
features, the Institutional agencies are ineffective
to accumulate sufficient reserve support and are
unable to quick disbursement of credit in the rural
areas (Reddy, 2000). These relate to discriminate
allocation for distribution of credit for different
classes of regions and people, unwieldy procedures,
untimely delivery of credit and official procedure
to transact credit. All these are major reasons of
apprehension. Therefore, it is suggested that the all
financial institutions should be reinforced to pick up
the flow of credit to meet the growing demands of
credit in agricultural sector and also aim to bring
overall development in the rural financial system
(Puhazendhi and Jayaraman, 1999).
Impact of Drought on Agriculture

Drought has a direct and indirect impact on
the economic, social and environmental fabric of
the country. The immediate visible impact of
monsoon failure leading to drought is felt by the
agricultural sector. The impact passes on to other
sectors, including industry, through one or more of
the following routes: i) shortage of raw material
supplies to agro-based industries. ii) Reduced rural
demand for industrial/consumer products due to
reduced agricultural incomes. iii) Potential shift in
public sector resource allocation from investment
expenditure to agriculture financing of drought relief
measures.

Drought affect agriculture by reducing in
quantity and quality of farm produce impacting
farmers’ living standard in a big way. Hyderabad-
Karnataka region of the state was faced the vagaries
of erratic and uneven distribution of rainfall to a
large extent and often exposed to the drought like
situation. Shortage of water and rainfall causes a
large reduction in cultivated area affecting food
production. A drought-like situation exists in almost
all the districts of Hyderabad- Karnataka region
this year (Kharif 2009). This in turn was directly
affected lives and livelihoods in these districts.

Drought is a situation of lower than normal
rainfall and as such it is as much a management
issue as a technical one. In fact one of the answers
lies in agriculture credit management. Drought

management and mitigation will be important for
the future sustainability of agriculture production,
productivity and livelihoods and require the
intervention of agriculture credit. Agriculture credit
policy goal for drought management should be to
minimize the impact on sustainability of agriculture,
agriculture productivity and livelihoods. Under such
scenario, it becomes vital to study on availability,
flow, direction and utilization of institutional and non-
institutional credit to farmers with special reference
to drought periods of agriculture production. With
this back drop, the present paper aims to analyze
the following objectives:
i)  to investigate the direction and flow of

agriculture credit and
ii)  To assess the utilization pattern of agriculture

credit in normal situation against drought periods
in the study area.

METHODOLOGY
The study was conducted in 6 districts (Bellary,

Bidar, Gulbarga, Raichur Koppal and Yadgir) which
fall under the jurisdiction of University of
Agricultural Sciences, Raichur district of Karnataka
state. The primary data was collected during the
period from 1st April 2009 to 31st March 2010
through personal interview method by using pre-
tested structured schedule prepared for the purpose.
The multistage purposive random sampling
technique was adopted in designing sampling frame
for the study. In the first stage, three districts namely
Gulbarga, Koppal and Raichur were selected based
on the incidence and severity of drought during
2008-09. Similarly, in the second stage, one to two
taluks were selected based on severity of drought
and flood in the concerned district. In the third stage,
30 farmers from selected taluks of the district were
selected at random in view of distribution of
agriculture credit in different villages. Thus, the
sample size constituted of 30 for each district and
90 for the study as a whole. Further, while selecting
the villages in the selected taluks for identifying the
credit borrowed farmers information was collected
from lead banks offices of concerned districts.
Further, the data was subjected to analysis using
percentage, tabular analysis was carried out to
arrive at meaningful conclusion.
RESULTS  AND  DISCUSSION

The perusal of Table 1 reveals about
disbursement of agriculture credit by non-
institutional agencies and institutional agencies in
the study area. It clearly indicates that the
percentage change of drought over normal situation

Siddayya et al.: A study on Agriculture Credit: Utilization pattern and Diversion in Drought prone areas
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for quantum of loans was negative (-30.55) for
institutional agencies while for non institutional
agencies it was positive (217.36) and increasing.
The Non-repayment of loan in case of institutional
agencies was about 65.55 percent for drought
situation where as only 32.22 percent of was for
normal situation. Similarly for non-institutional

agencies it was 85.55 per cent and 14.44 percent
for drought and normal situation respectively.  The
study suggests that disbursement of agriculture
credit was high in case of non institutional agencies
like money lenders, chit funds etc, which charge
higher interest rates and exploit the resources of
farmers in long run. In addition presence of weak

Table 2: Utilization and Diversion of institutional agriculture Credit by sample farm ( Lakhs)
Particulars Institutional agencies Non-institutional

Normalsituation(2008)
Droughtsituation(2009)

Percentchange Normalsituation(2008)
Droughtsituation(2009)

Percentchange
Quantum of loans 28.11 19.52 30.55 1.67 5.3 217.36
Purchase of seeds 3.49 1.66 0.04 0.49

(12.42) (8.50) 52.43 (2.31) (9.25) 1125
Purchase of fertilizers and manures 5.38 3.1 0.5 1.24

(19.14) (15.88) 42.38 (29.95) (23.40) 148
Purchase of PPC 3.64 2.3 0.31 0.45

(12.95) (11.78) 36.81 (18.56) (8.49) 45.16
Payment towards labour wage 3.31 2.08 0.09 0.14

(11.78) (10.66) 37.16 (5.39) (2.64) 55.56
Total utilization for agriculture purpose 15.82 9.14 0.94 2.32

(56.28) (46.82) 42.23 (56.29) (43.78) 146.8
Payment of old dues 3.68 3.24 0.33 0.49

(13.09) (16.60) 11.96 (19.76) (9.25) 48.48
Purchase of essential commodities 3.34 2.34 0 0.84

(11.88) (11.99) 29.94 0 (15.85) 84
Paid to school fees 1.78 1.25 0.07 0.35

(6.33) (6.40) 29.77 (4.19) (6.60) 400
Expenditure on health 1.64 1.72 0.12 0.64

(5.83) (8.81) 4.88 (7.19) (12.07) 433.33
Social and religious ceremonies 1.85 1.83 0.21 0.66

(6.58) (9.38) 1.08 (12.57) (12.45) 214.29
Total utilization for non agriculture purpose 12.29 10.38 0.73 2.98

(43.72) (53.18) 15.54 (43.71) (56.22) 267.12
Figures in parentheses indicates percentage to total

Table: 1. Disbursement of agriculture credit to sample farmers by institutional agencies undernormal and drought like situation (Number)
Particulars Normal situation (2008) Drought situation(2009) Percent change
Institutional agencies
Farmers 90.00 90.00 -
Quantum of loans ( .lakhs) 28.11 19.52 -30.55
Non-repayment of loan 29 59 103.44

(32.22) (65.55)
Non-institutional agencies
Farmers 90 90 -
Quantum of loans ( .lakhs) 1.67 5.3 217.36
Non-repayment of loan 13 77 492.3

(14.44) (85.55)
Figures in parentheses indicates percentage to total
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multiple agencies will reduce the flow of credit and
it leads in low per hectare investment for agriculture
production (Banarjee, 1996 and Mani et al., 1996).

The close perusal of Table 2 reveals about the
comparison of utilization and diversion of agriculture
credit in institutional agencies and non institutional
agencies. The overall situation indicates that the
percentage change for drought against normal
situation was negative in institutional agencies while
for non institutional it was positive. This indicates
that less amount of capital was disbursed through
institutional agencies when compared to non
institutional agencies in the study area especially in
drought periods.

Among the total utilization for agriculture
purpose the highest credit was used for purchase
of fertilizers and manures (15.88 percent) followed
by plant protection chemicals (11.78 percent) and
payment towards labour wages (10.66) were the
top utilization priorities in institutional agencies
whereas in case of non-institutional agencies
purchase of fertilizers and manures (23.40 per cent)
followed by purchase of seeds (9.25 per cent) and
plant protection chemicals (8.49 percent) were the
major  concern for spending the borrowed credit in
drought situation in the study area (Alagh and
Sharma, 1990). It was interesting to note that in the
case of total credit utilization for non agriculture
purpose highest was used for payment of old dues
(16.60 per cent) followed by purchase of essential
commodities (11.99) and social and religious
ceremonies (9.38 percent) were major precedence
for credit spending. However, in the case of non
institutional agencies the total utilization of credit
for non agriculture purpose was different. The
highest percentage was accounted for purchase of
essential commodities (15.85 percent) followed by
social and religious ceremonies and expenditure on
health and payment of old dues (9.25 percent)
(Sharma and Kumawat, 2014).

In addition to investigating utilization and
diversion for agriculture credit in institutional
agencies, it was worthwhile to focus on institutional
(Table 3) and non institutional (Table 4) credit in
total utilization for agriculture purpose and non
agriculture purpose. The results indicates that
among different farm size categories of farmers
during drought situation large farmers use credit
for agriculture purpose about 59.70 percent when
compared to normal situation (68.06 percent)
(Hooda et al., 1993). However in case of non
agriculture purpose marginal and small farmers use

Table 3: Utilization and Diversion of institutionalagriculture Credit by sample farm ( Lakhs)
Total utilization for Farm category

Marginaland small Medium Large
Normal Situation (2008)
Agriculture purpose 3.03 3.99 8.8

(42.44) (49.26) (68.06)
Non-agriculture purpose 4.11 4.05 4.17

(57.56) (50.37) (32.25)
Total 7.14 8.04 12.93

(100.00) (100.00) (100.00)
Drought Situation (2009)
Agriculture purpose 1.29 2.1 5.75

(29.25) (38.32) (59.70)
Non-agriculture purpose 3.12 3.38 3.88

(70.75) (61.68) (40.29)
Total 4.41 5.48 9.63

(100.00) (100.00) (100.00)
Figures in parentheses indicates percentage to total

Table 4: Utilization and Dive rs ion of non-ins titutional agriculture Cre dit by samplefarmers ( Lakhs)
Total utilization for Farm category

Marginaland small Medium Large
Normal Situation (2008)
Agriculture purpose 0.26 0.25 0.43

(49.06) (64.10) (57.33)
Non-agriculture purpose 0.27 0.14 0.32

(50.94) (35.89) (42.66)
Total 0.53 0.39 0.75

(100.00) (100.00) (100.00)
Drought Situation (2009)
Agriculture purpose 0.31 0.79 0.86

(14.69) (47.88) (55.84)
Non-agriculture purpose 1.44 0.86 0.68

(68.24) (52.12) (44.15)
Total 2.11 1.65 1.54

(100.00) (100.00) (100.00)
Figures in parentheses indicates percentage to total

70.75 per cent when compared to normal situation
57.56 per cent. In case of utilization for credit in
agriculture and non agriculture purpose for non-
institutional agencies. During drought period small
and marginal farmers were using higher credit on
non agriculture purpose (68.24 percent) when
compared to normal situation (50.94 percent). The
overall drought situation reveals that higher volume
of credit used for non agriculture purpose by small
and marginal farmers and medium famers with ratio
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of 17.30 and 16.23 against normal situation when
compared to large farmers. This clearly reflects
that small and marginal farmers are heavy looser
of drought when compared to large farmers (Gulati,
and Bathla, 2002). The study also suggests that
provision for rescheduling of short term crop loans
upon declaration of drought. Such rescheduling of
crop loans converts them into term loans for which
normal rate of interest can be applicable. This will
not only bring down the financial burden but also
provides relief to the farmers of the drought affected
areas in Hyderabad Karnataka regions.
CONCLUSIONS

The study suggests that disbursement of
agriculture credit was high in the case of non
institutional agencies like money lenders, chit funds
etc, who charge higher interest rates and exploit
the resources of farmers and forces them into the
unfair sources and that will lead to the vicious cycle
of never ending debt which may result in land to
landless owners. In addition, the overall situation
indicates that the percentage change for drought
against normal situation was negative in institutional
agencies while for non institutional it was positive.
This indicates that less amount of capital was
disbursed through institutional agencies when
compared to non institutional agencies in the study
area especially in drought periods. Further, this study
also advocates that non-institutional agencies should
use incentives to ensure financial regulation and to
construct a positive relationship among the
borrowers and money lender. The study also implies
that provision for rearrangement of short term crop
loans upon announcement of drought. Such
rearrangement of crop loans converts them into
term loans for lower rate of interest can be
applicable. This will bring down the financial burden
for farmers and helps in achieving livelihood and
food security in long run.
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INTRODUCTION
Agroforestry is one of the best farming

systems that can be used for diversification for
natural resource conservation and income
generation. Breaking away from crops like wheat
and paddy, Poplar (Populus deltoides), because
of its fast growth, straight growing stem, short
rotation, quality wood production and profitability,
has been extensively planted in north-western states
of India-Haryana, Punjab and Uttar Pradesh
(Chauhan and Mangat, 2006). Fazli (1990) and
Khan and Betters (1990) stated that all the
agroforestry systems were more beneficial as
compared to the most common cropping pattern
(paddy-wheat cropping rotation). Poplar is a very
prominent taxonomical group of tree species in
plantation forestry in India. Owing to very little risks
and high profits in poplar cultivation, large farmers

and absentee land-lords prefer to put their lands
under poplar-based agroforestry rather than other
agriculture/agroforestry options. The farm-industry
linkages have also helped the systems to be more
sustainable than the traditional cropping systems
(Saxena, 2000 and Kareemulla et al., 2005). Poplar
wood can be used for paper, plywood, match sticks,
packing boxes, playing items, furniture industry, etc.
Marketing of poplar wood is comfortable and wood
can be sold in Yamunanagar- Jagdhari and local
markets in Punjab and Uttar Pradesh. Intercropping
is recommended as it provides agricultural returns
on the one hand and results in increased growth
rate of poplar on the other due to frequent irrigation
and hoeing operations of agricultural crops (Shah,
1988 and Chauhan et al., 2015). The study aims to
estimate the economics and cost benefit analysis
of the poplar plantation at farmers’ field to find the
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viability of the enterprise.
MAERIAL  AND METHODS

To analyze the economics of poplar in
Roopnagar (Ropar) district, data for the year 2013-
14 was collected. Riparian wet land of Roopnagar
district was selected in order to have a sufficient
number of poplar based agroforestry adopters in
the area. Five villages were selected from the
selected block. The farmers having block plantation
of poplar were categorized into small, medium and
large according to the number of plants growing on
their farms (Table 1). Five farmers from each village
were planned to be randomly selected. In total,
twenty five farmers were randomly selected having
block plantation of poplar. Three types of spacing
were observed in case of block plantation of poplar
in the study area but different than recommended
ones. Maximum number of farmers adopted 6.0 x
1.5 meter spacing followed by 5.5 x 2.0 meter and
7.0 x 2.5 meter. However, farmers adopted inter-
culture in all the plantations.
Cost Structure for Raising the Plantation

Cost components for raising the plantation
have been divided in to two main categories as given
under:
Establishment cost

Establishment cost is the cost of establishment
of species incurred in the beginning of the year of
planting, which includes three main costs i.e., cost
of planting material which includes the
transportation cost also; cost is and preparation and
transplanting which includes cost of digging pits and
then transplanting the seedling and finaly of the cost
incurred on plant protection, etc.
Operational cost

This cost is incurred in the subsequent years
for the maintenance of the crop. It includes the cost
incurred in irrigation, fertilizer application and
miscellaneous costs including the interest
component. Miscellaneous cost includes cost of
hoeing and weeding, cultivation in between the rows
to get rid of unwanted vegetation when no crop is
raised.
Analytical Tools

To analyze the results, simple tabular analysis
was used. Budgeting technique was used to work

out the economics of poplar along with other
selected agricultural crops grown i.e., wheat,
sugarcane and maize. In order to further examine
the plantations along with crops in terms of
productivity of capital, the concept of discounting
was used. The costs and benefits were discounted
at the rate of 10 and 50 percent. Cost and income
from intercrop as well as poplar plantation was
calculated. The three efficiency measures [Present
net worth (PNW); Benefit-cost ratio (BCR) and
Internal rate of return (IRR)] were used (Gittinger,
1988).

i) Present net worth:- It is the present value
of the net benefits that the project will generate
over and above what would be available, if the
amount proposed to be invested in the project is
invested at the current rate of interest elsewhere.
In PNW, each item of the costs and benefits was
discounted to its present values over the life of the
proposal and they summed up to find out the net
value.

The formulae expression of PNW is given as
under:
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ii) Benefits cost ratio (BCR):- It is the ratio of
sum of discounted benefits to the sum of discounted
costs. Using the same notations as in PNW, BCR
can be expressed as follows:
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iii) Internal rate of return (IRR):- Internal rate
of return is defined as that rate of discount, which
equates the present value of stream of net benefits
with the initial investment outlay or IRR is that rate
at which the PNW of cash flow is zero.
RESULTS AND DISCUSSION
Raising Pattern of Poplar and its Economics

A total area of 48.16 hectares was put under
block plantation by 25 farmers, which varied for
0.40 to 6.88 hectares per farmer. According to the

Table 1: Distribution of farms according to spacing in block plantation of poplar
Category Spacing (m2) No. of plants ha-1 Farms (No.) Intercrops
Small 7.0 2.5 563 2 Wheat, Sugarcane
Medium 5.5  2.0 897 10 Wheat, Sugarcane, Maize-2 farms
Large 6.0  1.5 1097 13.00 Wheat, Sugarcane, Maize-4 farms
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number of plants growing on their farms per hectare,
the farmers having block plantation of poplar were
categorized into small, medium and large. Overall
average area under block plantation on small,
medium and large farmer was 4.45,  2.10 and 1.68
hectare, respectively. All the selected farmers were
engaged in marketing of trees and were satisfied
to some extent from the return in case of block
plantation. But responded that after harvesting tree
crop, it was difficult to cultivate the field because
the contractors cut the trees just at the ground level
leaving the root part as such (removal of roots is
not cost effective). None of the farmers harvest
the trees themselves, which could have provided
them better returns but sell standing trees to the
contractors.
Area coverage and tree density under
agroforestry

The average area covered under poplar based
agroforestry across the farm-size categories
indicates that on average 58.93 percent of the total
land holding was under agroforestry, which reflects
interest of the farmers in poplar growing. It is
interesting to observe that tree density increased
with the increase inthe size of land holdings. The
reason behind this was earn more profit by
increasing the density of poplar trees and reducing
the area under intercropping, which can affordable
only for the large farmers (Table 2).

Yield reduction in agricultural crops due to
block plantation

Yield reduction was calculated according to
the information collected from the sample farmers.
Yield reduction in wheat, sugarcane and maize under
poplar plantation was positively related with age of
poplar trees and tree density (Table 4). As the space
occupied by each plant increases with age, the
cultivation near to tree becomes difficult. The yield
reductions which includes reduction due to area
going out of cultivation and the reduction due to
effect of shade and competition from trees, varied
from 8.57 percent to 40.00 percent from the first to
seventh year.

Thus, in the first year, the yield reduction is
due to area effect only.  In case of wheat the yield
reduction in first year was 16.24 percent and
increased to 42.44 percent during the 4th year.
Similarly,  in the case of sugarcane the yield
reduction in first year was 37.78 percent and
increased to 56 percent during 2nd year. It is not
economically viable to grow sugarcane in the poplar
plantation after the age of 2. Same in the case of
maize as fodder crop where yield of maize fodder
decreased to 40 percent by 4th year of poplar age.
The yield reduction of crops among sample farmers
indicated that as the number of plants per hectare
increased, crop yield decreased only because the
area under crops decreased because of more
number of plants. Chauhan et al. (2012) also
recorded 17 per cent wheat grain reduction under
one year old poplar plantation, which increased to
52.15 percent under five year old plantation.

Determinants of Agroforestry
The factors affecting the poplar based

agroforestry were determined from the sample
farmers interviewed from the selected district. Th
eperusal of Table 3 showed that for majority of the
farmers (55 percent), farm trees were prime source
of additional income from the tree components and
the other major reason of adopting agroforestry was
the demand for fuel wood (22.67 percent). A few
farmers viewed that farm trees contributed small
timber for making farm implements, bullock carts
and household furniture and also trees provided the
much needed resting place during summer (Dwivedi
et al., 2007).

Table 2: Area coverage under poplar among thesample farmers in Roopnagar district
Farmercategory Total land holding(ha) Area under poplar(%)
Small 9.11 51.41
Medium 4.27 61.29
Large 4.54 56.81
All farmers 4.79 58.93

Table 3: Determinants of poplar in Roopnagardistrict
Determinant Percentage
Source of Additional income 55.00
Source of Fuel wood 22.67
Source of Timber 14.50
Shade 5.43
Other 2.40

Table 4: Yield reduction of wheat, sugarcane andmaize in poplar plantation in relation to age ofthe tree
Age (year) Percent reduction in yield

Wheat Sugarcane Maize
0 16.24 37.78 8.57
1 24.54 43.33 19.05
2 29.89 56.00 24.76
3 39.74 - 31.43
4 42.44 - 40.00
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Cost structure for raising the plantation

Establishment cost was incurred at the start
of the plantation considered to be the zero year i.e.
just in the beginning of year 1. The total cost of
establishment of poplar was 47033.66 per ha (Table
5). The cost of irrigation was 30672.28 ha-1 which
came to be the major cost item in establishment of
poplar followed by planting material ( 10733.46 per
ha) and transplanting ( 5276.45 per ha). Operational
cost was found to be 490065.97 per ha for poplar
plantation of five years out of which the cost of
fertilizer application followed by transportation and
harvesting of the trees was the major costs. The
cost showed an increasing trend in the last two years
due to increasing component of human labour for
harvesting operations. The cost incurred on
intercropping of wheat and other crops indicated a
decreasing trend from 76,395.09 per ha during zero
year to 46,491.87 per ha during the 5th year. It
was due to the decreasing area for agricultural crops
year after year due to increasing canopy of the
poplar.

Streams of costs and return from block
plantation of poplar and agricultural crops
(wheat, sugarcane and maize)

The cost and return stream for growing poplar
in block plantation with wheat and sugarcane/ maize
is given in Table 6. The costs incurred on poplar
were 46,443.48 per ha during the zero year. After
that it decreased to 42,794.63 per ha during 3rd
year as the cost of irrigation and cost of fertilization
came to be at zero level after 2nd year of plantation.
Then the cost showed an increasing trend due to
the increasing component of human labour for
harvesting operations. That is why the cost
increased to 1,71,338.10 per ha during the 5th year
of plantation. The cost incurred on intercropping of
wheat+sugarcane/maize indicated a decreasing
trend from 76,395.09 per ha during the zero year

46,491.87 per ha during the 5th year. It was due to
the decreasing area for agricultural crops year after
year due to increasing canopy of the poplar. The
returns from poplar block plantation started from
4th year of plantation till 5th year. It increased year

Table 5: Cost of raising poplar in case of block plantation ( ha-1)
Cost items Small Medium Large Average
A) Establishment cost
i ) Cost of nursery including transportation 12718.24 9620.71 9861.39 10733.46
ii) Cost of transplanting and land preparation 4243.40 5815.05 5770.92 5276.45
iii) Plant protection and fertilizer 395.36 351.08 307.94 351.45
iv) Irrigation 35829.50 30656.21 25531.14 30672.28
Subtotal (A) 53186.50 46443.06 41471.39 47033.66
B) Operational cost
i) Irrigation 105968.84 98802.94 84560.09 96443.95
ii) Fertilizer application 158697.50 98840.00 90122.31 115886.61
iii) Labour charges 26069.05 27759.21 29605.05 27811.11
iv) Harvesting cost 88397.55 100265.77 101948.96 96870.76
v) Transportation cost 100295.42 108719.06 109045.23 106019.91
Subtotal (B) 479428.36 434386.97 415281.65 443032.34
Grand total (A+B) 532614.86 480830.04 456753.03 490065.97

Table 6: Streams of costs and returns from block plantation of poplar and agricultural crops (wheat,sugarcane and maize) ( ha-1)
Year Cost incurred Gross returns Net returns

Plantationcrop Agriculturalcrop Total Plantationcrop Agriculturalcrop Total
0 46443.48 76395.09 122838.57 - 132862.58 132862.58 10024.01
1 42834.79 71697.62 114532.41 - 116613.71 116613.71 2081.3
2 43491.65 66308.40 109800.05 - 103703.97 103703.97 -6096.08
3 42794.63 58729.59 101524.22 - 85157.16 85157.16 -16367.06
4 143163.32 47892.72 191056.04 908036.41 63661.19 971697.60 780641.56
5 171338.10 46491.87 217829.97 1293504.90 58266.18 1351771.08 1133941.11
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after year from 9,08,036.41 per ha during 4th year
to 12,93,504.90 per ha during 5th year of plantation.
This was due to the increasing number of harvested
trees year after year. On the other hand, the returns
from agricultural crops witnessed a declining trend
over the period as the space for agricultural crops
diminished year after year and also there was a
reduction in the yield of agricultural crops due to
competition and shading effects of plantation crops
(Jain and Singh, 2000).

The returns from agricultural crops came to
be 1,32,862.58 per ha during the zero year and
only 58,266.18 per ha during the 5th year. Thus,
total returns from poplar block plantation and the
agricultural crops experienced an increasing trend
is from 1,32,862.58 per ha during zero year to

13,51,771.08 per ha during 5th year of plantation.
This was due to the returns only from agricultural
crops for the first three year and after that increasing
returns from poplar also added to this, year after
year marking an overall increasing trend in total
returns. Same trends were also recorded by Kumar
(2005).
Benefit Cost Analysis of Agroforestry

For finding out the comparative economics of
poplar based system with average population
maintained per ha, the B:C ratio was worked out.
Economic analysis for overall plantation indicated
that B-C ratio was 2.87, which was greater than
one, internal rate of return was 57.50 percent and
net present worth was 12,28,161.97 per ha, which
showed that poplar based agroforestry was
economically viable in the sampled area (Table 7).
Similar trends were reported by Singh (1999). The
B:C ratio, internal rate of return and net present
worth were found to be higher for large poplar
plantation followed by medium and small farms.

Thus, it can be concluded that poplar based
agroforestry on large size farms was financially
more remunerative than on medium and small size
farms, which, may be attributed to higher number
of trees in the plantation of large size and reduced
maintenance cost. The system also gives indirect
benefits in diversification in crop rotation,
biodiversity conservation, erosion control and
maintenance of soil fertility (Singhal and Panwar
1992).
CONCLUSIONS

Poplar in India is now being raised on an
increasing scale as an agroforestry crop by the
farmers on their field primarily for enhanced
economics.  Trees shed leaves during November
to January and bear new leaves in March-April,
which facilitates the intercropping with a wide range
of crops. It can be concluded that poplar based
agroforestry on large size farms was financially
more remunerative that on medium and small size
farms under riparian wetland conditions. There is
need to develop viable agroforestry systems
especially for small farmers, where the number is
increasing.
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INTRODUCTION
Tomato (Lycopersicon esculentum Mill) is

one of the most important fruit vegetable crops
grown in India. It occupy in area of 8.65 lakh hectare
with an annual production of 168.26 lakh ton. The
productivity of tomato in India is 19.1 tonnes per
hectare which is quite meager than the productivity
of world (27.20 tonnes per hectare) as reported by
National Horticultural Board, 2010-11. It is a
valuable for both fresh as well as processed form
all over the world. It is rich source of vitamins
particularly vit. A and C and minerals and used raw
in the form of salad. It is also cooked as an
ingredient of various vegetable to add color, flavor
and taste.

In India, tomato is cultivated under various
agro-climatic conditions and its cultivation extended
from the tropic to temperate region. There is an
ample scope to enhance the productivity of tomato.
The productivity can be increased manifold by
adoption of various agro- techniques namely by
increasing tomato area under improved varieties
and  hybrid cultivation (Singh, 1998), improved crop
husbandry methods (Pandey and Singh, 1998),
management of natural resources (Arora et al.,
1999), green house cultivation (Sirohi and Behera,
2000), adoption of non-monetary inputs thatis,  plant
geometry and plant spacing between rows and plants
(Arora et al., 1993), use of plant growth substances
(Pandita et al., 1979), and plant protection measures
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(Singh, 2000).

In Haryana tomato is grown in area of 27,225
hectares with the annual production of 3, 92,362
tones and productivity 14.41 tonnes per hecatre
(NHB, 2010-11). Karnal district is the largest
producer of tomato crop among all the district of
Haryana state with the area of 4,280 hectare and
production of whole district is 65,440 tonnes  (NHB,
2010-11).

It is an alarming situation particularly when
demand for tomato is continuously increasing
because of growing awareness coupled with
increase in population and betterment in living
standard, obviously, the production and the
productivity of tomato needs to be increased in the
matching proportion or even more to cope up with
the ever increasing demand of our growing
population. Unfortunately, the existing crop of
tomato does not produce an optimum yield due to
failure of crop and throughout marketing problem
and lack of scientific knowledge on its management.
Researches have amply established that knowledge
and adoption of the recommended production
technology are pre-requisite for obtaining higher
productivity of any crop. Although there are several
factors affecting the productivity and production,
but there one needs to have sound knowledge of
the improved technology and full scale use of the
recommended practices for successful results.

 This study helps in identification of the
constraints and associated factors and same can
be removed for improving the work efficiency of
tomato growers. The present study was carried out
with the specific objective to assess the knowledge
level of tomato growers about improved tomato
production technology.
MATERIAL  AND  METHODS

The study was conducted in purposively
selected Karnal district of Haryana states. The
study was conducted purposively selected two
villages Padhana and Gangar in Indri block of
Karnal district in Haryana state because of
maximum numbers of tomato growers lived in these
villages. Lists of all the tomato growers during this
period in these two selected villages were prepared
from the village records. From the detailed list of
the tomato growers 100 growers from each village
had been selected randomly. In this way total sample
of 200 tomato growers was selected irrespective
of gender, caste, age, etc.  Tomato growers were
those respondents who were regularly growing the
tomato crop in their own, rented, and leased land of

Padhana and Gangar villages of Karnal district for
profit. The data was collected personally with the
help of well developed structured interview
schedule consisting of measuring devices of
knowledge level. The aspects viz., land preparation,
nursery raising, fertilizer, irrigation, weed control,
hormones, insect pest and disease, harvest and
overall knowledge were analyzed. The qualitative
data were quantified according to statistical and
scientific standards to draw the meaningful
inferences.
RESULTS AND DISCUSSION

The data presented in Table 1 indicated that
level of knowledge of tomato growers regarding
tomato crop production as land preparation, nursery
sowings, irrigation, weed control practices,
hormones, insect pest and disease, harvest, overall
knowledge was medium type (more than 65 percent)
in the range of 66 to 98 percent except fertilizer
knowledge. Low category knowledge level was

Table 1:  Farmers knowledge level regardingtomato crop production (N=200)
Variables Categories Scorerange Percent
Land preparation Low Upto 3 8.00

Medium 4 to 5 72.00
High Above 5 20.00

Nursery raising Low Upto 5 16.00
Medium 6 to 10 80.00
High Above 10 4.00

Fertilizer Low Upto 2 14.00
Medium 3 to 4 22.00
High Above 4 64.00

Irrigation Low Upto 1 -
Medium 2 to 3 98.00
High Above 3 2.00

Weed control practices Low Upto 3 8.00
Medium 4 to 5 68.00
High Above 5 24.00

Hormones Low Upto 1 -
Medium 2 to 3 94.00
High Above 3 6.00

Insect pest and disease Low Upto 3 10.00
Medium 4 to 5 84.00
High Above 5 6.00

Harvest Low Upto 1 -
Medium 2 to 3 92.00
High Above 3 8.00

Overall knowledge Low Upto 22 18.00
Medium 23 to 36 66.00
High Above 36 16.00
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had medium level of knowledge but only one variable
that is, fertilizer knowledge of farmers had high level
of knowledge regarding tomato crop production.
The socio-economic status, occupation, caste, house
type, material possession, education, farm power,
risk orientation, extension contact, age, fatalism/
scienticism, change proneness and land holding were
positive and significant statistically. The social
participation and family type were found to have
positive but non-significant correlation-ship with the
knowledge level of farmers regarding tomato crop
productions. The results revealed that all the tomato
growers were having medium level of knowledge
regarding its production. The productvity of tomato
crop can be increased manifold with adoption
improved packages of practices.
REFERENCES
Arneja, C.S. and Khangura, R.S. 2003. A study of the

knowledge of pea growers and its association with
their selected socio personal characteristics. Rural
India. 66: 166-168.

Arora, S.K.; Singh, I., and Pandita, M.L. 1993. Studies on
the effect of N and plant geometry on fruit yield of
tomato (Lycopersicon esculentum Mill). Journal of
Research. 23: 20-23.

Arora, S. K., Singh, J., and Batra, B.R. 1999. Effect of
plant density and irrigation levels on phonological
and physiological characteristics of chilli (Capsicum
annum L.) cv-44. Published at Souvenir of National
seminar on plant physiology at interface of Agri-
Horticulture and Industry. Abstract No.b-46: 31.

Bhusan, B., Malik, J.S., and Singh, S. 2002. Factor affecting
the constraints in adoption of Biogas plant, Indian
Research Journal of Extension Education. 2 (2):
80-81.

Jat, J.R., Singh, S., Lal, H., and Choudhary, L.R. 2011.
Knowledge level of farmers about improved tomato
production technology. Rajasthan  Journal of
Extension Education. 19: 139-143.

Khatik, R.L., Bhimawat, B.S., and Upadhyay. 2012.
Knowledge of improved rice production technology
by the farmers in Dungar district of Rajasthan.
Rajasthan  Journal of Extension Education. 20:
97-101.

Meena, R.K. 2012. Adoption of improved cultivation
practices of tomato by the farmers of Bassi
panchayat samiti of Jaipur district of Rajasthan.
M.Sc. (Agriculture) Thesis (Unpublished), S.K.
Rajasthan Agricultural University, Jobner, Bikaner.

Pandey, A.K. and Singh, K.P. 1998. Vegetable production
technology: Toward productivity enhancement. In
the Souvenir of Silver Jubilee National Symposium
on Emerging Scenario in Vegetable Research and
Development held on 12-14 December at PDVR,
Varnasi-221005: 76084.

Kumar et al.: Knowledge of Farmers Regarding Tomato Crop Production
below 20 per cent of recommended cultivation
practices of tomato crop about all aspects of
knowledge. Whereas, the knowledge level about
fertilizers application was in higher categories (64
percent). On the basis of results it may be concluded
that it may be due to lack of awareness and lack of
proper information regarding recommended tomato
crop production. Similar, conclusions were arrived
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Waman et al. (1996), Meena (2012) , and Yadav
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The result was presented in the Table 2
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crop production.

The socio-economic status, occupation, caste,
house type, material possession, education, farm
power, risk orientation, fatalism/scienticism, change
proneness, land holding, extension contact, and age
were positively and found to be significant
statistically. The social participation and family type
were found to have positive but non-significant
correlation with the knowledge level of farmers
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CONCLUSIONS

The study revealed that all tomato growers

Table 2:  Coefficient of correlation betweenindependent variables and farmers' knowledgeabout tomato crop production
Factors Coefficient ofcorrelation
Age 0.235**
Caste 0.640**
Occupation 0.652**
House type 0.520**
Social participation 0.202 **
Land holding 0.258**
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Education 0.490 **
Farm powers 0.486 **
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Extension contact 0.245 **
Risk orientation 0.340 **
Change proneness 0.262 **
Fatalism/ scientism 0.303 **
** Significant at five percent level.
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Raj Kumar, 2015. An economic analysis of production
and marketing of onion in Haryana, Department of
Agricultural Economics, CCS Haryana Agricultural
University, Hisar-125 004.
Subject: Agricultural Economics
Major Advisor: Dr. Anil Kumar Rathee
JEL Codes: Y40

The present study was undertaken with the
following objectives to analyze the trends in the area,
production and productivity of onion in Haryana, to work
out the comparative economics of onion with other
competing crops, to study the marketing pattern, price
spread and price behaviour of onion, and to study the
problems faced by the onion growers in production and
marketing of onion. The present study was conducted
in Ambala district of Haryana (selected purposively.).
Naraingarh and Barara two blocks were selected
randomly. Three villages from each block were selected
randomly and out of each village 15 farmers were selected
randomly. Finally 90 farmers from randomly selected two
blocks from the district were selected for the present
study. On the basis of the nature of data, various
statistical and economic tools were used for estimation
of cost and returns of production, marketing costs and
margins. The primary data for the agriculture year 2014-
15 were collected by survey method by conducting
personal interviews of the selected growers with the help
of specially designed schedule. The overall findings
reveals that the cost of cultivation per acre for onion,
cauliflower and cucumber were 68492.21, 66746.78, and

55213.47, respectively. The gross returns from onion,
cauliflower and cucumber were 97312.17, 93022.50 and

74616.00 per acre, respectively. B:C ratio of onion,
cauliflower and cucumber were 1:42,1:39 and 1.35,
respectively. In Haryana  area, production and
productivity of onion shows positive trend with
compound growth rate of 12.65, 14.27, and 1.35 per cent
from the year 1992 to 2013. While, comparing the results
for different channels, it was observed that the major
share of the produce marketed through Channel-I
(Producer - Wholesaler-cum-commission agent - Retailer-
Consumer) while the producer's share in consumer's
rupee was more in direct sale as compared to the other
channels due to the elimination of market intermediaries.
Marketing efficiency worked out in onion marketing
showed that Channel-III (Producer-consumer) was most
efficient marketing channel.

Major problems faced by the onion growers in
production were costly storage facilities (95.55 percent),
lack of knowledge of recommended fertilizer does (91.11
percent) lack of knowledge about the control measures
for various pests and diseases (86.67 percent) high cost

of fertilizers (85.55 percent) labour problem during
harvesting (81.11 percent) high cost of pesticides (76.67
percent) lack of knowledge about seed/seedling
treatment (72.22 percent) and high cost of seed (71.11
percent). Problems faced in marketing of onion were
accounted as lack of minimum support price (95.00
percent), high fluctuations in market prices (78.89
percent), malpractices adopted by market functionaries
(67.78 percent), existence of large number of
intermediaries in marketing process (60.00 percent) and
high transportation cost (58.89 percent).
Parveen Kumar, 2015. Economic analysis of vegetable
cultivation under polyhouses in Haryana, Department
of Agricultural Economics, CCS Haryana Agricultural
University, Hisar-125 004.
Subject: Agricultural Economics
Major Advisor: Dr. R.S. Chauhan
JEL Codes: Y40

The present study has made an attempt to have
Economic analysis of vegetable cultivation under
polyhouses in Haryana with these objectives.1. To study
the present status of polyhouse cultivation in Haryana.
2. To compare the economics of vegetable cultivation
under polyhouse and open field conditions. 3. To identify
the constraints and to assess the prospects of vegetable
cultivation under polyhouses. The present study was
conducted in Karnal district of Haryana selected
purposely on the basis of maximum number of
polyhouses in the state. Two blocks were selected
randomly, that is, Gharaundha and Indri. Again, two
villages from each block were selected on the basis of
predominance of vegetable cultivation both under
polyhouses and open field conditions. Ten respondent
farmers each under polyhouses and open field conditions
were randomly selected from each village, thus making a
total sample of 80 respondents. On the basis of the nature
of the data, simple statistical tools like averages and
percentage were used to compare, contrast and interpret
results properly. The primary data for the agriculture year
2013-14 were collected by survey method by conducting
personal interviews of the selected farmers with the help
of specially designed schedule. The overall findings
reveal that in polyhouses, farmers adopted three
cropping pattern R1, R2 and R3 that is tomato-cucumber
(R1), capsicum-cucumber (R2) and cucumber-cucumber-
cucumber (R3) respectively. The cost of cultivation for
R1, R2, and R3 were 607720.36, 581816.43, and 849876.2
per acre respectively. In comparative economics analysis
the cost of cultivation of selected vegetables tomato,
capsicum and cucumber under polyhouses were higher
as compared to open field conditions by 206816.90,

246564.40 and 185651 per acre respectively. The net
returns from polyhouses were higher as compared to
open field conditions by 51097.54, 124870.01, and
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97138.68 per acre respectively. The results of the study

revealed that the vegetables cultivation under
polyhouses have contributed to the yield significantly.
The major constraint reported by the respondent farmers
were short life of polyethylene sheet, infestation of insect,
nematodes and diseases, high cost of fertilizers and
seeds. The constraints in the marketing of vegetable
were lack of minimum support price, high price
fluctuations, lack of market information and high cost of
transportation.
Kavita, 2015. Impact of government intervention on
sugar prices in India: An economic analysis, Department
of Agricultural Economics, CCS Haryana Agricultural
University, Hisar-125 004.
Subject: Agricultural Economics
Major Advisor: Dr. R.K. Grover
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The study on "Impact of government intervention
on sugar prices in India: An economic analysis" was
done with the following objectives (1) To analyze the
trends in trade and prices of sugar (2) To study the impact
of pricing policy on domestic prices of sugar (3) To
suggest measures to stabilize the sugar prices. The
present study is based on secondary data collected from
the various published and unpublished sources, viz.
Various issues of Cooperative sugar, Indian sugar,
published by Indian sugar mills Association, statistical
abstract in India, Indian agriculture in brief and agriculture
prices in India etc. Data on various aspects including
domestic prices of sugar, production of sugar and
sugarcane, prices of sugarcane, consumption of sugar,
stocks of sugar, quantity of sugar exported and sugar
imported for the period 1947-48 to 2013-14 were collected
To determine the trends in trade and prices of sugar,
linear growth rates were calculated by fitting linear
equation using data on prices, export and import. Multiple
regression function was used to ascertain the impact of
pricing policy on domestic prices of sugar. The
coefficient of variation were 30.22, 35.39, 42.53 and 105.89
percent during Period-I, Period-II, Period-III and Period-
IV, respectively indicating that stability in the sugar
prices was maximum during period-I. Linear growth rates
were calculated to be 5.16, 4.98, 4.80 and 4.71 during
Period-III, Period-I, Period-IV and Period-II respectively.
The coefficients of variation and linear growth rates of
sugar export from India during selected periods was
calculated to be 176.18, 144.02, 141.03, and 89.95 percent
during Period-IV, Period-I, Period-III and Period-II,
respectively indicating that the variability was highest
during Period-IV. The linear growth rate was reported
maximum during Period-I followed by 13.78, 5.20, and -
1.56 percent per annum during Period-III, IV, and II,
respectively. Positive linear growth rates in imports were
observed for all the four periods under study except for
Period-I where the imports were found to decline at an

annual growth rate of 9.55 percent per annum. The
increased sugar production had a negative impact on
price of sugar. Positive and significant impact of
sugarcane price was observed for all periods under study.
Meenu Punia, 2015. Production and Export potential of
Tomato and its processed products in India, Department
of Agricultural Economics, CCS Haryana Agricultural
University, Hisar-125 004.
Subject: Agricultural Economics
Major Advisor: Dr. V. P. Mehta
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The present study has made an attempt to have
production and export potential of tomato and as
processed products in India with these objectives (1) to
study the trends in area, production and productivity of
tomato in India (2) to analyze the performance and trends
in export of tomato and its processed products (3)to
analyze the contribution of Haryana in production and
export of tomato. The present study is based on
secondary data which were collected from various issues
of the Statistical abstract of Haryana, agricultural
statistics at a glance and economic survey of India and
other published and unpublished sources. Linear growth
rates were computed by fitting linear function and least
square technique was used to compute the compound
growth rates by fitting exponential function. The
regression analysis was carried out for a time span, using
the ordinary least squares (OLS) method in overall period
(1991-2014), area production and productivity of India
increased at a compound annual growth rate of 4.9, 6.4
and 1.1 per cent per annum. RCA in both tomatoes and
tomato products was far less than unity and the RSCA
were negative, almost-I. Fresh tomatoes contributed
maximum in the export basket of India. In overall period
(1991-2013), area and production of Haryana increased
at a compound annual growth rate of 9.1 and 6.7 per cent
and productivity declined by 2.1 per cent per annum.
Haryana's rank was 12th in tomato production with 2.2
per cent share. The values of CV in export of tomato and
its products, except fresh tomatoes , came down during
the second period than first period, which indicated that
export of tomato and tomato products from India became
more stable during the second period than first period.
The study reveals that the existence of high instability
in export of tomato and its products require the attention
of policymakers to retain hold on the international market.
Tomato is an important vegetable-cum-processing crop
of India. Its productivity is very low. So, there is need to
popularize the improved production technology and
processing varieties. Market survey of importing
countries should have to be done to strengthen the
export in the upcoming years. Government should
declare support price for tomato crop prior to its sowing
season and implement, "Crop Insurance Scheme" as the
crop is highly perishable.


	FP
	IJED Final 2016

